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RESUMO GERAL

O conhecimento qualitativo e quantitativo dos compostos bioativos presentes nas uvas
produzidas no Estado de Séo Paulo é de fundamental importancia para elevar a qualidade dos
produtos a um patamar internacional. A composicdo fenodlica detalhada (antocianinas,
flavonois, derivados dos &cidos hidroxicinamicos, estilbenos e flavan-3-06is) das partes
comestiveis (polpa e casca) das uvas de mesa apirénicas (BRS Clara e BRS Morena) e da uva
Bordd, produzidas na regido do Noroeste Paulista, foi identificada e quantificada utilizando
cromatografia liquida de alta eficiéncia com detectores de arranjo de diodos acoplada a
espectrometria de massas por sistema de ionizacdo por eletronebulizacdo (CLAE-DAD-IES-
EM/EM). Este trabalho também determinou o teor de fendlicos totais e a capacidade
antioxidante destas uvas, bem como objetivou estudar as polifenol oxidases (PPO) enddgenas
associadas aos processos de deterioracdo das uvas de mesa apirénicas e, avaliar o efeito da
pectinase produzida pelo fungo Thermomucor indicae-seudaticae N31 sobre o teor de
compostos fendlicos na extragdo de suco de uva Bordd. O contetido de fendlicos totais da uva
Bord6 foi de 1130 mg/kg (como equivalentes de acido galico, GAE), principalmente situados
nas cascas, onde também encontrou-se alto teor de antocianinas, em grande parte, como 3,5-
diglicosideos, de flavonois e de derivados de acido hidroxicinamico (HCAD). A miricetina 3-
glicosideo apresentou-se como componente principal dos flavonois enquanto os HCAD
derivaram principalmente do &cido caféico. O teor de flavan-3-0is da casca apresentou-se um
pouco mais baixo que o normalmente relatado em variedades Vitis vinifera. A uva Bordd
pode ser considerada uma fonte importante de resveratrol e de outros compostos com
capacidade antioxidante (37,6 mmol/kg, como equivalentes de Trolox). J& a composicao
fendlica qualitativa das uvas BRS Clara e BRS Morena ndo diferiu muito da relatada por
variedades Vitis vinifera, com teores importantes dos compostos analisados nas cascas de
ambas as uvas. Diferencas qualitativas e quantitativas entre 0s compostos presentes nas cascas
e na polpa da uva BRS Morena, principalmente com relacdo ao perfil de antocianinas e
flavonois, foram encontradas. Em contraste, o perfil de flavondis encontrado para as cascas e
polpa da uva BRS Clara sdo muito similares e com altos contetdos quando comparado aos
apresentados por diversas castas de uva verde ou branca. Os altos contetdos de fenolicos
totais das uvas BRS Morena e BRS Clara (1008 e 577 mg GAE/kg, respectivamente) também
suportaram o0s seus altos valores de capacidade antioxidante (39,62 e 15,93 mmol/kg como
equivalentes de Trolox, respectivamente). A BRS Morena pode ser considerada ainda uma

importante fonte de resveratrol.
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A PPO ativa e latente presente nas uvas BRS Clara e BRS Morena foram extraidas
usando detergente Triton-X-100 (ativa) e Triton-X-114 (latente), e suas atividades de
catecolase foram caracterizadas. As PPO extraidas com Triton-X-110 exibiram maxima
atividade a pH 6,0 e na temperatura de 25°C. Acima de 30°C, um declinio gradual das
atividades foi notado, com completa inativa¢do a 60°C. As PPO extraidas com Triton-X-114
foram ativadas com 0,2% de SDS, e exibiram méaximas atividades a pH 5,5 e na temperatura
de 30°C, sendo estaveis até temperatura de 60°C. O efeito de preparado enzimatico
pectinolitico produzido pelo fungo Thermomucor indicae-seudaticae N31 sobre o teor de
fenolicos totais, teor de metanol e cor de sucos de uvas foi estudado. A introducdo de
tratamento enzimatico a etapa de maceracdo das uvas Bordd, durante 1 hora, resultou em
sucos com boas caracteristicas cromaticas e teor de fendlicos superiores (1637, 21 mg
GAE/L) aos encontrados em suco elaborado de forma convencional (1422,59 mg GAE/L) e,
muito proximo ao apresentado por suco obtido por tratamento enzimatico das uvas com
preparado comercial (1682,10 mg GAE/L). Além disso, os teores de metanol dos sucos
elaborados foram inferiores a 200 mg/L. Estes resultados incentivam novos estudos que
viabilizem a obtencdo de preparado enzimatico produzido por este fungo passivel de ser

oferecido comercialmente as inddstrias processadoras de uva.



ABSTRACT

The qualitative and quantitative knowledge of the bioactive compounds present in
grapes produced in the State of Sao Paulo is very important to the process of raising
the quality of the state’s products to an international level. The detailed phenolic composition
(anthocyanins, flavonols, hydroxycinnamic acid derivatives, stilbenes and flavan-3-ols) of the
edible parts (flesh and skin) of the Bordd grape and seedless table grapes (BRS Morena and
BRS Clara), produced in the Northwest region of State, was identified using high
performance liquid chromatography with a diode array detector coupled with mass
spectrometry through an electrospray ionization system (HPLC-DAD-ESI-MS/MS). This
study also determined total phenolic content and antioxidant capacity of these grapes, as well
as the endogenous polyphenol oxidases (PPO) associated with the processes of decay of
seedless table grapes. This study also evaluated the effect of pectinase produced by the fungus
Thermomucor indicae-seudaticae N31 on the total phenolic content during the extraction of
grape juices from the Bordd. Total phenolic content of the Bordd grape was 1130 mg/kg (as
gallic acid equivalents - GAE), and was mainly located in the skins, where there was also high
content of anthocyanins, which were largely found as 3,5-diglucosides, as well as of the
flavonols and hydroxycinnamic acid derivatives (HCAD). Myricetin 3-glucoside was found to
be the main compound of the flavonols, while the HCAD mainly derived from caffeic acid.
The flavan-3-ol contents of the skins were lower than those that are usually reported for V.
vinifera grape varieties. The Bordd grape can be considered an important source of resveratrol
and other compounds with antioxidant capacity (37.6 mmol/kg, as Trolox equivalents). The
qualitative phenolic composition of BRS Clara and BRS Morena grapes did not differ from
those found in cases of Vitis vinifera grape varieties, with significant levels of analyzed
compounds mainly in skins for both grape varieties. Qualitative differences between the
phenolic compounds present in the skin and flesh of the BRS Morena grape, especially with
regard to the anthocyanin and flavonol profiles, were found. In contrast, the flavonol profiles
found in the skin and flesh of the BRS Clara grape were very similar, and their contents were
considered high when compared to the contents provided by different varieties of green or
white grapes. The high contents of phenolic compounds in BRS Morena and BRS Clara
grapes (1008 and 577 mg GAE/Kkg, respectively) were consistent with the equally high
antioxidant capacity values (39.62 and 15.93 mmol/kg, as Trolox equivalents, respectively).
The BRS Morena grape can also be considered an important source of resveratrol.



Active and latent PPO from BRS Clara and BRS Morena seedless grapes were
extracted using the nonionic detergents Triton-X-100 (active) and Triton-X-114 (latent), and
their catecholase activities were characterized. The PPO extracted using Triton-X-110
exhibited maximum activities at pH 6.0 and at 25°C. Above 30°C, a gradual decline in
activities was noted, with complete inactivation at 60°C. The PPO from grapes extracted with
Triton-X-114 was activated with 0.2% SDS, and exhibited maximum activities at pH 5.5 and
at 30°C. It was stable until the temperature reached 60°C. The effect of pectinolytic enzyme
preparation produced by the fungus Thermomucor referrals seudaticae-N31 on the content of
total phenolics, on the content of methanol and on the color of grape juice was studied. The
introduction of enzyme treatment through a step that involves soaking for 1 hour resulted in
products with good color characteristics and higher phenolic content (1637.21 mg GAE/L)
than those found in conventionally prepared juice (1422.59 mg GAE/L) and that were very
similar to those presented by the juice obtained through the enzymatic treatment of
commercially prepared grapes (1682.10 mg GAE/L). Furthermore, the concentrations of
methanol in the juice that was produced were less than 200 mg/L. These results encourage
further studies that will enable enzyme preparation produced by this fungus that can be

offered commercially to grape-processing industries.
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1. INTRODUCAO GERAL

Os compostos fenolicos sdo uma classe de compostos naturais amplamente
distribuidos em todas as plantas, onde desempenham importantes atividades fisioldgicas. Nas
frutas e produtos derivados, estes compostos estdo diretamente envolvidos nas caracteristicas
sensoriais como cor, sabor, amargor e sensacdo de adstringéncia e sdo reconhecidos como
componentes promotores da satde humana.

As uvas e 0s produtos derivados, especialmente sucos e vinhos tintos, sao
considerados uma das mais importantes formas de incorporar polifendis na dieta. A grande
diversidade entre as variedades resulta em uvas e produtos com diferentes caracteristicas,
tanto de sabor quanto de coloracédo, o que certamente estd associado com o conteudo e o perfil
dos polifendlicos. A maior parte dos dados disponiveis na literatura sobre a composicao
fendlica nestes produtos é proveniente dos tradicionais paises produtores de vinhos da Europa
no qual sdo admitidos apenas produtos originarios de uvas viniferas (Vitis vinifera). Em
contraste, cultivares de uvas americanas e hibridas, as vezes complexas, envolvendo vérias
espécies americanas e também Vitis vinifera representam mais do que 85% do volume de uvas
processadas no Brasil.

No estado de Sdo Paulo, a expressiva producdo de uvas (177.538 toneladas/ano)
destina-se basicamente ao consumo in natura. Observa-se, contudo, que nos ultimos quatro
anos ocorreu uma queda na producdo (aproximadamente 8%) devido tanto a fatores
climaticos desfavoraveis, a crise econdmica mundial em 2009, como pelo plantio de novas
cultivares menos produtivas, como as uvas sem sementes (apirénicas), que vem despertando o
interesse dos consumidores. Além disso, houve um aumento na &rea plantada com uvas
destinadas ao processamento, decorrente de um esforco conjunto de varias instituicdes que
objetivam revitalizar a vitivinicultura no Estado. Essa iniciativa € muito importante para o
crescimento econdmico do Estado, uma vez que mais de 50% do consumo de vinho do Brasil
estd em Sao Paulo e a demanda por sucos de uva integral tem aumentado substancialmente,
tanto no mercado interno quanto externo, devido ao apelo de produto saudavel. Esta atividade
econdmica tem gerado muitos empregos e garantido a sustentabilidade tanto de pequenas
propriedades quanto de grandes empreendimentos focados na producao de vinhos e sucos de
uvas integrais.

O conhecimento qualitativo e quantitativo dos compostos bioativos presentes nas uvas
brasileiras é de fundamental importancia para colocar a qualidade dos produtos em um

patamar internacional. Além disso, o avan¢co do conhecimento das técnicas de processamento

25



associado ao atendimento das demandas do mercado por novos produtos que agreguem as
caracteristicas nutricionais basicas, com fatores de beneficios a salude, pode contribuir para o
crescimento deste setor. O laboratdrio de Bioquimica e Microbiologia Aplicada IBILCE-
UNESP, de S4o José do Rio Preto, SP, sob coordenacdo do Prof. Roberto da Silva e da Prof°.
Dr®. Eleni Gomes, juntamente com grupo de pesquisa coordenado pelo Prof. Dr. Isidro
Hermosin Gutiérrez da Universidade de Castilla La Mancha — UCLM (Ciudad Real,
Espanha), que € um renomado especialista na area de enologia e com expressiva experiéncia
em andlise de compostos fendlicos presentes em uvas e vinhos, estdo empenhados em auxiliar
neste sentido.

Assim, este estudo objetivou a caracterizacdo fendlica de uvas de mesa apirénicas e
destinada ao processamento, cultivadas na regido do Noroeste Paulista. Além disso, foram
realizados estudos sobre as caracteristicas das polifenol oxidases enddgenas associadas aos
processos de deterioracdo das uvas de mesa apirénicas; bem como foi avaliado o efeito de
pectinase de Thermomucor indicae-seudaticae N31 sobre o teor de compostos fendlicos na
extracdo de suco de uva integral.

Os resultados obtidos foram organizados em seis capitulos para melhor distribuicdo e
entendimento dos assuntos abordados.

No Capitulo 1, é apresentada uma revisdo sobre as caracteristicas quimicas dos
compostos bioativos presentes nas uvas e nos produtos derivados, bem como um
entendimento atual sobre a influéncia destas estruturas sobre a habilidade dos mesmos em
promover a saude.

No Capitulo 2, uma discussdo dos principais processos bioquimicos e quimicos de
uvas e produtos derivados foi apresentada.

A caracterizacao fenolica da uva Bord6 (Vitis labrusca) bem como das uvas apirénicas
BRS Clara (CNPUV 154-147 x Centennial Seedless) e BRS Morena (Marroo Seedless x
Centennial Seedless) foram apresentadas nos Capitulos 3 e 4, respectivamente.

Como os compostos fendlicos sdo muito suscetiveis a processos oxidativos
enzimaticos que alteram as caracteristicas nutricionais e organolépticas das frutas, as
caracterizagbes bioquimicas parciais das polifenol oxidases presentes nas uvas apirénicas
foram caracterizadas na forma ativa e latente no Capitulo 5.

Finalmente, para melhoria dos sucos elaborados com a uva Bord6 quanto ao aspecto
nutricional, um tratamento térmico associado a outro enzimatico também foi realizado no
Capitulo 6. O efeito de pectinase produzida pelo fungo Thermomucor indicae-seudaticae N31

sobre o teor de compostos fendlicos na extracdo do suco foi testado.
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CAPITULO 1

COMPOSTOS FENOLICOS EM UVAS E VINHOS: PROPRIEDADES
QUIMICAS E FUNCOES BIOLOGICAS (PARTE I)



COMPOSTOS FENOLICOS EM UVAS E VINHOS: PROPRIEDADES QUIMICAS E
FUNCOES BIOLOGICAS (PARTE 1)

Ellen Silva LAGO-VANZELA 2, Eleni GOMES"; Isidro HERMOSIN-GUTIERREZ®:
Roberto DA-SILVAY

%Laboratério de Bioguimica e Microbiologia Aplicada, "Departamento de Biologia;
YDepartamento de Quimica e Ciéncias Ambientais, Instituto de Biociéncias, Letras e Ciéncias
Exatas, Universidade Estadual Paulista, 15054-000, Sdo José do Rio Preto, SP, Brasil.
‘Instituto Regional de Investigacion Cientifica Aplicada, Escuela Universitaria de Ingenieria
Técnica Agricola, Universidad de Castilla-La Mancha, 13071 Ciudad Real, Spain.

RESUMO

A uva é uma das frutas mais consumidas no mundo, tanto na forma in natura, como na
forma processada e também se destaca como fonte de compostos fendlicos antioxidantes
importantes em termos de salide humana. Levando em consideracdo inumeros estudos que
especulam a relacdo entre a estrutura quimica e sua capacidade antioxidante, este artigo revisa
as caracteristicas quimicas dos compostos bioativos e apresenta um entendimento da
influéncia destas estruturas sobre a habilidade em agir como seqiestrante de radicais livres,
quelante de ions metalicos e efeito atenuante em espécies reativas de oxigénio e nitrogénio,

associadas com patologias cronicas e degenerativas.

ABSTRACT

The grape is one of the most widely consumed fruits in the world, both in natura, and
in processed forms. It also stands out as a source of antioxidant phenolic compounds that are
important to human health. After taking into account numerous studies that examine the
relationship between chemical structures and antioxidant capacity, this article reviews the
chemical characteristics of bioactive compounds and presents findings on the way in which
these structures act as free radical scavengers and redox active metal chelators, as well as their
abilities to attenuate the effects of reactive oxygen and nitrogen species, which are associated

with chronic and degenerative diseases.
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1. INTRODUCAO

Estudos epidemioldgicos e estudos de intervencdo apontaram uma relagdo inversa
entre a ingestdo de frutas e hortaligas, com a incidéncia de doencas degenerativas, como 0
cancer e as doencas cardiovasculares. H& fortes evidéncias de que a acdo sinergistica de
diversos constituintes bioativos presentes nestes alimentos, tais como vitamina C, vitamina E,
carotendides e flavonoides, seja responsavel por estes beneficios a saude. Estd bem
estabelecido e amplamente aceito que o consumo de uvas e produtos derivados constitui uma
das mais importantes formas de incoporar flavonoéides, e outros compostos ndo flavonoides, a
dieta humana. Resultados de pesquisas sugerem que muitos destes compostos sdo 6timos
antioxidantes capazes de sequestrar radicais livres, quelar ions metalicos com atividade redox
e atenuar outros processos envolvidos com espécies reativas de oxigénio e nitrogénio,
associadas com patologias cronicas e degenerativas.

Nos Ultimos 20 anos um numero consideravel de estudos in vitro gerou informacdes
consistentes de que a atividade antioxidante de varios compostos fendlicos originarios das
plantas (flavonoides e ndo flavondides) bem como seus metabdlitos depende, a principio, do
arranjo de grupos funcionais sobre a estrutura nuclear. As evidéncias suportam que o nimero,
posicao e tipo de substituintes da molécula sdo determinantes na capacidade antioxidante de
um composto. A constatacdo in vivo das atividades biologicas benéficas a salde requer ainda
extensivos estudos, uma vez que estes compostos séo, muitas vezes, metabolizados em grande
extensdo in vivo ndo correspondendo fielmente as formas bioativas encontradas inicialmente
nas plantas.

Nessa perspectiva, este artigo revisa as caracteristicas quimicas dos compostos
bioativos presentes nas uvas e apresenta um entendimento atual, porém ndo conclusivo, sobre

a influéncia destas estruturas sobre a habilidade dos mesmos em promover a saude.

2. PANORAMA DA PRODUCAO DE UVAS E DERIVADOS NO BRASIL

A videira é uma planta pertencente a familia das Vitaceae, género Vitis e subgénero
Euvitis, que correspondente a maior parte das vinhas cultivadas no mundo. Dentre elas
destacam-se 0 ramo Euro-Asiatico que contém a Vitis vinifera L., conhecida como produtora
de uvas finas, e 0 ramo Americano que constitui a base para a obtencdo de porta-enxertos
utilizados na viticultura (BOULTON et al., 1995).
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Esta cultura corresponde a uma das mais antigas do mundo e foi introduzida no Brasil
no século XVI no atual estado de Séo Paulo. No Rio Grande do Sul, os primeiros vinhedos de
Vitis vinifera foram implantados pela misséo jesuitica no século XVII e as uvas americanas
somente foram introduzidas nas primeiras décadas do século XIX. Neste periodo, surgiram as
doencas fangicas que dizimaram a viticultura colonial. Apenas cultivares resistentes as
doencas, com destaque para a Isabel (Vitis labrusca), passaram a ser plantadas nas diversas
regides do pais e tornaram-se a base do desenvolvimento da viticultura comercial nos estados
de S&o Paulo e Rio Grande do Sul (CATALUNA, 1998; PROTAS; CAMARGO; MELO,
2008). Este panorama modificou-se somente a partir do inicio do século XX com a
reintroducédo de variedades viniferas que entdo se difundiram principalmente na regido Sul do
pais (CATALUNA, 1998; PROTAS; CAMARGO; MELO, 2008). Nas outras regides,
principalmente as de clima tropical, a viticultura foi efetivamente desenvolvida a partir da
década de 1960 com o plantio de vinhedos comerciais de uva de mesa (CAMARGO, 2003).
Estes fatos histdricos associados a extensa area de vinhedos no pais resultaram em uma
viticultura muito diversificada e complexa, no qual se pode encontrar varios centros
produtivos de uva, cada um com sua realidade climética, fundiéria, tecnoldgica, humana e
mercadologica (PROTAS; CAMARGO; MELO, 2008).

Aproximadamente 50% da producdo de uva no pais sdo destinadas ao processamento
na forma de sucos e vinhos, com plantio em regides emergentes do Brasil, que abrangem
desde o Rio Grande do Sul até aS regifes Sudeste e Nordeste, passando por polos de
importancia crescente nos Estados de Minas Gerais, Sdo Paulo, Mato Grosso e Goids. Os
sucos de frutas tem sido incorporados ao cotidiano das pessoas devido em grande parte a
reducéo de prego e praticidade de consumo (MAIA et al., 2009), o que constitui um nicho de
mercado economicamente importante para a viticultura nacional (BARBOSA, 2010). Devido
a crescente importancia atribuida aos flavonoides nos ultimos anos, decorrente de suas aces
relacionadas a prevencao de doencas degenerativas, maior apelo comercial tem sido dado aos
sucos integrais naturais (IBRAVIN, 2010). Os avancos agricolas associados a divulgacao dos
efeitos benéficos atribuidos ao consumo comedido de vinho também tém resultado em um
maior interesse do consumidor brasileiro pelo produto.

Em decorréncia, o setor vitivinicola tem grande potencial de crescimento, mas deve-se
observar que 0 pais apresenta uma caracteristica atipica em relacdo aos paises
tradicionalmente produtores de vinhos da Europa como Francga, Itdlia, Espanha, Portugal e

Alemanha. Nestes, o cultivo de uva é praticamente restrito as uvas Vitis vinifera, uma vez que
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a legislagéo européia apenas permite a elaboracéo de vinhos a partir desta espéecie e/ou de seus
hidridos primarios (cruzamento entre Vitis viniferas) (CATALUNA, 1998).

No Brasil, a maior parte dos vinhos produzidos é originaria de uvas americanas (como
Vitis labrusca e Vitis bourquina) e hibridas complexas. N&o sendo de longa maturacao, estes
produtos apresentam pregos acessiveis e atendem ao paladar de consumidores especificos de
cada regido (GUERRA et al., 2009). Todavia, vinhos finos de Vitis vinifera, elaborados a
partir de viniferas tintas Cabernet Sauvignon, Merlot, Cabernet Franc e Tannat e, de viniferas
brancas Moscato, Riesling Italico, Trebbiano e Chardonnay, ja estdo sendo produzidos por
vinicolas brasileiras e comecam a ganhar espaco no mercado internacional. O Instituto
Brasileiro de Vinho (IBRAVIN) projeta que a participacdo dos vinhos finos em relacdo ao
total dos vinhos produzidos no pais deve passar dos atuais 18% para 80% até 2025, sendo as
uvas hibridas, ou americanas, destinadas mais a producdo de vinho de mesa e sucos
(BARBOSA, 2010). Além disso, o Brasil vem se destacando mundialmente como produtor,
consumidor e exportador de espumantes. Ao contrario do segmento de vinhos finos, no qual
0s estrangeiros representam 80% das vendas, nos espumantes o dominio é nacional, com
apenas 20% do mercado representado pelos importados. Além das uvas viniferas, como
Shiraz e Cabernet Sauvignon, produtores estdo elaborando este produto a partir da uva
Niagara, o que possibilita agregar valor e diversificar a renda.

O crescente interesse dos brasileiros pela bebida faz as vinicolas nacionais investirem
para atender ao consumo potencial. O IBRAVIN estima um crescimento de 15% ao ano, com
um movimento de mais de 20 milhGes de garrafas anualmente (FREITAS, 2011). Para tanto,
0 investimento em recursos tecnoldgicos, com foco na melhoria da qualidade do produto, é
imprescindivel para favorecer a competitividade e sustentabilidade do setor vitivinicola
brasileiro (BARBOSA, 2010).

3. ASPECTOS GERAIS DAS UVAS, SUCOS E VINHOS

3.1 Uvas

A uva constitui-se de uma parte herbacea chamada de engago cuja extremidade é
chamada de pedicelo (canal de transporte de elementos nutritivos) e outra parte carnosa
denominada de baga, que estd ligada ao engaco pelo pedicelo. O feixe que fica preso ao

pedicelo, quando se destaca a baga, é chamado de pincel (Figura 1) (BOULTON, 1995).
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Figura 1. Organizacéo estrutural do cacho da uva (GOMES, 2006).

O engaco é rico em agua, resinas, minerais e taninos adstringentes e, devido a esta
composicdo, € normalmente separado da baga antes do processamento da fruta para nao
causar excesso de adstringéncia e sabor desagradavel ao produto final. Embora a proporcao de
componentes da baga possa variar dependendo da variedade da uva, grau de maturacdo e
produtividade por planta, em geral apresenta a seguinte composi¢do (% em peso umido): 70 a
85, de agua; 12 a 15, acucares redutores; 0,4 a 1,3, &cidos organicos; 0,3 a 0,5, substancias
minerais; 0,03 a 0,17 compostos nitrogenados e outros componentes que aparecem em
quantidades minimas. Em uvas pirénicas, as sementes ocupam geralmente de 4 a 13% do peso
total da baga e, de acordo com a fecundacao, sdo encontradas em numero variavel (1 a 4). A
polpa representa, em média, de 74 a 88% do peso Umido total da baga, contribuindo
significativamente para o rendimento do mosto, enquanto a casca corresponde de 8 a 13% do
peso Umido total (BOULTON, 1995).

A casca é o envoltorio protetor composto por trés camadas sobrepostas: a camada
externa (cuticula ou epiderme), a epiderme intermedidria, com uma ou duas camadas e a
camada interna, a hipoderme (Figura 2). A epiderme é formada por uma camada de acidos
graxos hidroxilados chamada cutina que por sua vez é recoberta com uma camada fina de
ceras hidrofobicas, a pruina. A camada de pruina tem a funcéo de proteger as células da baga
contra os efeitos do calor e umidade, e também de evitar a penetracdo de microrganismos no
interior da baga. A hipoderme é a regido da casca onde se encontram a maioria dos compostos
fendlicos das uvas tintas (LECAS; BRILLOUET, 1994).

A sintese e distribuicdo dos compostos fenolicos de cada espécie vegetal sdo
determinadas por sistemas intrinsecos de enzimas geneticamente controlados (KUHNAU,
1976). Por outro lado, as quantidades encontradas sdo fortemente influenciadas por fatores

extrinsecos como estacao do ano (clima), incidéncia de radiagdo UV, composic¢ao do solo.
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Figura 2. Organizacdo estrutural da baga de uva.

Em geral, os compostos fendlicos encontrados nas uvas podem ser divididos em dois
grandes grupos:
o flavonodides: localizados principalmente na casca, mas também na polpa, entre 0s quais
destacam-se as antocianinas, os flavonois e os flavan-3-6is;

e ndo flavondides: encontrados principalmente na casca e semente, compreendendo 0s

acidos fenolicos, benzodicos e cindmicos, além de outros derivados fenolicos, como 0s
estilbenos, com destaque para o resveratrol (JACKSON, 1994).

De acordo com a coloracdo, as bagas podem ser denominadas: brancas ou verdes,
rosadas e tintas ou negras, com grandes variac0es de tons. Entre os compostos que contribuem
para a coloracdo das uvas estdo os flavondides, metabdlitos secundarios sintetizados pelas
plantas (POURCEL et al., 2007).

3.2 Vinhos

A legislacédo brasileira vigente define que “vinho de mesa de viniferas” € o produto
elaborado exclusivamente com uvas das variedades Vitis vinifera enquanto o “vinho de mesa
de americanas” ou “vinho comum” é definido como o produto elaborado com uvas do grupo
das uvas americanas e/ou hibridas, podendo conter em sua composic¢do, vinhos de variedades
viniferas. E considerada uma bebida obtida da fermentacéo alcodlica completa ou parcial da
uva fresca, esmagada ou ndo, ou do mosto de uvas sas, frescas e maduras, com um conteudo
de alcool adquirido de no minimo 7% em volume (v/v a 20°C) e outros produtos da
fermentacdo alcodlica (BRASIL, 1988).
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O componente majoritario do vinho é a 4gua com 75 a 90% e esta variacdo de 15%
deve-se pelos compostos que constitui a chamada fragdo minoritaria do vinho, entre 0s quais
se incluem os compostos fenodlicos, acidos organicos, alcoois superiores, sais minerais,
ésteres, glicerol, aminoacidos, entre outros. Embora estes compostos estejam presentes em
baixas concentragdes sdo capazes de conferir aos vinhos caracteristicas muito importantes e
diferenciadas de um produto para outro. O segundo maior constituinte é o alcool etilico que,
de acordo com o tipo de vinho, varia entre 8 e 13%, podendo as vezes ser maior. O terceiro
componente no vinho seco é o agucar. O seu contetdo em peso seco no vinho tipo seco é
geralmente menor que 2 g/L enquanto em vinho botrytizado doce, por exemplo, o0 acucar pode
chegar a cerca de 200 g/L, em virtude do uso de vindimas intencionalmente tardias, tal como
a Sauternes da Franca. Neste caso, um ciclo climéatico apropriado, suficientemente Umido
seguido por um periodo seco, propicia a infeccdo das uvas (conhecida como podridrdo nobre)
por um fungo denominado Botrytis cinérea, que da nome ao vinho. O Botrytis torna a casca
da uva permeavel para que ocorra a rapida perda de agua e, em consequéncia, haja uma
concentracdo do aclcar em aproximadamente 30% ou mais. O processamento destas bagas
intencionalmente murchas resulta na producdo de vinhos mais doces apdés a fermentagdo
(BOULTON et al., 1995).

Os compostos fendlicos responsaveis em grande parte pela coloracdo dos vinhos
ocorrem nos tintos em teores significativamente maiores (1000-4000 mg/L) que nos brancos
(200-300 mg/L). Nos vinhos tintos, os compostos predominantes sdo os acidos fendlicos,
resveratrol, flavonois, flavandis, procianidinas (taninos) e antocianinas (500-900 mg/L)
(DREOSTI, 2000; HOLLMAN; ARTS, 2000; ROBARDS; ANTOLOVICH, 1997). Estes
compostos além de contribuirem para a qualidade organoléptica dos vinhos (cor, aroma e
sabor) e participarem dos fendmenos de turvamento, constituem o principal reservatério de
substancias autooxidaveis que protegem os vinhos contra fenémenos de oxidacdo (PERES,
2007).

3.3 Sucos

A lei brasileira define suco de uva como uma bebida ndo fermentada, ndo alcodlica,
obtida da parte comestivel da uva s&, fresca e madura que resulta em produto com coloragéo,
aroma e sabor caracteristicos da fruta de origem, podendo ainda ser classificado da seguinte
forma (BRASIL, 1997):
e suco integral: comercializado na sua concentracao natural e sem adicdo de agucar;

e suco desidratado: produto sob o estado sélido, obtido pela desidratagdo do suco integral,
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e suco reconstituido: produto obtido pela dilui¢cdo do suco concentrado ou desidratado, até a

concentracdo original do suco integral ou ao teor de solidos sollveis totais minimo
estabelecido nos respectivos padrdes de identidade e qualidade (BRASIL, 2000). Além destes,
0 mercado atual conta com as classes de sucos convencionais e organicos.

A composicdo quimica dos sucos depende inicialmente da variedade de uva utilizada
no processo, bem como de sua forma de cultivo e do seu adequado estadio de maturagdo, que
deve apresentar uma relacdo equilibrada entre acucar, expresso em sélidos solUveis totais, e
acidez, expressa em 4&cido tartarico. Além disso, as uvas devem apresentar um bom
rendimento em mosto, aroma e sabor agradaveis, bem como alto teor de compostos fenélicos
(MARZAROTTO, 2005). Os sucos de uva produzidos em paises com tradicdo na fabricacédo
de vinho séo elaborados com uvas Vitis vinifera. Estas uvas normalmente perdem o frescor e
passam a apresentar gosto de cozido e falta de aroma quando exposta a tratamentos térmicos.
As variedades de Vitis labrusca e seus hibridos constituem a base da producéo de suco de uva
no Brasil devido as suas étimas caracteristicas organolépticas. Estas variedades apresentam a
vantagem de manter seu refrescante sabor mesmo quando exposta ao calor durante as etapas
de processamento (MARZAROTTO, 2005). As principais variedades utilizadas na producao
de suco no Brasil sdo Concord, lIsabel, Niagara, Bordd e Jacquez e esta escolha é
marcadamente influenciada pelo habito e paladar particular de cada regido do pais (RIZZON;
MANFROI; MENEGUZZO, 1998; RIZZON; MIELE, 1995).

O suco de uva é considerado uma fonte importante de compostos fendlicos e as
discrepantes variacfes nos teores de compostos fendlicos presentes nos sucos disponiveis no
mercado também sdo decorrentes das diferencas inerentes de cada espécie e dos diferentes
tratamentos a que sdo submetidos durante a producdo do suco. Dentre os tratamentos
destacam-se o tipo de extracdo, o0 tempo de contato entre 0 mosto e as partes sélidas da uva
(casca e sementes), o tipo e intensidade da prensagem, o tratamento térmico, o tratamento
enzimatico, a adi¢do de didxido de enxofre e/ou a de &cido tartarico (MALACRIDA; MOTA,
2005). Para obtencdo de um produto de qualidade, atualmente produtores artesanais e
industriais buscam otimizar os processos tecnoldgicos de forma a extrair 0s compostos
caracteristico do suco, com o minimo de prejuizos aos compostos bioativos de interesse, e
assegurar a conservacao do suco até o momento do consumo sem a necessidade da adi¢do de
conservantes (RIZZON; MENEGUZZO, 2007). Nestes produtos, sua preservacao
fundamenta-se no principio de esterilizacdo a alta temperatura e tempo curto associado a um
envase asséptico. Entretanto, o uso combinado de métodos fisicos e quimicos é também

permitido como alternativa de conservacao dos sucos (BRASIL, 1997). Os agentes quimicos
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mais utilizados para esta finalidade sdo o acido sérbico e o didxido de enxofre proveniente da

dissociagdo do bissulfito ou metabissulfito de sddio ou potéssio (MAIA et al., 2009).

4. ESTRUTURA QUIMICA DOS PRINCIPAIS COMPOSTOS FENOLICOS
PRESENTES NAS UVAS E PRODUTOS DERIVADOS

4.1 Flavondides

A estrutura dos flavonoides é baseada no esqueleto de 15 carbonos, caracterizado por
dois anéis aromaticos interligados por uma cadeia de trés &tomos de carbono, que formam um
heterociclo oxigenado (C6-C3-C6). Dependendo do estado de oxidacdo do anel central C os
flavonoides podem ser do tipo 2-fenilbenzopirano (Figura 3A) ou do tipo 2-fenilbenzopirona
(Figura 3B) (ANDERSEN; JORDHEIM, 2006). Em condicfes &cidas, duas bandas de
absorcdo sdo caracteristicas dos flavondides: a primeira (Banda I) com maximo de absor¢édo
entre 300 e 550 nm, presumidamente resultante do anel B da molécula e a segunda (Banda II)
com maximo de absorcdo entre 240 e 285, supostamente resultante do anel A da molécula
(ROBARDS; ANTOLOVICH, 1997).

Figura 3. Estrutura bésica dos flavonoides: 2-fenilbenzopirano (A) e 2-fenilbenzopirona (B)
(HUBER, 2007).

4.1.1 Antocianinas

As antocianinas estdo presentes principalmente nas cascas e nas trés ou quatro
primeiras camadas das células hipodérmicas, em escala subcelular, nos vacuolos celulares das
uvas de castas tintas (BROUILLARD, 1982; PINELO; ARNOUS; MEYER, 2006) e, em
menor proporcdo, na polpa de algumas variedades (CASTILLO-MUNOZ et al., 2009b;
SANTIAGO et al., 2008). A estrutura basica destes compostos € a aglicona, denominada
antocianidina, e constitui-se de dois anéis fenolicos A e B e um anel pirano heterociclico C

(Tabela 1). Esta estrutura forma o cromoéforo de absorcdo de luz que confere a coloracéo
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atrativa as uvas, com nuancas de cores entre vermelho e azul (HARBORNE; WILLIAMS,
1995). Na literatura ja foram mencionadas 23 antocianidinas que diferem entre si pelo namero
e posicdo dos grupos hidroxilas e/ou metoxilas, porém apenas seis delas sdo mais
frequentemente encontradas nos alimentos: cianidina, peonidina, delfinidina, petunidina,
malvidina e pelargonidina (CASTANEDA-OVANDO et al., 2009).

Tabela 1. Antocianidinas (forma de cation flavilio) mais comuns presentes nas uvas.

Estrutura basica da aglicona Antocianidinas Grupos substituintes
Cianidina (Cy) Ri=0OH;R,=H
Delfinidina (Dp) Ri1=R,=0H
Malvidina (Mv) R; = OCHjs; R, = OCHjs
Pelargonidina (Pg) Ri=R,=H
Peonidina (Pn) R1 =0OCHgs; R, =H
Petunidina (Pt) R; = OH; R, = OCHj3

Nas uvas ha predominancia das cinco primeiras antocianidinas citadas, porém, em
algumas uvas de variedades ndo viniferas (WANG; RACE; SHRIKHANDE, 2003) e na
variedade Garnacha Tintorera (Vitis Vinifera) (CASTILLO-MUNOZ et al., 2009b) também
foram encontradas pequenas quantidades de antocianinas derivadas da pelargonidina. Embora
esta antocianina ndo seja predominante em uvas, é frequentemente encontrada em outras
frutas tais como morango (CRESPO et al., 2010), acai e acerola (ROSSO et al., 2008).

A deficiéncia eletrénica do cation flavilio produz a elevada reatividade das agliconas
livres, de tal maneira que na natureza encontram-se unidas a uma ou mais moléculas de
acucar (glicose, arabinose, ramnose, galactose, etc ou di- e trissacarideos constituidos por
estes acgucares) por meio de unides hemiacetalicas (BROUILLARD, 1982). De acordo com o
numero de acucares ligados a antocianidina, as antocianinas formadas podem ser classificadas
como mono-, di- e triglicosideos (MAZZA; MINIATI, 1993). A glicose é o aclcar majoritario
unido as antocianidinas das uvas e as posi¢fes mais frequentes de unido entre estas moléculas
sd0 a C-3 do anel C e a C-5 do anel A (CASTILLO-MUNOZ et al., 2009b) e, com raras
excecBes, estdo ligados a posicdo C-7 do anel A (Figura 4) (CASTILLO-MUNOZ et al.,

2010b). A presenca de acucares ligados as posicdes 3, 7 e 5’ do anel B das antocianidinas é
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mais raro devido a impedimentos estéricos dificultarem a glicosilacdo nestas posicdes
(BROUILLARD, 1982).

Em muitos casos, 0s acucares das antocianinas estdo esterificados com acidos
organicos, 0os quais estdo, normalmente, ligados ao carbono 6 da molécula de agucar
(BROUILLARD, 1982). Dentre os acidos organicos mais comumente encontrados estdo o
acido acético, acido p-cumarico, acido caféico, entre outros. Assim sendo, as antocianinas ndo
esterificadas sdo denominadas antocianinas nao aciladas, enquanto as esterificadas com um ou
mais 4&cidos fendlicos sdo denominados antocianinas monoaciladas e poliaciladas,
respectivamente, podendo apresentar denominacgdes diferenciadas de acordo com o &cido
ligado a molécula de acucar (Figura 4) (ANDERSEN; JORDHEIM, 2006).

Antocianina 3-glicosideo Antocianina 3,5-diglicosideo

A posicio R; do acuicar pode ser substituida por:

cI;H=CH—co CJ?H=CH—CO
R,= H R,=cHCO L |
3 o hd Y[ oM
OH OH
acido acido acido
hidroxila acético cumarico caféico

Sendo denominadas entio:

Antocianinas Antocianinas Antocianinas Antocianinas
nio aciladas  acetiladas cumariladas cafeiladas

Figura 4. Estrutura de algumas antocianinas derivadas da uva.

Nas antocianinas, o comprimento de onda de absorcdo no espectro de luz visivel é
alterado pelo nimero de substituintes presentes no anel B e, em menor proporc¢éo, pelo tipo
dos mesmos. Desta maneira, a medida que aumenta o nimero de substituintes no anel B, ha
um deslocamento da Banda | para comprimentos de onda entre 8 a 12 nm maiores. Como

forma de exemplificacdo, as antocianidinas trisubstituidas (Delfinidina - Dp, Petunidina - Pt e
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Malvidina - Mv) originam antocianinas com méaximo de absor¢do na regido do visivel a
valores aproximadamente 10 nm maiores do que as correspondentes antocianinas com
antocianidinas disubstituidas (Cianidina - Cy e Peonidina - Pn) (CASTILLO-MUNOZ et al.,
2010b). Os monoglicosideos que ndo contém substituicdo (Pelargonidina - Pg) apresentam o
menor comprimento de onda (502 nm) (Figura 5A).

Estas alteragfes nos comprimentos de onda explicam as modificacGes na cor da
molécula. Em geral, o aumento da hidroxilacdo induz a um deslocamento da cor vermelha
para a azul (Pelargonidina — Cianidina — Delfinidina), que é comprovado por um
deslocamento batocrémico no comprimento de onda maximo de absorcdo do espectro do
pigmento. Por outro lado, o aumento do grau de metoxilacdo (Peonidina — Petunidina —
Malvidina) reverte esta tendéncia, conduzindo a coloragfes tendendo ao vermelho ou violeta
(CARRENO; MARTINEZ, 1995; FREITAS; MATEUS, 2006).

O grau e posicao da glicosilacdo no anel B também exercem profunda influéncia na
coloracdo das antocianinas. A coloracao € alterada devido a um deslocamento hipsocrémico
do maximo de absorcdo visivel de aproximadamente 10 nm com relacdo a aglicona
correspondente. No entanto, este deslocamento é maior quando ha a transformacdo da
aglicona em monoglicosideo do que quando ha a transformacao de mono- para diglicosideo e
assim sucessivamente. A posicdo da glicosilacdo também afeta outras zonas do espectro no
visivel de tal maneira que auxilia na identificacdo das antocianinas mono- e diglicosiladas: as
antocianinas 3-monoglicosideos apresentam um ombro na regido de 440 nm caracteristico que
estd ausente nas 3,5-diglicosideos (Figura 5B). Por outro lado, o tipo de aclcar normalmente
ndo interfere no espectro UV-Vis das antocianinas (CASTILLO-MUNOZ et al., 2010b;
DURST; WROLSTAD, 2010).

A esterificagdo dos acucares também influencia marcadamente na cor das
antocianinas. Delgado-Vargas; Jiménez; Paredes-Lopez (2000) demonstraram que em pH
acima de 4, a acilacdo pode produzir uma banda de absorcdo no ultra-violeta maior que a
observada nas antocianinas ndo aciladas, nas mesmas condicdes de pH, na regido entre 310 e
320 nm (BAUBLIS; SPOMER; BERBER-JIMENEZ, 1995). No entanto, deve-se ressaltar
que os derivados acetilados das antocianinas apresentam espectros UV-vis em meio acido (pH
< 2, predominando a forma de cation flavilio) praticamente iguais aos derivados nao
acetilados (malvidina-3-glicosideo (mv-3-glc) e malvidina-3,5-diglicosideo (mv-3,5diglc),
respectivamente, Figura 5B) das antocianinas. Em contrapartida, as antocianinas cumariladas
e cafeiladas podem apresentar um novo ombro ou maximo de absorvancia correspondente ao

residuo de cumaril ou cafeil (Figura 5B).
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Figura 5. Espectros de absorcdo de diferentes antocianinas en meio acido (pH < 2): (A) 3-
monoglicosideos (comprimento de absorcdo de onda aumenta com 0 aumento dos
substituintes do anel B) (CASTILLO-MUNOZ et al., 2009a); (B) monoglicosideo (glc) x
diglicosideo (diglc), 3-monoglicosideo (linha grande tracejada) e 3,5-diglicosideo (linha
solida); diglicosideos acetilados (3-acglc-5glc) x cumarilados (3-acglc-5-glc), malvidina-3-
acetilglicosideo-5-glicosideo (linha pequena tracejada) e malvidina-3-(p-cumaril)-glicosideo-
5-glicosideo (linha pontilhada).
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No caso das antocianinas cumariladas, o residuo cumaril pode estar nas configuracfes
isoméricas trans (majoritaria) ou cis (minoritaria), o que origina algumas altera¢cBes no
espectro UV-vis, sobretudo no ombro UV devido ao residuo de cumaril, tal como a
diminuicdo no valor de comprimento de onda no caso dos isémeros cis (NIXDORF;
HERMOSIN-GUTIERREZ, 2010). Deve-se ressaltar que as diferentes cores exibidas pelas
uvas dependem ndo somente das diferencas estruturais mas do pH do fluido vacuolar da
célula vegetal (MOSKOWITZ; HRAZDINA, 1981) ou meio onde estdo presentes, da
concentragdo das antocianinas, da presenca de outros pigmentos, bem como de outros fatores
como temperatura, luz, presenca de copigmentos, ions metalicos, enzimas, acido ascorbico e
acucares (DELGADO-VARGAS; JIMENEZ; PAREDES-LOPEZ, 2003). Alguns estudos
sugerem que a copigmentacdo das antocianinas com outros compostos (copigmentos) seja um
dos principais mecanismos de estabilizagdo da cor nas plantas, incluindo as frutas
(CASTANEDA-OVANDO et al., 2009).

Diversas pesquisas sdo focadas na determinacdo da composi¢do e do contetdo de
antocianinas presentes nas uvas (ABE et al., 2007; CASTILLO-MUNOZ et al., 2009b;
GOMEZ-PLAZA et al., 2008; GUERRERO et al., 2009; HERMOSIN-GUTIERREZ;
GARCIA-ROMERO, 2004; KIRALP; TOPPARE, 2006; LIANG et al., 2008; POMAR;
NOVO; MASA, 2005) e nos vinhos (CASTILLO-MUNOZ et al., 2009b; HERMOSIN-
GUTIERREZ; LORENZO; ESPINOSA, 2005, HERMOSIN-GUTIERREZ; GARCIA-
ROMERO, 2004; NIXDORF; HERMOSIN-GUTIERREZ, 2010).

Diferencas qualitativas marcantes entre as antocianinas das uvas de Vitis vinifera e as
uvas americanas e hibridas s&o relatadas na literatura. Nas uvas de Vitis vinifera e nos vinhos
correspondentes sdo identificadas predominantemente as antocianinas monoglicosiladas,
enquanto a presenca de antocianinas diglicosiladas é caracteristica dominante das espécies
americanas e hibridas (BAUBLIS; SPOMER; BERBER-JIMENEZ, 1995; HRAZDINA,
1975). Baseados nestes dados e com uso de equipamentos avancados, foi possivel detectar
adulteracdes (utilizacdo de uvas americanas ou hibridas) em vinhos europeus, que sdo
produzidos exclusivamente por Vitis vinifera. Isto se deve ao fato de que os pigmentos das
uvas sdo transferidos parcialmente para o0s vinhos durante sua elaboragdo e,
consequentemente, todo vinho varietal apresenta um perfil de antocianinas tipico e
caracteristico derivado da fruta original que torna-se sua ‘impresséo digital’ (AROZARENA
et al., 2000; BERENTE et al., 2000; GARCIA-BENEYTEZ; REVILLA; CABELLO, 2002;
NIXDORF; HERMOSIN-GUTIERREZ, 2010).
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4.1.2 Flavondis

A estrutura basica destes compostos é semelhante a das antocianidinas (C6-C3-C6),
porém com a presenca caracteristica dos grupos carbonilico e hidroxilico no anel C. Castillo-
Mufoz et al. (2007) demonstraram que a ocorréncia de flavondis nas cultivares de castas
tintas é representada por seis estruturas (kaempferol, quercetina, isoramnetina, miricetina,

laricitrina e siringetina) glicosiladas (Tabela 2).

Tabela 2. Estrutura dos flavonois encontrados nas uvas.

Estrutura basica da aglicona Flavonadis agliconas  Grupos substituintes
Kaempferol (K) R1=R2=H
Quercetina (Q) R1=0H;R2=H
Isoramnetina (1) R1=0CH;3; R2=H
Miricetina (M) R1=R2=0H
Laricitrina (L) R1 =0OCHs;; R2 = OH
Siringetina (S) R1=R2 =0CHg3;

Embora alguns trabalhos descrevam que a presenca de flavondis do tipo isoramnetina
e miricetina seja exclusiva de uvas tintas, a ocorréncia destes compostos, isolados ou em
conjunto, ja foi descrita em uvas brancas por alguns autores (CASTILLO-MUNOZ et al.,
2010a; HERMOSIN-GUTIERREZ et al., 2010; MATTIVI et al., 2006; RODRIGUEZ-
MONTEALEGRE et al., 2006). Além disso, alguns estudos demonstraram a presenca de
miricetina em cultivares de uvas brancas ndo viniferas (Vitis rotundifolia) bem como nos
vinhos elaborados a partir delas (PASTRANA-BONILLA et al., 2003; TALCOTT; LEE,
2002). De forma geral, o flavonol predominante nas cultivares de Vitis vinifera € A quecetina
e miricetina enquanto que nas cultivares de Vitis labrusca € a quercetina (JACKSON, 1994).

Incolores ou de coloragcdo amarela clara, os flavonois se acumulam nas cascas de uvas
de castas tintas e brancas (CASTILLO-MUNO?Z et al., 2009a, 2010a) e apresentam a func&o
de protecdo contra a radiacdo UV, devido a sua forte absorbancia nesta faixa especifica de
comprimento de onda (250-400 nm) (Figura 6). Como sua sintese é estimulada pela luz,
muitas vezes, a diferenca de composicdo entre cachos de uma mesma variedade de uva é
devido aos frutos expostos a maior quantidade de luz tenderam a uma sintese mais
pronunciada destes compostos (PRICE et al., 1995). Estes compostos sdo encontrados nas

uvas apenas na forma de 3-O-glicosideos, enquanto que as correspondentes agliconas livres
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podem ser encontradas em vinhos, como resultado da hidrdlise acida que ocorre durante a
elaboracéo e envelhecimento dos vinhos. O grau de hidrolise pode ser dependente da estrutura
do flavonol e também do tipo de acUcar unido a aglicona. A glicose é o aglcar mais comum
ligado a posicdo C-3 do anel C da aglicona, mas galactose e acido glucurénico também tém
sido relatados (CASTILLO-MUNOZ et al., 2007, 2009a). Além disso, quercetina tem sido
sugerida ocorrer nas uvas como 3-O-(6"-ramnosil)-glicosideo (denominado rutina), 3-O-
glicosilgalactose e  3-O-glicosilxilosideo  (CHEYNIER; MOUTOUNET; SARNI-
MANCHADO, 2003).

—-—- Tri-substituide (M, L, S)
------ Di-substituido (Q, I)
— Mono-substituido (K)

1 L] 1 L] I L] I 1 1
240 274 300 324 340 74 400 424
Comprimento de onda (nm)

Figura 6. Espectro UV-vis de flavondis.

Recentemente foi demonstrado que as formas glicosiladas dos flavondis de uvas Vitis
vinifera correspondem a série completa dos 3-O-glicosideos, 3-O-galactosideos e 3-O-
glucuronideos de kaempferol, quercetina, isoramnetina, miricetina, laricitrina e siringetina no
caso de variedades tintas (CASTILLO-MUNOZ et al., 2009a), e somente de kaempferol,
quercetina e isoramnetina no caso das variedades brancas (CASTILLO-MUNOZ et al.,
2010a) (Figura 7). Em ambos os casos, a rutina, um flavonol glicosideo que ja foi sugerido
como maioritario em uvas e vinhos, é na realidade um flavonol muito minoritario na uva que,
além disso, mostra uma tendéncia muito forte a hidrolizar-se, gerando quercetina livre nos
vinhos (JEFFERY; PARKER; SMITH, 2008).

De forma geral, os flavonois contribuem diretamente para a cor dos vinhos brancos e,
em vinhos tintos, apesar de sua coloracdo ser mascarada pelas antocianinas, estédo fortemente
envolvidos nos fendmenos de copigmentacdo (BOULTON, 2001; SCHWARZ et al., 2005).
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Além disso, contribuem para a capacidade antioxidante das frutas, incluindo as uvas e seus
produtos derivados (BURDA; OLEZSEK, 2001). Alguns estudos recentes estdo contribuindo
significativamente para o conhecimento sobre estes compostos nas uvas (CASTILLO-
MURNOZ et al., 2007, 2009a, 2010a) bem como em outras frutas (HOFFMANN-RIBANI;
HUBER; RODRIGUEZ-AMAYA et al., 2009).

(D)

HOOC
H 0
HyC b
HO

Figura 7. Estrutura dos flavondis encontrados em uvas Vitis vinifera: (A) Flavonol-3-O-
glicosideo, (B) Flavonol-3-O-galactosideo, (C) Flavonol-O-glucuronideo, (D) Quercetina-3-
O-(*6-ranmosil)-glicosideo (rutina) (CASTILLO-MUNOZ et al., 2009b).

4.1.3 Flavan-3-0is

Os flavan-3-6is sdo compostos encontrados em maior quantidade nas sementes e nos
engacos das uvas e apresentam como unidades fundamentais as estruturas monomeéricas de 2-
fenilbenzopiranos (C6-C3-C6). A (+)-catequina e seu isdbmero (-)-epicatequina sdo 0s
principais flavan-3-6is monoméricos presentes nas uvas (HASLAM, 1980), podendo estar em
parte esterificados pelo acido galico (C;H¢Os), normalmente ao nivel do carbono 3 (Tabela 3)

44



(RICARDO-DA-SILVA et al., 1991). Estes compostos sdo responsaveis, em grande parte,

pelo sabor e adstringéncia de vinhos e sucos (ABE et al., 2007).

Tabela 3. Exemplos de flavan-3-0is presentes nas uvas: C: (+)-catequina; E: (-)-epicatequina;
ECG: (-)-galato-3-epicatequina; GC: (+)-galocatequina; EGC: (-)-epigalocatequina; GCG:
(+)-galato-3-galocatequina; EGCG: (-)-galato-3-epigalocatequina. *G: acido galico.

Estrutura basica da aglicona Flavanois Grupos substituintes*
agliconas
C R=H;R;=0H; R;=H
E R=H;R;=H;R;=0H
ECG R=H;R;i=H;R,=0-G
GC R=0OH; R;=0H; R,=H
EGC R=0H; R;=H; R,=0H
GCG R=0H;R;=H;R,=0-G

EGCG R=0H; R1=0-G; R;=H

A associacdo de varias unidades monoméricas de catequinas ou epicatequinas Sao
denominadas proantocianidinas ou taninos condensados. Dependendo do numero de vezes
que esta unidade bésica se repete, as proantocianidinas podem ser dimeras, trimeras,
oligoméricas (até 5 unidades) ou poliméricas (acima de 5 unidades). As varia¢fes estruturais
ocorrem devido ao numero de mondmeros ligados, posicdo de ocorréncia das ligacdes,
padrdo de oxigenacdo nos anéis A e B da unidade e estereoquimica dos substituintes do anel
C (TERRIER; PONCET-LEGRAND; CHEYNIER, 2009).

As proantocianidinas podem liberar antocianidinas quando aquecidas em meio
fortemente &cido e alcodlico, mediante a ruptura das ligacBes entre as unidades monoméricas
(PORTER, 1992; RIBEREAU-GAYON et al., 2003). Dependendo das antocianidinas
liberadas, no caso da uva especialmente cianidina e em menor proporcao delfinidina, as
moléculas precursoras recebem o nome de procianidinas (constituidas de (+)-catequina e (-)-
epicatequina) e prodelfinidinas (constituidas de (+)-galocatequina e (-)-epigalocatequina),
respectivamente. As procianidinas sdo os flavan-3-0is predominantes nas sementes das uvas
(PRIEUR et al., 1994), enquanto nas cascas sdo encontradas tanto procianidinas como
prodelfinidinas (SOUQUET et al., 1996). As procianidinas dimeras sdo classificadas de
acordo com o seu tipo de ligacéo interflavandlica e dividem-se em dois grupos: A e B. As do
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tipo A (CzoH24012) possuem unides interflavanos C4-C8 ou C4-C6 e uma ligacdo éter entre 0s
carbonos C-5 ou C-7 da unidade terminal (anel A) com o carbono C-2 da unidade superior
(anel C) (Figura 8).

Figura 8. Exemplos de procianidina dimeras (Tipo A e Tipo B) e trimera (Tipo C).

As procianidinas do tipo B (C3oH26012) sdo resultantes da condensacdo das unidades
flavan-3-0is através de uma ligacdo entre o carbono 4 do monémero superior (anel C) com o
carbono 6 ou 8 da unidade inferior (anel A). Os compostos formados pelas ligacbes C4-C8
compdem a serie das procianidinas B1, B2, B3 e B4, enquanto os compostos formados pelas
ligacbes C4-C6 compdem a série das procianidinas B5, B6, B7 e B8 (Figura 8). Ja as
procianidinas trimeras sdo classificadas em tipo C (resultante de unibes interflavanos
correspondentes ao tipo B dos dimeros) (Figura 8) e tipo D (que possuem uma ligacéo
interflavano do tipo B e outra do tipo A) (RIBEREAU-GAYON et al., 2003).
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As formas poliméricas (Figura 9) sdo os flavan-3-0is principais nas uvas e sdo
constituidos por um numero elevado de unidades monoméricas, unidas tanto na posicéo
terminal quanto na posicdo superior. A quantidade, estrutura e grau de polimerizacdo das
proantocianidinas presentes nas uvas diferem de acordo com sua localizagdo nas diferentes
partes das uvas (MONAGAS; BARTOLOME; GOMEZ-CORDOVES, 2005). Os taninos
estdo normalmente associados & evolugdo da cor e a qualidade organoléptica dos sucos e
vinhos, principalmente com relacdo a adstringéncia e o amargor (HASLAM, 1974;
RICARDO-DA-SILVA et al., 1991). A capacidade de interagir com as proteinas salivares,
formando complexos estaveis que provocam a diminuicdo da lubrificacdo do palato, causa a
sensacdo de secura e constri¢do, que é conhecida como adstringéncia (BATE-SMITH, 1973;
HASLAM; LILLEY, 1988).

OH

W

Procianidina: R=H

Prodelfinidina: R = OH OH

Figura 9. Procianidinas poliméricas predominantes nas uvas.

Diversas reacdes quimicas ocorrem entre as antocianinas e taninos extraidos durante a
maceracdo, estabilizagdo e evolucéo dos vinhos, formando um grande nimero de compostos
incolores ou coloridos. As reagdes mais importantes sdo a condensacdo indireta flavanol-
antocianina, a polimerizacao indireta flavanol-flavanol, ambas intermediadas por acetaldeido,
a condensacao direta flavanol-antocianina, a oxidacdo ndo enzimatica dos flavan-3-0is e a
degradacgéo das antocianinas, resultando na formacéo de novos pigmentos com propriedades
cromaticas diferentes dos compostos originais da fruta que influenciam marcadamente na
qualidade dos sucos e vinhos (DALLAS; RICARDO-DA-SILVA; LAUREANO, 1996 a, b).
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4.2 N&o Flavondides
4.2.1 Acidos fendlicos

Os éacidos fenolicos principalmente presentes nas uvas sdo os acidos hidroxibenzoicos
(C6-C1) e os acidos hidroxicindmicos (C6-C3), sendo os primeiros encontrados nas cascas e
representados geralmente pelo acido galico, formando ésteres (galatos) com os flavan-3-0is; e
0s segundos, predominantemente encontrados na forma de ésteres tartaricos, tais como o
acido caftarico e acido cutérico, tanto na casca como na polpa da uva (Tabela 4) (BEER et
al.,, 2002; JACKSON, 1994). Os é&cidos hidroxicindmicos sdo considerados o maior
constituinte da polpa (RIBEREAU-GAYON et al., 2003) e embora sejam encontrados em
baixas concentracdes, representam um dos principais compostos fendlicos presentes em uvas
brancas (SINGLETON, 1992).

Tabela 4. Padrdo de substituicdo dos acidos fendlicos.

Acido Acido
hidroxibenzoéico hidroxicindmico

Compostos Substituintes

Acido hidroxibenzdico 2 3 4 5 6
Acido galico H OH OH OH H
Acido hidroxicinamico 2 3 4 5 6
acido p-cumarico H H OH H H
acido caféico H OH OH H H
acido ferrulico H O-CHj3 OH H H
acido sinapico H O- CHj3 OH O- CHj3 H

Durante o processo de vinificagdo, os ésteres tartaricos dos acidos hidroxicinamicos
podem sofrer hidrolise, liberando os &cidos hidroxicinamicos de tal maneira que nos vinhos
sdo encontrados tanto as formas livres como as combinadas. Assim, o teor destes compostos
vai depender tanto do tipo da uva quanto do processo de hidrélise destes esteres (RITCHEY;

WATERHOUSE, 1999). A principio, estes compostos ndo conferem ao vinho nenhum sabor
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ou odor. No entanto, sdo precursores de compostos fendlicos volateis que afetam o sabor e
odor dos vinhos. Durante a fermentacdo, a acdo enzimatica do tipo descarboxilase de algumas
leveduras presentes nas uvas pode converter os acidos p-cumarico e ferrulico em 4-vinilfenol
e 4-vinilguaiacol, respectivamente (EDLIN et al., 1998; SALAMEH et al., 2008). Estes
compostos, por sua vez, podem ser reduzidos a derivados de etil (etilfenol e etilguaiacol) por
vinilredutases presentes em certas leveduras como Brettanomyces (DIAS et al., 2003) ou por
algumas bactérias lacticas normalmente do género Lactobacillus. A presenca de etilfendis nos
vinhos é responsavel por grande perda econdmica uma vez que confere aos produtos aroma
ruim, conhecido pelos especialistas como aroma de couro, animal ou suor de cavalo
(CHATONNET; DUBOURDIEU; BOIDRON, 1995).

Por outro lado, os acidos hidroxicindmicos, especialmente os acidos p-cumarico e o
caféico, estdo envolvidos no processo de acilagdo dos substituintes glicosidicos das
antocianinas (RIBEREAU-GAYON et al., 2003) e, juntamente com seus derivados 4-
vinilfenois, podem reagir com antocianinas, originando compostos do tipo piranoantocianinas.
Estes compostos contém duplas ligaces polarizaveis, isto é, com substituintes de diferentes
polaridades em ambos os extremos da dupla ligagdo, propiciando estas reacdes. A primeira
estrutura de piranoantocianina identificada foi a vitisina A (Figura 10A) procedente da reacédo
entre a malvidina-3-glicosideo com o &cido pirdvico (um metabdlito secundario das
leveduras) através da forma enodlica deste ltimo e, posterior, descarboxilagdo (RENTZSCH,;
SCHWARZ; WINTERHALTER, 2007).
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Figura 10. Estruturas quimicas de piranoantocianinas de vinho derivadas da malvidina-3-
glicosideo: (A) piranoantocianinas do tipo vitisina (R; = COOH, vitisina A; Ry = H, vitisina
B); (B) piranoantocianinas do tipo hidroxifenil (R, = Rz = H, malvidina-3-glicosideo-4-
vinilfenol; R, = H e Rz = OH, malvidina-3-glicosideo-4-vinilcatecol ou pinotina A; R, =H e
Rs = OCHjz; malvidina-3-glicosideo-4-vinilguaiacol) (RENTZSCH; SCHWARZ;
WINTERHALTER, 2007).
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As estruturas das piranoantocianinas sdo diversificadas e varios caminhos tém sido
propostos para sua formagdo (RENTZSCH; SCHWARZ; WINTERHALTER, 2007). Na
Figura 10B estdo ilustrados outras piranoantocianinas relevantes que sédo formadas a partir da
reacdo de antocianinas com o0s acidos hidroxicinamicos (piranoantocianinas do tipo
hidroxifenil). Estas reagdes estdo envolvidas no processo de estabilizacdo da cor durante o
envelhecimento do vinho (RENTZSCH et al., 2010).

4.2.2 Estilbenos

Dentre os principais compostos pertencentes a esta classe dos nao flavondides
destacam-se o0 resveratrol (trans-3,5,4’—trihidroxiestiloeno), o piceid (trans-3,54’-
trihidroxiestilbeno-3-O-B-D-glicosidio) e a astringina (3’-hidréxi-trans-3,5,4’-
trihidroxistilbeno-3- O -B-D- glicosidio) (FLANZY, 2000).

O resveratrol contém um esqueleto baseado na estrutura do 1,2-difeniletileno e, como
fitoalexinas (metabolitos secundarios antimicrobianos), pode ser sintetizado principalmente
nas cascas das uvas como resposta ao stress causado por infec¢cdo microbiana, dano mecéanico
ou irradiacdo por luz ultravioleta (BRAVO, 1996). Desta maneira, pode ser encontrado em
uvas (CANTOS et al., 2001; GONZALEZ-BARRIO et al., 2006), sucos (ROMERO-PEREZ
et al., 1999; SAUTTER et al., 2005; SOLEAS et al., 19953, b; YASUI et al., 1997) e vinhos
(MORENO-LABANDA et al., 2004; SIEMANN; CREASY, 1992). Este composto existe na
forma natural como isémero trans, embora possa hidrolisar-se (sob luz ultravioleta) a seu
correspondente isdbmero cis. Na uva, o resveratrol se encontra unido a uma molécula de
glicose através de um grupo fenol na posicdo 3. O 3-O-glicdsideo de resveratrol também é
conhecido pelos nomes piceid e polidatina, e também pode apresentar-se nas formas cis e
trans (Figura 11) (LASTRA; VILLEGAS, 2007).

Existe também um composto denominado piceatanol que € um homdlogo superior do
resveratrol, com um grupo OH a mais na posi¢do 3’ e o seu 3-O-glicosideo é chamado de
astringina (Figura 12). A presenca de um grupo OH adicional faz com que estes compostos
(piceatanol e astringina) apresentem maximos de absor¢do UV a 302 e 321 nm,
respectivamente (PUSSA et al., 2006), enquanto que o resveratrol os apresentam a 306 e 316
nm. Outro derivado glicosilado do resveratrol encontrado em vinhos Reisling é o trans-
resveratrol-2-C-glicosideo (BADERSCHNEIDER; WINTERHALTER, 2000), que se

diferencia do piceid pela posicao do glicosideo na posi¢do C-2 (Figura 13).
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Figura 11. Trans-resveratrol e seus derivados (POUR-NIKFARDJAM;
DIETRICH).

o}
OH L OH
OH
/HO
0

LASZLO;

Figura 12. Homdlogos do resveratrol: piceatanol e seu 3-O-glicosideo (astringina).

Figura 13. Derivado 2-C-glicosideo do trans-resveratrol.
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Por Gltimo, o resveratrol apresenta a capacidade de formar oligbmeros (AMIRA-
GUEBAILIA et al., 2009; BADERSCHNEIDER; WINTERHALTER, 2000; PUSSA et al.,
2006; VITRAC et al., 2001), e ja foram relatados na literatura alguns dimeros (palidol,
viniferina, partenocissina) (Figura 14), e mais recentemente um tetramero (hopeafenol)
(Figura 15).

_ _OH HO—|

L N — [ 7 HO)

—{ Ho—, _J | W . 1 |

Mo L:|1|"“ '
) o

7 [y gl OH

HO

palidol (R=R'=H) trans-g-viniferina  partenocissina

Figura 14. Derivados dimeros do resveratrol. Especificamente para o palidol sdo conhecidos

os derivados 3-glicosideo (R= glicosil; R” = H) e 3,3’-diglicosideo (R = R’ = glicosil).

Figura 15. Tetramero do resveratrol (hopeafenol).

Alguns estudos sugerem que as técnicas de vinificacdo influenciam significativamente
nos teores de resveratrol e seus derivados encontrados nos vinhos (BAVARESCO et al.,
2000; MORENO-LABANDA et al., 2004), com maiores teores encontrados particularmente
em produtos submetidos a maiores tempos de maceracgdo das cascas (MATTIVI, RENIERO;
KORHAMMER, 1995). Em contrapartida, operac6es como clarificacdo e filtragdo podem
levar a um decréscimo dos niveis de resveratrol e piceid em sucos e vinhos (LAMUELA-
RAVENTOS et al., 1995; VRHOVSEK; WENDELIN, EDER, 1997). Além disso, alguns

vinhos elaborados a partir de uvas botrytizadas apresentam menores teores de resveratrol
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quando comparados com os elaborados a partir de uvas “normais”. Neste caso, 0 mesmo
fungo (Botrytis cinérea) que ataca a uva é responsavel por desenvolver gostos e aromas
diferenciados aos vinhos por produzir a enzima lacase que oxida o resveratrol (ADRIAN et
al., 1998). No entanto, a razdo maior para o interesse dos pesquisadores pelo resveratrol esta
relacionada com seus beneficios para a salde humana (BAUR; SINCLAIR, 2006; BRAVO,
1996; ESPIN; GARCIA-CONESA; TOMAS-BARBERAN, 2007; LASTRA; VILLEGAS,
2007; STIVALA et al., 2001).

Ha evidéncias crescentes de que este composto possa prevenir ou retardar o
aparecimento de cancer, doencas cardiacas, diabetes, inflamacdo patoldgica, infeccdo viral,
entre outros (BAUR; SINCLAIR, 2006). Deve-se levar em conta que os estudos sobre as
propriedades bioativas do resveratrol foram realizados fundamentalmente com seu isdmero
trans, exceto por alguns trabalhos disponiveis na literatura como o realizado por Waffo-
Téguo et al. (2001) e o de He et al. (2010). E relevante a realizacdo de novos estudos mais
conclusivos que demonstrem se essas formas isdbmeras do resveratrol podem apresentar ou
ndo propriedades similares as atribuidas ao trans-resveratrol, ou inclusive se podem mostrar

outras atividades que até 0 momento ndo foram encontradas para o trans-resveratrol.

5. COMPOSTOS FENOLICOS: ESTRUTURA QUIMICA E SUA RELACAO COM A
ATIVIDADE BIOLOGICA

Antocianinas, flavan-3-0is, flavondis e resveratrol presentes nas uvas e produtos
derivados sdo os compostos fendlicos mais investigados e revisados devido suas acOes
biologicas (KENNEDY, 2008; MAKRIS; KALLITHRAKAB; KEFALAS, 2006; XIA et al.,
2010). Embora a biodisponibilidade e bioconversdo destes compostos no corpo humano ainda
ndo estejam bem elucidadas, a Organizacdo Mundial da Satde (World Health Organization -
WHOQ) enfatiza a importadncia dos compostos fendlicos com atividade antioxidante,
especialmente em frutas, para prevencao dos mais importantes problemas de saude publica,
nomeadamente, doencas cardiovasculares, diabetes, cancer e obesidade (STAPLETON et al.,
2008; THE WORLD HEALTH REPORT, 2002).

Resultados de pesquisas sugerem que estes compostos podem agir como potentes
antioxidantes capazes de atuar como sequestradores de radicais livres das células (PRIOR;
CAO, 2000; RICE-EVANS, MILLER; PAGANGA, 1996, 1997) e participar da regeneracao
de outros antioxidantes como a vitamina E e o acido ascorbico, resultando na protecdo dos
constituintes celulares contra danos oxidativos (FRANKEL; WATERHOUSE; TEISSEDRE,
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1995; HERTOG et al. 1993; KAUR; KAPOOR, 2001, 2002). Além disso, outras acdes
relatadas sdo: quelantes de metais capazes de catalisar a peroxidacdo de lipideos (SILVA et
al., 1998; TERAO; PISKULA, 1999): inibidores da proliferacio celular (KUNTZ; WENZEL;
DANIEL, 1999; WENZEL et al., 2000), antiestrogénicos (MIKSICEK, 1995) e mediadores
na transdug@o dos sinais intracelulares (SCHROETER et al., 2002). No entanto, estudos
relatam que os compostos fenolicos presentes nas uvas, sucos e vinhos sdo, muitas vezes,
metabolizados em grande extensdo in vivo e transformam-se em compostos estruturalmente
diferentes dos encontrados originalmente nas frutas (SPENCER et al., 2001; XIA et al.,
2010). Desta maneira, a seguir serdo apresentadas informacdes relacionadas a capacidade
antioxidante dos compostos associados com sua estrutura quimica.

Os estudos in vitro sdo praticamente unamimes em mostrar que a habilidade de um
composto fendlico, bem como seus metabdlitos, tém de sequestrar radicais livres, quelar
metais com atividade redox, atenuar espécies reativas de oxigénio e nitrogénio (associadas
com patologias crbénicas e degenerativas) tém muito a ver com a estrutura quimica da
molécula, em especial o numero, posicdo e tipos de substituintes presentes (HEIM;
TAGLIAFERRO; BOBILYA, 2002). Na Figura 16 estdo destacados os grupos funcionais de
um flavonodide apontados como fundamentais para sua atividade antioxidante: presenca do
grupo orto-dihidroxi ou grupos catecol no anel B; dupla ligagdo (C2-C3) conjugada com a
funcéo 4-oxo, que aumenta a deslocalizacédo eletronica a partir do anel B; e grupos hidroxilas
na posicdo 3 e 5 com fungdo oxo, que promove a deslocalizacdo eletrénica do grupo 4-oxo
para estes dois substituintes (HAENEN et al., 2006; HEIM; TAGLIAFERRO; BOBILYA,
2002; LIEN et al., 1999; SOOBRATTEE et al., 2005).

O ndmero e configuracdo dos grupos hidroxila doadores de hidrogénio exercem
influéncia marcante na capacidade antioxidante dos compostos fenolicos (CAO; SOFIC;
PRIOR, 1997, SHEKHER-PANNALA et al., 2001). Estudos demonstraram que a
configuracdo contendo duas hidroxilas no anel B (3’,4’-catecol) € a mais significativa para
sequestro das especies reativas de oxigénio (ROS) e de nitrogénio (RSN). Estes grupos doam
um H e um elétron para os radicais reativos como o hidroxila (*OH), peroxila (RO") e
peroxinitrila (ONOQ?®), estabilizando-os e dando origem a um radical do flavondide (orto-
semiquinona, por exemplo) relativamente estavel. A importancia da configuracdo das outras
hidroxilas ndo estd muito clara, mas estudos revelam que moléculas com mais grupos
hidroxilas podem apresentar maior capacidade antioxidante (HEIM; TAGLIAFERRO;
BOBILYA, 2002).
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Figura 16. Caracteristicas estruturais basicas de um flavono6ide com propriedades bioativas. I,
estrutura 3’,4’-catecol; 11, dupla ligacdo (C2-C3) conjugada com a fungdo 4-oxo; Ill, grupos

hidroxilas na posicédo 3 e 5 com funcao oxo.

A quercetina é considerada um dos compostos com maior atividade antioxidante.
Dentre os flavonois agliconas é possivel estabelecer a seguinte ordem decrescente de
atividade antioxidante: quercetina (2 x OH), miricetina (3 x OH) e kaempferol (1 x OH), que
se diferenciam pelo padrdo de substituicdo do anel B. Nota-se que a presenca do terceiro
grupo hidroxila no anel aromatico B, na posi¢do C-5°, ndo resultou em aumento da
capacidade antioxidante da miricetina em relagdo a quercetina (RICE-EVANS; MILLER;
PAGANGA, 1996; SOOBRATTEE et al., 2005). Tanto quanto as hidroxilas, a presenca de
grupos metoxila e de aclcares na molécula influencia na capacidade antioxidante dos
compostos fenodlicos. Embora a taxa de substituicdo das hidroxilas por metoxilas nédo esteja
clara, alguns resultados sugerem que a introducdo de grupos metila na molécula pode
diminuir a sua capacidade antioxidante como reflexo de um efeito estérico que perturba a
planaridade da molécula e altera a sua solubilidade (ARORA; NAIR; STRASBURG, 1998;
BURDA; OLESZEK, 2001). Como exemplo pode-se citar a quercetina que € um potente
sequestrador do radical peroxila, seguido decrescentemente pelos derivados o-metilados
(DUDAS et al., 2000).

A o-glicosilacdo também interfere na coplanaridade do anel B com o restante da
estrutura do composto, bem como interfere na solubilidade da molécula. De maneira geral, as
agliconas sdo antioxidantes mais potentes que seus correspondentes glicosideos (GAO et al.,
1999). Alguns autores relataram que a capacidade antioxidante destes compostos pode

melhorar quando interagem com alguns compostos fendlicos glicosilados ou ndo, tal como
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ocorre entre miricetina e quercetina-3-glicosideo e entre cianidina-3-glicosideo e quercetina-
3-glicosideo, demonstrando efeito sinergistico (HIDALGO; SANCHEZ-MORENO;
PASCUAL-TERESA, 2010; RIVERO-PEREZ; MUNIZ; GONZALEZ-SANJOSE, 2008).

Deve-se ressaltar que a hidrélise e absor¢cdo dos derivados glicosilados, bem como a
localizagdo e estrutura do agucar a ser hidrolisado pelas bactérias entéricas influenciam
marcadamente na sua efetiva capacidade antioxidante (HOLLMAN et al., 1999). Em adicdo,
outros parametros fisioldgicos relevantes devem ser levados em consideracao para verificar a
influéncia da o-metilacdo e da o-glicosilacdo na capacidade antioxidante dos compostos
fenolicos, tais como, lipofilicidade e método de avaliacdo da capacidade antioxidante (HEIM;
TAGLIAFERRO; BOBILYA, 2002).

Estudos comparando diferentes compostos mostraram que a auséncia de uma das
caracteristicas estruturais apontadas na Figura 16 ndo impossibilita 0os compostos de
apresentarem atividade antioxidante (BORS et al., 1990; JANEIRO; BRETT, 2004), porém,
0s tornam antioxidantes menos potentes que 0s compostos com estrutura compativel com a
descrita como ideal (HEIM; TAGLIAFERRO; BOBILYA, 2002; RICE-EVANS; MILLER,;
PAGANGA, 1996). Como exemplo, pode-se citar a catequina, que embora apresente 0
mesmo numero de grupos hidroxilas na molécula que a quercetina, apresenta capacidade
antioxidante significativamente menor. Isto se deve ao fato da estrutura da catequina
apresentar auséncia de ligacOes insaturadas na posicdo C2-C3 em conjugacdo com a fungéo
oxo (-C=0) no anel C, que comparativamente proporciona a quercetina uma maior atividade
antioxidante. Com a adicdo de um grupo hidroxila no anel B da molécula de catequina, este
composto passa a denominar-se epigalocatequina e com esta nova estrutura hd um aumento na
sua atividade antioxidante, porem n&o equivalente a quercetina (RICE-EVANS; MILLER,;
PAGANGA, 1996). Em contrapartida, a antocianina derivada da aglicona cianidina que
também ndo apresenta a funcdo oxo (-C=0) no anel C, mas conta com trés duplas ligacGes
que podem fazer conjugacdo, apresenta atividade antioxidante muito préxima a da quercetina
(MAMEDE; PASTORE, 2004; RICE-EVANS; MILLER; PAGANGA, 1996). De acordo
com Vennat et al. (1994), o aumento do grau de polimerizacdo da molécula pode aumentar a
eficacia dos compostos contra diversas espécies de radicais livres, tal como ocorre para as
procianidinas.

Em relacdo aos compostos ndo flavonodides, em particular os acidos fenolicos, é
possivel observar que os acidos hidroxicindmicos sdo mais efetivos antioxidantes que 0s
acidos hidroxibenzdicos. Isto se deve a conjugacdo das duplas ligagdes do anel com o grupo —

CH=CH-COOH da estrutura do acido cinamico, que promove 0 aumento da capacidade de
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estabilizar radicais livres. No entanto, deve-se ressaltar que o acido galico apresenta atividade
antioxidante maior do que a catequina, que conta com cinco grupos hidroxilas em sua
estrutura (MAMEDE; PASTORE, 2004; RICE-EVANS; MILLER; PAGANGA, 1996).

Atualmente, os mecanismos de acdo do resveratrol ndo estdo totalmente esclarecidos,
embora haja uma ampla gama de atividades bioquimicas descritas (ATHAR et al., 2007;
LASTRA; VILLEGAS, 2007). Segundo Caruso et al. (2004), o grupo 4’-OH da molécula tem
grande importancia estrutural para a atividade bioldgica do resveratrol, uma vez que resulta
em uma acidez mais alta quando comparada aos outros dois grupos m-OH e, por conseguinte,
propicia maior transferéncia de prétons ou atomos de hidrogénio para as espécies reativas. No
entanto, deve-se ressaltar que alguns estudos utilizaram o resveratrol na forma pura e em
quantidades que infelizmente ndo sdo possiveis de obter via alimentacdo. Uma hipétese para
melhorar a eficicia das respostas obtidas in vivo seria disponibilizar o produto puro em doses
maiores que as normalmente presentes nas fontes naturais. Esta pratica deve, porém, ser
utilizada com cautela devido aos possiveis efeitos toxicos (BAUR; SINCLAIR, 2006).

Neste contexto, o desenvolvimento de produtos andlogos com melhor
biodisponibilidade ou a busca por novos compostos que imitem o efeito do resveratrol, bem
como de outros compostos bioativos, tornam-se cada vez mais importantes (BAUR;
SINCLAIR, 2006; XIA et al., 2010).

6. CONCLUSOES E PERSPECTIVAS FUTURAS

Ha estudos cientificos que apontam que as uvas e alguns produtos derivados
apresentam uma complexa composi¢do fendlica, incluindo desde os flavondides como as
antocianinas até os ndo flavandides como o resveratrol e inimeras outras moléculas de
solubilidades e estruturas diferenciadas, que podem auxiliar no combate a diferentes agentes
oxidantes gerados in vivo, proporcionando beneficios a saude. Entretanto, ainda é necessario
avancar o entendimento sobre a absorcdo e metabolismo dos compostos fendlicos cruzando as
informagdes com as variantes estruturais, tais como a estrutura basica, grau de glicosilagdo e
acilagdo, conjugacdo com outros grupamentos fendlicos, tamanho molecular, grau de
polimerizacéo, solubilidade, acdo sinérgica e antagdnica com outros compostos. A partir deste
patamar de conhecimentos ja estabelecido, e principalmente por tratar-se de uma area
extraordinariamente multidisciplinar, mais avangos cientificos dependem da integracdo de

muitas areas correlatas, particularmente da quimica, bioquimica e ciéncia de alimentos,

57



cruzando de forma coordenada as informacgGes obtidas, no sentido de elucidar definitivamente

0 papel destes compostos na promocéo da salde.
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RESUMO

Sucos de uvas e vinhos sdo considerados fontes importantes de compostos fenélicos da
dieta humana e apresentam uma composicao fenolica muito mais complexa que a encontrada
nas uvas utilizadas para sua elaboracdo. As diferencas qualitativas e quantitativas observadas
sdo decorrentes, em grande parte, de inimeros processos oxidativos de origem quimica e
bioquimica. Estes processos podem progressivamente diminuir o conteldo de alguns
constituintes fendlicos originais da uva em prol da formacdo de compostos poliméricos
durante a evolucdo da cor dos sucos e, principalmente, vinhos. O artigo tem por objetivo
apresentar uma discussdo do estado da arte dos principais processos bioquimicos e quimicos
de uvas e produtos derivados. O conhecimento destas transformacbes é de indubitavel

importancia para o controle de qualidade dos produtos e desenvolvimento deste setor.

ABSTRACT

Grape juices and wines are considered important sources of phenolic compounds in
the human diet, and have a phenolic composition that is more complex than that which is
found in the grapes used for their preparation. The qualitative and quantitative differences
found are largely due to numerous chemical and biochemical oxidative processes. These
processes can progressively lower some original phenolic constituents of grapes in order to
form polymeric compounds during the evolution of color of juices and especially wines. This
article discusses the main chemical and biochemical processes of grapes and their derivatives.
Knowledge of these transformations is vital to the quality control of these products and to the

development of this sector.
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1. INTRODUCAO

A importancia econémica gerada pela comercializacdo de uvas, sucos e vinhos no pais
é notoria. O avango do conhecimento das técnicas de processamento associado ao
atendimento das demandas de mercado por novos produtos que agreguem as caracteristicas
nutricionais basicas, com fatores de beneficios a salde, contribui para o crescimento deste
setor. Dentre 0s compostos bioativos de destaque nas uvas e seus derivados estdo o0s
flavondides, compostos fendlicos sintetizados pelas plantas. Consideravel nimero de estudos
in vivo e, principalmente, in vitro tem mostrado a potencialidade destes compostos em
promover a salde devido a capacidade de sequestrar radicais livres, quelar metais com
atividade redox e atenuar espécies reativas de oxigénio e nitrogénio, associadas com
patologias cronicas e degenerativas. Entretanto, a mesma estrutura quimica que propicia a
estes compostos sua alta atividade como agente antioxidante também os tornam suscetiveis a
processos oxidativos durante a cadeia produtiva e processamento da fruta.

Processos oxidativos de origem enzimatica podem levar a perda da cor, aroma e valor
nutricional das uvas e dos produtos derivados. Por outro lado, a adigdo de preparagdes
enzimaticas especificas em etapas chaves do processo industrial desempenha um papel
fundamental na melhoria da qualidade dos produtos. O entendimento dos principais processos
quimicos e bioguimicos que ocorrem na uva e podem afetar positiva ou negativamente estes
compostos €, consequentemente, a qualidade organoléptica e nutricional dos produtos torna-se
necessario. Em outra vertente, inimeros processos oxidativos de origem quimica podem levar
a progressiva diminuicdo de alguns constituintes fenolicos originais da uva em prol da
formacdo de compostos poliméricos durante a evolucdo da cor dos sucos e, principalmente,
vinhos. O conhecimento destas transformacGes € de indubitavel importancia para o controle
de qualidade e desenvolvimento deste setor.

Desta maneira, 0 artigo tem por objetivo apresentar uma discussdo do estado da arte

dos principais processos bioquimicos e quimicos de uvas e produtos derivados.

2. OXIDAGCAO ENZIMATICA DOS COMPOSTOS FENOLICOS PRESENTES NAS
UVAS IN NATURA

O fendbmeno de oxidacao enzimética, mais conhecido como escurecimento enzimatico,

esta entre os principais problemas de conservacao pos-colheita das uvas, uma vez que acarreta
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alteracOes nas caracteristicas de cor, diminui¢do da qualidade nutritiva e, por conseguinte, em
perdas econémicas consideraveis (LIMA et al., 2002).

A enzima de maior relevancia para catalise destes processos oxidativos nas uvas € a
polifenol oxidase (PPO, EC 1.14.18.1) (LI; GUO; WANG, 2008; TOIVONEN;
BRUMMELL, 2008). Investigacdes para determinar as caracteristicas bioquimicas das PPO
de uvas e as condi¢cdes em que sdo mais ativas tém sido conduzidas principalmente com as
enzimas da espécie Vitis vinifera (NUNEZ-DELICADO et al., 2007; RAPEANU et al., 2006;
UNAL; SENER, 2006; UNAL; SENER; SEN, 2007; WEEMAES et al., 1998; YILMAZ;
SAKIROGLU; KUFREVIOGLU, 2003). Limitados trabalhos tém sido conduzidos com
outras espécies, tais como as uvas hibridas DeChaunac (LEE; PENNESI; SMITH, 1983) e a
uva apirénica Crimson Seedless (FORTEA et al., 2009). Outra enzima da classe das
oxirredutases também bem conhecida devido ao envolvimento nas reacGes de escurecimento
enzimatico de frutas e vegetais, porém, com menor importancia nas uvas € a peroxidase
(POD) (FORTEA et al., 2009; LIMA et al., 2002).

O mecanismo bioquimico inicia-se com a quebra da integridade fisica da baga da uva
ocasionada por danos sofridos durante a colheita e transporte ou durante o processamento da
fruta na forma de suco e vinho (TOIVONEN; BRUMMELL, 2008). Nesta situacdo, ha a
descompartimentacdo das organelas das células do tecido vegetal, promovendo a liberacao
dos compostos fendlicos, presentes no vacuolo, juntamente com as PPO, predominantemente

encontradas nos plastideos (Figura 1).

Figura 1. Localizacdo dos compostos fendlicos e das enzimas oxidativas (PPO e POD) em

uma tipica célula de planta.
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Este contato direto entre 0s compostos fendlicos (substratos) e as proteinas (enzimas)
desencadeiam inumeras rea¢fes na presenga de oxigénio molecular (O,), com conseqiente
formacdo de polimeros de coloracdo escura (OREN-SHAMIR, 2009; TOIVONEN;
BRUMMELL, 2008).

A polifenol oxidase (PPO) é um termo genérico frequentemente utilizado na literatura
para representar trés diferentes enzimas: lacase (EC 1.10.3.1), catecolase (EC 1.10.3.2) e
cresolase (EC 1.14.18.1, de origem vegetal), sendo as duas Gltimas também conhecidas,
quando atuando em conjunto, como tironase (POURCEL et al., 2007). H& uma certa confuséo
na nomenclatura destas enzimas e € comum a divergéncia entre autores quanto a terminologia
correta a ser usada (ANISZEWSKI; LIEBEREI; GULEWICZ, 2008; KLABUNDE et al.,
1998; LI; GUO; WANG, 2008). Esta variabilidade com respeito a nomenclatura deve-se, em
grande parte, a mista acdo catalitica deste grupo de enzimas, que podem utilizar diferenciados
substratos (ANISZEWSKI; LIEBEREI; GULEWICZ, 2008). A atividade de catecolase é
particularmente alta em frutas e vegetais contendo significativo conteido de compostos
fendlicos (CANTOS et al., 2002), incluindo as uvas tintas (NUNEZ-DELICADO et al., 2007;
RAPEANU et al., 2006). Especialmente em plantas, a maioria dos estudos sobre cresolase
relatou sua auséncia ou baixa atividade quando comparada as encontradas para catecolase
(ESPIN et al., 1995; SELINHEIMO et al., 2007). Ja a lacase encontra-se presente nas frutas,
em grande parte, devido a contaminagdes fungicas (ANISZEWSKI; LIEBEREI,
GULEWICZ, 2008).

A estrutura e 0 mecanismo de catalise da PPO ja foi objetivo de muitas pesquisas
(ANISZEWSKI; LIEBEREI; GULEWICZ, 2008; BORN et al., 2007; MUKHERJEE;
MUKHERJEE, 2002; NOKTHAI et al., 2010; VIRADOR et al., 2010) devido a
complexidade e peculiaridade das enzimas envolvidas. Embora ndo haja uma elucidagéo
completa, 0 mecanismo de acdo da catecolase e da cresolase segue basicamente 0 esquema
ilustrado na Figura 2.

A catecolase e a cresolase sdo caracterizadas como metaloenzimas contendo como
grupo prostético um centro cdprico dinuclear (Cu*?), acoplado antiferromagneticamente
préximo ao sitio ativo. Os dois ions cobre sdo capazes de se ligar ao dioxigénio para formar
um complexo diogénio-dicobre (I1), cujos campos de ligagdo contém residuos de histidina
(VIRADOR et al., 2010). Seguindo mecanismo ordenado, a PPO liga primeiramente ao
oxigénio (Figura 2) e a mudanca de valéncia dos ions cobre provoca a formacao de complexo
enzima-substrato (monofenol ou difenol). Dependendo da valéncia do ion cobre (Cu) e da

ligacdo com o oxigénio molecular, o sitio ativo das tironases podera existir em trés estados
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intermediarios: deoxi (Cu I — Cu 1), oxi (Cu Il = O, — Cu ) e met (Cu Il - Cu Il) (BORN et
al., 2007).

Figura 2. Mecanismo de catalise da catecolase e da cresolase.

Pode-se observar pela Figura 2 que ambas as reac0es da PPO (catecolase e cresolase)
utilizam-se do mesmo centro ativo para sua catalise, com a diferenca que os monofenois
(substrato da cresolase) se liguam a um Unico dos dois fons Cu® presentes neste local. A
medida que a enzima vai promovendo a oxidacao de seus substratos, os &tomos de Cu véo se
reduzindo e transferindo seus elétrons, de forma que um dos sitios cataliticos sempre esteja
pronto para promover a oxidacdo de um substrato, até a completa reducéo de todos os sitios e
sua reoxidacdo formando agua para retomar novamente o ciclo (ANISZEWSKI; LIEBEREI,
GULEWICZ, 2008).
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Embora o sitio ativo da enzima seja uma caracteristica invariavel, as PPO mostram
uma variabilidade consideravel quanto as sequéncias de aminoacidos (sequéncia primaria),
tamanho, glicosilagdo e cinética entre as espécies (VIRADOR et al., 2010). Alguns autores
sugerem que a presenca de mdaltiplas formas possa, em alguns casos, ser decorrente de
artefatos gerados por liberagdo parcial das enzimas ligadas as membranas, por parcial
desnaturacdo, proteolise ou fragmentacdo, bem como ativacdo de formas latentes (HAREL;
MAYER; LEHMAN, 1973).

A propriedade de laténcia das PPO ja foi relatada para algumas cultivares de uvas
(FORTEA et al, 2009; NUNEZ-DELICADO et al., 2007). Dada a dificuldade de
experimentos na propria fruta, a proposta de ativacdo destas enzimas € baseada na hipétese de
que as propriedades de ativacdo in vitro sdo comparaveis aquelas de ativacdo in vivo
(GANDIA-HERRERO et al., 2005). Esta ativacdo é realizada principalmente por proteases
(LAVEDA,; et al, 2001) e por detergentes ndo-idnicos, anidnicos e catiénicos (FORTEA et al.,
2009; LAVEDA et al., 2000; NUNEZ-DELICADO et al., 2007). O uso do agente ativador
SDS (detergente idnico dodecil sulfato de sodio) € particularmente interessante devido a PPO
ser ativada em concentracbes de SDS para o qual a maioria das enzimas € desnaturada
(NUNEZ-DELICADO et al., 2007).

A reacdo de cresolase catalisa a o-hidroxilacdo de monofendis a o-difendis enquanto a
reacdo da catecolase catalisa a desidrogenacdo de o-difendis a o-quinonas (Figura 3)
(RAPEANU et al., 2006). Em alguns modelos de reacdo, descreve-se que o perdxido de
hidrogénio (H.0,) ¢ liberado durante o processo de catalise da catecolase (Figura 2) (BORN
et al., 2007), sendo posteriormente utilizado como co-substrato pela POD nos processos
oxidativos (TOMAS-BARBERAN; ESPIN, 2001). A ac&o da POD bem como da lacase serdo
discutidas oportunamente.

Diferentes PPO apresentam variados substratos especificos, sendo que 0s mais
testados sdo p-cresol, tirosina e acido p-cumarico para determinagdo de cresolase, e catecol,
4-metilcatecol, L-DOPA (L-3,4-dihidroxifenilalanina), (-)-epicatequina, (+)-catequina, acido
clorogénico e dopamina para determinacdo de catecolase. Entretanto, a presenca in vivo de
varios dos substratos testados ainda ndo esta demonstrada e a relevancia dos mesmos no papel
fisioldgico ainda esté incerta (ANISZEWSKI; LIEBEREI; GULEWICZ, 2008). O catecol e
seus derivados estdo entre os principais substratos fisioldgicos utilizados para a determinacgéo
de catecolase, inclusive para a Vitis vinifera (UNAL; SENER, 2006; RAPEANU et al., 2006).
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A PPO apresenta elevada afinidade pelos derivados dos &cidos hidroxicinamicos,
especialmente de seus ésteres tartaricos, tais como acido caftarico e em menor extensdo o
acido cutarico, oxidando-os nas respectivas o-quinonas (CHEYNIER; BASIRE; RIGAUD,
1989; CHEYNIER et al., 1990; OSZMIANSKI; CHEYNIER; MOUTOUNET, 1996;
RIGAUD et al.,, 1991). O &cido p-caftarico, por exemplo, apds ser oxidado a é&cido
cafeiltartarico o-quinona, torna-se um potente oxidante capaz de oxidar espontaneamente
outros componentes da uva, que ndo sao substratos para a PPO, ocorrendo entdo a
denominada oxidacdo acoplada. Metais, aminoacidos e proteinas, ao interagiram com as
quinonas, tornam-se indisponiveis e, em consequéncia, a qualidade nutricional dos alimentos
oxidados € prejudicada. Embora os compostos polimerizados resultantes destas reaces sejam
incolores, 0 aumento do grau de condensacao destes compostos leva a formacao de pigmentos

poliméricos de coloracdo entre amarelo e marrom (melaninas) (Figura 3).

Figura 3. Mecanismo de oxidacdo enzimatica dos flavondides de uva (adaptada de
POURCEL et al., 2007).

Os flavondides o-difendis glicosilados (antocianinas e flavonois) e procianidinas ndo
estdo usualmente envolvidos de forma direta nas reacOes catalisadas pela catecolase. Em

contrapartida, estes compostos podem ser oxidados diretamente pela lacase ou pela
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peroxidase (POURCEL et al., 2007). Alem disso, os o-difenois glicosilados podem ser
hidrolisados por B-glicosidases (EC, 3.2.1.21) para suas respectivas agliconas, que s&o
substratos potenciais para outras enzimas como catecolase, peroxidase e/ou lacase, acelerando
0 processo de degradacdo dos compostos (Figura 3) (BARBAGALLO et al., 2007; OREN-
SHAMIR, 2009).

As lacases sao glicoproteinas diméricsa ou tetraméricas, que contém quatro atomos de
cobre por mondémero, distribuidos em trés sitios redox. Estas enzimas provenientes de fungos
tal como o Botrytis cinérea, responsavel pela podriddo nobre, apresentam a capacidade de
catalisar a oxidagdo, dentre outros, dos substratos o- e p-difendis, na presenca de oxigénio
molecular (MAYER; STAPLES, 2002; RANOCHA et al., 1999). Alguns estudos
demonstraram que 0s compostos o-substituidos (guaiacol, pirocatecol, acido caféico, acido
galico, etc...) sdo melhores substratos para esta enzima que os p-substituidos (p-cresol e
hidroquinona) (LOPEZ-NICOLAS; GARCIA-CARMONA, 2010).

A peroxidase (POD) é estruturalmente caracterizada por um grupo prostético heme
(ferroprotoporfirina I11) e apresenta a capacidade de oxidar uma ampla faixa de compostos
organicos na presenca de peroxido de hidrogénio, promovendo um grande namero de reacfes
que culminam em perdas de aroma e valor nutricional das frutas in natura e processadas
(KOBAYASHI et al., 1987). Embora Subramanian et al. (1999) e Fortea et al. (2009) tenham
relatado que a concentracdo interna de perdxido de hidrogénio, bem como outros aceptores de
elétrons, nas plantas é pequena, o que limita o espectro de a¢do da enzima em comparacao a
PPO, a POD pode atuar em sinergismo com a PPO, devido a geracdo de peroxido de
hidrogénio (H,O,) durante a oxidagdo de compostos fendlicos em reacdes catalisadas por PPO
(Figura 3).

A POD apresenta a caracteristica marcante de termoestabilidade. Por esta razédo, e
também devido a sua facilidade de deteccédo, esta enzima € frequentemente utilizada como
indice de efetividade do branqueamento de frutas e vegetais, para prevenir a perda de
qualidade na estocagem. No entanto, caso ndo seja aplicado temperaturas suficientemente
altas para inativacdo irreversivel da POD, ela pode regenerar-se e encurtar a vida de prateleira
de frutas e vegetais processados. A regeneracao da atividade de peroxidase ja foi relatada em
uvas (CLEMENTE, 1998). Diante do exposto, pode-se observar que a oxidacdo dos
compostos fenolicos depende ndo s6 do tipo de substrato, concentracdo e localizagdo, como
também das enzimas presentes no tecido vegetal, de enzimas exdgenas (lacase fungica) e do

tipo de polimero formado a partir da quinona (POURCEL et al., 2007). A alta reatividade das
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o-quinonas esta fortemente correlacionada com o desencadeamento das reacGes oxidativas de

origem quimica durante a maturacéo e envelhecimento dos vinhos (LI; GUO; WANG, 2008).

3. REACOES QUIMICAS E ENZIMATICAS NOS PRODUTOS DERIVADOS DA
UVA (SUCOS E VINHOS)

Os compostos fenolicos responsaveis pela cor dos sucos e vinhos procedem da uva
utilizada para sua elaboracdo. No entanto, os perfis de compostos fendlicos presentes nestes
produtos é dependente de inimeros fatores que incluem a espécie e variedade da uva,
localizagdo do plantio, sistema de cultivo, clima, solo, forma de extragdo dos compostos
fendlicos e tipo de processo empregado. Além disso, sdo também influenciados pelas reacdes
quimicas e enzimaticas que se iniciam com o esmagamento das uvas e ocorrem durante todo
processo, bem como maturagéo e envelhecimento, no caso dos vinhos. Desta forma, os vinhos
apresentam uma composicdo fendlica muito mais complexa que a encontrada nas uvas
utilizadas para sua elaboracdo (CHEYNIER; FULCRAND, 2000).

3.1. Oxidacéo de origem enzimatica

Durante o processamento da fruta, as reacGes enziméticas geralmente ocorrem durante
as operacOes tecnoldgicas iniciais, como o esmagamento da baga para obtencdo do mosto
(CHEYNIER et al., 1990; LI; GUO; WANG, 2008) e, como ja discutido anteriormente para
as uvas, estdo largamente correlacionadas com os conteudos de &cido caftarico e cutéarico
(OSZMIANSKI; CHEYNIER; MOUTOUNET, 1996). Estas reagcdes ocasionam grandes
mudancas na tonalidade e intensidade da cor, dependendo do composto oxidado e do tipo de
reacdo (LI; GUO; WANG, 2008; ROBARDS et al., 1999).

Nos mostos de uvas brancas, por exemplo, os principais tipos de compostos fenolicos
sd0 os acidos trans-caftarico, trans-cutarico e cis-cutarico (BETES-SAURA; ANDRES-
LACUEVA; LAMUELA-RAVENTOS, 1996). Estes compostos foram identificados como os
substratos precursores do escurecimento de vinhos brancos (SINGLETON et al., 1984). Para
protecdo preventiva contra a oxidacdo do mosto e o desenvolvimento do escurecimento
durante o armazenamento do produto na garrafa geralmente utiliza-se diéxido de enxofre
(SO2) (CEJUDO-BASTANTE et al., 2010). Deve-se ressaltar que o emprego de didxido de
enxofre deve ser usado criteriosamente respeitando 0s niveis autorizados pela Agéncia
Nacional de Vigilancia Sanitaria (ANVISA) para cada tipo de produto (BRASIL, 1988),
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devido a sua toxicidade e efeitos alérgicos ja relatados na literatura (GAO et al., 2002;
GARDE-CERDAN et al., 2007).

E aceito que a lacase é mais resistente & acio do SO, quando comparada a catecolase,
que é facilmente inativada com uma pequena quantidade do agente sulfitante (RIBEREAU-
GAYON et al., 2006). Ap6s o tratamento do mosto com SO,, desenvolvimento da
fermentacdo e, consequente, producdo do alcool a atividade da PPO torna-se praticamente
nula nos vinhos (CHEYNIER; BASIRE; RIGAUD, 1989; RIBEREAU-GAYON et al., 2006;
SPAGNA; BARBAGALLO; PIFFERI, 2000). Sabe-se também quea glutationa, um
tripeptideo (y-L-glutamil-L-cisteinil-glicina) presente no mosto da uva, ajuda a prevenir as
reaces de escurecimento enzimatico. Algumas o-quinonas do acido cafeiltartarico podem
reagir espontaneamente com a glutationa formando o acido 2-S-glutationilcaftarico (Grape
Reaction Product, GRP) (Figura 4).

COOH ('l.:OOH
CH=CH—CO0—CH [o1 CH=CH—C00—CH [0l Pigmentos
HO—CH  S— HO—CH _ Poliméricos
COOH OO0H outros Escuros
HO polifendis
OH
o110 - quInona
Acido caftérico (incolor)
orto - difenol
{incolor) (ﬁ' NH2
Compostos com C—CH2>-CH>CH—COOH
grupo - SH r~|lH (‘:OOH
Tutationa. GS | —cH— _
(g . GSH) HOOC ~CHz—HN—G—CH.__ CH=CH—C00—CH
o S HO—(%H
COOH

Grape Reaction Product (GRP)
(incolor)

Figura 4. Esquema de oxidacao enzimatica do &cido caftarico presente nos vinhos.

Este composto ndo pode ser oxidado pela enzima PPO, limitando em parte o
escurecimento oxidativo (CHEYNER et al., 1986; SINGLETON et al., 1985; TOIT et al.,
2006). No entanto, ele pode sofrer uma adicional oxidacdo caso haja a presenca de lacase
de Botrytis cinerea, emuvas atacadas pelo fungo, produzindo suas correspondentes o-
quinonas. Estes compostos podem ainda continuar reagindo e resultar na formacao de &cido

2,5-di-S-glutationilcaftarico, em presenca de um excesso de glutationa. Enquanto a glutationa
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estd disponivel, a formacdo de GRP impede a participacdo das 0-quinonas nas
reacOes acopladas que levam a formacdo dos pigmentos escuros. Deste modo, a adigdo do
antioxidante glutationa reduzida (GSH) em mosto pode prevenir o escurecimento pré-
fermentativo e o desenvolvimento de off-flavors em vinhos brancos (HOSRY et al., 2009;
TOIT et al., 2006). O GRP pode sofrer reagdes posteriores, como: hidrolise com liberacéo de
acido tartarico e subsequente formacdo de ésteres etilicos, hidrdlises das ligacbes peptidicas
do resto da glutationa e, inclusive, isomerizagdo trans/cis da dupla ligagdo, como foi
demonstrado recentemente (CEJUDO-BASTANTE; PEREZ-COELLO; HERMOSIN-
GUTIERREZ, 2010).

Nos vinhos brancos, geralmente, a oxidacdo enzimatica provoca o escurecimento, mas
ndo necessariamente representa um problema na qualidade do produto final tendo em vista
que uma limitada exposicao do vinho ao oxigénio pode resultar em reducgéo da adstringéncia e
estabilizacdo da cor (ATANASOVA et al., 2002). Uma das técnicas empregadas com sucesso
para esta finalidade é a hiperoxigenacdo do mosto de uva branca. Esta técnica pré-
fermentativa é caracterizada pela adicdo de oxigénio a um mosto ndo sulfitado até a saturacao
(CEJUDO-BASTANTE et al., 2011).

A adicdo de oxigénio favorece a oxidacdo enzimatica de alguns precursores de
compostos polifendlicos presentes no mosto, que poderiam dar origem aos compostos
polimeros oxidados e escuros de alto peso molecular. Apds a precipitacdo destes compostos,
responsaveis pelo amargor, adstringéncia, e escurecimento durante o envelhecimento do
vinho, eles podem ser removidos previamente a fermentacdo alcodlica devido a sua elevada
solubilizacdo em alcool. Como resultado, a técnica da hiperoxigenacdo produz vinhos brancos
que sdo mais leves, mais estaveis quanto aos pardmetros sensoriais, e revelam-se menos
suscetiveis ao escurecimento oxidativo e mais estaveis com relacdo a cor quando comparado
aos vinhos produzidos por técnicas convencionais (CEJUDO-BASTANTE et al., 2011,
SCHNEIDER, 1998; RIBEREAU-GAYON et al., 2006).

O efeito do tratamento de hiperoxigenacdo sobre o aroma do vinho branco é
dependente da variedade, da composicdo e da quantidade de oxigénio. Em funcdo disto,
resultados contrastantes sdo encontrados na literatura. Enquanto alguns autores afirmam que
0s vinhos provenientes de mostos hiperoxidados séo caracterizados por uma falta de aroma
varietal e por uma diminui¢cdo na sua intensidade aromatica (NAGEL; GRABER, 1988;
SCHNEIDER, 1998; SINGLETON; ZAYA; TROUSDALE, 1980), outros estudos
contrariamente relataram que a adi¢do de oxigénio ndo s6 preservou o perfil de aroma como
também aumentou a sua qualidade dos vinhos produzidos (CHEYNIER et al., 1989, 1991).
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Associacdo de hiperoxidacdo e adicdo de glutationa ao mosto tem resultado em vinhos mais
aceitaveis quanto ao aroma tipico da fruta e estabilidade da cor, além de maiores teores de
compostos fendlicos (VAIMAKIS; ROW, 1996). Recentemente, foi relatado que a
hiperoxigenagdo do mosto da variedade Chardonnay produz vinhos com caracteristicas
sensoriais mais atrativas que sdo mantidas por mais de um ano de envelhecimento em garrafa
(CEJUDO-BASTANTE et al., 2011).

Nos tintos, o escurecimento enzimatico causa um impacto limitado sobre a cor dos
mesmos, quando sulfitados adequadamente (CHEYNIER; FULCRAND, 2000). Os agentes
sulfitantes (SO,) ou sais de sodio, potassio e calcio de sulfito hidrogénio - bissulfito), além de
inibirem as reacdes de escurecimento enzimatico e ndo enzimatico durante o processamento
da uva e estocagem dos produtos derivados, atuam na inibicdo da deterioracdo provocada por
bactérias, fungos e leveduras indesejaveis ao processo (TAYLOR; HIGLEY; BUSH, 1986).

3.2. Reacdes de hidrolise enzimatica

Durante a elaboracdo dos produtos derivados de uvas outras reacGes de origem
enzimatica também podem ocorrer durante 0 esmagamento da uva para obtencdo do mosto
devido a acdo de enzimas enddgenas e/ou exdgenas, adicionadas intencionalmente durante o
processo de elaboracdo de sucos e principalmente vinhos. Na maioria das vezes, a acdo das
enzimas endogenas hidroliticas é insuficiente para as condicGes de vinificacdo e utilizam-se
preparacOes industriais com atividades enzimaticas principais e secundarias, cuja adicdo em
etapas chaves do processo desempenha um papel fundamental com suposta melhora sobre a
qualidade cromatica e nutricional dos produtos (BAUTISTA-ORTIN et al., 2005).

Isto ocorre porque as cascas das uvas sdo barreiras limitantes que previnem a
liberacdo dos compostos fendlicos para 0 mosto. A extracdo destes compostos, durante a
maceracdo das uvas, requer que a lamela média rica em pectinas das cascas seja degradada
para liberar as células, e as paredes celulares sejam quebradas para permitir a extracdo dos
constituintes presentes dentro dos vacuolos celulares (ROMERO-CASCALES et al., 2005).

A aplicacdo de pectinases apropriadas, bem como de algumas celulases e
hemicelulases, sobre a casca da uva pode hidrolisar os polissacarideos da parede celular e,
resultar em melhora na liberacdo tanto de antocianinas, como de outros compostos de
importancia como os taninos, para o0 mosto (REVILLA; GONZALEZ-SAN JOSE, 2003a,b;
RODRIGUEZ-NOGALES et al, 2008; ROMERO-CASCALES et al., 2008). Por
conseguinte, a utilizagdo da maceracdo enzimatica pode influenciar significativamente na

velocidade de formacdo do vinho, na manutencdo de certas moléculas polifenolicas
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quimicamente estaveis e, consequentemente, as caracteristicas organolépticas e o potencial de
protecdo a salide (BAUTISTA-ORTIN et al., 2007).

A organizacdo internacional com competéncia no setor vitivinicola mundial,
denominada Organisation Internationale de la Vigne et du Vin (OIV), tem estabelecido que
apenas enzimas produzidas pelos fungos Aspergillus niger e Trichoderma podem ser usadas
para producdo de vinhos (ROMERO-CASCALES et al., 2008). Dentre os complexos
enzimaticos nacionais e importados comerciais usados durante o processamento da uva pode-
se citar o Pectinex® BE3-L (pectinesterase, pectinaliase, poligalacturonase, hemicelulase e
celulase de Aspergillus niger), Vinozym® EC (pectinase e celulase de Aspergillus niger e
Trichoderma longibrachiatum), Vinozym® G (pectinaliase, poligalacturonase, hemicelulase e
celulase de Aspergillus niger), (MUNOZ; SEPULVEDA; SCHWARTZ, 2004), Vinozym®
FCE G (poligalacturonase de Aspergillus aculeatus and Aspergillus niger), Celluclast® 1.5 L
FG (celulase de Trichoderma reesei) (ARNOUS; MEYER, 2010), entre outros.

Como inconveniente, a hidrolise das pectinas pode ocasionar um aumento na
quantidade de metanol tanto de sucos como de vinhos, devendo ser controlado pela
Legislagdo vigente. A toxicidade do metanol é baixa, porém, no processo metabdlico s&o
produzidos aldeido férmico e acido formico (BRUN; CABANIS, 1993 citado por BIASOTO,
2008). No ser humano, a sintomatologia da intoxicacdo por metanol estd condicionada a
quantidade ingerida e varia desde dores de cabeca, nduseas e vomitos até cegueira e morte
(GOSSELIN et al., 1976 citado por BIASOTO, 2008). Os limites maximos para ingestéo
diaria especificos para sucos ainda nao foram determinados.

A liberacdo de metanol dos acidos poligalacturdnicos metilados durante a producédo de
vinho pode ser minimizada pelo uso de preparagfes comerciais de pectinases com alta
atividade de pectina liase e baixa atividade de pectina metil esterase. Estudos revelam que o
teor de metanol, bem como a extrabilidade dos compostos fenolicos, dependem do tipo e da
quantidade de enzimas adicionadas, da espécie da uva e do tempo de contato das enzimas com
as cascas (DA-SILVA; FRANCO; GOMES, 1997; GOMEZ et al., 2001; MEYER; JEPSEN;
SORENSEN, 1998; PARDO et al., 1999).

E interessante notar que, segundo resultados de algumas pesquisas, a maceracio
enzimatica nem sempre resulta em aumento na intensidade da cor ou da tonalidade vermelha
dos vinhos tintos, podendo apresentar muitas vezes resultados contraditorios. Isto pode ter
ocorrido devido as diferenciadas composicdes e atividades enzimaticas dos preparados
comerciais, a heterogeneidade do vinho elaborado e a influéncia de fatores do processo de
vinificacdo (ALVAREZ et al., 2005; ZIMMAN et al., 2002).
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Diante disto, esforcos tém sido concentrados no desenvolvimento de preparacfes
enzimaticas que executem, satisfatoriamente e de forma segura, suas funcgdes sob as condic¢bes
especificas do processo de vinificagio (CLARE; SKURRAY; THEAUD, 2002; GIL;
VALLES, 2001).

3.3. Oxidacao de origem ndo enzimatica

A oxidacdo ndo enzimatica, também conhecida como oxidacdo quimica ocorre nos
vinhos apds incorporacdo do oxigénio durante as etapas de trasfegas, pela superficie, em
funcdo dos espacgos vazios nos tanque de armazenamento, que ira depender das praticas do
atesto, através dos poros da madeira dos recipientes de maturacao e durante o engarrafamento
(SCHNEIDER, 1998). A dissolucao (ou solubilidade) do oxigénio no vinho é maior quanto
maior for o grau alcodlico e menor for a temperatura ( WATERHOUSE; LAURIE, 2006).

Numerosos estudos relataram que os compostos fendlicos presentes nos vinhos ndo
podem reagir diretamente com o oxigénio e a presenca de ions cobre e ferro € necessaria para
a iniciacdo do processo oxidativo (DANILEWICZ, 2003, 2007, DANILEWICZ;
SECCOMBE; WHELAN, 2008; WATERHOUSE; LAURIE, 2006). Estes ions metalicos
estdo presentes nos vinhos devido a presenca natural de pequenas quantidades nas uvas ou
devido a sua contaminacdo com o solo, bem como devido a contamina¢do dos mostos ou
vinhos durante o contato com alguns equipamentos utilizados para a vinificacdo (LASANTA,;
CARO; PEREZ, 2005; PYRZYNSKA, 2004). Desta forma, ha o favorecimento da formacéo
de radicais oxigenados com destaque para o radical hidroxiperoxila (HO,") e o peréxido de
hidrogénio (H,O,) (WATERHOUSE; LAURIE, 2006) (Figura 5).

radical radical 1- hidroxietil
peroxil P4
HO- 7—-— CH3CHOH CH;CHO
2+ po3+  acetaldeide
oxido d CH3CH,OH Fe®" Fe
peroxido de
radical llli(ll'ogénio Fe tandl
hidroxiperoxil ' FeZ* 0,
027—T'HOO- ﬁ' HOOH H
Fe?* Fe™ oOH o HSO.- HyC——C—o00- Tadical 1-hidroxietil
OH o 3 peroxil
catecol bissulfito l =
semiquinona
o/ 5 H,S0, CHsCHO + HOO-
quinona acido sulfurico acetaldeido

Figura 5. Mecanismo de oxidag¢do quimica do vinho catalisada por metais (adaptada de Elias
etal., 2009).
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Deve-se ressaltar que o perdxido de hidrogénio é um potente oxidante capaz de reagir
com o fon ferroso (Fe**) ou o fon cuproso (Cu®*) (reacdo de Fenton), gerando espécies
reativas de oxigénio, como o radical hidroxila ("OH), que é extremamente potente para oxidar
inespecificamente quase todos 0s compostos organicos presentes nos vinhos (LAURIE;
WATERHOOUSE, 2006).

Os o-difendis presentes nas uvas mais suscetiveis ao processo de oxidacdo sdo acido
caféico e seus ésteres, catequinas, epicatequinas, antocianinas e seus derivados, e 0 acido
galico (FERNANDEZ-ZURBANO, 1998; LOPEZ-TOLEDANO et al., 2002; OSMIANSKI;
CHEYNIER; MOUTOUNET, 1996). Durante a elaboracdo dos vinhos, estes o-difenois
podem ser oxidados para o-quinonas e, radicais livres de semi-quinona podem ser produzidos
enguanto o oxigénio é reduzido para peroxido de hidrogénio (DANILEWICZ, 2003;
WATERHOUSE; LAURIE, 2006). A formacdo das semi-quinonas € um passo determinante
para a velocidade de oxidacdo. As quinonas secundarias geradas por oxidacao acoplada, assim
como as quinonas priméarias produzidas por oxidacdo enzimatica, reagem espontaneamente
com as moléculas nucleofilicas do mosto formando diversos produtos de condensacao que por
sua vez podem estar implicados em novas reac6es de degradacdo, que levam as modificacdes
estruturais dos compostos e, por conseguinte, em modificagdes nas propriedades nutricionais
e organolépticas das frutas (POURCEL et al., 2007). No entanto, na presenca de excesso de
S0O,, 0 H,0, parece reagir rapidamente e de forma irreversivel, o que limita a oxidacdo dos
compostos fenolicos bem como das outras fragdes organicas do vinho, com destaque para o
etanol e o 4cido tartarico (DANILEWICS, 2007; ELIAS et al., 2009).

O etanol e o &cido tartarico podem ser oxidados pelo radical “OH gerando acetaldeido
(Figura 5) e &cido glioxilico, respectivamente (FULCRAND et al., 2006). O &cido glioxilico
pode reagir com unidades de flavan-3-6is para formar compostos de coloragdo amarela.
Estudos relataram também a ocorréncia de outras reacdes, como a condensacdo direta
flavanol-antocianina que leva a formacdo de compostos de coloracdo amarelo ou laranja e a
oxidagdo ndo enzimética dos flavan-3-0is, formando compostos incolores ou marrons. Estas
reaces ocorrem muito lentamente, porém, podem influenciar de forma negativa a cor e aroma
dos vinhos (ATANASOVA et al., 2002).

3.4. Evolucéo da cor do vinho

A relacdo entre a cor do vinho tinto e sua composicéao fenolica ja é bem conhecida e o

estudo mais aprofundado sobre os pigmentos que contribuem para esta cor tem atraido grande
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atencdo nas ultimas décadas (RENTZSCH et al., 2010). Sabe-se que as antocianinas
monomeéricas originalmente encontradas nas uvas e consideradas o principal pigmento que da
cor aos vinhos tintos jovens, sdo relativamente instaveis e rapidamente reagem com outros
compostos do mosto, bem como com outros procedentes das leveduras ou gerados durante o
armazenamento em barris de madeira, dando lugar a novos pigmentos com diferenciadas
estruturas quimicas (HERMOSIN-GUTIERREZ, 2007; VIVAR-QUINTANA; SANTOS-
BUELGA; RIVAS-GONZALO, 2002). Diversas reacdes quimicas decorrentes da oxidacdo
dos compostos fendlicos e polimerizacdo posterior dos produtos oxidados sdo responsaveis
por alteracdes significativas na cor dos vinhos (LI; GUO; WANG, 2008; MONAGAS;
BARTOLOME; GOMEZ-CORDOVES, 2005).

Duas ou mais moléculas de tanino podem reagir e formar pigmentos com alto grau de
polimerizacdo que sdo mais instaveis e precipitam, formando os depoésitos de matéria corante
observados em vinhos envelhecidos (ES-SAFI; CHEYNIER; MOUTOUNET, 2002, 2003;
FULCRAND et al., 2006; LIU; PILONE, 2000). A formacdo destes pigmentos poliméricos
permite explicar a perda da intensidade da cor bem como a mudanga de tonalidade dos vinhos
tintos durante o envelhecimento, ja que os cromoforos iniciais (antocianinas monomeéricas)
praticamente desaparecem e ndo podem mais formar complexos de copigmentacédo
(HERMOSIN-GUTIERREZ, 2007).

O acetaldeido formado por oxidagdo ou também no decorrer da fermentacdo alcodlica
como um metabdlito secundario da levedura, pode em meio &cido formar um carbocétion que
apresenta capacidade de participar de reacfes de condensacdo entre antocianinas e flavan-3-
0is (taninos) que geram pigmentos poliméricos. Estes pigmentos formados por mediacdo do
acetaldeido, ndo sdo muito estaveis e podem ser clivados em moléculas menores (dimeros,
trimeros e tetrdmeros) de diferentes pesos moleculares (como 8-vinilflavan-3-0is) que, por sua
vez, podem reagir com as antocianinas para dar origem a pigmentos de cor alaranjada
(maximos de absor¢do entre 498 - 512 nm em meio aquoso a pH < 2). Estes pigmentos,
denominados piranoantocianinas ou visitinas, sdo poucos sensiveis as mudancas de pH e a
descoloracdo por SO, e, por conseguinte, apresentam papel importante na estabiliza¢do da cor
do vinho (SARNI-MANCHADO et al., 1995).

Estes compostos sdo ainda formados por diferentes mecanismos durante o
processamento e estocagem dos vinhos a partir de precursores de origem muito diversa.
Segundo Hermosin-Gutiérrez (2007), para que um piranoantocianina seja formado é
necessario que uma antocianina monomérica reaja com uma substancia que contenha uma

dupla ligacdo polarizada, ou seja, com substituintes de diferentes polaridades em ambos 0s
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extremos da dupla ligacdo. Como exemplo, pode-se citar 0 composto vitisina A, que procede
da reacdo entre malvidina-3-glicosideo com &cido piravico (metabolito secundario das
leveduras) (Figura 6) (FULCRAND et al., 2006) e o composto pinotina A, que é formado a
partir da reagdo com &cido caféico e foi isolado e identificado em vinhos tintos elaborados
com a variedade Pinotage (SCHWARZ; JERZ; WINTERHALTER, 2003). Além disso, estas
moléculas apresentam pequeno tamanho molecular (similar ao das antocianinas envolvidas
nas reacOes responsaveis pela sua origem) e ndo mostram tendéncia a polimerizar, pois sao

capazes de se manter em dissolugdo em vinhos envelhecidos.

Figura 6. Mecanismo proposto para formacao da vitisina A (FULCRAND et al., 1998).

A seqliéncia de reacOes tanto de origem enzimatica como quimica que ocorrem nas
diversas etapas de elaboracdo e durante a maturacdo e envelhecimento dos vinhos,
especialmente os tintos, sdo inevitaveis devido a reatividade dos constituintes fendlicos e,
resultam na formacao de novos compostos que alteram a coloracéo e a estabilidade durante a
estocagem e seu envelhecimento. De forma geral, os vinhos tintos jovens apresentam uma
coloracdo vermelha com uma tonalidade tendendo para o violeta-azul enquanto nos velhos,
uma cor vermelha com tonalidade marrom-alaranjada é percebida, muitas vezes definida
como cor telha (HERMOSIN-GUTIERREZ; LORENZO; ESPINOSA, 2005).

4. CONCLUSOES E PERSPECTIVAS FUTURAS

As reacdes oxidativas de origem ndo enzimatica ocorrem durante a fermentacdo e
durante os Ultimos estdgios do processamento (maturacdo e envelhecimento) dos vinhos.
Estas reacdes podem ser influenciadas primeiramente pela composicdo de compostos
fenolicos e seus niveis, bem como por fatores como a acidez do vinho, o conteido de SO; e

de 4cido ascorbico, a presenca de metais como o Fe®* (autooxidacdo), a quantidade de
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oxigénio disponivel e a temperatura. Atualmente, estudos buscam elucidar estas moléculas e

correlacionar seus efeitos sobre a qualidade organoléptica e nutricional dos produtos.
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ABSTRACT

The phenolic composition of the edible parts (flesh and skin) of the Bord6 grape has
been identified and quantified in detail by means of HPLC-DAD-ESI-MS/MS. This study has
also evaluated total phenolic content and antioxidant capacity of this grape. Total phenolic
content of the joint parts of the Bordd grape was 1130 mg/kg (as gallic acid equivalents), and
was mainly located in the skins. The content of anthocyanins in the Bordd grape skin was
high, largely as 3,5-diglucosides (1359 mg of malvidin 3,5-diglucoside equivalents per kg of
grapes). The total content of flavonols in the Bordd grape was 154 umol/kg, mainly located in
the skins and with myricetin 3-glucoside found to be the principal flavonol in both grape
parts. Hydroxycinnamic acid derivatives (HCAD) mainly derived from caffeic acid and were
found in Bordd grape skins in high amounts: the amounts were ten times higher than those in
the flesh (total amount: 483 umol/kg). The Bordd grape can be considered a grape cultivar
that is a high resveratrol producer (10.91 mg/kg). The flavan-3-ol content of the Bord6 grape
skin was lower than those that are usually reported for V. vinifera grape varieties. Flavan-3-ol
monomers and dimmers were found in very low amounts, and proanthocyanidin composition
did not differ significantly from that which has been reported for V. vinifera grape varieties.
This grape also exhibited a high value of total antioxidant capacity (37.6 + 1.0 mmol/kg, as
Trolox equivalents). The aforementioned results confirm that this grape constitutes a rich

source of total phenolic compounds with antioxidant activity.
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1. INTRODUCTION

Grapes are one of the most consumed fruits in the world, whether processed or in their
natural form, and they also stand out as a source of phenolic compounds that are important to
human health (ANASTASIADI et al., 2010; XIA et al., 2010; YADAYV, 2009). Although the
bioavailability and bioconversion of phenolic compounds have not yet been fully elucidated,
results in the literature suggest that these compounds, particularly flavonoids, can act as
powerful antioxidants that are capable of scavenging free radicals in cells (PRIOR; CAO,
2000; RICE-EVANS; MILLER; PAGANGA, 1996, 1997). These flavonoids also participate
in the regeneration of other antioxidants, such as vitamin E and ascorbic acid, which protect
cellular constituents against oxidative damage (FRANKEL; WATERHOUSE; TEISSEDRE,
1995; HERTOG et al., 1993; KAUR; KAPOOR, 2001). In addition, they have been described
as chelators of that are capable of catalyzing lipid peroxidation (SILVA et al., 1998; TERAO;
PISKULA, 1999), as inhibitors of cell proliferation (KUNTZ; WENZEL; DANIEL, 1999), as
antiestrogens (MIKSICEK, 1995), and as mediators in the transduction of intracellular signals
(SCHROETER et al., 2002).

Most of the data available in the literature regarding phenolic composition in grapes
and wine is from traditional wine-producing countries (those of Europe and North America),
and the grapes used are predominately wine grapes (Vitis vinifera). In contrast, American
cultivars and hybrids involving American species, as well as Vitis vinifera, represent more
than 85% of the volume of grapes processed in Brazil. The main cultivars used for the
preparation of table wine and juice in the country are Isabel, Bordd and Concord. These
cultivars have adapted well to the Brazilian climate, which varies considerably from the
mostly tropical North to more temperate zones in the South. The cultivars display a high
productive capacity and low susceptibility to major fungal diseases that are known to attack
the vine (CAMARGO; MAIA; NACHTIGAL, 2005).

The contents and profile of phenolic compounds found in different grapes may vary
according to the species, variety, and ripening and to the environmental conditions during
cultivation (PINHEIRO; DA COSTA; CLEMENTE, 2009). There is little knowledge
available on the phenolic composition of the grapes, juices and wines produced in Brazil
(ABE et al., 2007; FACCO et al., 2006; MUNOZ-ESPADA et al., 2004; NIXDORF;
HERMOSIN-GUTIERREZ, 2010; PINHEIRO; DA COSTA; CLEMENTE, 2009; RIZZON;
MIELE, 2003; SANTOS et al., 2011; WANG; RACE; SHRIKHANDE, 2003). Knowledge of

these characteristics may be useful in the assessment of both potential winemaking and the
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potential of biological activity. It is known that in both Vitis vinifera grapes and their wines,
monoglycosilated anthocyanins are most commonly identified, while the presence of
diglycosilated anthocyanins is a dominant feature of American species and their hybrids
(BAUBLIS; SPOMER; BERBER-JIMENEZ, 1995). The predominance of 3,5-diglucosides
protect anthocyanins against further reactions, such as those that give rise to the red-orange
pigments called pyranoanthocyanins, which are often observed in wines made from Vitis
vinifera (RENTZSCH et al., 2007).

Although the Bordd grape is one of the most common varieties of Vitis labrusca
relevant to Brazil, scientific literature on the content and profile phenoloic of grapes and
derived products from all over the world is extremely scarce. This cultivar, originally called
Ives Seedling or simply Ives, was obtained by Henry Ives in Cincinnati, USA from seeds of
the Hartford Prolific. This variety of grape allows for the preparation of juices and the
development of wines with an intense color and fruity aroma that can be either consumed as is
or used in blends with other varieties that have less accentuated color and acidity
(BARNABE; VENTURINI-FILHO; BOLINI, 2007).

The goal of this study was to examine in detail the phenolic composition of the edible
parts (flesh and skin) of the Bordd grape using HPLC-DAD-ESI-MS/MS. The study
comprises the phenolic classes of anthocyanins, flavonols, hydroxycinnamic acid derivatives,
stilbenes and flavan-3-ols (monomeric, dimmers, and the polymeric proanthocyanidins also
called tannins). This study also evaluates total phenolic content and antioxidant activity in the

fruit.

2. MATERIALS AND METHODS

2.1 Chemicals

All solvents were of HPLC quality, and all chemicals were analytical grade (> 99%).
Water was of Milli-Q quality. The following commercial standards from Phytolab
(Vestenbergsgreuth, Germany) were used: malvidin 3-glucoside, pelargonidin 3-glucoside,
malvidin 3,5-diglucoside, peonidin 3,5-diglucoside, caffeic and p-coumaric acids, trans-
caftaric acid, trans-piceid, (-)-epigallocatechin, and (-)-gallocatechin. The following
commercial standards from Extrasynthese (Genay, France) were used: cyanidin 3-glucoside,
cyanidin 3,5-diglucoside, procyanidins B1 and B2, kaempferol, quercetin, isorhamnetin,
myricetin and syringetin, and the 3-glucosides of kaempferol, quercetin, isorhamnetin, and

syringetin. The following commercial standards from Sigma (Tres Cantos, Madrid, Spain)
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were used: gallic acid, trans-resveratrol, (+)-catechin, (-)-epicatechin, (-)-epicatechin 3-
gallate, and (-)-gallocatechin 3-gallate. Some other non-commercial flavonol standards
(myricetin 3-glucoside, quercetin 3-glucuronide) were kindly supplied by Dr. Ulrich
Engelhardt (Institute of Food Chemistry, Technical University of Braunschweig, Germany),
while others were isolated from Petit Verdot grape skins (laricitrin 3-glucoside) used in a
previous study (CASTILLO-MUNOZ et al., 2009a). The trans isomers of resveratrol and
piceid (resveratrol 3-glucoside) were transformed into their respective cis isomers by UV-
irradiation (366 nm light for 5 minutes in quartz vials) of 25% MeOH solutions of the trans
isomers.

All of these standards were used for identification. Anthocyanins were quantified as
equivalents of malvidin 3,5-diglucoside (mg/kg of fresh grape weight). Flavonols (as umol/kg
fresh grape weight) were quantified using the calibration curve of each standard when
available; in other cases, the closest flavonol was used for quantification, to make molecular
mass correction (3-glucosides for the respective 3-galactosides or 3-glucuronides).
Hydroxycinnamic acid derivatives were quantified using their respective common
hydroxycinnamic acids (caffeic, p-coumaric and ferulic acids) as standards and making

molecular mass correction.

2.2 Grapes

During the 2010 harvest season, healthy Bordd grapes were collected at optimum
ripeness for harvesting in the city of Jales (northwest of the S&o Paulo, Brazil), which lies at
20° 16’ 77 S and 50° 32’ 58” W, and 500 m above sea level (referred to datum WGS84, World
Geodetic System 1984). Once in the lab, the grapes (5 kg from each batch) were separated for
analysis (Figure 1).

Figure 1. Bordd grape (Vitis labrusca).
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2.3 Sample preparation

200 g of healthy Bordd berries were carefully peeled by hand, and the resulting skins
(yield, 40.65% of fresh fruit weight) were immediately frozen at -80°C for 12 h and then
freeze-dried for 24 h and weighed (10.62 g). The dried skins were homogenized in a porcelain
mortar with the aid of a pestle, and were further divided in four subsamples, three of which
were used for chemical analysis. The subsamples (approximately 2.5 g each) were immersed
in 50 mL of a solvent mixture of methanol, water, and formic acid (50:48.5:1.5 v/v) and
maintained under ultrasonic bar for 10 min. Samples were then centrifuged at 2500 g at 5°C
for 10 min. A second extraction of the resulting pellets was completed using the same volume
of the solvent mixture (50 mL), and the combined supernatants for each sample were
maintained at -18 °C until the beginning of the analysis. Aliquots of skin extracts were diluted
with 0.1 N HCI (1:10, v/v), filtered (0.20 um, polyester membrane, Chromafil PET 20/25,
Macherey-Nagel, Diren, Germany) and directly injected onto the HPLC to determine the
anthocyanins.

The anthocyanins present in grape skin extracts usually interfere significantly in the
chromatographic separation and identification of other phenolic compounds, particularly
flavonols. The use of ECX SPE cartridges (40 um, 500 mg, 6 mL; Scharlab, Sentmenat,
Barcelona, Spain), which combine a mixture of reverse-phase adsorbent and cationic-
exchanger material, allowed the isolation of non-anthocyanin phenolic compounds from the
Bordd grape (CASTILLO-MUNOZ et al., 2009a), which were used to analyze flavonols,
hydroxycinnamic acid derivatives, and stilbenes. To carry out this step, 3 mL of Bordd grape
skin extracts were first concentrated in a rotary evaporator (37°C) to eliminate any excess
methanol. The extracts were diluted with 3 mL of 0.1 N HCI, and the prepared samples were
then passed through the SPE cartridges that had been previously conditioned with 5 mL of
methanol and 5 mL of water. After washing of the cartridges in a solution of 5 mL of 0.1 N
HCI acid and 5 mL of water, the free-anthocyanin fraction was eluted with 3 x 5 mL of
methanol. This eluate was dried in a rotary evaporator (37°C) and re-solved in 3 mL of 20%
methanol in water and directly injected into the HPLC equipment.

The peeled berries were finger-pressed to separate the flesh (yield, 56.20 % of fresh
fruit weight) and the seeds (yield, 3.15% of fresh fruit weight). The separated flesh was
immediately homogenized with 100 mL of a solvent mixture of methanol, water, and formic
acid (50:48.5:1.5 v/v), thus avoiding oxidation, followed by 30 min of agitation in the absence
of light at room temperature. The flesh extract was then centrifuged at 10000 g at 5°C for 20

min. The supernatant was dried separately in a rotary evaporator (37°C) to eliminate excess
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methanol, and its volume was brought to 100 mL using water. To remove the sugars and other
polar non-phenolics present in the flesh extract, 3 mL of extract were first diluted with 3 mL
of 0.1 N HCI, and the prepared sample was then passed through C18 SPE-cartridges (Sep-Pak
Vac, 3cc/500 mg, 55-105 um; Waters) that had been previously conditioned with 5 mL of
methanol and 5 mL of water. After washing with 5 mL of 0.1 N HCI and 5 mL of water, the
sample was eluted with 3 x 5 mL of methanol. The eluate was dried in a rotary evaporator
(37°C), re-solved in 3 mL of 20% methanol in water and directly injected onto the HPLC
equipment for the analysis of flesh flavonols and hydroxycinnamic acid derivatives.

Finally, the flavan-3-ols (monomers, B-type dimmers, and proanthocyanidins) were
isolated from Bord6 grape skin extracts using SPE on C18 cartridges (Sep-pak Plus C18,
Waters Corp., Mildford, MA, cartridges filled with 820 mg of adsorbent). A mixture of 2 mL
of extracts with 0.5 mL of a solution of 20 mg/L of (+)-gallocatechin 3-gallate (internal
standard) and 6 mL of water was then passed through the C18 cartridge previously
conditioned with methanol (10 mL) and water (10 mL); after the cartridge was dried under
reduced pressure, methanol (15 mL) and ethyl acetate (5 mL) were added in order to recover
adsorbed phenolics; after the solvent was evaporated in a rotary evaporator (40°C), the residue

was dissolved in methanol (4 mL) and stored at -18°C until needed.

2.4 Total phenolic content and antioxidant capacity

Skin and flesh extracts were used to determine total phenolic content and antioxidant
capacity. Total phenolic content was measured as mg of gallic acid equivalents following the
Folin-Ciocalteau method (SINGLETON; ORTHOFER; LAMUELA-RAVENTOS, 1999).

Antioxidant capacity was determined as mmol Trolox equivalents according to the
DPPH method (BRAND-WILLIAMS; CUVELIER; BERST, 1995). The results were referred
to kg of fresh grape weight, although other references were also calculated in the case of
antioxidant capacity (mg per g of fresh skins, for total phenolic content; wmol or uM per g of
dry weight skin, for antioxidant capacity) in order to better compare the results to those in the

literature.

2.5 HPLC-DAD-ESI-MS/MS ldentification of Bordd grape phenolic compounds

HPLC identification of Bordd grape skin and flesh phenolic compounds were
performed using an Agilent 1200 Series system equipped with DAD (Agilent, Germany), and
coupled to an AB Sciex 3200 Q TRAP (Applied Biosystems) electrospray ionization mass
spectrometry system (ESI-MS/MS). The chromatographic system was managed by the
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Agilent Chem Station (version B.01.03) data-processing station. The mass spectra data were
processed with the Analyst MDS software (Applied Biosystems, version 1.5). The samples
were injected after their filtration (0.20 um, polyester membrane, Chromafil PET 20/25,
Machery-Nagel, Duren, Germany) on a reversed-phase column Zorbax Eclipse XDB-C18 (4.6
x 250 mm; 5 um particle; Agilent, Germany).

In the case of grape skin anthocyanins, the diluted extracts were injected (50 pL) into
the chromatographic column thermostated at 40°C. The chromatographic conditions were
adapted from the OIV method for the analysis of anthocyanins in red wines (NIXDOREF;
HERMOSIN-GUTIERREZ, 2010). The solvents were water/acetonitrile/formic acid (87:3:10,
vivlv, solvent A; 40:50:10, v/vlv, solvent B), and the flow rate was 0.63 mL/min. The linear
gradient for solvent B was as follows: zero min, 6%; 15 min, 30%; 30 min, 50%; 35 min,
60%; 38 min, 60%; 46 min, 6%. For identification, the ESI-MS/MS in positive ionization
mode was operated using a combination of +EMS (enhanced mass spectrum; MS conditions)
and +EPI (enhanced product ion; MS/MS conditions) experiments, setting the following
parameters: scan, 100-1500 Da (250 Da/s); declustering potential, 65 V; entrance potential,
10; collision energy, 10; curtain gas, 15 psi; collision gas, medium; ion spray voltage, 4000;
temperature, 450°C; ion source gas 1, 70; ion source gas 2, 50; and Q3 barrier, 12 V.

HPLC identification of Bord6 grape skin and flesh flavonols, hydroxycinnamic acid
derivatives, and stilbenes were performed on the same chromatographic system described for
anthocyanins. However, the chromatographic conditions used were conditions that had been
previously reported (CASTILLO-MUNOZ et al., 2009a). The solvents were as follows:
solvent A  (acetonitrile/water/formic  acid,  3:88.5:8.5, v/vlv), solvent B
(acetonitrile/water/formic acid, 50:41.5:8.5, v/v/v), and solvent C (methanol/water/formic
acid, 90:1.5:8.5, v/v/v). The flow rate was 0.63 mL/min, the column was thermostated at
40°C, and the injection volume was 50 ul. The linear solvents gradient was as follows: zero
min, 96% A and 4% B; 7 min, 96% A and 4% B; 38 min, 70% A, 17% B and 13% C; 52 min,
50% A, 30% B and 20% C; 52.5 min, 30% A, 40% B and 30% C; 57 min, 50% B and 50% C;
58 min, 50% B and 50% C; 65 min, 96% A and 4% B.

For identification, the ESI-MS/MS was used in negative ionization mode using a
combination of -EMS (enhanced mass spectrum; MS conditions) and -EPI (enhanced product
ion; MS/MS conditions) experiments, setting the following parameters: scan, 100-650 Da

(1000 Dals); declustering potential, -45 V; entrance potential, -12; collision energy, -20;
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curtain gas, 15 psi; collision gas, high; ion spray voltage, -4000; temperature, 425°C; ion

source gas 1, 70; ion source gas 2, 50; Q3 barrier, 12 V.

2.6 HPLC-DAD Quantification of Bordd grape phenolic compounds

Anthocyanins and flavonols of the Bordd grape were quantified using an Agilent 1100
Series system (Agilent, Germany), equipped with DAD (G1315B), and coupled to an Agilent
ChemStation  (version B.01.03) data-processing station. The same column and
chromatographic parameters (column model and temperature, solvents and gradient, injection
volume) used in section 2.5 were applied. For quantification, DAD-chromatograms were
extracted at 520 nm (anthocyanins), 360 nm (flavonols), and 320 nm (hydroxycinnamic acid

derivatives and stilbenes).

2.7 ldentification and quantification of Bordd grape skin flavan-3-ols using Multiple
Reaction Monitoring HPLC-ESI-MS/MS
The same chromatographic system employed for the identification of the other
phenolic compounds was also used for both the identification and quantification of flavan-3-
ols. The samples were injected (100 uL) after filtration (0.20 um, polyester membrane,
Chromafil PET 20/25, Machery-Nagel, Diren, Germany) on a reversed-phase column Zorbax
Eclipse XDB-C18 (4.6 x 250 mm; 5 um particle; Agilent, Germany), thermostated at 16 °C.
The solvents used were water/methanol/formic acid (89:10:1, v/v/v, solvent A) and methanol
(solvent B), and the flow rate was 0.5 mL/min. The linear gradient for solvent B was as
follows: zero min, 1%; 2 min, 1%; 60 min, 23%; 75 min, 70%; 80 min, 95%; 90 min, 95%; 95
min, 1%; 100, 1%. Two MS scan types were used: Enhanced MS (EMS) for compound
identification; and Multiple Reaction Monitoring (MRM) for quantification. MS conditions
for both scan types were as follows: ion spray voltage, -4000; ion source temperature, 450°C;
collision gas, high; courtain gas, 15; ion source gas 1, 70; ion source gas 2, 50; declustering
potential, -35; entrance potential, -10; collision energy, -30; collision cell exit potential, -3.
In the case of the analysis of flavan-3-ol monomers and dimmer procyanidins B1 and
B2, 0.50 mL of the SPE-C18 grape skin extract was diluted with 2.5 mL of water in a
chromatographic vial that was sealed, and the extract was then injected. The selected mass
transitions (m/z pairs) for MRM scan and quantification were as follows: (+)-catechin and (-)-
epicatechin (289-245); procyanidins B1 and B2 (577-425 and 577-407); (-)-epigallocatechin
and (-)-gallocatechin (305-221 and 305-219); (-)-epicatechin 3-gallate (441-289); and (-)-
gallocatechin 3-gallate (457-331 and 457-305). Calibration curves for each flavan-3-ol were
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obtained in order to calculate the respective molar response factors against (-)-gallocatechin
3-gallate, which was used as internal standard. Analyses were performed in duplicate.

The structural information of proanthocyanidins was obtained following the method of
acid-catalyzed depolymerization induced by pyrogallol (BORDITA et al., 2009), a recently
proposed alternative nucleophile trapping agent offers similar results when compared to the
classic phloroglucinol method (KENNEDY; JONES, 2001), but allow working under milder
experimental conditions. In this study, 0.25 mL of a pyrogallol reagent solution (100 g/L of
pyrogallol and 20 g/L ascorbic acid in methanolic HCI 0.4 N) was added to 0.25 mL of SPE-
C18 grape skin extract, and the mixture was then maintained at 35°C for 20 minutes. After
which the reaction was interrupted with the addition of 2 mL of 40-mM sodium acetate, the
reaction mixture was analyzed as described above for monomeric and dimmer flavan-3-ols.

In addition to the MRM transitions for monomeric flavan-3-ols (terminal units of
proanthocyanidins), the following m/z pairs were also selected, corresponding to the
pyrogallol adducts of the extension units of proanthocyanidins: (+)-catechin and (-)-
epicatechin adducts (413-287); (-)-epigallocatechin adduct (429-303 and 429-261); and (-)-
epicatechin 3-gallate adduct (565-413).

The calibration curve of the adduct formed between pyrogallol with (-)-epicatechin
was obtained through depolymerization experiments of both procyanidins (B1 and B2), which
allowed for the calculation of its molar response factor against (-)-gallocatechin 3-gallate,
which was used as internal standard. The factor response of the other adducts was assumed to
be proportional to those obtained by their respective monomer precursors. Analyses were

performed in duplicate.

3. RESULTS AND DISCUSSION

Figure 2 summarizes the general structures of all of the classes of phenolic

compounds identified in the skin and flesh of Bordé grapes.

3.1 Anthocyanins
Anthocyanins occurred only in the Bord6 grape skins. The typical chromatographic
profile of Bordd grape skin anthocyanins is shown in Figure 3A, and their chromatographic
and spectral characteristics (molecular and product ions under ESI-MS/MS, on-line DAD
UV-vis Amax Values, and retention times) are presented in Table 1 (peak numbers as in Figure
3).
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Figure 2. General structures of the phenolic compound classes identified in Bordd grapes:

anthocyanidin 3,5-diglucosides (A); anthocyanidin 3-glucosides (B); flavan-3-ol monomers

(C); flavan-3-ol dimmers or B-type procyanidins (D); flavonol

hydroxycinnamic acid derivatives (F); and resveratrol-type stilbenes (G).
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Figure 3. Bordd grape anthocyanins: DAD-chromatogram at 520 nm (A); extracted ion
chromatograms (EIC) in positive ionization mode at the m/z values corresponding to the
different anthocyanidin-type product ions (+EPI, MS/MS conditions): malvidin (B), peonidin
(D), delphinidin (E), cyanidin (F), and petunidin (G); EIC of +EPI at the m/z values of the
expected same molecular ion (+EMS, MS conditions) corresponding to the cis and trans

isomers of mv-3-cmglc-5-glc (C). For peak assignation see Table 1.
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Table 1. Chromatographic, UV-vis and mass spectral characteristics of the anthocyanins identified in Bordd grape by HPLC-DAD-ESI-MS/MS

(positive ionization mode), and molar proportions (mean value + standard deviation, n = 3). Peak numbers as in Figure 1.

peak assignation® R (min) UV-vis (nm) molecular and product ions (m/z) % molar

1 dp-3,5-diglc 7.68 277, 298 (sh), 346, 440 (sh), 522 627; 465, 303 1.68 +0.02
2 cy-3,5-diglc 9.32 280, 292 (sh), 325 (sh), 380 (sh), 440 (sh), 515 611; 449, 287 0.33+0.00
3 pt-3,5-diglc 10.51 276, 298 (sh), 348, 440 (sh), 524 641; 479, 317 3.62+£0.03
4 pn-3,5-diglc 12.36 280, 292 (sh), 325 (sh), 380 (sh), 440 (sh), 515 625; 463, 301 5.18£0.05
5  mv-3,5-diglc 13.33 276, 298 (sh), 348, 440 (sh), 526 655; 493, 331 30.35+0.04
6  mv-3acglc-5glc 18.87 275, 296 (sh), 345, 528 697; 535, 493, 331 1.01+0.04
7 dp-3cmglc-5glc 19.96 279, 298, 316 (sh), 529 773; 611, 465, 303 5.11+0.05
8  cy-3cmglc-5glc 22.05 280, 290 (sh), 312, 521 757; 595, 449, 287 0.77+0.01
9  pt-3cmglc-5glc 23.03 279, 298, 316 (sh), 531 787; 625, 479, 317 8.04 £ 0.05
10  pn-3cmglc-5glc 25.50 280, 290 (sh), 312, 521 771; 609, 463, 301 3.64£0.00
11 mv-3-cis-cmglc-5glc 22.72 280, 298, 312 (sh), 534 801; 639, 493, 331 0.55+0.01
12 mv-3-trans-cmglc-5glc 26.13 279, 299, 316 (sh), 533 801; 639, 493, 331 29.61 +0.09
13 dp-3glc 10.07 277, 298 (sh), 346, 440 (sh), 524 465; 303 0.36 £ 0.00
14 cy-3glc 12.02 280, 292 (sh), 325 (sh), 380 (sh), 440 (sh), 517 449; 287 0.11+0.00
A pt-3glc 13.50 276, 298 (sh), 348, 440 (sh), 527 479; 317 NQ

15  pn-3glc 15.73 280, 292 (sh), 325 (sh), 380 (sh), 440 (sh), 518 463; 301 0.29+0.01
16 mv-3glc 17.00 276, 298 (sh), 348, 440 (sh), 528 493; 331 1.57+0.11
17 dp-3cmglc 23.74 282, 298 (sh), 316 (sh), 440 (sh), 530 611; 303 1.40+0.01
B cy-3cmglc 26.09 283, 313, 440 (sh), 522 595; 287 NQ

18  pt-3cmglc 27.61 282, 298 (sh), 316 (sh), 440 (sh), 531 625; 317 2.19+0.00
19  pn-3cmglc 30.55 283, 313, 440 (sh), 521 609; 301 0.41+0.01
20 mv-3cmglc 31.43 284, 298 (sh), 316 (sh), 440 (sh), 532 639; 331 3.77+£0.07

Total (mg/kg)* - - - 1359.68 + 43.76

“dp, delphinidin; cy, cyanidin; pt, petunidin; pn, peonidin; mv, malvidin; glc, glucoside; diglc, diglucoside; acglc, acetylglucoside; cmglc, coumaroylglucoside; NQ, non-
quantifiable. * As malvidin 3,5-diglucoside equivalents (mv-3,5-digic).
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With the help of extracted ion chromatograms (EIC) at the m/z ratios corresponding to
the different anthocyanidins (aglycones), we were able to detect a total of twenty-two
anthocyanins in the grape skin (Figures 3B-3G). However, we were unable to quantify two of
these anthocyanins (peaks A and B) (Table 1) because they were very minor compounds that
partially coeluted with major malvidin 3,5-diglucoside (peak 5) and its p-coumaroyl
derivative (peak 12), respectively.

The anthocyanin profile of the Bord6 grape was complex due to the presence of five
different anthocyanidin aglycones; namely, delphinidin (dp), cyanidin (cy), petunidin (pt),
peonidin (pn), and malvidin (mv), having different patterns of B-ring substitution. Neither
chromatographic evidence (use of authentic standard) nor mass spectral evidence of the
occurrence of pelargonidin-based anthocyanins in grape skin was found, even though
pelargonidin 3-glucoside has already been reported in juices of non-vinifera grapes such as
Concord (V. labrusca), Rubired and Salvador (hybrids from V. rupestris and V. vinifera)
(WANG; RACE; SHRIKHANDE, 2003), as well as in the Garnacha Tintorera grape (V.
vinifera) (CASTILLO-MURNOZ et al., 2009b). In addition to these findings, pelargonidin 3,5-
o-diglucoside has been reported in the V. amurensis grape (ZHAO; DUAN; WANG, 2010).

The most abundant anthocyanins were those in the group of 3,5-diglucoside
derivatives (Table 1), with high concentrations of malvidin 3,5-diglucoside (peak 5) and its p-
coumaroyl derivative (mv-3-trans-cmglc-5glc, peak 12), both accounting for approximately
30% each. These results are in agreement with those reported for other non-vinifera grapes, in
which there is a significant amount of malvidin 3,5-diglucoside; and grape samples are
usually analyzed for malvidin 3,5-diglucoside equivalents (MUNOZ-ESPADA et al., 2004).
In contrast, malvidin 3-glucoside and its derivatives, mainly acetyl and p-coumaroyl
derivatives, are usually the major anthocyanins found in V. vinifera grapes (HERMOSIN-
GUTIERREZ; GARCIA-ROMERO, 2004).

In this study, small amounts of peonidin 3,5-diglucoside (peak 4) followed by
petunidin 3,5-diglucoside (peak 3) and delphinidin 3,5-diglucoside (peak 1) were also found,
along with cyanidin 3,5-diglucoside (peak 2), though it was a very minor anthocyanin (less
than 0.4%) (Table 1). Small amounts of 3-(p-coumaroyl)-glucoside-5-glucosides of
delphinidin (peak 7), cyanidin (peak 8), petunidin (peak 9) and peonidin (peak 10) were also
found, which, all together, accounted for approximately 17.6% of the total concentration of
anthocyanins.

A detailed assignment of the anthocyanin peaks detected in Bordd grape extract is
depicted in Figures 3B-3G and summarized in Table 1. The ESI-MS/MS spectrum of peak 5
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revealed the molecular ion ([M]") at m/z 655 and two product ions at m/z 493 and 331, which
corresponded to the independent losses of the two hexoses units ([M-162]" and [M-162-
162]"), as well as the signal at m/z 331 attributable to the aglycone malvidin. Based on the
differences between the molecular and product ions, the loss of 162 amu gives a clue as to the
nature of the sugar molecule and the fragmentation pattern matched with those of authentic
standard of malvidin 3,5-diglucoside. The UV-vis showed a visible maximum in the red-
colour region at 526 nm. The UV-vis also revealed a lack of a shoulder around 440 nm, which
is characteristic of anthocyanidin 3,5-diglucosides (CASTILLO-MUNOZ et al., 2010). All of
the aforementioned results, along with the chromatographic coincidence with an authentic
standard of the suspected compound, suggest that the anthocyanin eluting under peak 5 could
be assigned as malvidin 3,5-diglucoside.

The other 3,5-diglucosylated anthocyanins were assigned based on their UV-vis and
mass spectra, their chromatographic characteristics (retention time and elution order) and also
on the same arguments used for the assignation of peak 5. Their mass spectra (dp-, cy-, pt-
and pn-derivatives) showed the signals expected for their molecular ion ([M]") (m/z 625, 641,
627 and 611, respectively), and for the two product ions as a result of the independent losses
of two hexoses (one linked to the C-3 position and the other to the C-5 position). These sugar
units were assigned as glucose, as suggested by the matching of the chromatographic and
spectral data obtained (UV-vis and ESI-MS/MS) with those of authentic standards for two of
these compounds (3,5-diglucosides of cyanidin and peonidin). As expected, the 3,5-
diglucosylated anthocyanins that were found exhibited an increasing order of elution (dp, cy,
pt, pn, and mv) as a function of the number of hydroxyl groups and their degree of
methoxylation of the aglycone, results which were also found in the case of monomeric
anthocyanins (HERMOSIN-GUTIERREZ; GARCIA-ROMERO, 2004).

In the case of the acylated anthocyanins, compound 12 showed the molecular ion
([M]") at m/z 801 and three product ions at m/z 639, 493 and 331, which can be assigned to
the independent losses of the 3-(6”-p-coumaroyl)-glucosidic and 5-glucosidic moieties. The 3-
(6”-p-coumaroyl)-glucosidic substituent was entirely lost, because no signal for a single loss
of a p-coumaroyl residue was found ([M-146]"). Their chromatographic and spectral
characteristics (molecular and product ions under ESI-MS/MS, on-line DAD UV-ViS Amax
values, and retention times) suggested that the identification of the compound eluted at peak
12 was malvidin-3-trans-coumaroylglucoside-5-glucoside (mv-3-trans-cmglc-5-glc). A
second signal in the EIC at m/z 801 (Figure 3C) was assigned as its minor isomer cis (mv-3-

cis-cmglc-5-glc, peak 11), because it showed a mass fragmentation pattern similar to that
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shown by compound eluting at peak 12. The p-coumaroylated anthocyanins presented UV-vis
spectra with a new shoulder corresponding to the p-coumaroyl fragment, which may be in
trans (majority) isomeric configuration as well as cis (minority). However, an alteration in the
UV-vis spectra was observed for isomer cis, mainly on the UV shoulder, due to p-coumaroyl
residue, in which a lower value for wavelength is seen. Also, as is expected for the elution
pattern of these acylated anthocyanins, the cis isomer eluted before the trans isomer
(NIXDORF; HERMOSIN-GUTIERREZ, 2010).

The mass spectra of the other p-coumaroyl diglucosylated anthocyanins (peaks 7-10)
also revealed the signals expected for their molecular ion ([M]") (m/z 773, 757, 787 and 771,
respectively) and also for the three expected product ions as a result of the independent losses
of the 5-glucosidic and the 3-(6”-coumaroyl)-glucosidic moieties. Thus, these acylated
anthocyanins were assigned based on their UV-vis and mass spectra, their chromatographic
characteristics (retention time and elution order), and also on the same arguments used for the
assignation of peak 12, as being dp-3-cmglc-5-glc (peak 7), cy-3-cmglc-5-glc (peak 8), pt-3-
cmglc-5-glc (peak 9) and pn-3-cmglc-5-glc (peak 10), and it was assumed that only trans
isomers of the 3-cmglc moiety were detected.

Only a very small amount of one of the acetylated derivatives of diglucosylated
anthocyanins was detected. This compound (peak 6) showed the molecular ion ([M]") at m/z
697 and three product ions at m/z 535, 493 and 331, in agreement with the independent losses
of the 5-glucosidic and the 3-(6"-acetyl)-glucosidic moieties. The chromatographic and
spectral characteristics (molecular and product ions under ESI-MS, on-line DAD UV-Vis Amax
values, and retention times) suggested that the identification of this compound was malvidin-
3-acetylglucoside-5-glicoside (mv-3-acglc-5glc). It should be noted that the acetylated
derivative of malvidin (mv-3-acglc-5-glc) presented an UV-vis spectrum that practically
matched to that of its non acetylated derivative (mv-3,5-diglc).

With regards to anthocyanidin 3-glucosides, five 3-glucoside anthocyanins (peaks 13,
14, 15, A and 16) and five 3-(6”-p-coumaroyl)-glucoside anthocyanins (17, B, 18, 19 and 20)
were detected. Mass fragmentation patterns matched those reported for 3-glucosylated and 3-
(6”-p-coumaryl)-glucosylated monomeric anthocyanins: the release of dehydrated forms of
glucose and 6”-p-coumaroyl-glucose yielded losses of 162 and 308 Da, respectively. The
mass spectra of peaks 13-16 showed molecular ions ([M] ) at m/z 465, 449, 463 and 493,
respectively. Only one product ion related to the loss of a glucose ([M-162] *) was observed in
each case: at 303, 287, 301 and 331, respectively. Along with the comparison of the UV-vis

spectrum and the coincidence with the chromatographic anthocyanin standards of malvidin
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and cyanidin 3-glucosides, these anthocyanins were assigned as delphinidin 3-glucoside (peak
13), cyanidin 3-glucoside (peak 14), peonidin 3-glucoside (peak 15) and malvidin 3-glucoside
(peak 16). ESI-MS/MS revealed that peaks 5 and A partially coeluted at retention times of
13.33 and 13.50 min, respectively. Peak A was identified as petunidin 3-glucoside, because it
showed molecular ion ([M] ¥) at m/z 479 and resulted in only one product ion at m/z 317,
which itself was as a result of the loss of a glucose ([M-162] *); however, peak A could not be
quantified. The 3-monoglucosylated anthocyanins made up a total of approximately 2% of the
total anthocyanin concentration.

All p-coumaroyl derivatives of the monoglucosylated anthocyanins were found in
small concentrations, jointly accounting for only 7.77 % of total anthocyanin concentration, a
proportion which was higher than that of their respective non-acylated compounds, and which
was in sharp contrast to what is usually observed for V. vinifera grapes with a predominance
of non-acylated anthocyanins (HERMOSIN-GUTIERREZ; GARCIA-ROMERO, 2004). The
ESI-MS/MS spectra of these anthocyanins (peaks 17-20) showed the signals expected for
their molecular ion ([M]") (m/z 611, 625, 609 and 639, respectively) and also for the product
ions (m/z 303, 317, 301 and 331, respectively) as a result of the loss of the entire 3-(6”-
coumaroyl)-glucosydic moiety ([M-308]").

The chromatographic and spectral characteristics (molecular and product ions under
ESI-MS, on-line DAD UV-vis Amax Values, and retention times) were used to identify the
compounds as delphinidin 3-(6”-p-coumaroyl)-glucoside, petunidin 3-(6”-p-coumaroyl)-
glucoside, peonidin 3-(6”-p-coumaroyl)-glucoside and malvidin 3-(6”-p-coumaroyl)-
glucoside. The ESI-MS/MS revealed that peaks 12 and B partially coeluted at retention times
of 26.13 and 26.09 min, respectively. The extracted ion chromatogram (ESI-MS) mass
spectrum indicated the identification of peak B as being cyanidin 3-(6”-p-coumaroyl)-
glucoside. However, it could not be quantified.

It should be noted that it was not possible to identify the minor cis isomer of malvidin-
3-(6”-p-coumaroyl)-glucoside (mv-3-cis-cmglc), and that neither acetylated nor caffeoylated
anthocyanins were detected among monomeric anthocyanins. Considering these results, it can
be concluded that the anthocyanins identified were fundamentally 3,5-diglucosides, making
up almost 90% of the total when considered with monoglucosylated anthocyanin
concentration (10%). These results confirm that the Bordd grape is a non-vinifera variety,
since the main characteristic of V. labrusca is the predominant presence of diglucosylated
anthocyanins, while the anthocyanins of vinifera grapes (Vitis vinifera) are derived from
anthocyanidins 3-glucosides (NIXDORF; HERMOSIN-GUTIERREZ, 2010).
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Total anthocyanin content was 1359.68 + 43.76 mg of malvidin 3,5-diglucoside
equivalents per kg of fresh fruit. This content is within the range found for other non-vinifera
grapes, such as Concord (Vitis labrusca), Marechal Foch (V. rupestris and V. vinifera) and
Norton (V. aestivalis) (1116 - 2750 mg of malvidin 3,5-diglucoside equivalents/kg of fresh
fruit) (MUNOZ-ESPADA et al., 2004), as well as for Folha de Figo (Vitis labrusca) and
Niagara Rosada (Vitis labrusca) varieties (60.7 - 1550 mg of cyanidin equivalents /kg of fresh
fruit, which correspond to 146 - 3779 mg of malvidin 3,5-diglucoside equivalents /kg) (ABE
et al., 2007).

It is known that 3,5-diglucoside-type anthocyanins are more stable than 3-glucoside-
types because they offer steric hindrance for the reactions between anthocyanins and tannins
involving the C-4 position of anthocyanin (formation of anthocyanin-tannin adducts, whether
mediated by acetaldehyde or not), as well as the formation of pyranoanthocyanins, which
requires the hydroxyl OH at C-5 position of anthocyanin to be free (RENTZSCH et al., 2007).
Thus, structural characteristics of anthocyanins associated with the high content of the
phenolics componds present in Bordd grapes reveal this variety's potential use in the
preparation of red table wines with a more stable and attractive color when compared to wines
made with vinifera grapes (Vitis vinifera). The color of wines made from vinifera grapes
changes over time due to both the decrease in color and the progressive alteration of tonality
from purple-red to brown-orange that is caused by reactions between anthocyanins and
tannins and the formation of pyranoanthocyanins (SANTOS-BUELGA; DE FREITAS, 2009).

These results also reinforce the suggestion of using wine from Bordd variety in
assemblages of wines made with other varieties of grapes that present color deficiencies, such
as Isabel, Nidgara Rosada, and Concord grapes. Wine made from Nidgara Rosada grapes, for
example, is a drink with aroma and taste widely enjoyed by consumers, but it has a faint and
unstable pink color that rapidly changes to yellowish hues. The use of wine assemblage
techniques involving the Bordd grape variety wine has already shown good results
(BARNABE; VENTURINI-FILHO; BOLINI, 2007).

3.2 Flavonols
The anthocyanin-free grape extracts made it easier to study the flavonols present in
Bordd grapes. The total content of flavonols in the Bord6 grapes was approximately 154

umol/kg fresh grape weight, and it was mainly located in the skins (Table 2).
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Table 2. Chromatographic, UV-vis and mass spectral characteristics of the flavonols identified in Bordd grape by HPLC-DAD-ESI-MS/MS

(negative ionization mode), and molar proportions (mean value * standard deviation) of each individual flavonol in both parts of fruit (skin and

flesh). Peak numbers as in Figure 2.

o asiatort Rmi)  vs(my Podrcledarand  parit e,

21 M-3-glcU 2435 257 (sh), 260, 305 (sh), 354 493; 317 4.89+0.07 ND

22 M-3-gal 24.85 254 (sh), 261, 305 (sh), 356 479; 317 157 +0.20 * 3.81+0.18**

23 M-3-glc 2558 255 (sh), 261, 305 (sh), 355 479; 317 4789+024*  51.02+1.23 %

24 Q-3-gal 3175 256, 264 (sh), 302 (sh), 354 463; 301 NQ ND

25 Q-3-glcU 31.95 254,264 (sh), 300 (sh), 353 477,301 2519+0.14*%  1819+225*

c Q-3-rut 33.10 256, 264 (sh), 300 (sh), 354 609; 301 0.33+0.01 ND

26 Q-3-glc 3320 256, 264 (sh), 300 (sh), 354 463; 301 6.32+0.26 ** 4244066 *

27 L-3-glc 3569 255,262 (sh), 305 (sh), 357 493; 331 9.15+0.22 9.23+1.98

28 K-3-glc 37.90 264,300 (sh), 325 (sh), 349 447; 285 0.72+0.04 ND

29 I-3-glc 4277 254,264 (sh), 300 (sh), 354 477;315 1.24+0.04 * 4344053 **

30 S-3-glc 4417 253,264 (sh), 305 (sh), 357 507; 345 2.70+0.18* 9.16 +0.49 **
Total (umol/kg) - - - 152.88 +17.86 **  1.44+0.01*

* M, myricetin; Q, quercetin; L, laricitrin; K, kaempferol; I, isorhamnetin; S, syringetin; glcU, glucuronide; gal, galactoside; glc, glucoside; rut, rutinoside (6”-
rhamnosylglucoside); ND, non-detectable. NQ, non-quantifiable. (*, **) indicated significant differences (Student “t” test; o = 0.05) between skin and flesh
composition.
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Content values were within the range found for many other varieties of vinifera grapes
(129-346 pumol/kg) (CASTILLO-MUNOZ et al., 2007). Figure 4 shows the DAD-

chromatogram of the flavonols (detection at 360 nm) from Bordd grape skins (Figure 4A)

and flesh (Figure 4B), and their chromatographic and spectral characteristics (molecular and

product ions under ESI-MS/MS, on-line DAD UV-vis Amax values, and retention times) are

presented in Table 2. The data obtained was consistent with previous reports involving the
analysis of flavonols present in different varieties of grapes (CASTILLO-MUNOZ et al.,
2007; CASTILLO-MUNOZ et al., 2009a; CANTOS; ESPIAN; TOMAS-BARBERAN,

2002).
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Figure 4. HPLC-DAD chromatogram (detection at 360 nm) of grape skin (A) and flesh (B)

flavonols of Bordd grape. For peak assignation see Table 2.

115



The flavonols that were detected and identified in Bordd grapes using LC-MS
occurred only as 3-glycosides of six aglycone flavonol structures, following the B-ring
substitution pattern: kaempferol (K; 1xOH); quercetin (Q; 2xOH); isorhamnetin (I; 1xOH,
1XOCHj3); myricetin (M; 3xOH); laricitrin (L; 2xOH, 1xOCHjs); and syringetin (S; 1xOH,
2X0OCHz3). As in the case of anthocyanins, the value of the wavelength of the absorption
maximum close to the visible zone of the UV-vis spectra shows a small difference due to B-
ring substitution levels, which were found in the kaempferol derivatives (mono-substituted) at
349 nm; in the quercetin and isorhamnetin derivatives (di-substituted) at 353-354 nm; and in
the derivatives of tri-substituted structures (myricetin, laricitrin and syringetin) at 354-357
nm. All of the aforementioned results were consistent with those reported for V. vinifera red
wine grapes (CASTILLO-MUNOZ et al., 2009a).

The flavonols that occur in Bordd grape skin made up the series of 3-glucosides (3-
glc), 3-galactosides (3-gal), and 3-glucuronides (3-glcU) of myricetin and quercetin, except
for Q-3-gal, and only the derivatives 3-glc of the other flavonols (kaempferol, isorhamnetin,
laricitrin and syringetin) were detected. In the case of quercetin, the presence of a diglycoside
at C-3 position (quercetin 3-O-(6"-rhamnosyl)-glucoside, also known as rutin) was also
detected as a very minor flavonol, as has been previously described for V. vinifera grape
cultivars (CASTILLO-MUNOZ et al., 2009a). The aforementioned results were in agreement
with the occurrence of eight main flavonols found in V. vinifera grape cultivars (CASTILLO-
MUNOZ et al., 2007). However, the complete series of 3-glc, 3-gal and 3-glcU of the six
flavonol aglycones have been found in V. vinifera grapes (CASTILLO-MUNOZ et al.,
2009a).

In the flesh of the Bordd grape, in which there is an absence of anthocyanins, much
lower amounts of flavonols were detected (approximately 100 times lower when compared to
the skin). Therefore, some of the flavonols present in the skin were not detected in the flesh,
as was the case of compounds M-3-glcU, Q-3-rut and K-3-glc. None of the compounds
identified in both parts of the fruit were acylated, as has been also found in V. vinifera grapes
(CASTILLO-MUNOZ et al., 2009a) and red wine from the non-vinifera lsabel grape
(NIXDORF; HERMOSIN-GUTIERREZ, 2010).

The flavonol profiles found in the skin and flesh were different, especially regarding
the change in the proportions of 3-glucuronide derivatives (M-3-glcU was not detected in
flesh and Q-3-glcU decreased its proportion from 25% in the skin to 18% in the flesh). In both
cases, myricetin-type flavonols were predominant, with a total of approximately 47 and 51%

in both skin and flesh, respectively. The compounds that were derived from quercetin also
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presented relevant concentrations in both grape parts (32% in skin and 22% in flesh).
Myricetin 3-glucoside and, especially quercetin 3-glucoside, were the most important
flavonols in the skin of Garnacha tintorera (V. vinifera) (CASTILLO-MUNOZ et al., 2009b);
however, the importance of myricetin 3-glucoside decreased in the berry's flesh.

In this study, though, the minor flavonols consisted of laricitrin-type flavonols
(accounting for 9% of the total flavonol concentration for both skin and flesh of the Bordd
grape), syringetin-type flavonols (with 9% in the flesh and less than 3% in the skin), followed
by isorhamnetin-type flavonols (which accounted for very low total concentrations: less than
5%). Kaempferol-type flavonols were detected only in trace proportions (less than 1% and
only in the skin).

The identification of peaks 23, 26, 27, 28, 29 and 30 as being the complete series of 3-
glc flavonols (M, Q, L, K, I and S, respectively), as well as the identification of peaks 22 and
24 as being from the series of 3-gal flavonols (M-3-gal and Q-gal), were based on their ESI-
MS/MS signals corresponding to the pseudomolecular ion ([M-H] ) at m/z at 479 for M-type,
463 for Q-type, 493 for L-type, 447 for K-type, 477 for I-type, and 507 for S-type flavonols)
and to product ions (m/z at 317, 301, 331, 285, 315 and 345, respectively) that were generated
by the loss of a hexose fragment for both 3-galactoside and 3-glucoside derivatives ([(M-
162)-H]).

Figure 5 illustrates the assignments made with the help of extracted ion
chromatograms (EIC) at the m/z values of the expected pseudomolecular ions for each
individual flavonol (some of which have coincident values). Since the UV-vis spectra of the
different derivatives (3-glc and 3-gal) of the same aglycone flavonol were practically
identical, the 3-galactoside and 3-glucoside derivatives were distinguished by a remarkable
characteristic: the 3-galactoside flavonol derivatives always eluted before their corresponding
3-glucoside derivatives under the reversed-phase HPLC conditions used (CASTILLO-
MUNOZ et al., 2009a).

Peaks 21 and 25 were identified as 3-glucuronide derivatives of myricetin and
quercetin, respectively, even though peak 25 partially overlapped with Q-3-gal (peak 24) due
to the characteristic loss of a fragment of 176 m/z units corresponding to a glucuronic acid
molecule attached to the aglycone, the latter of which showed the expected values of m/z for

myricetin (317) and quercetin (301).
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Figure 5. Bordd grape flavonols. Extracted ion chromatograms (EIC) in negative ionization
mode at the m/z values corresponding to the expected molecular ions (-EMS, MS conditions)
corresponding to: 3-galactoside and 3-glucoside of myricetin (A); myricetin 3-glucuronide
and laricitrin 3-glucoside (B); syringetin 3-glucoside (C); rutin or quercetin 3-rutinoside (D);
3-galactoside and 3-glucoside of quercetin (E); quercetin 3-glucuronide and isorhamnetin 3-

glucoside (F); and kaempferol 3-glucoside (G). Peak numbers as in Table 2.
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Peak C was identified after obtaining the EIC in negative ionization mode at the m/z
value corresponding to the pseudomolecular ion of rutin ([M-H]-, m/z = 609; Figure 5D). For
the quantification of rutin, which partially coeluted with quercetin 3-glucoside (peak 26,
Figure 5E), the ratio between the peak areas was obtained using standard solutions of both
compounds in their corresponding DAD chromatograms at 360 nm, as well as in their
respective EICs at the two characteristic pseudomolecular ion m/z values (609 and 463,

respectively).

3.3 Hydroxycinnamic acid derivatives (HCAD) and stilbenes

The expected hydroxycinnamoyl-tartaric acids, which are also known as caftaric (from
caffeic acid), coutaric (from p-coumaric acid), and fertaric (from ferulic acid) acids, were
found in both the skin and flesh of Bord6 grapes. The trans isomers of the aforementioned
acids (peaks 31, 33 and 36 in Figure 6) were predominant, and the cis isomer was also
detected only in the case of coutaric acid (peak 34 in Figure 6).

The identifications were based on the UV and MS data (Table 3). The signals
attributable to the pseudomelocular ions ([M-H]) at the expected m/z values ([M-H]’, at m/z
311, 295 and 325 from caftaric, coutaric and fertaric acids, respectively) resulted in product
ions corresponding to the cleavage of the ester bound in two different ways (BUIARELLI et
al., 2010): the releasing of the deprotoned hydroxycinnamic acid (HCA) moiety ([HCA-H], at
m/z 179, 163 and 193 from caftaric, coutaric and fertaric acids, respectively; Figures 6B-6D),
that further suffered decarboxylation under our MS/MS conditions ([(HCA-CO,)-H]’, at m/z
135, 119 and 149 from caftaric, coutaric and fertaric acids, respectively); and the releasing of
a common deprotonated tartaric acid (TH) moiety ([TH]", at m/z 149).

The extracted ion chromatograms (EIC) of Bordd grapes corresponding to the caffeic-
and p-coumaric-type derivatives (Figures 6B and 6C, respectively) showed two new peaks
(peaks 32 and 35, respectively), which were assigned as the glucose esters of caffeic and p-
coumaric acids, respectively. The main evidence came from the MS/MS spectra, which
showed product ions to be attributable to the remaining hydroxycinnamic acid following the
loss of the dehydrated glucose (162 Da) moiety ([(M-162)-H] at m/z 179 and 163,
respectively for peaks 32 and 35) and the subsequent decarboxylation product ions ([(M-162-
CO,)-H] at m/z 135 and 119, respectively for peaks 32 and 35), which corresponded to m/z
values that were also shown by the product ions of caftaric and coutaric acids, respectively
(Table 3).
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Figure 6. Bordd grape hydroxycinnamic acid derivatives. DAD-Chromatogram at 320 nm of
grape flesh extract (A), and extracted ion chromatograms (EIC) in negative ionization mode at
the m/z values corresponding to the expected product ions (-EPl, MS/MS conditions)
corresponding to the different hydroxycinnamic-type derivatives: caffeic-type derivatives,
common product ion at m/z 179 (B); p-coumaric-type derivatives, common product ion at m/z
163 (C); ferulic-type derivatives, common product ion at m/z 193 (D). Peak numbers as in
Table 3.
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Table 3. Chromatographic, UV-vis and mass spectral characteristics of the hydroxycinnamic acid derivatives (HCAD) and stilbenes (resveratrol
and is 3-glucoside, piceid) identified in Bordd grape by HPLC-DAD-ESI-MS/MS (negative ionization mode), molar proportions of each
individual HCAD, total content of HCAD, and stilbene concentrations (mg/kg) in both parts of fruit (skin and flesh; mean value + standard
deviation). Peak numbers as in Figure 6.

peak assignation® Ri(min)  UV-vis (nm) p;?_gg?;'?gﬁ;a(;sgd (Q?r?;o:/g) (frlr:S)La’lrnO:/cé)
31 trans-CAFT 7.14 300 (sh), 328 311; 179, 149, 135 66.62 +0.71 ** 53.17+0.19*
32 glc-CAFF 7.67 302 (sh), 328 341, 179, 161, 135, 133 5.74+0.18 6.12+0.87
33 trans-COUT 10.38 300 (sh), 310 295; 163, 149, 119 7.73+£0.27* 9.59 £ 0.47 **
34 cis-COUT 10.73 300 (sh), 308 295; 163, 149, 119 3.81+0.13** 3.20+£0.16*
35 glc-COUM 11.85 300 (sh), 314  325; 163, 145, 119, 117 13.13+0.05 * 25.30+ 0.48 **
36 trans-FERT 14.70 300 (sh), 324 325; 193, 149 2.97+0.54 2.63£0.05
Total HACD (umol/kg) - - - 438.1+34.2** 448+232*
37 trans-piceid® 26.80 307, 318 389; 227 4.64+0.87 ND
38 trans-resveratrol® 38.69 306, 316 227 6.27+1.23 ND

4 CAFT, caftaric acid; CAFF, caffeic acid; COUT,coutaric acid; COUM, p-coumaric acid; FERT, fertaric acid. ° Concentrations in mg/kg. ND,
non-detectable. NQ, non-quantifiable. (*, **) indicated significant differences (Student “t” test; o. = 0.05) between skin and flesh composition.
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In the case of the MS/MS spectra of compounds eluting at peaks 32 and 35, their most
intense signal corresponded to product ions that could be attributed to the loss of a entire
molecule of glucose ([(M-180)-H] at m/z 161 and 145, respectively for peaks 32 and 35). The
compounds also showed a second signal, which was likely due to the subsequent loss of a CO
molecule ([(M-180-CO)-H] at m/z 133 and 117, respectively for peaks 32 and 35).

The occurrence of glucose derivatives of hydroxycinnamic acids has been reported in
Riesling wines as minor compounds and found after a process of concentration and isolation
(BADERSCHNEIDER; WINTERHALTER, 2001). The latter compounds were both 1”-
glucose esters of hydroxycinnamic acids and 4-glucosyl-hydroxycinnamic acids, and the main
spectral difference was a hypsochromic shift of the main maximum UV for the latter type of
derivatives (v.g. 327 nm for 1”-glucose ester of ferulic acid and 284 nm for 4-glucosyl-ferulic
acid). The latter UV data reinforced the assignment made for compounds 32 and 35 as 1”-
glucose esters of caffeic and p-coumaric acids.

The total content of HCAD in Bordd grapes (ca. 438 umol/kg) was in the range of the
contents that have been reported for V. vinifera grapes (CHEYNIER; MOUTOUNET,;
SARNI-MANCHADO, 2003). However, it is important to note that HCAD distribution was
ten times higher in the case of Bordd grape skins (Table 3). Other studies have concluded that
the flesh of the grape is the main source of HCAD in V. vinifera cultivars (CHEYNIER;
MOUTOUNET; SARNI-MANCHADO, 2003), although recent data has suggested that
HCAD proportions are three times higher in the skin of Garnacha Tintorera (V. vinifera)
grapes when compared to their flesh (CASTILLO-MUNOZ et al., 2009b). Moreover, the
HCAD molar profile was different depending on the part of the grape being considered
(Table 3): although caffeic-type derivatives were predominant in both the skin and the flesh,
the proportion of caftaric acid was significantly higher in the skins; as for the p-coumaric-type
derivatives, the proportions of the p-coumaric acid 1”-glucose ester in flesh was double those
found in the skin.

Finally, as expected, resveratrol and its 3-glucoside (piceid) were found only in the
skin of Bord6 grapes and as the sole trans isomers (Table 3 and Figure 7). There is a lack of
data on the content of resveratrol and its isomers in non-vinifera grapes. However, according
to the classification proposed for V. vinifera grape cultivars (GATTO et al., 2008), the
amounts of stilbenes found in the Bordd grape suggest that it can be considered a grape
cultivar that is a high resveratrol producer. This type of cultivar is characterized by the

following mean values (mg/kg of grape) of resveratrol-type derivatives: trans-resveratrol, 2.37
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(6.27 in Bordd grapes); cis-piceid, 4.19 (not detected in Bordd grapes); trans-piceid, 4.18
(4.64 in Bordd grapes); and total resveratrols, 10.74 (10.91 in Bordd grapes).
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Figure 7. Bordd grape resveratrol derivatives. DAD-Chromatogram at 320 nm of grape skin
extract (A), and extracted ion chromatograms (EIC) in negative ionization mode at the m/z
values (227) corresponding to the expected product ions (-EPI, MS/MS conditions)

corresponding to the different resveratrol derivatives (B). Peak numbers as in Table 3.

3.4 Flavan-3-ols

Five flavan-3-ol monomers were found in the skin of Bordd grapes (Table 4); they
were mainly found as (+)-catechin, with lower amounts of (-)-epicatechin, (-)-
epigallocatechin and (-)-gallocatechin and, finally, with minor amounts of (-)-epicatechin 3-
gallate. B-type dimmer flavan-3-ols were also found in similar amounts, particularly that of
procyanidin B1. The total sum of flavan-3-ol monomers and dimmers accounted for
approximately 2.9 mg of (+)-catechin equivalents per kg of grape (mg/kg), an amount quite
lower than that which corresponded to flavan-3-ol oligomers and polymers
(proanthocyanidins). The latter amounts averaged 99.7 + 6.6 mg/kg (a value deduced from the
analysis of proanthocyanidin composition, by total sum of extension and terminal units

released after acid-catalyzed depolymerization assisted by pyrogallol).
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Table 4. Monomeric flavan-3-ol and dimmer B-type procyanidin content (MV + SD, mg/kg grape) and proanthocyanidin characterization (molar

% of each of the extension and terminal units of monomeric flavan-3-ols) of Bord6 grape skin.

flavan-3-ol free monomeric and proanthocyanidin monomeric  proanthocyanidin monomeric
dimmer flavan-3-ols (mg/kg) extension units (molar %) terminal units (molar %)

(-)-epicatechin 0.28 £0.10 74.59 + 0.84 0.75+0.10
(+)-catechin 1.20+£0.11 1.94 £0.26 7.11+0.39
(-)-epigallocatechin 0.16 £ 0.04 14.08 £0.30 0.12+0.03
(-)-epicatechin 3-gallate 0.04 £0.01 1.24 +0.05 0.17£0.01
(-)-gallocatechin 0.09 £0.05
procyanidin B1 1.86+0.16
procyanidin B2 0.30 £ 0.06
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The total content of proanthocyanidins in the Bordd grape skins was lower than usual
values reported for V. vinifera grape cultivars, although some samples of Spanish Syrah grape
skins have been reported as having only 282 + 40 mg/kg, as (+)-catechin equivalents
(BUSSE-VALVERDE et al., 2010).

The results of the structural analysis of the main type of flavan-3-ols present in Bordd
grape skins, their proanthocyanidins, were generally in agreement with previously reported
data for V. vinifera grape cultivars (BUSSE-VALVERDE et al., 2010; LABARBE et al.,
1999; SOUQUET et al., 1996). The mean degree of polymerization (mDP) was 12.29 + 0.64,
with a galloylation percentage (% of 3-gallate esters) of 1.40% = 0.04, and a percentage of B-
ring tri-hydroxylated units (also known as prodelphinidins) of 14.21% + 0.28.

The extension units that formed Bordd grape skin proanthocyanidins were the same as
the four expected (Table 4) in V. vinifera grape skins (SOUQUET et al., 1996): (-)-
epicatechin accounted for around 75% of total units, followed by the characteristic grape skin
(-)-epigallocatechin, which accounted for around 14%; (+)-catechin and (-)-epicatechin 3-
gallate were minor extension units found in the skins of Bordd grapes, each one accounting
for less than 2%. With regard to the terminal units, most studies have reported only the
occurrence of (+)-catechin as the main flavanol and, to a lesser extent, (-)-epicatechin
(BUSSE-VALVERDE et al., 2010). Our results, which are similar, are detailed in Table 4.
However, we were able to quantify very minor percentages (less than 0.2%) of terminal units
corresponding to the other flavan-3-ol monomers ((-)-epigallocatechin and (-)epicatechin 3-
gallate), which also contributed to the total extension units, though these results were very
likely due to the higher sensitivity of the MRM technique used for detection and
identification.

3.5 Total phenolic content and antioxidant capacity

The total phenolic content found in Bordd grapes was 1130 + 105 mg (as gallic acid)
per kg of fresh fruit, distributed between 93.7% in the skin and 6.3% in the flesh.
This value is within the range described for V. vinifera red grapes (731-3486 mg gallic acid
per kg of fresh fruit) (KATALINIC et al., 2010) and slightly lower than those reported for V.
rotundifolia grape skins (2.8 £ 0.3 mg per g of fresh skins vs. 3.59-5.04) (SANDHU et al.,
2011). These results confirm that this grape is a rich source of total phenolic compounds, even
when only its edible parts are considered.

With regard to total antioxidant capacity, the Bordd grape exhibited the following

values, expressed in different units: grape skin, 37.6 + 1.0 mmol/kg of fresh grape weight as
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Trolox equivalents (714.0 = 18.9 umol/g dry weight skin; 137.1 + 7.5 uM/g dry weight skin;
92.5 + 2.5 umol/g fresh weight skin); and grape flesh, 1.86 + 0.05 mmol/kg of fresh grape
weight as Trolox equivalents. These results were a reflection of the distribution of phenolic
compounds within grape skin and flesh. Wine antioxidant capacity data are easily available in
the literature. However, it is difficult to find similar data for grapes and even more difficult to
compare them because of the differences in the assay methods used (DPPH vs. ABTS, for
instance) and the differences in the grape material used (fresh weight grape, fresh weight
skins or dry weight skins).

In this context, and only considering data reporting on DPPH values, the antioxidant
capacity shown by Bord6 grape skin was approximately four times higher than that of skins of
V. rotundifolia grapes (20.5-26.6 umol/g fresh weight skin) (SANDHU et al., 2011), and
approximately five times higher than capacities shown by some V. aestivalis and V. vinifera
grapes (8-9 umol/g fresh weight of a mixture of skin and flesh) (HOGAN et al., 2009).
However, the values found for our Bordd grape skins were similar to those recently reported
for European (V. vinifera), American (V. rotundifolia), Euro-American and Euro-Asian
hybrids, as well as those reported for many Asian Vitis species: the values ranged between 94
and 196 uM/g dry weight skin (XU et al., 2010).

On the basis of the aforementioned results, it can be suggested that Bordd grape skin
has a high potential antioxidant capacity that is mainly linked to its equally high content of
phenolic compounds. However, this high antioxidant capacity potential needs to be evaluated
using different vintages and cultivation conditions, because the phenolic content of grapes is

strongly affected by these factors.

4. CONCLUSION

Bordd grape constitutes a rich source of total phenolic and was mainly located in the
skins. The content of anthocyanins in the Bordd grape skin was high, largely as 3,5-
diglucosides. Myricetin 3-glucoside was the principal flavonol while the hydroxycinnamic
acid derivatives were mainly derived from caffeic acid in both grape parts (skins and flesh).
Although flavan-3-ol content of the Bord6 grape skin was lower than those that are usually
reported for V. vinifera grape varieties, it can be considered a grape cultivar that is a high
resveratrol producer. This grape also exhibited a high value of total antioxidant capacity. The
aforementioned results confirm that this grape compounds with antioxidant activity.
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ABSTRACT

The BRS Clara and BRS Morena seedless grapes are new varieties that have been
developed by the Brazilian Agricultural Research Corporation (EMBRAPA). In this study,
the detailed phenolic composition (anthocyanins, flavonols, hydroxycinnamic acid
derivatives, stilbenes and flavan-3-ols) in the skin and flesh of these grapes has been studied
using HPLC-DAD-ESI-MS/MS. The qualitative phenolic composition of BRS Clara and BRS
Morena grapes did not differ from those found for Vitis vinifera grape varieties in any of the
phenolics considered. The two new table grape varieties accounted for high amounts of
phenolic compounds, especially for BRS Morena, which were mainly located in their skins in
both cases. In addition, qualitative differences between the phenolic compounds present in the
skin and flesh of the BRS Morena grape were also observed. The most notable differences
were those found for anthocyanin and flavonol profiles of BRS Morena. The high content of
phenolic compounds was consistent with the equally high antioxidant capacity values
registered for both grape varieties (with the highest values found in the BRS Morena grape).
Proanthocyanidins and hydroxycinnamoyl-tartaric acids were the main phenolic compounds
found in BRS Clara. The latter phenolic compounds were also important in BRS Morena,
although anthocyanins were the main phenolic compounds in this case. These results suggest
that the entire grape, including the skin, may potentially possess properties that are useful and
beneficial to human health. In this context, the BRS Morena grape can be considered a high

resveratrol producer.
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1. INTRODUCTION

The inclusion of table grapes and derived products in the diet of Western countries has
increased significantly in recent decades largely due to the mounting evidence that the
phenolic compounds of these grapes present functional characteristics and properties that are
beneficial to human health (ANASTASIADI et al.,, 2010; KENNEDY, 2008; MAKRIS;
KALLITHRAKAB; KEFALAS, 2006; XIA et al., 2010; YADAYV, 2009). In this niche
market, the seedless grapes have gained importance because in addition to nutritional value,
they are easy to consume.

The advancement of genetic knowledge, along with an increase in market demands for
new quality products have contributed to the introduction of several seedless grapes into
worldwide markets, such as Superior Seedless or Festival, Crimson Seedless, Thompson
Seedless, Catalunha, Vénus, Marroo Seedless, and Perlette. The phenolic composition of
certain grapes has been studied, and results have shown that they are important sources of
phenolic compounds (CANTOS; ESPIN; TOMAS-BARBERAN, 2002; CARRENO et al.,
1997; QUIJADA-MOLINA et al., 2010; SPANOS; WROLSTAD, 1999).

Due to the growth in the demand for seedless grapes, the Brazilian Agricultural
Research Corporation (EMBRAPA) developed two new varieties of seedless grapes that are
adapted to the tropical regions found in the country. BRS Clara is a complex hybrid variety
that originated from the crossbreed between CNPUV 154-147 and Centennial Seedless, which
is known for its soft and pleasant taste, yellow-green color, crunchy texture of its pulp, and
its high glucometric potential (CAMARGO et al., 2003a). BRS Morena is a grape with a red-
colored flesh, so it is also known as a teinturier variety, a type of variety which has a high
fertility, moderate vigor, and a preferred taste (it was praised by consumers during the
validation tests). It also has a pulp with a firm and crunchy texture (CAMARGO et al.,
2003b).

As far as we know, no further studies have been developed to identify phytochemical
constituents of these seedless grapes, even though these constituents to the aforementioned
biological activities. Therefore, the goal of this study was to throughly examine the phenolic
composition of the edible parts (flesh and skin) of the BRS Clara and BRS Morena grapes
using HPLC-DAD-ESI-MS/MS. The study comprises the phenolic classes of anthocyanins,
flavonols, hydroxycinnamic acid derivatives, stilbenes and flavan-3-ols (monomers, dimers,
and the polymeric proanthocyanidins also called tannins). This study also evaluates total

phenolic content and antioxidant activity in the fruit.
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2. MATERIALS AND METHODS

2.1 Chemicals

All solvents were of HPLC quality and all chemicals were of analytical grade (> 99%).
The water used was of Milli-Q quality. The following commercial standards from Phytolab
(Vestenbergsgreuth, Germany) were used: malvidin 3-glucoside, caffeic and p-coumaric
acids, trans-caftaric acid, trans-piceid, (-)-epigallocatechin, and (-)-gallocatechin.

The following commercial standards from Extrasynthese (Genay, France) were used:
cyanidin 3-glucoside, procyanidins Bl and B2, kaempferol, quercetin, isorhamnetin,
myricetin and syringetin, and the 3-glucosides of kaempferol, quercetin, isorhamnetin, and
syringetin. The following commercial standards from Sigma (Tres Cantos, Madrid, Spain)
were used: gallic acid, trans-resveratrol, (+)-catechin, (-)-epicatechin, (-)-epicatechin 3-
gallate, and (-)-gallocatechin 3-gallate.

Other non-commercial flavonol standards (myricetin 3-glucoside, quercetin 3-
glucuronide) were either kindly supplied by Dr. Ulrich Engelhardt (Institute of Food
Chemistry, Technical University of Braunschweig, Germany) or were isolated from Petit
Verdot grape skins (laricitrin 3-glucoside) used in previous study (CASTILLO-MUNOZ et
al., 2009a). The trans isomers of resveratrol and piceid (resveratrol 3-glucoside) were
transformed into their respective cis isomers using UV-irradiation (366 nm light for 5 minutes
in quartz vials) with 25% MeOH solutions of the trans isomers.

All of these standards were used for identification. Anthocyanins were quantified as
equivalents of malvidin 3-glucoside (mg/kg of fresh grape weight). Flavonols (as umol/kg
fresh grape weight) were quantified using the calibration curve of each standard when
available; in other cases, the closest flavonol was used for quantification making molecular
mass correction (3-glucosides for the respective 3-galactosides or 3-glucuronides).
Hydroxycinnamic acid derivatives were quantified using their respective common
hydroxycinnamic acids (caffeic, p-coumaric and ferulic acids) as standards and making

molecular mass correction.

2.2 Grapes

During the 2010 harvest season, healthy BRS Clara and BRS Morena grapes (at
optimum ripeness for harvesting) were donated by the Experimental Station of Tropical
Viticulture of EMBRAPA (Brazilian Agricultural Research Corporation), in the city of Jales
(northwest of the S&o Paulo, Brazil), which lies at 20° 15° 08” S and 50° 33’ 29” W, and 500
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m above sea level (referred to datum WGS84, World Geodetic System 1984). Once in the lab,

5 kg from each grape batch were separated for analysis (Figure 1).

Figure 1. Brazilian seedless grapes. (A) BRS Morena; (B) BRS Clara.

2.3 Sample preparation

200 g of each grape, BRS Morena and BRS Clara, were carefully peeled by hand, and
the resulting skins (yield, 25.06% and 24.05% of fresh fruit weight, respectively) were
immediately frozen at -80°C for 12 h and then freeze-dried for 24 h and weighed (results were
8.94 g and 10.77 g, respectively). The dried skins were homogenized in a porcelain mortar
with the aid of a pestle and further divided in four subsamples, three of which were used for
chemical analysis. The subsamples (approximately 2 g per subsample) were immersed in 50
mL of a solvent mixture of methanol, water, and formic acid (50:48.5:1.5 v/v) and then
maintained under an ultrasonic bar for 10 min. Samples were then centrifuged at 2500 g at
5°C for 10 min. A second extraction of the resulting pellets was completed using the same
volume of the solvent mixture (50 mL), and the combined supernatants for each sample were
maintained at -18°C until the beginning of the analysis. Aliquots of skin extracts were diluted
with 0.1 N HCI (1:10, v/v), filtered (0.20 um, polyester membrane, Chromafil PET 20/25,
Macherey-Nagel, Diiren, Germany), and directly injected onto the HPLC to determine the
anthocyanins.

Anthocyanins usually cause great interference in the HPLC-DAD analysis of grape
flavonols. The use of ECX SPE cartridges (40 um, 500 mg, 6 mL; Scharlab, Sentmenat,
Barcelona, Spain), which combine a mixture of reverse-phase adsorbent and cationic-

exchanger material, allowed the isolation of grape flavonols (CASTILLO-MUNOZ et al.,
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2007). To carry out this step, 3 mL of BRS Clara skin extracts, 3 mL of BRS Morena skin
extracts, and 3 mL of BRS Morena flesh extracts were concentrated in a rotary evaporator (37
°C) to eliminate any excess methanol. These extracts were then diluted with 3 mL of 0.1 N
HCI, and the prepared samples were passed through the SPE cartridges, which had been
previously conditioned with 5 mL of methanol and 5 mL of water. After the cartridges were
washed (5 mL of 0.1 N HCI acid and 5 mL of water), the free-anthocyanin flavonol fractions
were eluted with 3 x 5 mL of methanol. The flavonol extracts were dried in a rotary
evaporator (37°C) and redissolved in 3 mL of water with 20% methanol and directly injected
into the HPLC equipment. Because BRS Clara is a white grape, this last step was not
necessary for BRS Clara.

The separated flesh of both fruits (BRS Morena yield, 74.94% of fresh fruit weight
and BRS Clara yield, 75.95 % of fresh fruit weight) was immediately homogenized with 100
mL of a solvent mixture of methanol, water, and formic acid (50:48.5:1.5 v/v) in order to
avoid oxidation. This homogenization was followed by 30 min of agitation in the absence of
light at room temperature. The flesh extract was then centrifuged at 10000g at 5°C for 20 min.
The supernatants were dried separately in a rotary evaporator (37°C) to eliminate excess
methanol and its volume was brought up to 100 mL with water.

To remove the sugars and other polar, non-phenolic compounds present in the flesh
extracts, 3 mL of extract were diluted with 3 mL of 0.1 N HCI, and the prepared sample was
then passed through C18 SPE-cartridges (Sep-Pak Vac, 3cc/500mg, 55-105um; Waters) that
had been previously conditioned with 5 mL of methanol and 5 mL of water. After the
cartridges were washed with 5 mL of 0.1 N HCI and 5 mL of water, the sample was eluted
with 3 x 5 mL of methanol. The eluate was dried in a rotary evaporator (37°C), re-solved
redissolved in 3 mL of 20% methanol in water, and directly injected into the HPLC

equipment.

2.4 Total phenolic content and antioxidant capacity

Skin and flesh extracts were used to determine total phenolic content and antioxidant
capacity. Total phenolic content was measured as mg of gallic acid equivalents following the
Folin-Ciocalteau method (SINGLETON; ORTHOFER; LAMUELA-RAVENTOS, 1999).
Antioxidant capacity was determined as mmol Trolox equivalents according to the DPPH
method (BRAND-WILLIAMS; CUVELIER; BERST, 1995). The results were expressed in

kg of fresh grape weight, although other values were also calculated in the case of antioxidant
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capacity (mg per g of fresh skins, for total phenolic content; umol or uM per g of dry weight

skin, for antioxidant capacity) in order to better compare the data to that of the literature.

2.5 HPLC-DAD-ESI-MS/MS identification of the grapes’ phenolic compounds

HPLC identification of grape skin and flesh phenolic compounds was performed using
an Agilent 1200 Series system equipped with DAD (Agilent, Germany), and coupled to an
AB Sciex 3200 Q TRAP (Applied Biosystems) electrospray ionization mass spectrometry
system (ESI-MS/MS). The chromatographic system was managed by the Agilent Chem
Station (version B.01.03) data-processing station. The mass spectra data were processed with
the Analyst MDS software (Applied Biosystems, version 1.5). The samples were injected into
a Zorbax Eclipse XDB-C18 reversed-phase column (4.6 x 250 mm; 5 um particle; Agilent,
Germany) after their filtration (0.20 um, polyester membrane, Chromafil PET 20/25,
Machery-Nagel, Duren, Germany).

In the case of grape skin anthocyanins, the diluted extracts were injected (50 uL) into
the chromatographic column thermostated at 40 °C. The chromatographic conditions were
adapted from the OIV method for the analysis of anthocyanins in red wines (NIXDORF;
HERMOSIN-GUTIERREZ, 2010). The solvents were water/acetonitrile/formic acid (87:3:10,
viviv, solvent A; 40:50:10, v/vlv, solvent B), and the flow rate was 0.63 mL/min. The linear
gradient for solvent B was as follows: zero min, 6%; 15 min, 30%; 30 min, 50%; 35 min,
60%; 38 min, 60%; 46 min, 6%. For identification, the ESI-MS/MS in positive ionization
mode was operated using a combination of +EMS (enhanced mass spectrum; MS conditions)
and +EPI (enhanced product ion; MS/MS conditions) experiments, setting the following
parameters: scan, 100-1500 Da (250 Da/s); declustering potential, 65 V; entrance potential, 10
V; collision energy, 10 (arbitrary units); curtain gas, 15 psi; collision gas, medium; ion spray
voltage, 4000 V; temperature, 450°C; ion source gas 1, 70 (arbitrary units); ion source gas 2,
50 (arbitrary units); and Q3 barrier, 12 V.

HPLC identification of grape skin and flesh flavonols, hydroxycinnamic acid
derivatives, and stilbenes was performed on the same chromatographic system described for
anthocyanins. However, the chromatographic conditions used were conditions that had been
previously reported (CASTILLO-MUNOZ et al., 2009a). The solvents were: solvent A
(acetonitrile/water/formic acid, 3:88.5:8.5, v/v/v), solvent B (acetonitrile/water/formic acid,
50:41.5:8.5, v/viv), and solvent C (methanol/water/formic acid, 90:1.5:8.5, v/v/v). The flow
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rate was 0.63 mL/min, the column was thermostated at 40°C, and the injection volume was 50
ul.

The linear solvents gradient was as follows: zero min, 96% A and 4% B; 7 min, 96%
A and 4% B; 38 min, 70% A, 17% B and 13% C; 52 min, 50% A, 30% B and 20% C; 52.5
min, 30% A, 40% B and 30% C; 57 min, 50% B and 50% C; 58 min, 50% B and 50% C; 65
min, 96% A and 4% B. For identification, the ESI-MS/MS was used in negative ionization
mode using a combination of -EMS (enhanced mass spectrum; MS conditions) and -EPI
(enhanced product ion; MS/MS conditions) experiments, and with the following parameters:
scan, 100-650 Da (1000 Da/s); declustering potential, -45 V; entrance potential, -12 V;
collision energy, -20 (arbitrary units); curtain gas, 15 psi; collision gas, high; ion spray
voltage, -4000 V; temperature, 425°C; ion source gas 1, 70 (arbitrary units); ion source gas 2,
50 (arbitrary units); and Q3 barrier, 12 V.

2.6 HPLC-DAD quantification of the grape’ phenolic compounds

Anthocyanins and flavonols were quantified using an a Agilent 1100 Series system
(Agilent, Germany), equipped with DAD (G1315B), and coupled to an Agilent ChemStation
(version B.01.03) data-processing station. The same column and chromatographic parameters
(column model and temperature, solvents and gradient, injection volume) used for their
identification were applied. For quantification, DAD-chromatograms were extracted at 520
nm (anthocyanins), 360 nm (flavonols), and 320 nm (hydroxycinnamic acid derivatives and

stilbenes).

2.7 ldentification and quantification of grape skin flavan-3-ols using Multiple Reaction
Monitoring HPLC-ESI-MS/MS

The same chromatographic system employed for the identification of the other
phenolic compounds was also used for both the identification and quantification of flavan-3-
ols. The samples were injected (100 uL) into a Zorbax Eclipse XDB-C18 reversed-phase
column (4.6 x 250 mm; 5 um particle; Agilent, Germany) after filtration (0.20 um, polyester
membrane, Chromafil PET 20/25, Machery-Nagel, Diren, Germany), thermostated at 16 °C.
The solvents used were water/methanol/formic acid (89:10:1, v/v/v, solvent A) and methanol
(solvent B), and the flow rate was 0.5 mL/min. The linear gradient for solvent B was as
follows: zero min, 1%; 2 min, 1%; 60 min, 23%; 75 min, 70%; 80 min, 95%; 90 min, 95%; 95
min, 1%; 100, 1%. Two MS scan types were used: Enhanced MS (EMS) for compound
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identification; and Multiple Reaction Monitoring (MRM) for quantification. MS conditions
for both scan types were as follows: ion spray voltage, -4000 V; ion source temperature,
450°C; collision gas, high; courtain gas, 15 psi; ion source gas 1, 70 (arbitrary units); ion
source gas 2, 50 (arbitrary units); declustering potential, -35 V; entrance potential, -10 V;
collision energy, -30 (arbitrary units); collision cell exit potential, -3 (arbitrary units).

In the case of the analysis of flavan-3-ol monomers and dimer procyanidins B1 and
B2, 0.50 mL of the SPE-C18 grape skin extract was diluted with 2.5 mL of water in a
chromatographic vial that was sealed and the extract was then injected. The selected mass
transitions (m/z pairs) for MRM scan and quantification (in some cases two most intense
transitions were available, thus gaining in sensitivity) were as follows: (+)-catechin and (-)-
epicatechin (289-245); procyanidins B1 and B2 (577-425 and 577-407); (-)-epigallocatechin
and (-)-gallocatechin (305-221 and 305-219); (-)-epicatechin 3-gallate (441-289); and (-)-
gallocatechin 3-gallate (457-331 and 457-305). Calibration curves for each flavan-3-ol were
obtained in order to calculate the respective molar response factors against (-)-gallocatechin
3-gallate used as internal standard. Analyses were performed in duplicate.

The structural information of proanthocyanidins was obtained following the method of
acid-catalyzed depolymerization induced by pyrogallol (BORDITA et al., 2009), a recently
proposed alternative nucleophile trapping agent which offers similar results when compared
to the classic phloroglucinol method (KENNEDY; JONES, 2001), but which also functions
under milder experimental conditions. In this study, 0.25 mL pyrogallol reagent solution (100
g/L of pyrogallol and 20 g/L ascorbic acid in methanolic HCI 0.4 N) was added to 0.25 mL of
SPE-C18 grape skin extract, and the mixture was then maintained at 35°C for 20 minutes.
After the reaction was interrupted with the addition of 2 mL of 40 mM sodium acetate, the
reaction mixture was analyzed as described above for monomeric and dimer flavan-3-ols. In
addition to the MRM transitions for monomeric flavan-3-ols (terminal units of
proanthocyanidins), the following m/z pairs (in some cases two most intense transitions were
available) were also selected, corresponding to the pyrogallol adducts of the extension units of
proanthocyanidins: (+)-catechin and (-)-epicatechin adducts (413-287); (-)-epigallocatechin
adduct (429-303 and 429-261); and (-)-epicatechin 3-gallate adduct (565-413).

The calibration curve of the adduct formed between pyrogallol and (-)-epicatechin was
obtained through depolymerization experiments of both procyanidins (B1 and B2), which
allowed the calculation of their molar response factor against (-)-gallocatechin 3-gallate,
which was used as internal standard. The factor response of the other adducts was assumed to
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be proportional to those obtained by their respective monomer precursors. Analyses were

performed in duplicate.

3. RESULTS AND DISCUSSION

3.1 Anthocyanins

Anthocyanins occurred only in the BRS Morena grapes; however, because it is a
teinturier variety, they were present in both the skin and flesh. The typical chromatographic
profiles of the anthocyanins of BRS Morena grape skin and flesh are shown in Figure 2A and
Figure 2B, respectively. Their spectral characteristics (molecular and product ions under ESI-
MS/MS, on-line DAD UV-vis Amax values) are presented in Table 1. With the help of
extracted ion chromatograms (EIC) at the m/z ratios corresponding to the different
anthocyanidins (aglycones), we were able to detect a total of seventeen anthocyanins in both
edible parts (flesh and skin) of the grape. The identification of the anthocyanins was
completed based on coincident spectral data, with authentic standards and with data reported
previously in the literature (NIXDORF; HERMOSIN-GUTIERREZ, 2010; CASTILLO-
MUNOZ et al., 2009b).

In summary, only 3-glucosides of the same five anthocyanidins usually found in Vitis
vinifera grape varieties (delphinidin, cyanidin, petunidin peonidin, and malvidin) were
detected in the BRS Morena grape. The completed series of non-acylated anthocyanins (peaks
1-5), acetylated anthocyanins (peaks 6-10) and p-coumaroylated anthocyanins (peaks 11-15,
corresponding to the major trans isomers; and also the cis isomer of the malvidin derivative,
peak 16), along with the caffeolylated derivative of malvidin (peak 17), were identified. These
results show that the anthocyanin profile of this grape resembles the anthocyanin profiles
shown by the most widespread Vitis vinifera red grape varieties (HERMOSIN-GUTIERREZ;
GARCIA-ROMERO, 2004; GOMEZ-PLAZA et al., 2008; MAZZUCA et al., 2005; LIANG
et al., 2008).

These results are in agreement with those found for the genealogy of BRS Morena
(CAMARGO et al., 2003b; LEAO, 2008), which is described as a complex hybrid grape
variety, predominantly coming from crosses between Vitis vinifera grape varieties (Marroo
Seedless and Centennial Seedless). It is commonly accepted that the anthocyanin profile of a
given variety is closely linked to its genetic inheritance, although environmental factors may
have some influence on this profile (GOMEZ-PLAZA et al., 2008; POUDEL et al., 2009).
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Figure 2. Anthocyanin chromatographic profile (DAD at 520 nm) of BRS Morena grape skin
(A) and flesh (B). Peak numbering as in Table 1.

The anthocyanin profile (molar percentage in which each anthocyanin appears; Table
1) was also dominated by malvidin-type derivates in the case of both the skin and flesh of the
BRS Morena grape (63% and 77%, respectively), but it was also found in the form of non-
acylated derivates (61% and 72%, respectively), p-coumaroyl derivatives (29% and 19%,
respectively) and acetyl derivatives (9% and 8%, respectively); caffeoyl derivatives were very
minor anthocyanins (less than 1%).
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Table 1. Data for the identification of the anthocyanins in the BRS Morena grape using HPLC-DAD-ESI-MS/MS (positive ionization mode),

and molar proportions (mean value + standard deviation, n = 3) of each anthocyanin in the two parts of grape. Peak numbers as in Figure 2.

o . molecular and molar % molar %

peak anthocyanin UV-vis (nm) product ions (m/z) (skin, n=3) (flesh, n=3)
1 dp-3-glc 277, 298 (sh), 346, 440 (sh), 524 465; 303 579+0.23a 1.37£0.01b
2 cy-3-glc 280, 292 (sh), 325 (sh), 380 (sh), 440 (sh), 517 449; 287 0.66+0.0la 1.49+0.05b
3 pt-3-glc 276, 298 (sh), 348, 440 (sh), 527 479; 317 6.68+004a 4.10%+0.03b
4 pn-3-glc 280, 292 (sh), 325 (sh), 380 (sh), 440 (sh), 518 463; 301 466+0.00a 10.75%+0.03b
5 mv-3-glc 276, 298 (sh), 348, 440 (sh), 528 493; 331 43.84+0.29a 54.38+0.14b
6 dp-3-acglc 277, 298 (sh), 349, 440 (sh), 526 507; 303 051+0.01a 0.19+0.02b

7 cy-3-acglc 440 (sh), 519*** 491; 287 0.10+0.02 0.11+0.00
8 pt-3-acglc 276, 298 (sh), 349, 440 (sh), 529 521; 317 0.79+0.01a 046+0.01b
9 pn-3-acglc 280, 330, 380 (sh), 440 (sh), 519 505; 301 056+0.03a 0.71+0.01b

10  mv-3-acglc 278, 298 (sh), 349, 440 (sh), 529 535; 331 7.10+0.23 6.55+0.01
11 dp-3-cmglc 282, 298 (sh), 316 (sh), 440 (sh), 530 611; 303 1.87+0.03a 0.35+0.00b
12 cy-3-cmglc 283, 313, 440 (sh), 522 595; 287 050+0.06a 0.60+0.04b
13 pt-3-cmglc 282, 298 (sh), 316 (sh), 440 (sh), 531 625; 317 247+003a 095+0.02b
14 mv-3-cis-cmglc 280, 296 (sh), 306 (sh), 440 (sh), 535 639; 331 059+0.0la 0.36+0.03b
15  pn-3-cmglc 283, 313, 440 (sh), 521 609; 301 272+006a 256+0.00b
16 mv-3-trans-cmglc 284, 298 (sh), 316 (sh), 440 (sh), 532 639; 331 20.99+0.17a 1434+0.06b
17 mv-3-cfglc 281, 298 (sh), 333, 440 (sh), 529 655; 331 0.17+0.03 a 0.96+£0.05b
Total concentration (mg/kg)** 526.36 +67.14a 16.18+4.29b

*dp, delphinidin; cy, cyanidin; pt, petunidin; pn, peonidin; mv, malvidin; glc, glucoside; acglc, 6”-(acetyl)-glucoside; cfglc, 6”-(caffeoyl)-glucoside; cmglc, 6”-(p-coumaroyl)-
glucoside (trans configuration if not indicated). **As malvidin 3-glucoside equivalents (mv-3-glc). ***Only visible maxima were able to be measured. (a, b) indicate
significant differences (Student “t” test; o = 0.05) between skin and flesh composition.
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This type of anthocyanin profile, especially that found in the skin of the BRS Morena
grape, was also similar to the profiles of anthocyanins shown by Marroo Seedless and Black
Seedless table grapes, which, in other studies, were found to be approximately 61 and 49% of
the malvidin-type anthocyanins, respectively, and higher proportions of p-coumaroyl
anthocyanins (around 14% in both cases) within the acylated anthocyanins (CARRENO et al.,
1997). The similarity to the Marroo Seedless grape profile was expected, considering that this
grape was used in the hybridization process during the production of the BRS Morena grape.
However, the profile that was found differs from that which has been reported for other table
grapes, such as Red Globe, Crimson Seedless, and Napoleon, which all presented peonidin 3-
glucoside as the predominant anthocyanin (CARRENO et al., 1997). It also differs from the
profiles of the Flame Seedless (CANTOS; ESPIN; TOMAS-BARBERAN, 2002) and the
Ruby Seedless (CARRENO et al., 1997) varieties, which presented more balanced
proportions of acylated anthocyanidin 3-glucosides, particularly in the case of peonidin- and
cyanidin-type 3-glucosides.

When BRS Morena was compared to more widespread Vitis Vinifera grape varieties
used in the production of red wine, its anthocyanin profile resembled those of grape varieties
of Spanish origin, such as Tempranillo, Garnacha, and Bobal. In contrast, the typical French
varieties (Cabernet Souvignon and Merlot) are characterized by the presence of a higher
proportion of acetylated anthocyanins than p-coumaroylated anthocyanins. Other French
varieties (Syrah or Petit Verdot) have similar and relatively high proportions in the case of
both types of derivatives (acetylated derivatives and p-coumaroylated derivatives)
(HERMOSIN-GUTIERREZ; GARCIA-ROMERO, 2004).

Significant differences among the anthocyanins profiles of skin and flesh of the BRS
Morena grape were observed, and largely involved higher proportions of non-acylated
anthocyanins (except for delphinidin- and petunidin-type 3-glucosides) in the flesh, as well as
the acylated derivates malvidin 3-(6”-caffeoyl)-glucoside and peonidin 3-(6”-acetyl)-
glucoside.

Anthocyanins have also been found to be unevenly distributed within the skin and
flesh of other varieties of teinturier grapes. When compared to its own skin, the flesh of the
Yan 73 grape hybrid variety (Muscat Hamburg and Alicante Bouschet) showed a much lower
ratio of 3’,5’-substituted to 3’-substituted anthocyanins, and a much higher ratio of
methoxylation of anthocyanin B-ring to non methoxylation. The values of acylated
anthocyanin content in the skin were also higher than those found in the flesh (HE et al.,

2010). The anthocyanin composition of Garnacha Tintorera (Vitis vinifera) grape showed a
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slight predominance of malvidin-type anthocyanins in the skin, followed by equally high
proportions of peonidin-type derivates, while peonidin 3-glucoside was the major anthocyanin
in the flesh (CASTILLO-MUNOZ et al., 2009b).

Anthocyanin content in grapes depends on the variety, and its maturity stage, as well
as on seasonal conditions, production area, and cultural practices (MAZZA; MINIATI, 1993).
Anthocyanin content of the BRS Morena grape (approximately 542 mg/kg as malvidin 3-
glucoside) was found in amounts that were similar to those found in other varieties that are
commonly used for making red wines. For instance, reported total anthocyanin content for
Cencibel (Tempranillo) grape was of 690 £ 30 mg/kg, but with values raging from 210-1500
mg/kg (VERDEJO FERNANDEZ et al., 2007).

In addition, total anthocyanin content of red grapes also depends on the analyzed
variety (FRAGOSO et al., 2011): Cabernet Sauvignon (range, 686-883 mg/kg; average, 784 +
58 mg/kg); Merlot (range, 843-1296 mg/kg; average, 1021 + 139 mg/kg); Syrah (range, 826-
1316 mg/kg; average, 1024 + 142 mg/kg); Tempranillo (range, 651-1002 mg/kg; average, 782
+ 103 mg/kg); Garnacha (range, 348-482 mg/kg; average, 411 + 41 mg/kg); and Carifiena
(range of 485-759 mg/kg; average value of 639 £ 70 mg/kg).

The anthocyanin content of BRS Morena was also within the range for certain table
grapes (between 509 and 669 mg/kg), such as Michele Palieri, Monuka, Moscatel Hamburgo,
Ribol, Pella, Bel Air, Black Seedless, Marroo Seedless and Pasiga (CARRENO et al., 1997).
Although both edible parts of the BRS Morena grape (skin and flesh) were pigmented, the
amount of anthocyanins of the flesh was remarkably lower (16.18 + 4.29 mg/kg, as malvidin
3-glucoside) than the amount in the skin (526.36 £+ 67.14 mg/kg).

3.2 Flavonols

Only flavonol 3-glycosides were found in BRS Morena and BRS Clara grapes. The
identification of the occurring flavonols was largely completed using their MS/MS data
(Table 2), which were in agreement with those provided by the literature (CASTILLO-
MUNOZ et al., 2009a, 2007, 2010). Moreover, the on-line DAD UV-vis spectra (data not
shown) helped to confirm the type of flavonoid structure, and the visible maxima appeared at
the expected wavelength values for flavonol 3-glycosides (CASTILLO-MUNOZ et al.,
2009a): 348-349 nm for the kampferol-type; 353-354 nm for quercetin- and isorhamnetin-
types; and 355-359 nm for myricetin-, laricitrin- and syringetin-types.

BRS Morena grape flavonols consisted of the six flavonoid aglycones that have been
previously found in red grape varieties (CASTILLO-MUNOZ et al., 2009a, 2007), but in our
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study, only the 3-glucoside series was completely identified, and they were the only kind of 3-
glycosides found for the laricitrin and syringetin aglycones, and isorhamnetin was also found
as 3-galactoside. The 3-glucuronides occurred for only the non-methoxylated aglycones
(kaempferol, quercetin and myricetin) and, finally, rutin (quercetin 3-rutinoside), was found
partially coeluting with quercetin 3-glucoside as a minor flavonol. Because BRS Morena is of
the teinturier grape variety, it was expected that flavonols would be found in its flesh, as has
been reported for the Vitis vinifera Garnacha Tintorera teinturier variety (CASTILLO-
MUNOZ et al., 2009b). As in the latter case, the flavonol profiles shown by the skin and the
flesh of BRS Morena were different (Figures 3A and 3B). However, non-teinturier grape
varieties, such as French Merlot, also seem to contain flavonols in their flesh (PEREIRA et
al., 2006). While myricetin-type flavonols (mainly the 3-glucoside derivative) predominate in
BRS Morena skin (around 47.5 %), only myricetin 3-glucoside was present in the flesh in
quantifiable amounts, and in much lower proportions (only 8.4%).

Quercetin-type flavonols were the second most common flavonols found in BRS
Morena skin (27.8%) with similarly high proportions of 3-glucuronide and 3-glucoside
derivatives (12-14% each). Their amounts increased in the flesh (45.3%), particularly that of
quercetin 3-glucoside, which accounted for the highest individual proportion out of all of the
flavonols (34.6%). The large decrease in the proportions of myricetin-type flavonols in the
flesh was accompanied by the increase of the other types of flavonols, and more notably for
their methoxylated analogues (syringetin-type, from 7.4% in skin to 20.8% in flesh; laricitrin-
type, from 11.4% to 16.6%) but also for isorhamnetin-type flavonols (from 4.3% to 7.1%).

Despite of the aforementioned differences between skin and flesh flavonol profiles, the
most notable difference was the very low amount in which flavonols were found in the flesh
of the BRS Morena grape when compared to its skin (2.2 umol/kg vs. 114.0 umol/kg in the
skin, or a ratio of approximately 1:50), results which have been similarly reported for the
Garnacha Tintorera grape variety (CASTILLO-MUNOZ et al., 2009b).

The level of flavonols found in the BRS Morena grape (around 116 umol/kg) was
within the range described for other red table grapes (68.5-150.7 umol/kg fresh fruit)
(CANTOS; ESPIN; TOMAS-BARBERAN, 2002), and was slightly lower than those found
for several varieties of Vitis vinifera red wine grapes (129-346 umol/kg) (CASTILLO-
MUNOZ et al., 2007). The BRS Clara grape contained flavonols in the skin, as expected, but

also in the flesh, with a ratio flesh to skin of approximately 1:40.
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Table 2. Data for the identification of the flavonols in the BRS Morena and BRS Clara grapes using HPLC-ESI-MS/MS (negative ionization

mode), and molar proportions (mean value + standard deviation) of each flavonol in both parts of grape (skin and flesh). Peak numbers as in

Figure 3.
pseudomolecular and ~ Morena molar %  Morena molar %  Clara molar %  Clara molar %
peak  flavonol* . . .
product ions (m/z) (skin, n=3) (flesh, n=3) (skin, n=3) (flesh, n=3)
18 M-3-glcU 493; 317 3.29+0.09 ND ND ND
19 M-3-gal 479; 317 1.05+0.03 NQ ND ND
20 M-3-glc 479; 317 43.19+0.70 b 841+0.61a ND ND
21 Q-3-gal 463; 301 1.27£0.26 ND 6.32£0.97 490+0.35
22 Q-3-glcU 477; 301 13.95+0.47b 10.51+£0.62 a 47.59+0.96 B 45.00+0.10 A
23 Q-3-glc 609; 301 1235+ 1.21a 3458 +£1.03b 35.64+041A 40.23+0.30B
A Q-3-rut 463; 301 0.25+0.02 0.24+0.01 4.14+0.05B 3.07+0.02 A
24 L-3-glc 493; 331 1142+ 0.30a 16.55+£0.16 b ND ND
25 K-3-gal 447; 285 0.29 +0.05 ND 1.03 £0.03 NQ
26 K-3-glcU 461; 285 ND ND 0.76 £ 0.02 NQ
27 K-3-glc 447; 285 121+£0.10a 1.86+0.00b 3.97+£0.08 4.36 +0.39
28 I-3-gal 477; 315 0.61 £ 0.26 ND ND ND
29 1-3-glc 477; 315 3.69+0.27a 7.01+031b 055+0.03A 244+0.18B
30 S-3-glc 507; 345 743+0.32a 20.84+0.11b ND ND
total concentration (umol/kg) 114.02+6.30b 2.16+0.11a 139.73+3.68 B 3.20£0.05A
*M, myricetin; Q, quercetin; L, laricitrin; K, kaempferol; I, isorhamnetin; S, syringetin; glcU, glucuronide; gal, galactoside; glc, glucoside; rut, rutinoside (6”-

rhamnosylglucoside); ND, non-detectable. NQ, non-quantifiable. (a, b) and (A, B) indicate significant differences (Student “t” test; o. = 0.05) between skin and flesh
composition of Morena and Clara varieties, respectively.
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Figure 3. Flavonol chromatographic profile (DAD at 360 nm) of BRS Morena grape skin (A)
and flesh (B) and BRS Clara grape skin (C) and flesh (D). Peak numbering as in Table 2.
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The flavonol profile of the BRS Clara grape was characterized by only 3-glycoside
derivatives and a lack of B-ring tri-substituted flavonoid structures (myricetin, laricitrin and
syringetin). These results are in agreement with those that have been previously reported
results for Vitis vinifera white wine grape varieties (CASTILLO-MURNOZ et al., 2010).

The following flavonol 3-glycosides were identified through the use of ESI-MS/MS
data (Table 2), as well as through the confirmation of on-line DAD UV-vis spectra (data not
shown): the complete expected series of kampferol-type derivatives (3-glucoside, 3-
galactoside, and 3-glucuronide) and quercetin-type derivatives (3-glucoside, 3-galactoside, 3-
glucuronide, and 3-rutinoside), and only the isorhamnetin 3-glucoside derivatives (3-
galactoside and, less frequently, 3-glucuronide derivatives) have been found in other white
wine grapes. In contrast to the flavonol profiles found for the BRS Morena grape, the flavonol
profiles found in the skin and flesh of the BRS Clara grape were very similar (Figures 3C and
3D), with few but significant differences that mainly involved increases in the proportions of
quercetin 3-glucosides of and their methoxylated analogue, isorhamnetin (Table 2). As
mentioned previously, flavonols concentrated in the skin of the BRS Clara grape and its their
contents can be considered important (approximately 140 umol/kg), because the content
found in 22 varieties of white grapes varied between 8 and 160 umol/kg, and only four
varieties (Jaén, Malvar, Moscatel grano menudo and Viognier) had values that exceeded the
values obtained for BRS Clara (CASTILLO-MUNOZ et al., 2010).

Flavonols are excellent natural antioxidants. Because there is a high content of
flavonols in the BRS Clara grape, we suggest that it be consumed as table grape with skins. If
this grape is used in the production of white wines, a pre-fermentation of cold maceration
could increase the flavonol content of the wines without causing an excessive change in wine

color or oxidative browning once the wines are stored.

3.3 Hydroxycinnamic acid derivatives (HCAD) and stilbenes

The expected hydroxycinnamoyl-tartaric acids were the only hydroxycinnamic acid
derivatives (HCAD) found in both BRS Morena and BRS Clara grapes. The identification of
caftaric acids (only trans isomer), coutaric acids (trans and cis isomers) and fertaric acids
(only trans isomer) was largely completed using their ESI-MS/MS data (Table 3), and was
confirmed by their on-line DAD UV-vis spectra (data not shown), which was in agreement
with the data from the literature (BUIARELLI et al., 2010).
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Table 3. Data for the identification of the hydroxycinnamic acid derivatives (HCAD) and stilbenes (resveratrol and is 3-glucoside, piceid) in the
BRS Morena and BRS Clara grapes using HPLC-ESI-MS/MS (negative ionization mode), and molar proportions of each HCAD, total content of

HCAD, and stilbene concentrations (mg/kg) in both parts of the grapes (skin and flesh; mean value + standard deviation).

psedomolecular and  Morena molar %  Morena molar %  Clara molar %  Clara molar %

compound* product ions (m/z) (skin, n=3) (flesh, n=3) (skin, n=3) (flesh, n=3)
trans-CAFT 311; 179, 149, 135 6191+1.46b 53.02+1.17a 82.29+0.66 A 89.40+0.22B
trans-COUT 295; 163, 149, 119 23.14+049b 6.35t1.14a 9.12+0.52B 4.29+£0.07 A
cis-COUT 295; 163, 149, 119 12.41+0.85a 20.98+222b 7.79+£0.27B 265+0.24 A
trans-FERT 325; 193, 149 255x0.12a 19.65+£2.26 b 0.81+£0.11A 3.67+£0.39B
total HACD (umol/kg) - 101.1+125b 80+10a 85.1+8.8B 345+27A
trans-piceid ** 389; 227 2.56 £0.64 ND 0.23+0.01 ND
trans-resveratrol ** 227 3.91+1.00 ND ND ND

* CAFT, caftaric acid; CAFF, caffeic acid; COUT,coutaric acid; COUM, p-coumaric acid; FERT, fertaric acid. ** Concentrations in mg/kg. ND, non-detectable. (a, b) and
(A, B) indicate significant differences (Student “t” test; a. = 0.05) between skin and flesh composition.
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Additional confirmation was obtained by the injection of a standard of trans-caftaric
acid. HCAD were present in both grape parts, and were more commonly located in the skins
(ratio flesh to skin of 1:12 for BRS Morena, and 1:2.5 for BRS Clara). The BRS Morena
grape contained slightly higher amounts of HCAD than the BRS Clara grape did (101 and 85
umol/kg, respectively).

These results are in agreement with the literature, which reported between 2 and 100
times more HCAD content in the skin of Vitis vinifera grape than in the flesh, and which
calculated grape skin HCAD contents in the range of 19-278 umol/kg (CHEYNIER;
MOUTOUNET; SARNI-MANCHADO, 2003), although some grape varieties were reported
as reaching values as high as 800 pmol/kg (CASTILLO-MUNOZ et al., 2009b). The HCAD
molar profile also differed according to grape variety and to the grape part being considered.

The predominant HACD was always trans-caftaric acid (especially in the case of BRS
Clara) (Table 3), followed by coutaric acid and trans-fertaric acid. This data is consistent with
the data reported for Vitis vinifera (CHEYNIER; MOUTOUNET; SARNI-MANCHADO,
2003). The proportion of trans-caftaric acid was significantly lower in the flesh of the BRS
Morena grape. This low proportion, along with a significant decrease in the proportion trans-
coutaric acid, resulted in significant increases in the proportion of cis-coutaric, and more
pronounced increases in the proportions of trans-fertaric acids in the flesh. These changes
occurred when these acids were minor compounds in the skins. However, the total sum of
coutaric acid decreased in the flesh HCAD profile of the BRS Morena grape (from 35.55% in
the skin to 27.33% in the flesh). In the case of the BRS Clara grape, the flesh contained
significantly higher proportions of trans-caftaric and trans-fertaric acids than the skin. The
flesh also presented significantly lower proportions of both isomers of coutaric acid.

Finally, resveratrol and its 3-glucoside (piceid) were found in the skin of the BRS
Morena grape, and solely in the form of trans isomers, whereas BRS Clara skin only
contained small amounts of trans-piceid (Table 3). There is a lack of data regarding the
content of resveratrol and its isomers in non-vinifera grapes. However, according to the
classification proposed for V. vinifera grape cultivars (GATTO et al., 2008), the amounts of
stilbenes found in the BRS Morena grape suggested that it may be considered a high
resveratrol producer. This type of grape cultivar is characterized by the following mean value
contents of resveratrol-type derivatives (mg/kg of grape): trans-resveratrol, 2.37 (3.91 in the

BRS Morena grape); cis-piceid, 4.19 (not detected in the BRS Morena grape); trans-piceid,
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4.18 (2.56 in the BRS Morena grape); total resveratrols, 10.74 (6.47 in the BRS Morena
grape).

In contrast, the BRS Clara grape seems to belong to the pool of low resveratrol
producers. This grape variety is characterized by the following mean values (mg/kg of grape):
trans-resveratrol, 0.53 (not detected in the BRS Clara grape); cis-piceid, 0.29 (not detected in
the BRS Clara grape); trans-piceid, 0.48 (0.23 in the BRS Clara grape); and total resveratrols,
1.30 (0.23 in the BRS Clara grape).

3.4 Flavan-3-ols

Five flavan-3-ol monomers were found in the skin of BRS Morena and BRS Clara
grapes (Table 4), the most common of which was (+)-catechin (C), followed by lower
amounts of (-)-gallocatechin (GC), (-)-epicatechin (EC), (-)-epigallocatechin (EGC), and (-)-
epicatechin 3-gallate (ECG). The dimmer procyanidin B1 (PB1) was also found in amounts
comparable to those of (+)-catechin, along with lower amounts of procyanidin B2 (PB2).
Significant differences between the two grape varieties were found in terms of the content of
(+)-catechin, which was higher in the BRS Clara grape; the BRS Clara grape also presented

lower contents of the minor monomers (GC, EC and EGC) and the other dimmer (PB2).

Table 4. Monomeric flavan-3-ol and dimmer B-type procyanidin content (MV £ SD, mg/kg
grape) in the skin of BRS Morena and BRS Clara grapes.

flavan-3-ol BRS Morena (n=3) BRS Clara (n=3)
(-)-epicatechin 1.08+0.20b 0.50+0.10a
(+)-catechin 6.25+0.52a 10.62 £0.27 b
(-)-epigallocatechin 0.36£0.06b 0.08 £0.02 a
(-)-gallocatechin 147+£0.11D 0.68£0.03a
(-)-epicatechin 3-gallate 0.07£0.01 0.08 £ 0.02
procyanidin B1 10.23£0.84 11.78 £1.48
procyanidin B2 1.28+0.14b 0.47+0.05a
total (mg/kg)* 1498 +1.38 a 18.08+£1.20 b

*As (+)-catechin equivalents. (a, b) indicate significant differences (Student “t”
test; oo = 0.05) between grape varieties.
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The total sum of flavan-3-ol monomers and dimmers was low, although it was higher
in the case of the BRS Clara grape (18.08 vs. 14.98 for BRS Morena, as mg/kg of (+)-
catechin equivalents). The main fraction of flavan-3-ols was present in both grape varieties as
oligomers and polymers, jointly referred to as grape proanthocyanidins (PA). They accounted
for 391 and 264 mg/kg (as (+)-catechin equivalents (Table 5) for BRS Morena and BRS

Clara, respectively.

Table 5. Structural characterization of the skin proanthocyanidins (MV = SD: mDP, mean
degree of polymerization; % galloylation, % of 3-gallate units; % prodelphinidin, % of
epigallocatechin units; and % of each of the flavan-3-ol monomers as extension and terminal

units) of BRS Morena and BRS Clara grapes.

proanthocyanidins BRS Morena (n=3) BRS Clara (n=3)

total PA (mg/kg)* 391.4+29.4b 264.0+9.8a
mDP 9.90+£0.56b 7.03+0.07 a
% galloylation 250+ 0.09 a 3.17+£0.05b
% prodelphinidin 26.34£0.12b 1291+£0.71a
% extension-EC 57.67+0.25a 64.72+0.52 b
% extension-C 3.80+0.09 a 521+£0.15b
% extension-EGC 26.02+0.14b 12.83+£0.69 a
% extension-ECG 239+£0.10a 3.02+£0.06 b
% terminal-EC 0.82+0.11b 0.47+0.09 a
% terminal-C 8.87+0.46 a 13.52+0.22Db
% terminal-EGC 0.32+0.04b 0.08+0.02 a
% terminal-ECG 0.11+0.01a 0.14+0.01b

*As (+)-catechin equivalents, calcutaed by total sum of the concentrations of
extension and terminal units. EC, (-)-epicatechin; C, (+)-catechin; EGC, (-)-
epigallocatechin; ECG, (-)-epicatechin 3-gallate. (a, b) indicate significant
differences (Student “t” test; o = 0.05) between grape varieties.

These values were lower than the usual values reported for the total PA content in

skins of V. vinifera grape cultivars, although some samples of Spanish Syrah grape skins were
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reported as having only 282 + 40 mg/kg, as (+)-catechin equivalents (BUSSE-VALVERDE
et al., 2010). The structural analysis of the proanthocyanidins of BRS Morena and BRS Clara
grapes produced results (Table 5) that, in general, were consistent with previously reported
data for V. vinifera grape cultivars (KATALINIC et al., 2010; LABARBE et al., 1999;
SOUQUET et al., 1996). The mean degree of polymerization (mDP) was higher in the BRS
Morena grape (9.90 vs. 7.03 in BRS Clara). The BRS Morena grape also had a higher
proportion of prodelphinidin units (26.34% vs. 12.91% in BRS Clara) and a lower degree of
galloylation or 3-gallate ester units (2.50% vs. 3.17 in BRS Clara). The extension units that
formed the skin proanthocyanidins of the two BRS grape varieties (Table 5) were the same as
the four expected found in V. vinifera grape skins (SOUQUET et al., 1996): In our study, (-)-
epicatechin was the main extension unit, with higher a proportion in BRS Clara (64.72% vs.
57.67% in BRS Morena).

Our analysis also revealed (-)-epigallocatechin (12.83% in BRS Clara, and 26.02% in
BRS Morena), as well as (+)-catechin and (-)-epicatechin 3-gallate, which were minor
extension units found in the skins of both grapes (each one contributed to no more than
approximately 5%). With regard to the terminal units, it is common to find studies that only
report on (+)-catechin as the main extension unit (which was significantly higher in BRS
Clara), while (-)-epicatechin has been reported in lower values (BUSSE-VALVERDE et al.,
2010), which was consistent with our findings (Table 5). However, we were able to quantify
very minor percentages (less than 0.4%) of terminal units corresponding to the other flavan-3-
ol monomers ((-)-epigallocatechin and (-)-epicatechin 3-gallate), which also contributed as
extension units. The latter finding might be very likely linked to the higher sensitivity of the
MRM technique used for detection and quantification of flavan-3-ols.

3.5 Total phenolic content and antioxidant capacity

The BRS Morena and BRS Clara grape varieties showed a total phenolic content of
1008 mg and 577 mg (as gallic acid equivalents) per kg of fresh fruit, respectively. This
content was distributed between 86.2% in the skin and 13.8% in the flesh for the BRS Morena
grape, and between 76.5% in the skin and 23.5% in the flesh for the BRS Clara grape (Table
6). The contents of the phenolic compounds found were significantly higher than those
reported for other table grapes (70-361 mg as gallic acid per kg of fresh fruit) (CANTOS;
ESPIN; TOMAS-BARBERAN, 2002). The value found in BRS Morena was within the range
described for V. vinifera red grapes (731-3486 mg as gallic acid per kg of fresh fruit)
(SOUQUET et al., 1996), results which reinforced their genetic origins. The aforementioned
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results confirm once again that the edible parts of these grapes, especially the skin, constitute

a rich source of phenolic compounds.

Table 6. Total phenolic content (mg/kg, as gallic acid equivalents) and antioxidant capacity
(mmol/kg, as Trolox equivalents) of BRS Morena and BRS Clara grape skin and flesh.

BRS Morena BRS Morena  BRS Clara BRS Clara
skin (n=3) flesh (n=3) skin (n=3) flesh (n=3)

Total Phenolic Content  869.2+16.4b 1389+0.2a 441.2+153B 1355%*0.1A

Antioxidant Capacity 36.46+0.92b 3.16+0.19a 1383+0.19B 210+0.05A

(a, b) and (A, B) indicate significant differences (Student “t” test; oo = 0.05) between skin and flesh composition.

With regard to total antioxidant capacity (Table 6), BRS Morena and BRS Clara
grapes exhibited high values (39.62 + 1.11 and 15.93 + 0.24 mmol/kg as Trolox equivalents,
respectively) that were mainly located at the skins (92.0% in BRS Morena, and 86.8% in BRS
Clara). It is difficult to find similar data for other grapes and even more difficult to compare
them because of the differences in the assay method used (DPPH vs. ABTS, for example) or
because of the differences in the grape material measured (fresh weight grape, fresh weight
skins or dry weight skins). For this reason, we calculated the values for antioxidant capacity
of the skins of BRS Morena grapes using other units (as Trolox equivalents): 146 umol/g
fresh weight skin; 680 umol/g dry weight skin; and 150 uM/g dry weight skin. In the case of
the BRS Clara grape, the values in other units were as follows: 58 umol/g fresh weight skin;
312 umol/g dry weight skin; and 63 uM/g dry weight skin. In this context, and only
considering data regarding DPPH values, the antioxidant capacity found in the BRS Morena
grape skin was approximately six times higher than that of skins of V. rotundifolia grapes
(20.5-26.6 umol/g fresh weight skin) (SANDHU et al., 2011). The value found in BRS Clara
was approximately two times higher.

The values found in BRS Morena and the BRS Clara were approximately fifteen times
higher and six times higher, respectively, than those found in some V. aestivalis and V.
vinifera grapes (8-9 umol/g fresh weight of a mixture of skin and flesh) (HOGAN et al.,
2009). In a recent study, DPPH antioxidant capacity values in the range of 94-276 uM of
Trolox equivalents per g of dry weight skin was reported for several European (V. vinifera),

American (V. rotundifolia), Euro-American and Euro-Asian hybrids, as well as for Asian Vitis
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species (XU et al., 2010). BRS Clara antioxidant capacity values were higher, and closer to
the upper limit of the aforementioned range, but BRS Morena values were 2-3 times higher.
On the basis of these results, it can be suggested that the skin of new grape varieties
developed by EMBRAPA, especially BRS Morena, have a high potential antioxidant capacity
that is linked to its equally high content of phenolic compounds. However, this high potential
of antioxidant capacity needs to be evaluated using different vintages and under different
cultivation conditions, because the phenolic content of grapes is strongly affected by these
factors.

4. CONCLUSION

The two new table grape varieties accounted for high amounts of phenolic compounds,
especially for BRS Morena, which were mainly located in their skins in both cases, and high
antioxidant capacity values. Proanthocyanidins and hydroxycinnamoyl-tartaric acids were the
main phenolic compounds found in BRS Clara. The latter phenolic compounds were also
important in BRS Morena, although anthocyanins were the main phenolic compounds in this
case. These results suggest that the entire grape, including the skin, may potentially possess

properties that are useful and beneficial to human health.
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ABSTRACT

The seedless grapes BRS Clara and BRS Morena, developed in Brazil, are currently
growing in popularity due to their premium texture and taste. However, there are no reports
on the polyphenol oxidase (PPO) from these cultivars. In this paper, active and latent PPO
from BRS Clara and BRS Morena seedless grapes were extracted using the nonionic
detergents Triton-X-100 (active) and Triton-X-114 (latent), and their catecholase activities
were characterized. The PPO extracted using Triton-X-110 exhibited maximum activities at
pH 6.0 and at 25°C. Above 30°C, a gradual decline in activities was noted, with complete
inactivation at 60°C. The PPO from grapes extracted with Triton-X-114 was activated with
0.2% ionic detergent sodium dodecyl sulfate (SDS), and exhibited maximum activities at pH

5.5 and at 30°C. It was stable until the temperature reached 60°C.
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1. INTRODUCTION

The Brazilian Agricultural Research Corporation (EMBRAPA) developed two new
cultivars of seedless grapes (BRS Clara and BRS Morena) that are adapted to the tropical
regions found in the country. These cultivars have great potential for commerce due to their
tropical flavors (CAMARGO et al., 2003a,b). Handling, transporting and storing these berries
may damage their physical integrity, modifying their cellular compartments and consequently
releasing the phenolic compounds of the intracellular content along with their oxidative
enzymes particularly polyphenol oxidase (PPO, EC 1.14.18.1). This contact instigates
oxidative reactions that result in enzymatic browning of the berries, which limits the quality
and economic value of the product and which also lowers the nutritional value. The extent of
browning depends on oxygen, endogenous phenolic compounds, and PPO contents (MAYER,;
HAREL, 1979).

Polyphenoloxidase (PPO, EC 1.14.18.1) is a copper-containing enzyme which, in the
presence of oxygen, catalyzes the hydroxylation of monophenols to o-diphenols (cresolase
activity) and the oxidation of o-diphenols to their corresponding o-quinones (catecholase
activity). Catecholase activity is particularly high in black grapes (NUNEZ-DELICADO et
al., 2007; RAPEANU et al., 2006), but the extraction of catecholase for biochemical studies is
complicated by the existence of an important secondary metabolism that produces highly
reactive phenols and tannins that are confined to vacuoles in vivo (NUNEZ-DELICADO et
al., 1996). The extraction protocols of these enzymes generally work toward an effective and
economically viable method that meets certain requirements: it is able to solubilize the
enzymes bound to the cell wall; it is able to prevent oxidation of phenolic compounds, and it
is able to protect the metabolites of interest from deterioration. Different methods have been
developed to this end, such as acetone powders, ammonium-sulfate fractionation, salts,
insoluble polymers and detergents (WESELAKE; JAIN, 1992).

PPO may exist in either its active or its latent state, but the methods used to extract the
enzymes differ depending on the state. In recent years, frequent attention has been given to
the use of two-phase aqueous micellar system extraction and purification of PPOs using the
non-ionic detergent Triton-X-114, whose action results in the removal of phenolic and
anthocyanin compounds and which yields PPO in a clear solution (NUNES-DELICADO et
al., 2007). The PPO obtained under these conditions is latent (FORTEA et al., 2009; LOPEZ-
MIRANDA et al., 2011; NUNES-DELICADO et al., 2005, 2007). PPO can be activated by

exposure to either acidic pH, different concentrations of ionic detergent sodium dodecyl
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sulfate (SDS), or unsaturated fatty acids or through its incubation with proteases (SELLES-
MARCHART; CASADO-VELA; BRU-MARTINEZ, 2007).

The PPO enzymes of fruits, including grapes, are also commonly isolated in their
natural (active) form with 1% of nonionic detergent Triton-X-100 at a neutral pH. Sometimes,
this extraction involves agents such as polyvinyl pirrolidone (PVP) or polyethylene glycol
(PEG) and ascorbic acid to remove polyphenols and to prevent accumulation of oxidative
products of polyphenols (CENI et al., 2008; GONZALEZ; DE-ANCOS; CANO, 2000;
HAREL; MAYER, 1971; HAREL; MAYER; LEHMAN, 1973; SUN et al., 2010;
WEEMAES et al., 1998; WUYTS; DE-WAELE; SWENNEN, 2006). There are also reports
of a precipitation step using organic solvents or using v/v (NH;),SO, and dialysis to
completely remove compounds that could interfere with PPO characterization (AYDEMIR,
2010; SERRADELL et al., 2000).

Both detergents (Triton-X-100 and Triton-X-114) have a polyoxyethylene group with
the same length as the alkyl group (C8), but they differ in their number of oxyethylene units,
with 9 and 7 units, respectively. This feature strongly influences their cloud points, which is
approximately 22°C in the case of Triton-X-114 and approximately 67°C in the case of
Triton-X-100. Triton-X-114 is capable of separating hydrophilic proteins, such as PPO
enzymes, through the use of two-phase aqueous micellar systems at biocompatible
temperatures (SANCHEZ-FERRER et al., 1994).

Investigations to determine the characteristics of grape PPO and its most active
conditions have been conducted in various grape varieties, including Vitis vinifera, Vitis
labrusca and related hybrids (FORTEA et al., 2009; NUNEZ-DELICADO et al., 2007;
RAPEANU et al., 2006; SANCHEZ-FERRER et al., 1988; UNAL; SENER, 2006; UNAL;
SENER; SEN, 2007; WEEMAES et al., 1998; YILMAZ; SAKIROGLU; KUFREVIOGLU,
2003). As far as we know, no study has reported on PPO from BRS Morena and BRS Clara
grapes. Therefore, more studies were needed to increase the information available on this
cultivar. In this study, active and latent forms of these enzymes were isolated, and their

catecholase activities were characterized.

2. MATERIALS AND METHODS

2.1 Grapes
The BRS Morena and BRS Clara seedless grapes used were in the optimal commercial

stage of maturity, as measured by the soluble solids content (SSC = 16.3 and 18.9 °Brix,
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respectively). The samples used were donated by the Experimental Station of Tropical
Viticulture of EMBRAPA (the Brazilian Agricultural Research Corporation), from the city of
Jales in the state of Sao Paulo, Brazil.

The grapes were quickly and carefully transported to the Laboratory of Biochemistry
and Applied Microbiology of IBILCE/UNESP in the city of Sao Jose do Rio Preto, also in the
state of Sao Paulo. Three replications of 10 grapevines were selected, and a 1.5 kg random
sample was picked for each replication. The grapes were conditioned in plastic bags in 100g

portions and were kept refrigerated at 4°C (£ 1°C) until further analysis.

2.2 Study of enzymatic extraction protocol
Grapes were extracted in triplicate using two different methods for obtaining PPO

enzymes in active and latent forms.

2.2.1 Extraction of PPO from grapes in their active form

The grapes (50 g) were washed and homogenized with the aid of a mixer at maximum
speed for 30 seconds in six different extracting solutions (1:1, p/v). The first extracting
solution was a 0.2-M sodium phosphate buffer at pH 6.5, serving as the negative control. The
second was a 0.2-M sodium phosphate buffer at pH 6.5, containing 10 mM of ascorbic acid, 1
mM ethylenediaminetetraacetic (EDTA), 2% polyvinylpyrrolidone (PVP), 0.5 M of NaCl
(sodium chloride) and 1% Triton-X-100, a solution which served as the positive control. The
other four solutions were similar to the positive control, but in each of these four solutions,
one of the components was excluded (ascorbic acid, EDTA, NaCl or Triton-X-100).

The homogenates were mixed for 30 minutes and then centrifuged for 20 min/10,000 g
at 4°C (Avanti J-25, BECKMAN COULTER). Aliquots of the crude enzymatic extracts were
first subjected to precipitation with commercial alcohol (92%) at 80-90% (v/v) in order to
completely remove compounds that could interfere with PPO characterization. After this
process, the solution was left untouched for 12 h at 2°C and was then centrifuged again at
10.000 ¢g/20 min at 1°C. The pellet obtained was suspended in a minimal volume of 0.2 M
sodium phosphate buffer at pH 6.5. The partially purified PPO in active form (PPO-A) was
used in the enzymatic assays. The enzymatic activity (EA) and proteins were assayed after
extractions. The purification factor was determined as:

Yield EA = EA step / EA crude extract x 100

Purification factor EA = EA specific step / EA specific crude extract
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2.2.2 Extraction of PPO from grapes in their latent form

The extraction was carried out in two steps. In step 1, the grapes (100 g) were washed
and homogenized with the aid of a mixer at maximum speed for 30 seconds with 50 mL of a
100 mM sodium phosphate buffer (pH 7.3) containing 10 mM ascorbic acid and 1% PVP for
BRS Clara and 5% PVP for BRS Morena (Figure 1A). The homogenates were filtered
through eight layers of gauze and centrifuged at 4.000 g and 4°C for 15 minutes. The
supernatants were then discarded (Figure 1B).

Figure 1. Steps for obtaining PPO in latent from the BRS Morena grape using two-phase

aqueous micellar systems with Triton-X-114 as a surfactant.

In step 2, the precipitates were extracted with 20 mL of 4% Triton-X-114 (w/p) in a
100-mM sodium phosphate buffer (pH 7.3). The mixtures were subjected to temperature-
induced phase partitioning by maintaining the emulsion at 4°C for 15 minutes, and then
warming to 37°C for 15 minutes. At this time, the solutions became spontaneously turbid due
to the formation, aggregation and precipitation of large mixed micelles of detergent, which
contained hydrophobic proteins and phenolic compounds (Figure 1C). These turbid solutions
were centrifuged at 10,000 g for 15 minutes at 25°C (Figure 1D). After centrifugation, the
detergent-rich phases were discarded and the clear detergent-poor supernatants were used as
purified PPO in latent form (PPO-L) (NUNES-DELICADO et al., 2007).

2.3 Enzyme activities

Catecholase activities were assessed in triplicate using a DU 640 spectrophotometer
(BECKMAN COULTER) following the method of Gonzélez; De-Ancos; Cano (2000), with
modifications. No significant oxidation of cathecol (the most common substrate used to assay
activity of plant polyphenoloxidases) was observed in any of the experiments during the short

period employed to measure PPO activity. The corresponding means and standard deviations
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were plotted. The reaction mixture was made up of 2.4 mL of a 0.2-M sodium phosphate
buffer at pH 6.5, and 0.3 mL of 0.1 M catechol, to which 0.3 mL of the (adequately diluted)
enzymatic extract were added. The reaction was carried out at 25°C for 5 minutes. The
control sample contained 2.4 mL of a 0.2-M sodium phosphate buffer at pH 6.5, 0.3 mL of
0.1 M catechol and 0.3 mL of enzymatic extract that had been previously inactivated.

In the SDS standard assay, samples contained the above mixture, and 0.25 % SDS
detergent was utilized. The degree of activation was determined as the ratio of reaction with
SDS/without SDS at different pHs. The rate of the reaction was calculated from the initial
linear portion of the curve of LAy versus time.

One unit of enzyme activity (U) was arbitrarily defined as the amount of enzyme that
caused an increase in the absorbance of 0.001/min/100 g fresh fruit under the assay

conditions. Specific activity was expressed as units of enzymatic activity per mg of protein.

2.4 Determination of total proteins
Protein content was measured following the method of Hartree (1972), using bovine
serum albumin (BSA) as standard.

2.5 Determination of phenolic compounds present in the enzyme extract

Total phenolics were quantified using a modified Folin-Ciocalteau colorimetric
method (SINGLETON; ORTHOFER; LAMUELA-RAVENTOS, 1999). The results were
expressed as mg gallic acid eg/L. Calibration was performed by analyzing the standard gallic
acid (Sigma - Aldrich CO, USA\) at different concentrations in the range of 0 - 500 mg (R? =
0.9965). The percentage of total phenolics in latent form (Triton-X-114) was calculated by
comparing it to the active form (Trinton-X-100), which corresponds to 100%.

2.6 SDS-Polyacrylamide gel electrophoresis

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was carried
out to determine the purity of the enzymes as described by Laemmli (1979). Proteins were
denaturized in a boiling water bath for 5 min in an electrophoresis sample buffer containing
0.1 M Tris-HCI (pH 6.8), 2% SDS, 10% glycerol, 0.1 M DTT and 0.001 M Bromophenol
blue. Twelve percent running gel and 4% stacking gel were prepared according to Sambrook;

Russel (2001). Staining was performed according to Blum; Bier; Gross (1987).
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2.7 Native-Page gel electrophoresis

The polyacrylamide concentration was 12% and concentrator gel was 4%, as outlined
by Sambrook; Russell (2001). A sample buffer consisting of 0.1 M Tris-HCI (pH 6.8), 10%
glycerol, and 0.001 M bromophenol blue was mixed with the proteins, and the resulting
solution was applied to the gel twice. Once the run was finished, the gel was divided into two
parts, and revelation was performed as follows: one part was revealed using the silver reagent
method (BLUM; BIER; GROSS, 1987) and the other part was revealed by determining the
PPO activity in bands following the method adapted from Anil-Kumar; Kishor-Mohan;
Murugan (2008) and Vanloon (1971). For the second method, the gel activity was balanced in
a 50-mM citrate buffer at pH 5.0 for 30 minutes at room temperature. It was then incubated in
the same buffer containing 50 mM catechol for 30 minutes under vigorous agitation until the

bands appeared.

2.8 Effects of pH and temperature on enzyme activity

To determine the optimum pH of the PPO enzymes, partially purified activities were
measured under standard assay conditions (25°C, using catechol as substrate), at different pH
values using the following 0.2-M buffer solutions: sodium acetate (pH 3.0-5.5) and sodium
phosphate (pH 5.5-8.0). PPO activity as a function of temperature was determined under
standard assay conditions (pH 6.5, using catechol as substrate) using temperatures from 15 to
65°C, with 5-degree intervals.

The effect of SDS concentration on the activities of the PPO enzymes was evaluated
by incubating the extracts at optimum pHs in different concentrations of SDS (0.1 - 0.8 M). In
this study, experiments were performed to evaluate the effect of the detergent SDS on the
Kinetic parameters, and also to find the optimum pH and temperature of latent PPO from
grape berries. In these experiments, both the phosphate buffer and the substrate solution were
prepared with a set concentration (0.25%) of SDS as the detergent. pH studies were carried
out both with and without SDS using a 0.2-M sodium phosphate buffer at a pH that ranged
from 3.5 to 8.0. PPO activity as a function of temperature was determined under standard
assay conditions (optimum pH and concentration of SDS) using temperatures from 15 to
65°C, with 5-degree intervals.

2.9 Effects of pH and temperature on enzyme stability
For pH stability, the enzyme was dispersed (1:1) in the following 0.2-M buffer
solutions: sodium acetate (pH 3.0-5.5) and sodium phosphate (pH 5.5-8.0), and maintained at
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25°C for 24 h. The percentage of residual PPO activity was calculated by comparing it to the
non-heated enzyme, which was determined under optimum conditions of pH and temperature
(6.5 and 25°C, respectively) and which corresponds to 100%.

Thermal stability was assayed by incubating the enzyme at different temperatures
ranging from 15°C to 75°C with 5-degree intervals for 1 h. Residual enzyme activities were
then determined as a percentage of the residual non-heated enzyme under optimum pH and
temperature conditions (6.5 and 25°C, respectively). In activation assays, SDS was added at a
routine concentration of 0.25%.

3. RESULTS AND DISCUSSION

3.1 Study of enzymatic extraction protocol for the PPO enzymes of the grapes

The effect of each component of the extraction solutions on PPO activity (active) from
BRS Clara and BRS Morena was investigated, and can be seen in Figure 2. It is important to
note that the 0.2M sodium phosphate buffer at pH 6.5 (negative control) alone is inadequate
when attempting to extract PPO from grape cell compartments. A great variety of buffers can
be used for the extraction, with pH values that vary according to the enzyme source, but they
are generally adjusted to guarantee a slightly acidic medium.

In the literature, there are studies in which PPOs are extracted using only buffer
solutions, as was the case of Todaro et al. (2010) for the enzyme from artichokes. However, it
is more common to use more complex extraction solutions, in which a cocktail of substances
is added to preserve the structure of the biological material and to optimize enzymatic
extraction, as in the study by Gonzalez, De-Ancos and Cano (2000). In our study, we were
able to verify that the synergism among the ascorbic acid, EDTA, PVP, Triton-X-100 and
NaCl (positive control), can be used for an adequate extraction yield and stability of PPOs. Of
these components, the presence of Triton and PVP proved to be essential, because their
absence made enzyme extraction from the plant tissue difficult.

In comparison to animal tissues and microbial cells, plant tissues have a lower protein
content and, the vacuole, which occupies a large part of the cell, may contain numerous
compounds, including high levels of phenolic compounds, as in the case of red grapes.
Methods to avoid or minimize the reaction of PPO with these phenols include the use of poly
vinyl (poly) pyrrolidone (PVP and PVPP) (MAYER; HAREL 1979). PVP is an insoluble
synthetic polymer of high molecular mass that is sold as a white powder with low

granulometry. It is able to form hydrogen bonds with phenols. This forms a chelate complex
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with the phenols, thus avoiding their interaction with the oxireductases, which makes the
extraction of the target molecule easier. Figure 2 shows that the addition of PVP to the
extracting solution was essential in obtaining the desired enzyme, as described by Fang et al.
(2007), for PPOs from the Chinese strawberry (bayberry).

negative control
without PVP
without Triton-X-100

without NaCl

without EDTA <—
without ascorbic acid _
positive control —

0 20 40 60 80 100 120
Relative Activity (%)

Extracting Solutions

0 BRS Clara m BRS Morena

Figure 2. Grape PPO extraction. (Positive control: sodium phosphate buffer; ascorbic acid;
EDTA, PVP, NaCl and Triton-X-100). Negative control: 0.2-M sodium phosphate buffer (pH
6.5). (Other points on the y-axis represent the extracting solutions described without the

indicated reagent).

The synergism between Triton-X-100 detergent and PVVP was clear in the extraction of
the enzymes from both Brazilian seedless grapes. In many cases, the oxireductactes were
found in both soluble and insoluble forms. The strength of the bond of the oxireductases to
the membranes seems to vary depending on the plant tissue and on the stage of its
development. The results indicate that PPO enzymes from BRS Morena and BRS Clara are
predominantly found in the insoluble form (less than 5% of the activity corresponding to the
soluble fraction), and more drastic conditions were required to solubilize the oxireductases
associated with the cell wall, such as the use of detergent Triton-X-100.

Similar results were observed by Yokotsuka, Makino, and Singleton (1988) in the case
of Koshu grape must. They reported that the total insoluble activity was higher than the
soluble activity. This detergent exhibits the ability to cause very mild protein denaturation,
which reduces the interactions with particles or with the fruit's cell wall, aiding in enzyme
extraction. The addition of NaCl and Triton-X-100 together likely contributed to the
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dissociation of the bonds between enzymes and the cell wall. The use of an extracting solution
comprised mostly of PVP and Triton-X-100 for the extraction of PPO enzymes has been
successfully reported for other grape cultivars (SANCHEZ-FERRER et al., 1988; VALERO;
VARON; GARCIA-CARMONA, 1988; WEEMAES et al., 1998).

Whether combined with other chelating agents or not, ascorbic acid and EDTA are
known as efficient PPO inhibitors and are alternatively used by the food industry as
antioxidants in fruits and vegetables in order to prevent enzymatic browning. EDTA has the
ability to form complexes with copper ion (Cu?*), which is part of a prosthetic group that is
essential for the catalysis of metaloenzyme PPO (SATROUTDINOQV et al., 2000). Ascorbic
acid acts mainly on the reaction products, minimizing enzymatic browning through the
reduction of quinones to phenols, which are initially formed by enzyme action before the
quinones polymerize through secondary reactions, leading to the formation of melanins.
However, ascorbic acid can also act on enzymatic inhibition as an acidifier (SAPERS, 1993).

It has been verified that both EDTA and ascorbic acid are also effective for PPO
extraction. When EDTA and ascorbic acid were removed from the positive control (Figure
2), losses of PPO activity were noted: there was a loss of 20% to 48% without EDTA, and a
loss of 17% to 34% without ascorbic acid. This result may seem contradictory at first when
we consider the effects that they have on PPO enzymes, but it is important to note that they
were eliminated through alcoholic fractionation processes.

The components added to the extracting solution, as well as natural substances
extracted with the enzymes, may interfere with the action and characterization of the
enzymes. Because of this potential interference, a partial purification was completed with
ethanol fractionation. The isolation results for PPO enzymes from BRS Morena and BRS
Clara are shown in Table 1. The use of 80% ethanol resulted in enzymatic precipitates of
PPO from BRS Morena and the use of 90 % ethanol resulted in enzymatic precipitates of PPO
from BRS Clara. These ethanol levels also resulted in the highest specific activities, along
with higher yields and purification factors.

The membrane-bound PPO latent forms from BRS Morena and BRS Clara were
extracted and homogenized with a 100 mM sodium phosphate buffer (pH 7.3) containing 10
mM ascorbic acid and PVP; after centrifugation, supernatants were obtained, particularly
from the BRS Morena grape, with large amounts of phenolics and anthocyanins.

Since they interfere with the spectrophotometric determination of PPO activity, they
were discarded (Step 1, Figure 3A). In step 2, the precipitates were extracted with more than
4 % Triton-X-114 (w/p) in a 100 mM sodium phosphate buffer (pH 7.3). After phase
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separation induced by incubation, we were able to separate them into two phases: a lower
phase containing hydrophobic proteins and probably the pigments, especially chlorophyll
(Figure 3B), and a higher phase with very clear pigments containing hydrophilic enzymes, in
which PPO activity was detected (Figure 3C). The PPO enzymes extracted with this protocol
possessed the property of latency, a behavior which has been reported for other grape
cultivars (FORTEA et al., 2009; NUNEZ-DELICADO et al., 2007) and for other fruits
(CABANES et al., 2007; FRAIGNIER et al., 1995; SELLES-MARCHART; CASADO-
VELA; BRU-MARTINEZ, 2007).

Table 1. Fractionations of total PPO enzymes from BRS Morena and BRS Clara*.

Enz. Tot. Specific . Purif.
fraction (\r;?_l) Act. Prot. TOEU’?CJ[' Act. \E(';OI )d Factor
(U/ml)  (mg) (U/mg) (fold)
BRS Morena
TX-100 3.0 134411 1482 4033.33 272.09 100 1

Ethanol 80% 1.5 5146.22 4.49 7719.33 171758 191 6.3
BRS Clara
TX-100 3.0 129598 16.84 3887.95 230.94 100 1

Ethanol 90% 1.5 3742.22 4.95 5613.33 1134.28 144 4.9
* TX-100: Triton-X-110; TX-114: Triton-X-114; Vol = volume; Enz. Act. = Enzyme Activity; Tot. Prot. =
Total Proteins; Tot. Act.= total activity; Specific Act. = Specific activity; Purif. = Purification. One unit of
enzyme activity (U) was arbitrarily defined as the amount of enzyme that caused an increase in absorbance
of 0.001/min/100 g fresh fruit, under the assay conditions.

Figure 3. Solubilization of the grape BRS Morena with the detergent Triton-X-114 followed
by temperature-induced phase separation: supernatant (A); detergent-rich phase (B); clear,
detergent-poor supernatant phase (C).

Due to the difficulty of direct experiments on fruit, it is believed that the activation
properties in vitro are comparable to those of activation in vivo (GANDIA-HERRERO et al.,
2005). The use of SDS as an agent activator is particularly important, because the PPO is

activated at concentrations of SDS in which most enzymes are denatured (NUNEZ-
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DELICADO et al., 2007). Thus, the effect of SDS concentration on the activities of PPO
enzymes was determined by incubating the extracts in suitable substrates prepared at optimum
pH at different concentrations of SDS (0.1 - 0.8 M) (Figure 4).
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Figure 4. Effect of SDS concentration on PPO activities of BRS Clara (¢) and BRS Morena
(0).

According to Pérez-Gilabert et al. (2001), the amount of SDS necessary to obtain a
maximum activation depends on the nature of the substrate. In this study, using catechol as
substrate, the results showed the positive effect of the addition of SDS in the reaction mixture
on PPO activity with concentrations of 0.25% for BRS Clara and 0.3 - 0.6% for BRS Morena.
SDS concentrations that were higher than these levels decreased the activities. The inhibition
of PPO activity through the use of high concentrations of SDS have been reported by Nufiez-
Delicado et al. (2007) in the case of the Napoleon grape. The degree of PPO activation at
different pHs was determined by incubating the enzymes in buffers with different pH levels
both with and without SDS at 25°C. Figure 5 shows that pH was an important factor for the
PPO activity profile of grapes.

Without SDS, the enzymes showed high activity at extremely acidic pH levels,
especially in the case of BRS Morena enzymes. Their activation by short exposure to acid
(acid shock) has been widely reported for various PPO enzymes of plant origin (CABANES
et al. 2007: CHAZARRA et al. 1996; NUNEZ-DELICADO; GARCIA-CARMONA,
SANCHEZ-FERRER, 2003) and also for other cultivars of grapes, including the Napoleon
grape (NUNEZ-DELICADO et al., 2007), using different substrates. However, when SDS

was added as a detergent to the reaction medium, the optimum activity of the enzymes shifted
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to pH 5.5 and 6.0, with 3 times more PPO activity in BRS Clara and with 6 times more PPO
activity in BRS Morena (Table 2). Other authors have also reported on the activity of PPO
enzymes of plant origin with SDS at pH higher than 5.0 (MOORE; FLURKEY, 1990;
SELLES-MARCHART; CASADO-VELA; BRU-MARTINEZ, 2007; RATHJEN;
ROBINSON, 1992). The degree of SDS activation obtained for peaches (3.5-fold)
(CABANES et al., 2007), lettuce (5-fold) (CHAZARRA et al., 1996) and mushrooms (6-fold)
(NUNEZ-DELICADO et al., 1996) were similar to those found in the grapes of this study.
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Figure 5. Effect of pH on PPO activity of BRS Clara (A) and BRS Morena (B) grapes in a
0.2-M sodium acetate buffer (pH 3.0 - 5.5) and a 0.2-M sodium phosphate buffer (pH 6.0 —
8.0) with 0.25 % SDS () and without 0.25 % SDS (o). Degree of activation at different pHs

(x).
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However, other fruits have been reported to have greater degrees of activation, such as
persimmons (15-fold) (NUNEZ-DELICADO; GARCIA-CARMONA; SANCHEZ-FERRER,
2003), loquats (16.2-fold) (SELLES-MARCHART; CASADO-VELA; BRU-MARTINEZ,
2007), Monastrell grapes (19.2-fold) (SANCHEZ-FERRER; BRU; GARCIA-CARMONA,
1989), Napoleon grapes (22-fold) (NUNEZ-DELICADO et al., 2007), Crimson Seedless
grapes (40-fold) (FORTEA et al., 2009) and Dominga grapes (43.7-fold) (NUNEZ-
DELICADO et al., 2005).

Table 2. Comparison between the activities of membrane-bound PPO grapes (BRS and BRS

Morena Clara) and the percentage of phenolics*.

fraction Enz. Act. Phenolics Activation
(Ux103/1009 flesh fruit) (%) (fold)
BRS Morena - -
Triton-X-100 227.21 100 -
Triton-X-114  266.76 14 6
BRS Clara - -
Triton-X-100 142.95 100 -
Triton-X-114  167.56 67 3

* Enz. Act. = Enzyme Activity; n.d. = not determined; Phenolic (%) = The percentage total phenolics
of latent (Triton-X-114) were calculated by comparison with active form (Triton-X-100), which
corresponds to 100%.

When compared to the extracts obtained with the aid of Triton-X-100 detergent, the
enzymatic extracts obtained with the aid of Triton-X-114 showed a significant decrease in the
percentage of phenolic compounds, especially with respect to BRS Morena grape extract
(Table 2). Figure 6 shows the SDS-PAGE of enzymatic extracts of BRS Morena and BRS
Clara grapes obtained with the aid of Triton X-100 (Figure 6, Columns 2 and 3, respectively),
Triton-X-114 (Figure 6, Columns 4 and 5) and Native-PAGE of Triton-X-114 (Figure 6,
Columns 6 and 7).

Several bands were visualized in extracts from grapes obtained with Triton-X-100,
especially the BRS Morena grape, possibly due to the presence of other enzymes present in
crude extract. Some authors suggest that the presence of multiple forms may, in some cases,
be due to artifacts generated by the partial release of enzymes connected to the membranes
through partial denaturation, proteolysis or fragmentation (HAREL; MAYER, LEHMAN,
1973).

Figure 6 shows that the PPO obtained with Triton-X-114 was partially purified,

suggesting an efficient removal of phenolic compounds. This removal may have prevented
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the multiplicity of activity bands arising from the formation of artifactual bands because of
the covalent interaction of o-quinones and phenols with the enzyme. The PPO enzymes
obtained with Triton-X-114 were found one strong protein band of approximately 30kDa,
whose activity was revealed by electrophoresis with Native-PAGE in the case of both grapes
(Figure 7, Columns 6 and 7). This value is in agreement with the range reported for PPO
enzymes in plants (26 - 32kDa) by Mayer, Harel (1979) and is similar to the range found by
Virador et al. (2010) for Grenache grape PPO, which was 38.4 kDa.

Figure 6. Electrophoresis in polyacrylamide gel containing SDS (SDS-PAGE) at 12%
concentration. Column 1: molecular weight markers: 3 galactosidase, 116 kDa, BSA, 66.2
kDa, ovalbumin, 45 kDa, lactate dehydrogenase, 35 kDa; Bsp981 Reaser, 25 kDa, f-
lactoglobulin, 18.4 kDa; Columns 2 and 4: enzymatic extracts of BRS Morena and BRS Clara
obtained with Triton-X-100; Columns 3 and 5: enzynmatic extracts of BRS Morena and BRS
Clara obtained with Triton-X-114; Columns 6 and 7: Native-PAGE, for the enzymatic extract
of BRS Morena and BRS Clara obtained with Triton-X-114. Arrows indicate PPO enzymes of
the grapes.

3.2 PPO physical-chemical characterization

The biochemical characterizations of active and latent PPO enzymes from BRS Clara
and BRS Morena grapes are presented in Figures 7, 8, 9 and 10. It can be seen that the
maximum activity for active PPO from both grapes occurred at pH 6.0 (Figure 7A e 8B),
which is consistent with the reports on other grape cultivars, including DeChaunac (LEE;
SMITH; PENNESI et al., 1983) and Koshu (NAKAMURA; AMANO; KAGAMI, 1983).

Our results were similar to those found at pH 6.3 found for the Concord cultivar
(CASH; SISTRUNK; STUTTE, 1976) and the Muscat Bailey A cultivar (OKUDA et al.,

1999). However, many other grape cultivars exhibit more acidic optimum pHs than those
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found in this study: optimum pH levels have also been reported as being between 3.4 and 5.5
(SANCHEZ-FERRER et al., 1988; UNAL; SENER, 2006; UNAL; SENER; SEN, 2007;
VALERO; VARON; GARCIA-CARMONA, 1988; WISSEMANN; LEE, 1981). At pH levels
that were close to optimum levels (5.0 and 6.5), PPO from BRS Clara was still active
(approximately 60%), but activity decreased rapidly at alkaline pHs (7.0-8.0) and in acid (2.5-
4.5) (Figure 7A). Frequently, PPO is inactivated at a pH below 4.0, which suggests a method
that can be used to control enzymatic browning: lowering the pH. Though various studies
show that the activity-pH profile may vary depending on the cultivar, ripening stage, enzyme
purity, nature of the phenolic compounds and forms of isoenzymes, the results exhibited by
PPO from BRS Clara are similar to those from BRS Morena (Figure 8A).
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Figure 7. Effect of pH on activity (e) and stability (o) of BRS Clara PPO extracted using
Triton-X-100 (A) and Triton-X-114 (B).

Over the 24 hours of incubation at different pH, there was almost no significant
difference in the residual activity of PPO from BRS Clara between pHs 4.5 and 6.5, and at pH
7.0, there was still 85% activity. After pH 7.5, residual enzymatic activity decreased gradually

until it was almost completely inactivated at pH 8.0 (Figure 7A). PPO from BRS Morena, on
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the other hand, exhibited stability at more acidic pHs; between 4.0 and 5.0, there was no
significant difference in the activity (100%), and approximately 85% of residual activity was
noted at pH 3.5. After pH 5.5, residual enzymatic activity decreased gradually and reached
almost complete inactivation at pH 8.0 (Figure 8A). The PPO of the two grapes activated
with SDS showed optimum activity at pH 5.5. Comparatively, the PPO-L was more stable
than PPO-A in the alkaline region (Figure 7B and Figure 8B).
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Figure 8. Effect of pH on activity (e) and stability (o) of BRS Morena PPO extracted using
Triton-X-100 (A) and Triton-X-114 (B).

The maximum activity temperature for both PPO grapes extracted with Triton-X-110,
was 25°C. Similar results were found for other grape cultivars that presented optimum activity
between 25°C and 30°C (LEE; SMITH; PENNESI, 1983; NAKAMURA; AMANO;
KAGAMI, 1983; RAPEANU et al., 2006; UNAL; SENER, 2006). At 30°C, the enzymes
exhibited approximately 65% activity, and started a decrease of approximately 5 to 10% every
5°C (Figure 9A and Figure 10A). After an incubation period of 60 minutes at different

temperatures, residual PPO activities were found to be stable between 15°C and 30°C. As the
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temperature increased beyond this range, a gradual activity decrease was noted, with almost
complete inactivation for both enzymes at 60°C (Figure 9A and Figure 10A).

PPO thermostability varies considerably from one fruit to another. However, many
studies have shown that PPO from plant sources are stable between 20°C and 40°C and
significantly lose their activity at temperatures higher than 55°C (WEEMAES et al., 1998).
The PPO-L activated from both grapes showed optimum activity at 30°C. However, it showed
significantly high thermal stability when temperatures were close to 50°C (Figure 9B and

Figure 10B, respectively).
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Figure 9. Effect of temperature on activity (e) and stability (o) of BRS Clara PPO extracted
using Triton-X-100 (A) and Triton-X-114 (B).

PPO-L results differed markedly from PPO-A results: in this temperature range, PPO-
A showed almost no residual activity. Therefore, the results suggest the Triton-X-100
detergent was able to solubilize proteins, but did not contribute to the stability of PPO
enzymes. This behavior was consistent with that reported by Sellés-Marchart; Casado-Vela;
Bru-Martinez (2007).
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These results also suggest that interactions between the enzyme and Triton-X-114 may
have induced changes in the conformation and/or active site of the enzyme, thereby affecting
the enzyme’s activity and stability. These interactions possibly involve both the electrostatic
interactions between the surfactant head group and the charged amino acid residues of the
enzyme, as well as the hydrophobic interactions between the alkyl chains of the detergent and

the hydrophobic amino acid residues of the enzyme.
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Figure 10. Effect of temperature on activity (e) and stability (o) of BRS Morena PPO
extracted using Triton-X-100 (A) and Triton-X-114 (B).

4. CONCLUSION

Triton-X-100 was efficient in the extraction of PPO-A. PPO-A of BRS Morena and
BRS Clara presented the same optimum pH and optimum temperature (6.0 and 25°C). Above
30°C, a gradual decline of activity was noted, with complete inactivation for both enzymes at
60°C, revealing the grapes' high sensibility to heat, a characteristic that has been exhibited by

other grape varieties. Partially purified Latent PPO enzymes were obtained in two steps with
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Triton-X-114 and were activated with 0.2% SDS. The optimum pH of PPO-L was 5.5, and

PPO-L was also found to have high stability, even with changes to both pH and temperature.
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RESUMO

O efeito de preparado enzimatico pectinolitico produzido pelo fungo Thermomucor
indicae-seudaticae N31 sobre o teor de fendlicos totais, teor de metanol e cor de sucos de
uvas foi estudado. A introducdo de tratamento enzimatico a etapa de maceracgdo, durante 1
hora, resultou em produtos com boas caracteristicas cromaticas e teor de fendlicos superiores
(1637, 21 mg/L, expresso em equivalentes de &cido galico - GAE) aos encontrados em suco
elaborado de forma convencional (1422,59 mg GAE/L) e, muito préximo ao apresentado por
suco obtido por tratamento enzimatico das uvas com preparado comercial (1682,10 mg
GAE/L). Além disso, os teores de metanol dos sucos elaborados foram inferiores a 200mg/L.
Estes resultados incentivam novos estudos que viabilizem a obtencdo de preparado
enzimatico produzido por este fungo passivel de ser oferecido comercialmente as inddstrias

processadoras de uva.

ABSTRACT

The effect of pectinolytic enzyme preparation produced by the fungus Thermomucor
referrals seudaticae-N31 on the content of total phenolics, on the content of methanol and on
the color of grape juice was studied. The introduction of enzyme treatment through a step that
involves soaking for 1 hour resulted in products with good color characteristics and higher
phenolic content (1637.21 mg/L, as gallic acid equivalents - GAE) than those found in
conventionally prepared juice (1422.59 mg GAE/L) and that were very similar to those
presented by the juice obtained through the enzymatic treatment of commercially prepared
grapes (1682.10 mg GAE/L). Furthermore, the concentrations of methanol in the juice that
was produced were less than 200 mg/L. These results encourage further studies that will
enable enzyme preparation produced by this fungus that can be offered commercially to

grape-processing industries.
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1. INTRODUCAO

Os sucos de uvas integrais sao importantes fontes de compostos bioativos incluindo
antocianinas e outros compostos fenolicos que reconhecidamente estdo associados ao
adequado desenvolvimento e manutengdo da saide humana, bem como a redugéo de riscos de
doencas degenerativas (BUB et al., 2003; DAY et al., 1997; FRANKEL et al., 1998; OSMAN
et al., 1998; SINGLETARY et al., 2003; XIA et al., 2010). Como a maior parte destes
compostos € propensa a degradacdo durante o processamento e armazenamento, as diferentes
técnicas empregadas durante o processo (métodos de extracdo e tratamentos térmicos e
enzimaticos) podem profundamente afetar o potencial de promocdo a salde deste produto
(CHEYNIER, 2005; FRANKEL et al., 1998).

Uma etapa crucial do processamento é a maceragdo das uvas. A transferéncia destes
compostos da casca da uva tinta para 0 mosto varia em funcdo da variedade, do grau de
maturacdo, do estado sanitario da uva, bem como das variacBes nas técnicas empregadas
durante o processo (PINELO et al., 2005; PINELO; SINEIRO; NUNEZ, 2006). Alguns
estudos sobre processamento da fruta na forma de suco e vinho relataram que submeter uvas
inteiras ou previamente esmagadas a um branqueamento pode, dependendo da variedade,
aumentar a extracdo dos compostos fendlicos e desnaturar enzimas oxidativas como polifenol
oxidase (PPO) e peroxidase (POD). Temperatura e tempo de exposi¢do ao aquecimento sao
parametros relevantes que devem ser controlados durante o processo (AUW et al., 1996;
KOVAC et al.,1992; SACCHI; BISSON; ADAMS, 2005). Além disso, os processadores de
alimentos estdo utilizando misturas pectinoliticas complexas, algumas vezes adicionadas de
celulases, hemicelulases e proteases para promover a hidrélise dos polissacarideos presentes
na parece celular das uvas e permitir a liberacdo dos constituintes presentes dentro dos
vacuolos celulares para 0 mosto ou suco (RODRIGUEZ-NOGALES et al., 2008).

Este processo pode ocasionar um aumento na quantidade de metanol dos produtos,
devido a acdo da pectinametilesterases (REVILLA; GONZALES-SANJOSE, 1998), que
atuam removendo grupos metoxilicos (OCH3) das substancias pécticas, reduzindo seu grau de
metoxilacdo e, consequentemente, liberando metanol e &cido péctico (HOU et al., 2008;
PEDROLLLI et al., 2009). No ser humano, a sintomatologia da intoxicacdo por metanol esta
condicionada a quantidade ingerida e varia desde dores de cabeca, nauseas e vomitos até
cegueira e morte (MEDINSKY; DORMAN, 1995). Os limites maximos para ingestao diaria

especificos para sucos ainda nao foram determinados.
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Estudos revelam que o teor de metanol, bem como a extrabilidade dos compostos
fenodlicos, dependem do tipo e da quantidade de enzimas adicionadas, da espécie da uva e do
tempo de contato das enzimas com as cascas (DA-SILVA; FRANCO; GOMES, 1997,
PARDO et al., 1999). Diante disto, esforgos tém sido concentrados no desenvolvimento de
preparacOes enzimaticas que executem, satisfatoriamente e de forma segura, suas fungdes sob
as condigdes especificas de processo para sucos, bem como vinhos.

Este trabalho objetivou avaliar o efeito do uso de preparado enzimatico produzido pelo
fungo Thermomucor indicae-seudaticae N31 na etapa de maceracdo da uva sobre o teor de
fendlicos totais, teor de metanol e cor para producdo de suco de uva. Como ferramenta de
comparacdo, o preparado enzimatico comercial Vinozym Ventage FCE (Novozyme,
Alemanha), também foi aplicado as uvas nas mesmas condi¢cGes experimentais, porém na

concentragcdo recomendada pelo fabricante.

2. MATERIAL E METODOS

2.1 Producéo do preparado enzimético experimental

A producdo do preparado enzimatico denominado PEC-N31, pelo fungo termofilico
Thermomucor indicae-seudaticae N31, foi realizada através de fermentacdo em estado sélido
utilizando farelo de trigo e bagaco de laranja segundo Martin et al. (2010). A andlise de
micotoxinas no meio fermentado (7 dias) e ndo fermentado (controle) pelo fungo foi realizada
previamente pelo Laboratorio de Micotoxinas do Departamento de Agroindustria Alimentos e
Nutricdo da ESALQ-USP, Piracicaba, SP, Brasil. Os resultados mostraram que o preparado
enzimatico PEC-N31 é isento das toxinas aflatoxina Bl, B2, G1 e G2, ocratoxina A e
zearalenona. Do ponto de vista de aplicabilidade este resultado é promissor, visto que, um
requisito essencial para a aplicacdo de pectinases microbianas em produtos alimenticios é que

0 extrato enzimatico esteja livre de micotoxinas (UMSZA-GUEZ, 2009).

2.2 Atividade das principais pectinases presentes no preparado enzimatico PEC-N31

A atividade enzimatica de exo-poligalacturonase (Exo-PG), de endo-poligalacturonase
(Endo-PG) e de pectinametilesterase (PME) foi determinada no preparado enzimatico N31 e
comparada com um preparado enzimatico comercial Vinozym Ventage FCE (Novozyme,
Alemanha), que é produzido pelos fungos Aspergillus niger e Aspergillus aculeatu.

A atividade de Exo-PG foi avaliada numa mistura contendo 0,1 mL do preparado

enzimatico e 0,9 mL de solucéo de pectina citrica 1% (64-72% de esterificacdo, marca Kelco)
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dissolvida em tampdo acetato de sédio 0,2 M (pH 4,0), que foi incubada a 37° C por 10
minutos. ApoOs esse periodo, a reacdo foi paralisada pela adicdo de 1,0 mL de acido 3,5-
dinitrossalicilico (DNS) a mistura e, em seguida, colocada em agua em ebulicdo por 10
minutos e resfriada em banho de gelo. A coloragdo desenvolvida foi medida por meio de
espectrofotdbmetro a 540 nm. O agUcar redutor liberado (acido D-galacturdnico), apds a
incubacdo da mistura, foi quantificado segundo Miller (1959). Uma unidade de PG foi
definida como a quantidade de enzima capaz de liberar 1umol de &cido galacturénico por
minuto a partir da pectina citrica, nas condi¢des de ensaio.

A atividade de Endo-PG foi avaliada em uma mistura contendo 2 mL do preparado
enzimatico e 6 mL de solucdo de pectina citrica 3% (64-72% de esterificacdo, marca Kelco)
dissolvida em tampdo acetato de sédio 0,2 M (pH 4,5). Apos a incubacdo por 10 minutos a
37°C, a mistura foi rapidamente resfriada em banho de gelo e a sua viscosidade foi
determinada utilizando-se o viscosimetro basic (marca Fungilab) com peso 5 e na velocidade
de 2 rpm na temperatura de 25°C. Na solucdo controle foi usada enzima previamente
inativada por 10 minutos em banho em ebulicdo. A medida foi realizada em mPa/s e através
da mesma, foi calculada a porcentagem de reducdo da viscosidade da amostra em relacdo ao
controle. Uma unidade de enzima foi definida como a quantidade de enzima necessaria para
reduzir em 50% & viscosidade do substrato em 10 minutos (LOPEZ; FUENTE; BURGOS,
1994).

A atividade de PME foi determinada de acordo com método descrito por Deng; Wu;
Li (2005): 5 mL de solucdo de pectina citrica de alto teor de metoxilacdo a 1% (Sigma)
contendo 0,6% de NaCl foi usada como substrato e ajustada para pH 7,0 com solugéo de
NaOH 0,02 M antes da adicdo de 1 mL do preparado enzimatico. A mistura reacional foi
incubada a 35°C e continuamente agitada. Durante o decorrer da reac¢do, o pH foi mantido a
pH 7,0 através da adicdo de solucdo de NaOH 0,01 M durante 10 minutos. Uma unidade de
PME foi definida como pumol de ester hidrolisado por minuto, por mg ou mL, sob as

condicdes do ensaio.

2.3 Analises fisico-quimicas e bioquimicas parciais da matéria-prima
Uvas tintas da variedade Bordd (Vitis Labrusca) foram coletadas, em condi¢cdes 6timas
de maturacdo, no municipio de Jales (Noroeste do Estado de S&o Paulo, Brasil), durante a

safra de 2010 e utilizadas para elaboracao dos testes preliminares e dos sucos.
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2.3.1 Andlises fisico-quimicas

Para o preparo da amostra experimental, foram coletados aleatoriamente 10% dos
cachos de uva da amostra de trabalho (5 kg) e de cada cacho foram retiradas quatro bagas,
sendo uma da parte superior, duas da parte média e uma da parte inferior. Trés porcGes das
bagas previamente selecionadas (200 g) foram homogeneizadas integralmente em um mixer
por 30 segundos, constituindo uma amostra homogénea.

As seguintes analises foram realizadas: teor de umidade, por método termo-
gravimétrico; teor de sélidos sollveis totais (SST, expressa em °Brix) por refratometria (Abbe
Modelo 2 Waj, Biobrix); valor de pH, medido diretamente em pHmetro (Marconi); acidez
total titulavel (ATT, expressa em g de acido tartarico/L) e relacdo SST/ATT (AMERINE;
OUGH, 1976). Além disso, a determinacdo do contetdo de fendlicos totais foi realizada de
acordo com método colorimétrico modificado Folin-Ciocalteu (SINGLETON; ORTHOFER;
LAMUELA-RAVENTOS, 1999) apos extracdo dos compostos de interesse segundo Castillo-
Mufioz et al. (2009). As leituras de absorvancia do padrdo e das amostras foram realizadas a
765 nm utilizando espectrofotdmetro DU 640 (BECKMAN COULTER). A quantificacdo foi
possivel com o auxilio de uma curva de calibracdo feita com solucBes de acido géalico de
diferentes concentragdes entre 0 - 500 mg/L (R? = 0,9965). Os resultados foram expressos
como mg/100 g de fruta (peso fresco) como equivalentes de &cido galico (GAE).

2.3.2 Anélises bioguimicas

A atividade das enzimas PPO e POD foi determinada ap6s obtencdo dos extratos. Trés
porcdes de frutas (100 g) foram homogeneizadas por mixer, durante 30 segundos, com 100
mL de tampéo fosfato de sodio 0,2 M (pH 6,5) contendo acido ascorbico 10 mM, &cido
etilenodiamino tetra-acético (EDTA) 1 mM, polivinilpirrolidona (PVP) a 2%, cloreto de sodio
(NaCl) 0,5M e 1% de detergente Triton-X-100. Os homogenatos foram agitados por 30
minutos e centrifugados por 20 min/10,000 g a 4-5°C (Avanti J-25, BECKMAN COULTER).
Os sobrenadantes obtidos foram denominados extratos enzimaticos brutos e reservados para
dar prosseguimento aos ensaios.

A atividade de PPO e de POD foi determinada em triplicata segundo Gonzalez, De-
Ancos, Cano (2000) com pequenas modificagdes. A mistura de reacdo foi composta por 2,4
mL de tampdo fosfato de sodio 0,2 M (pH 6,5) e 0,3 mL de catecol 0,1 M ou guaiacol 0,1 M,
respectivamente para PPO e POD, para qual 0,3 mL de extrato enziméatico (adequadamente
diluido) foi adicionado. Esta mistura foi incubada a 25°C e ao final de 5 minutos, realizou-se

a leitura da absorvancia em espectrofotdometro a 420 e 485 nm, respectivamente para PPO e

191



POD. Um controle foi preparado contendo a mistura de reagéo sob leitura no tempo zero de
incubacdo. A taxa de reacdo foi calculada na porcdo linear da curva de AAsp OU AAsgs
respectivamente para PPO e POD, versus o tempo. Uma unidade de atividade enzimatica (U)
foi arbitrariamente definida como a quantidade de enzima que causa um aumento na
absorvancia de 0,001/minuto, sob as condi¢cfes de ensaio, e foram corrigidas para cada 100g
de fruta fresca. Em todos os experimentos, oxidagéo ndo significativa do catecol e do guaiacol
foram observadas durante o curto periodo de tempo de reacdo para determinacao da atividade
das enzimas.

Para determinacdo da atividade das pectinases presentes na uva Bordd, primeiramente
duas porgdes de fruta (100 g) foram homogeneizadas com solucdo tampao Tris-HCI 0,5 M
(pH 8,0) contendo EDTA 1 mM, 5% de PVP e NaCl 2M na proporcdo de 1:1, p/v e,
submetidas a procedimento de extracdo similar ao descrito para a PPO e POD. O
sobrenadante obtido foi utilizado para realizacdo das analises de atividade enzimatica das
pectinases, tal como no item 2.2 para 0s preparados enzimaticos, exceto pela concentragdo de
atividade de ENDO-PG, no qual foi utilizada uma solucéo de pectina citrica 1% (64 - 72% de
esterificacdo, marca Kelco) dissolvida em tampédo acetato de sodio 0,2 M (pH 4,5). Todos os

valores de atividade enzimatica foram convertidos para 100 g de fruta fresca.

2.4 Brangueamento a vapor das uvas

Para minimizar o efeito de enzimas enddgenas sobre o processamento da uva e
possibilitar uma avaliagdo mais clara sobre a viabilidade de uso do preparado enziméatico N31
na extracdo de suco, o emprego de um branqueamento a vapor sobre as uvas foi estudado.
Para tanto, nove porcOes da uva (100 g) foram expostas durante diferentes tempos (0 a 10
minutos, com intervalos de 1 minuto) a acdo de vapor saturado e, depois de resfriadas: trés
porcdes foram homogeneizadas com solugdo extratora similar a descrita no item 2.3.2 para
obtencdo dos extratos enzimaticos; trés porcdes foram brandamente prensadas, clarificadas
por centrifugacdo (10 min/6.000 g/4°C) e os mostos obtidos foram reservados para
determinacéo do indice de escurecimento, das caracteristicas cromaticas e do teor de fenolicos
totais; e as outras trés porcdes foram incubadas a 37°C por 60 minutos, que é o tempo
normalmente utilizado na etapa de despectinizacdo com preparados comerciais. Transcorrido
este periodo, as frutas foram brandamente prensadas e o filtrado foi utilizado para

determinacgéo do teor de metanol.

192



O tempo de branqueamento mais adequado para minimizar o escurecimento do suco
por PPO e POD e a liberacdo de metanol por PME, sem prejudicar significativamente o teor
de fenolicos totais e a cor do suco foi padronizado e esta etapa foi inserida ao processo. Para
tanto, determinou-se o teor de fenodlicos totais dos mostos, considerando a amostra sem
tratamento (tempo 0) como 100 %, bem como determinou-se a atividade da PPO e POD tal

como descrito no item 2.3.2. Além disso, as seguintes analises foram realizadas:

2.4.1 Analises de cor
Volumes padronizados (25 mL) dos mostos foram utilizados para determinacdo das
coordenadas CIE L* (luminosidade), a* (-a, verde; +a, vermelho) e b* (-b, azul; +b, amarelo)
por espectrofotometro (HunterLab Colorimeter ColorFlex).
O indice de escurecimento (IE) foi determinado segundo as equacfes 1 e 2 (NDIAYE;
XU; WANG, 2009):
X=(a*+ (1,75 - L*))/((5,645 - L*) + a* - (3,012 - b*)) (1)
IE = (100 - (X - 0,31))/0,172 (2)
O Croma (C*), que representa a intensidade ou saturacdo da cor, bem como o angulo
Hue (H*) (tonalidade cromatica), que é o atributo em que a cor é percebida foram
determinados segundo as equaces 3 e 4, respectivamente (NDIAYE; XU; WANG, 2009):
C* = (az + b2)1/2 (3)
H* =360 + [ tan™ (b/a)], quandoa>0eb <0 (4)
onde 0° corresponde a cor vermelho-azulado; 90° a cor amarela; 180° a cor verde e 270° a
cor azul (PALOU et al., 1999).

2.4.2 Determinacao do teor de metanol

Esta analise foi realizada utilizando-se um cromatografo gasoso HP-5890 equipado
com detector de ionizacdo de chama (FID) e uma coluna capilar de silica fundida HP-FFAP
25 m x 0,2 mm x 0,3 um. Aliquotas de 3 mL dos mostos foram mantidas a 40°C por 10
minutos e 20uL da fracdo volatil foi injetado. As condi¢des cromatograficas utilizadas foram:
nitrogénio como gas de arraste com fluxo de 1,0 mL/min, no modo split 1:20; temperatura do
injetor: 200°C; temperatura do detector: 250°C; programacao térmica: 50°C/min, aumentando
20°C/min até 150°C. Para quantificacdo do metanol (mg/L) foram utilizadas solu¢des padrdes
de metanol em diferentes concentracdes, submetidas a anélise cromatografica nas mesmas

condicdes anteriormente descritas.
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2.5 Elaboracéo dos sucos

Porgdes das bagas das uvas (3 kg) foram expostas durante 3 minutos a acdo de vapor
saturado e, posteriormente resfriadas até 37°C. Nesta temperatura, as uvas foram esmagadas
brandamente e a despectinizacdo foi realizada pela adicdo do preparado enzimatico
experimental PEC-N31 (1 ml/Kg de fruta), no pH natural da fruta. Como ferramenta de
comparacdo, o preparado enziméatico comercial Vinozym Ventage FCE (Novozyme,
Alemanha), também foi aplicado as uvas nas mesmas condi¢Ges experimentais, porém na
concentragdo recomendada pelo fabricante (0,04 g/kg de fruta).

O tratamento enzimatico foi empregado durante diferentes tempos (0,5, 1, 2, 3 e 4
horas), sob agitacdo a 37°C. Seguida esta etapa, as amostras foram imediatamente prensadas,
clarificadas por centrifugacao (10 min/6.000 g/4°C), filtradas e expostas novamente a acdo de
vapor saturado até atingir a temperatura de aproximadamente 94°C, sendo mantidas nesta
temperatura por 5 minutos. Transcorrido este periodo, o suco foi engarrafado a quente em
frasco de vidro (250 mL), tampado e resfriado a temperatura ambiente por 24 horas. Todos 0s
sucos foram elaborados em triplicata. Um suco controle foi elaborado por processo de
extracdo por meio de vapor saturado por aproximadamente uma hora e engarrafado a quente
(minimo de 75°C).

2.6 Efeito do preparado enzimatico PEC-N31 sobre o teor de fendlicos totais, teor de
metanol e cor durante extracao de suco

Os sucos produzidos com os preparados enzimaticos (N31 e Vinozym) bem como o
suco controle foram analisados quanto ao teor de fendlicos totais e de metanol, bem como
com relacdo as suas caracteristicas cromaticas. A determinacdo de fenolicos totais foi
realizada como descrito no item 2.3.1 e os resultados expressos em mg/L como equivalente
de acido galico (GAE). O teor de metanol foi determinado segundo item 2.4.2.

A determinacdo da cor dos sucos foi realizada conforme Glories (1984) e Sudraud
(1958). As amostras foram diluidas e a leitura das suas absorvancias nos comprimentos de
onda de 620, 520 e 420 nm, em cubeta de quartzo com 10 mm de caminho O6ptico foi
realizada. O indice de cor (IC) foi determinado segundo a equacdo 5, considerando-se a
diluicdo e o percurso optico aplicado:

IC =0,1* (abs|so + abs|szo + abs|s20) (5)
sendo 420 nm correspondente a cor amarela, 520 nm correspondente a cor vermelha e 620 nm

correspondente a cor violeta-azul.
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A influéncia da cor amarela sobre a vermelha (coloracdo T) foi determinada de acordo
com a equacéo 6:
T= abs|420 / abS|520 (6)

2.7 Analises fisico-quimicas dos sucos produzidos

As amostras de sucos foram submetidas a andlises fisico-quimicas de densidade
relativa a 20°C, teor de sélidos soltveis (°Brix), solidos insoluveis, pH, acidez total, relacdo
°Brix/acidez total, acidez volatil, teor de acUcares ndo redutores, redutores e totais, teor de
cinzas, teor alcodlico e extrato seco total, analisadas segundo os padrdes de identidade e

qualidade estabelecidos para produtos derivados de uva (BRASIL, 2000).

2.8 Analise estatistica

Os resultados analiticos obtidos foram submetidos a analise de variancia (ANOVA) e
as médias determinadas para cada experimento ao teste de Tukey com 5% de probabilidade de
erro, utilizando-se o programa computacional ESTAT verséo 2.0 (BANZATTO; KRONKA,
2006).

3. RESULTADOS E DISCUSSAO

3.1 Caracterizacao fisico-quimica e bioquimica parcial da uva

Algumas caracteristicas fisico-quimicas e bioquimicas da uva Bordd, utilizada para
elaboracdo dos sucos, estdo apresentadas na Tabela 1. Observa-se que esta cultivar néo
vinifera apresentou contetdo de umidade dentro da faixa descrita para a maioria das uvas, 70
a 85% (CATALUNA, 1988).

O pH determinado neste estudo (3,34) foi préximo ao relatado por Rombaldi et al.
(2004) em mosto de uva Bordd (pH entre 3,52 e 3,58), e apresentou-se dentro da faixa
relatada para sucos de uvas comerciais elaborados com a mesma variedade (pH entre 3,30 e
3,64) (BURIN et al.,, 2010). A acidez da uva estd condizente com o estabelecido pela
legislacdo que é de no minimo 0,41%, expresso em acido tartarico (BRASIL, 2000).

O valor médio de SST obtido pela uva Bordd esta dentro da faixa descrita por
Rombaldi et al. (2004) (14,3 - 16,2 °Brix) e acima do limite minimo recomendado pela
legislagdo que é de 14 °Brix (BRASIL, 2000). A relagdo SST/ATT representa o equilibrio
entre o gosto doce e acido do suco de uva, portanto, um indicativo de sua qualidade. O alto

valor encontrado pode estar relacionado a baixa acidez das frutas e esta dentro da faixa
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relatada para suco de uva comercial analisado por Burin et al. (2010) e de acordo com 0s

valores limites estabelecidos pela legislagdo brasileira (15 - 45) (BRASIL, 2000).

Tabela 1. Caracteristicas quimicas e bioguimicas parcial da uva Bordo*.

Determinagdes Média £ DP
Umidade (%) 83,84 £ 0,01
pH 3,34 £ 0,05
AT, expressa em &cido tartarico (%) 0,557 + 0,00
SST (° Brix) 15,92 £ 0,29
Relacdo SST/ATT 28,58 £ 0,11
Compostos fendlicos (mg GAE/100 g) 113,26 £ 10,67
PPO (U/100 g de peso fresco) 21,42 £ 1,15
POD (U/100 g de peso fresco) 44,19 + 0,12
Endo-PG (U/100 g de peso fresco) 64,54 £ 0,34
Exo-PG (U/100 g de peso fresco) 547,09 + 2,87
PME (U/g de peso fresco) 15,90 £ 0,98

* SST = solidos sollveis totais; ATT = acidez total titulavel. Todas as
analises foram realizadas em triplicata

Pode-se observar que esta variedade de uva constitui uma rica fonte de fendlicos
totais. Por outro lado, apresenta atividade de PPO e POD, que podem oxidar 0os compostos
fenolicos durante a maceracdo das uvas, bem como atividade de trés importantes pectinases,
inclusive de PME, que durante a maceracdo pode liberar metanol no meio em consequéncia
da hidrdlise dos grupos metil ester das pectinas presentes principalmente na casca das uvas.

Deste modo, buscou-se um procedimento que fosse capaz de minimizar os efeitos
deletérios ocasionados pelas enzimas enddgenas da uva e entdo possibilitar uma avaliacao,
com menos interferentes, do efeito do preparado enzimatico experimental sobre a qualidade

do suco.

3.2 Branqueamento das uvas como pré-tratamento para elaboracgdo de suco
Pela Figura 1 foi possivel observar que a atividade de PPO e POD decresceram com 0
aumento do tempo de branqueamento a vapor das bagas das uvas, com inativacdo das

respectivas enzimas em 3 e 6 minutos. Estes resultados estdo em concordancia com 0s
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apresentados para a inativacdo de oxirredutases de outras frutas, no qual o tempo necessario
variou de 2 a 8 minutos (LLANO et al., 2003; NDIAYE; XU; WANG, 2009).

120
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Atividade Residual (%)

tempo (minutos)

Figura 1. Comparacdo entre a atividade residual de PPO (m) e POD () de uva Bordd usando

diferentes tempos de branqueamento a vapor.

O branqueamento a vapor das uvas como pré-tratamento para a inativacdo destas
enzimas mostrou ser um processo ndo simultaneo. Estes resultados estdo em concordancia
com os relatados por Freitas et al. (2008) para uvas da variedade Benitaka e Rubi, e com os
relatados por Valderrama; Marangoni; Clemente (2001), em seus estudos com magcas. Além
de minimizar o escurecimento enzimatico, este pré-tratamento térmico provavelmente
resultou em amaciamento dos tecidos e, consequente perda da coesdo das células e da
resisténcia mecanica da parede celular, o que facilitou a permeabilidade dos pigmentos da
casca para 0 mosto, tal como relatado para uvas Napoledo e Rede Globe (SOUZA,;
RICARDO-DA-SILVA; LAUREANO, 2003). Resultados similares também j& foram
relatados por Rossi et al. (2003), ap6s empregarem branqueamento a vapor como tratamento
prévio de blueberry para obtencéo de suco.

As caracteristicas cromaticas dos mostos elaborados com as uvas previamente
branqueadas reforcam esta hipdtese (Tabela 2), uma vez que se observa um aumento no valor
das coordenadas L* e a*, bem como a diminuicdo dos valores da coordenada b*, e diminui¢do
do IE, quando comparados ao mosto elaborado com uvas in natura. Embora ndo tenham sido
observadas diferencas muito grandes entre os valores de angulo Hue, houve um aumento dos
valores de C* a medida que aumentou o tempo de branqueamento, isto é, houve um aumento

na intensidade da cor.
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O mosto obtido a partir das uvas in natura apresentou um teor de metanol de 73,5
mg/L, valor este menor que o relatado por Rizzon; Link (2006) para suco de uva Bord6 (135,3
mg/L) e proximos ao apresentado para sucos de uva Isabel (55 - 69 mg/L) (ZANUZ, 1991).
Ao incubar a uva Bordd, levemente macerada, a 37°C por 1 hora foi possivel observar que 0s
teores de metanol aumentaram significativamente, chegando a 673,5 mg/L. Apds o emprego
do tratamento térmico, as amostras tratadas de 3 a 6 minutos apresentaram apenas tracos de
metanol no mosto (dados néo apresentados). Isto leva a crer que, nas condic¢des de processo, a
PME enddgena pode atuar sobre a pectina das cascas das uvas, liberando metanol no mosto e
que um tratamento térmico de 3 minutos € suficiente para minimizar a acdo da PME enddgena
da uva Bord0. Deve-se observar que no tempo de 3 minutos de branqueamento, no qual a
PPO foi completamente inativada (Figura 1), os mostos apresentaram boas caracteristicas
cromaticas e um baixo indice de escurecimento. Diante destes resultados, conclui-se que o
tempo de 3 minutos mostra-se um tratamento térmico eficaz para minimizar interferéncias de
enzimas enddgenas da uva sobre a avaliagdo do efeito de preparados enzimaticos sobre o teor

de fendlicos totais e de metanol durante extracdo do suco.

Tabela 2. Caracteristicas cromaticas dos mostos das uvas in natura e previamente

branqueadas por diferentes tempos.

(m-li—n) L* a* b* H* Cc* IE ((yFO)
0 518+0,10e 13,70+£0,06e -3,70+0,07c  344,88+0,34a 14,19+0,04e 64,45+0,69a 100
1 6,31+£0,13d 15,70+0,27d -3,95+0,56c 345,89+2,00a 16,19+0,26d 62,17+2,47a 141
2 8,23+0,07c 18,76+0,07c -5,70+0,06b 343,10+0,13ab 19,60+0,08c 53,80+0,13b 143
3 11,26 £0,01a 20,29+0,04b -6,29+1,15a 342,81+294b 2126+0,36b 46,15+7,52d 160
4 8,38+0,21c 20,32+0,32b -6,34+0,11ab 342,68+0,29b 21,29+0,32b 54,37+0,87b 163
5 9,40+0,18b 21,71+0,08a -6,91+0,05a 342,35+0,056b 22,79+0,09a 51,89+057bc 174
6 8,55+0,04c 20,34+0,16b -6,92+0,06a 341,22+0,07b 21,49+0,16b 49,27+0,36c 164

*T (min) = tratamentos (minutos); F (%) = porcentagem de fendlicos totais dos mostos de uvas tratadas termicamente
e in natura, que corresponde a 100%. Letras iguais nas colunas — mostos ndo diferiram entre si (P > 0,05) pelo teste de
Tukey.

3.3 Efeito do preparado enzimatico PEC-N31 sobre os compostos fenodlicos durante
extracdo do suco

A caracterizagdo das principais pectinases presentes no preparado enzimatico
experimental PEC-N31 foi primeiramente realizada (Tabela 3) e como ferramenta de
comparacdo, utilizou-se o preparado enzimatico comercial Vinozym Ventage FCE. Pode-se

observar que o preparado PEC-N31 apresentou atividade de Endo-PG e Exo-PG, que
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normalmente catalisam a hidrolise das ligacGes glicosidicas o (1—4) no acido péctico, de
forma aleatéria ou sequencial a partir da extremidade ndo redutora da molécula,
respectivamente (CHITARRA; CHITARRA, 2005; DA-SILVA; FRANCO; GOMES, 1997).
Além disso, detectou-se também atividade de PME. A acéo inicial desta enzima € necessaria
para desmetoxilacdo da pectina, deixando-a em condicOes de ser degradada pelas PGs, porém,

sua atividade ndo deve ser muito elevada para evitar a producéo excessiva de metanol.

Tabela 3. Atividade enzimatica das principais enzimas pectinoliticas*.

Preparados
o Endo-PG Exo-PG PME
enzimaticos
PEC-N31 0,65+ 0,01 U/mL 6,97 + 0,24 U/mL 450+ 0,16 U/mL

Vinozym 36,54 +0,12U/mg 725,45+ 12,65 U/mg 625,0 £ 9,87 U/mg

* determinada em triplicata.

O fabricante do Vinozym declara a presenca apenas de poligalacturonase (PG) com
uma atividade de 7500 PGNU/g, que é uma Unidade Enzimatica definida pela empresa. Tal
como no PEC-N31, encontrou-se no Vinozym tanto PG quanto PME com altas atividades
enzimaticas, porém, deve-se levar em consideracdo que o Vinozym esta na forma liofilizada
diferentemente do PEC-N31 que é um extrato aquoso. ROMERO-CASCALES et al. (2008)
caracterizaram algumas enzimas, inclusive Endo-PG e PME, de seis preparados enzimaticos
comerciais, e relataram diferencas significativas tanto na composicdo das enzimas presentes
como também nas suas concentracdes. Assim, torna-se razoavel monitorar os teores de
metanol dos sucos produzidos com uvas tratadas enzimaticamente que sdo disponibilizados
para a populacdo como forma de evitar um risco potencial para a satde, tal como ja alertado
por Hou et al. (2008).

O efeito do tempo de contato entre as cascas das uvas e o preparado PEC-N31 (1 ml
do extrato/kg de fruta) sobre o teor de fendlicos totais e o teor de metanol foi avaliado e
comparado com os resultados obtidos, nas mesmas condic¢des de processo, pelo preparado
Vinozym. Pela Figura 2 é possivel observar que o branqueamento a vapor das uvas foi eficaz
para minimizar a formacao de metanol por PME enddgenas da fruta. O tratamento enzimatico
com PEC-N31 e Vinozym resultou em um aumento do teor de metanol dos sucos, com
valores maximos apds 3 horas de tratamento para ambos preparados enzimaticos e posterior

estabilizacdo ap0s 4 horas de tratamento. Hou et al. (2008) e Servilli et al. (1992) ja relataram

199



correlacdo positiva entre a liberagédo de metanol e a atividade de PME em sucos e vinhos,
respectivamente.

O limite méximo de metanol, dado pela Organizagédo Internacional do Vinho (OIV,
1990), € 150 mg/L para o branco e rose, e 300 mg/L para o tinto. Levando em consideragédo
estes limites e comparando-os com o teor de metanol apresentado pelos sucos elaborados no
presente estudo, observa-se que a introducdo do tratamento enzimatico ao processo resultou
em produtos com teores de metanol inferiores a 200 mg/L (Figura 2). Estes resultados sdo
importantes, pois indicam que os produtos elaborados com o preparado enziméatico N31,
nestas condicBes, ndo apresentardo risco potencial a saude devido a presenca excessiva de
metanol.
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Figura 2. Teor de fendlicos totais e de metanol dos sucos elaborados com uva branqueada e
uvas branqueadas tratadas enzimaticamente com os preparados enzimaticos PEC-N31 e

Vinozym Ventage FCE, por diferentes tempos.

A aplicacdo do PEC-N31 proporcionou um aumento no teor de fendlicos totais do
suco tratado enzimaticamente quando comparado ao elaborado com uva branqueada sem
tratamento. Pode-se observar que apds 1 hora de tratamento, os sucos elaborados com PEC-
N31 e Vinozym ja apresentavam teor significativo de fendlicos totais (1677,25 e 1682,10
mg/L, respectivamente), muito proximo ao obtido apds 3 horas de tratamento com PEC-N31
(1701,16 mg GAE/L). Os resultados obtidos por PEC-N31 foram inferiores ao encontrado

nos sucos elaborados apds 3 horas de tratamento com Vinozym FCE (1934,84 £+ 74,17 mg
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GAE/L). Bons resultados com o emprego do mesmo preparado comercial sobre as cascas das
uvas para obtencdo de vinhos foram apresentados por Mufioz; Sepulvera; Schwartz (2004).

O teor de fenolicos totais encontrados nos sucos produzidos com a uva Bordd esta
dentro da faixa relatada por Burin et al. (2010) para sucos de uvas comerciais obtidos a partir
da uva Bord6 (1117 - 3433 mg GAE/L) e por Frankel et al. (1998) para sucos de uvas da
variedade Concord (1654 - 1971 mg GAE/L). Este aumento no contedo de fendlicos totais

das amostras tratadas enzimaticamente refletiu positivamente na cor (Figura 3).
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Figura 3. indice de cor e coloragio T dos sucos elaborados com uva branqueada (controle,
sem adicdo de enzimas) e uvas branqueadas tratadas enzimaticamente com os preparados

enzimaticos N31 e Vinozym Ventage FCE, por diferentes tempos.

Observa-se que o suco elaborado com o preparado enzimatico N31 apresentou
melhores valores de indice de cor apds 2 horas de tratamento enquanto os melhores valores
para as caracteristicas cromaticas do suco elaborado com Vinozym Ventage FCE foram
obtidas apds 4 horas de tratamento, com valores ainda inferiores aos alcancados pelo N31.
Nota-se que ap6s 1 hora de tratamento enzimatico com N31, 0os sucos j& apresentavam
caracteristicas cromaticas melhores que as apresentadas pelos sucos tratados com Vinozym.
Além disso, observa-se que os indices de coloracdo T dos sucos diminuiram ap6s o
tratamento enzimatico, o que sugere que 0s compostos fendlicos, incluindo as antocianinas,

foram efetivamente liberados ap6s a agdo das enzimas sobre as cascas das uvas. De acordo
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com os resultados de teor de fendlicos totais e de cor dos sucos, sugere-se que 1 hora de
tratamento enzimatico das uvas com o N31 € suficiente para obter produtos com maior
conteudo de compostos fendlicos e, conseqlientemente, com melhoria na coloracdo do

produto final.

3.4 Padrdes de identidade e qualidade dos sucos

Os parametros fisico-quimicos dos sucos de uva elaborados de forma convencional
(controle) e apos aplicacdo dos preparados enzimaticos (PEC-N31 e Vinoym) por 1 hora estdo
apresentados na Tabela 4. E possivel observar que todos os sucos estdo em acordo com 0s
parametros estabelecidos pela legislacdo em vigéncia e a aplicacdo do preparado enzimatico

PEC-N31 ndo interferiu nas caracteristicas do produto.

Tabela 4. Analises fisico-quimicas dos sucos de uva*.

Analise Controle Vinozym PEC-N31 Especificacao®
Densidade a 20°C (g/cm?) 1,068 1,069 1,066 min 1,057
Relacdo °Brix /Acidez total (g/kg) 29,92 29,91 31,70 min 15,0/max 45
Aclcares ndo redutores em sacarose (g/100g) 4,270 5,285 4,639

AcUcares redutores em glicose (g/100 g) 12,375 12,400 11,625

AcUcares totais naturais da uva (g/100 g) 17,302 17,685 16,264 max 20,00
Acidez total em &cido tartérico (g/100 g) 0,555 0,555 0,511  min0,41//max 0,90
Acidez voléatil em &cido acético (g/100 g) 0,007 0,007 0,007 max 0,050
Teor alcodlico (% vol) 0,000 0,000 0,000 max 0,50
Sélidos soltveis a 20°C (°Brix) 16,600 16,600 16,200 min 14,00
Sélidos insollveis a 20°C (% Vv/v) 2,598 2,296 3,138 max 5,00
Extrato seco total (g/Kg) 18,900 18,981 18,402

Cinzas (g/100 g) 0,657 0,546 0,637

pH 3,17 3,18 3,18 min 2,9

* Sucos foram analisados em triplicata e apenas a média dos resultados foi apresentada. a Especificacdo segundo
Instrugdo Normativa n. 1, de 07 de janeiro de 2000 sobre Regulamento Técnico para fixacdo dos padrGes de
identidade e qualidade para polpa e suco de uva. min = minimo de; max = maximo de.

4. CONCLUSAO

O suco de uva Bordd obtido apo6s 1 hora de tratamento com o preparado enzimatico

PEC-N31 apresentou baixo teor de metanol e teor de fenolicos totais muito proximo ao valor
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obtido pelo produto elaborado com o preparado enzimatico comercial (Vinozym FCE). Além
disso, obtiveram-se produtos com caracteristicas cromaticas satisfatérias e padrdes de
qualidade de acordo com a legislacdo em vigéncia. Estes resultados incentivam novos estudos
que viabilizem a obtencdo de preparado enzimatico produzido por este fungo passivel de ser
oferecido comercialmente as industrias processadoras de uva. O conhecimento a ser adquirido
podera ser aplicado no desenvolvimento de projetos de integracdo com produtores de sucos de
uva integrais da regido de Jales, com o objetivo de melhorar a qualidade dos produtos naquela
localidade.
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CONCLUSOES GERAIS

1. A uva Bord6 (casca e polpa) apresentou elevado teor de compostos fenolicos, sendo
predominantemente encontrado nas cascas. Nas cascas, as antocianinas se apresentaram
principalmente como 3,5-diglicosideos. Miricetina-3-glicosideo foi o principal flavonol
encontrado em ambas as partes da fruta (casca e polpa) enquanto os derivados do acido
hidroxicindmico nas cascas derivaram principalmente do acido caféico. Embora ndo possua
elevado teor de flavan-3-0is, a fruta exibiu consideravel teor de resveratrol e capacidade

antioxidante.

2. As uvas apirénicas BRS Clara e BRS Morena apresentaram composi¢cdo fendlica
qualitativa muito similar a encontrada por uvas da variedade Vitis vinifera, alto teor de
fendlicos totais e elevada capacidade antioxidante. Diferencas qualitativas entre 0s compostos
fenolicos presentes na casca e na polpa da uva BRS Morena foram observadas, sendo mais
notaveis com relagdo ao perfil de antocianinas e flavondis. Proantocianidinas e acidos
hidroxicinamoil-tartaricos sdo os principais compostos fendlicos encontrados na uva BRS
Clara. Estes compostos, bem como o resveratrol, apresentam-se em teores importantes nas

uvas BRS Morena, embora nestas o principal componente seja a antocianina.

3. A PPO ativa e latente presente nas uvas BRS Clara e BRS Morena foram extraidas usando
detergente Triton-X-100 (ativa) e Triton-X-114 (latente). Com Triton-X-110, as catecolases
exibiram maxima atividade a pH 6,0 e na temperatura de 25 °C. Acima de 30°C, um declinio
gradual das atividades foi notado, com completa inativacdo a 60°C. As PPO extraidas com
Triton-X-114 foram ativadas com 0,2% de SDS, e exibiram méaximas atividades a pH 5.5 e na

temperatura de 30 °C, sendo estaveis até temperatura de 60°C.

4. O preparado experimental N31 apresenta potencial para ser futuramente oferecido
comercialmente as industrias processadoras de uva, pois seu emprego na etapa de maceracao
por 1 hora resultou em suco com boas caracteristicas cromaticas, alto teor de fendlicos totais e
baixo teor de metanol, bem como com caracteristicas fisico-quimicas de acordo com o

estabelecido pela legislacdo em vigéncia.
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novozymes

Rethink Tomorrow

— enhancing colour
and flavour in premium red wines

Increase colour stability, polyphenol, aroma
extraction and throughput in your winery with
Vinozym Vintage FCE. This unique enzyme solution
is a cost-effective way of getting the most out

of your red wine grapes and producing premium
wines with more body and mouthfeel.

Benefits

¢ Enhances colour
Ease colour extraction and improve colour stability by up to
20% with Vinozym Vintage FCE. In addition, this solution’s
unigue enzyme activity maintains the colour of your wine even ¢ Increases throughput
after fermentation and maturation. Increase the free-run wine release at the end of alcohol fer-
mentation by 5-10% with Vinozym Vintage FCE, and minimise

¢ Improves overall flavour profile maceration time by 30%. This reduces mechanical work such

Produce wines with more body and mouthfeel with Vinozym
Vintage FCE, which enhances soft tannin extraction by 15%
without increasing astringency. This unique enzyme solution
does this by extracting smooth tannins from the skin and

polysaccharides from the pulp, leading to wine with a better

overall flavour profile.

as pumping, and limits cold prefermentary maceration.

Enables more fruity flavours
This unigue enzyme solution enhances the release of flavours
and aroma precursors from the skin of the grape to help you

produce red wines with more fruity flavours.
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Vinozym Vintage FCE

- enhancing colour and aroma in premium red wines.

Total polyphenol index follow-up over time Vinozym Vintage FCE’s effect on

colour liberation on various varieties
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Vinozym Vintage FCE has a positive effect on colour and polyphenol extraction. The Vinozym Vintage FCE significantly improves colour liberation in a variety of red
effect varies according to the year and the grape variety, and enzyme-treated wine wines.

is more stable over time.

Technical parameters Dosage

Vinozym Vintage FCE is used after the crusher/destemmer when 3-4 g/100 kg grapes on large berries. The dose should be in-
filling the maceration tank. SO2 does not affect enzyme activity. creased to 4-5 g/100 kg for small berry grapes or under dry-year
Vinozym Vintage FCE enables you to reduce the cold maceration conditions or lower ripeness.

time by 30-100% and can even eliminate the cold soak process.

This ensures that you produce fruity red wines with one day of Contact time

cooling instead of two without enzymes. The enzyme is active as soon as it is added to the grapes.

For more information, or for more office addresses, visit www.novozymes.com
Novozymes Switzerland AG - Neumattweg 16 - 4243 Dittingen - Switzerland - Tel. +41 61 765 6111 - Fax +41 61 765 6333
Novozymes A/S - Krogshoejvej 36 - 2880 Bagsvaerd - Denmark - Tel. +45 4446 0000 - Fax +45 4446 9999 - wineprocessing@novozymes.com - WWWw.Novozymes.com

Laws, regulations, and/or third party rights may prevent customers from importing, using, processing, and/or reselling the products described herein in a given manner.
Without separate, written agreement between the customer and Novozymes to such effect, this document does not constitute a representation or warranty of any kind

and is subject to change without further notice.
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