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RESUMO

O Vale do Séo Francisco (VSF), segunda maior regido produtora de vinhos do Brasil, apresenta
uma vitivinicultura diferenciada, uma vez que se encontra localizada no bioma caatinga, com
particularidades edafocliméaticas como: clima tropical semiarido, alto indice de insolacéo, baixo
indice pluviométrico e agua disponivel para irrigacdo. Estas particularidades permitem a
producdo escalonada de uvas, com duas colheitas por ano, em um mesmo vinhedo, e
consequente elaboracéo de vinhos tintos e espumantes com composi¢do quimica que abrange
uma diversidade de compostos, dos quais os volateis conferem autenticidade e qualidade a
bebida. Neste contexto, esta pesquisa teve como principal objetivo identificar potenciais
marcadores quimicos volateis para tipificar o grupo seleto de vinhos tintos e espumantes que
fazem parte do processo de obtencdo da Indicacdo Geogréfica (IG) VSF. Diante do exposto, 0
perfil de compostos volateis destes vinhos, 4 espumantes e 9 tintos, foi determinado por
microextracdo em fase slida no modo headspace associado a técnica de cromatografia gasosa
acoplada a espectrometria de massa (HS-SPME/GC/MS), cujos resultados foram avaliados por
analises estatisticas multivariadas. Nos vinhos espumantes foram identificados 109 compostos
volateis classificados em 13 grupos quimicos, dos quais 0s ésteres, terpenos e alcoois foram
majoritarios. Do total, 33 compostos foram identificados em todos os vinhos espumantes,
alguns compostos com representacdo de area mais expressiva foram identificados
exclusivamente nos diferentes tipos de vinho espumante, sendo um total de 23 no moscatel, 9
no brut, 5 no brut rosé e 4 no demi-sec, com destaque para 0s compostos 2-fenil-undecano, 3-
metil-4-heptanol, 4-fenil-undecano e germacreno B, identificados pela primeira vez em vinhos
espumantes elaborados no VSF. Os resultados dos vinhos espumantes indicaram forte
associacdo das variedades de uvas e dos processos tecnologicos de vinificacdo. Nos vinhos
tintos foram identificados 103 compostos volateis, classificados em 13 grupos quimicos dos
quais os esteres e alcoois foram os grupos majoritarios. Do total de compostos, 27 foram
identificados em todos os vinhos tintos, as cultivares influenciaram na distin¢do de volateis
expressos exclusivamente em apenas um tipo de vinho. Dos 103 compostos identificados nos
vinhos tintos desta pesquisa, 22 se destacaram por sua primeira identificagdo em vinhos tintos
elaborados no VSF, a exemplo dos aromaticos 3-fenil-undecano e 4-fenil-decano. Neste
contexto, os perfis volateis dos vinhos espumantes e tintos comerciais do VSF apresentaram
possiveis marcadores de tipicidade que podem ser Uteis para a rastreabilidade e indispensaveis
para confirmacdo da autenticidade e tipicidade dos vinhos desta regido, pré-requisitos
necessarios para auxiliar no processo de estruturacéo de IG.

Palavras-chave: Compostos volateis. HS-SPME/GC/MS. Indicacdo Geogréafica. Vinhos tintos.
Vinhos espumantes. Vale do S&o Francisco.



ABSTRACT

The S&o Francisco Valley (VSF), the second largest wine producing region in Brazil, presents
a differentiated viticulture, since it is located at the caatinga biome, with particularities such as:
tropical semi-arid climate, high rate of solar radiation, low rainfall and water available for
irrigation. These particularities allow the staggered production of grapes, with two harvests per
year, in the same vineyard, and the consequent elaboration of fine still and sparkling wines with
a chemical composition that includes a diversity of compounds, of which the volatile ones
confer authenticity and quality to the drink. In this context, this research had as main objective
to identify volatile chemical markers to typify the select group of red and sparkling wines that
are part of the process of obtaining the Geographical Indication (GI) VSF. In view of the above,
the profile of volatile compounds of these wines, 4 sparkling and 9 red, was determined by
microextraction in solid phase in headspace mode associated with the technique of gas
chromatography coupled to mass spectrometry (HS-SPME/GC/MS), whose results were
evaluated by multivariate statistical analysis. In sparkling wines, 109 volatile compounds were
identified, classified into 13 chemical groups, of which the esters, terpenes and alcohols were
the majority. Of the total, 33 compounds were identified in all sparkling wines, some
compounds with more expressive area representation were identified exclusively in the
different types of sparkling wine, being a total of 23 in muscatel, 9 in brut, 5 in brut rosé and 4
in demi-sec, with emphasis on compounds 2-phenyl-undecane, 3-methyl-4-heptanol, 4-phenyl-
undecane and germacrene B, identified for the first time in sparkling wines from VSF. The
results of sparkling wines indicated a strong association of grape varieties and technological
processes of winemaking. In red wines 103 volatile compounds were identified, classified into
13 chemical groups of which the esters and alcohols were the major groups. Of the total of
compounds, 27 were identified in all red wines, the cultivars influenced the distinction of
volatiles expressed exclusively in only one type of wine. Of the 103 compounds identified in
red wines, 22 stood out for their first identification in wines from VSF, like the aromatic 3-
phenyl-undecane and 4-phenyl-decane. In this context, the volatile profiles of the commercial
sparkling and red wines of the VVSF presented possible markers of typicity that can be useful
for traceability and indispensable for confirming the authenticity and typicity of wines of this
region, necessary prerequisites to assist in the GI structuring process.

Keywords: Volatile compounds. HS-SPME/GC/MS. Geographical Indication. Red wines.
Sparkling wines. San Francisco Valley.
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1 INTRODUCAO

A viticultura brasileira é caracterizada por sua diversidade e particularidades regionais
como cultivares, época de colheita, ciclo de producéo e manejo viticultural. Em 2019, o Brasil
elaborou 2 milhdes de hectolitros de vinhos, destacando-se na producéo de vinhos no hemisfério
sul, ocupando a quinta posi¢cdo com produtos de alta qualidade, entre vinhos tintos, espumantes
e brancos (MELLO; MACHADO, 2020; IBRAVIN, 2020a; OIV, 2020). Um total de 30,74
milhGes de litros de espumantes foram comercializados em 2019, sendo 24,581 milhdes de
litros de espumantes nacionais, 0 que mostra que estes apesentam grande representatividade no
mercado brasileiro (MELLO; MACHADO, 2020).

O Brasil é o unico pais do mundo onde temos trés tipos de vinhos. Nos estados do Sul e
Sudeste, assim como nos paises tradicionais do mundo, sdo produzidos os vinhos tradicionais,
com uma poda e uma colheita por ano. No Vale do Sdo Francisco (VSF), Nordeste do Brasil,
sdo produzidos os vinhos tropicais, com duas podas da videira e duas colheitas por ano, em
qualquer periodo. E mais recentemente, desde 2004, sdo produzidos os vinhos de inverno nos
estados do Sudeste, Centro-Oeste e Nordeste do Brasil (Chapada Diamantina-BA), em regides
com altitude entre 600-1.300 m (PEREIRA et al., 2020; PEREIRA, 2020; TONIETTO et al.,
2020).

A regido Nordeste possui 10.485 hectares de videiras, representando 13,85% da area
viticola nacional e concentra sua viticultura no VSF (Pernambuco e Bahia). Nesta regido se
elabora cerca de 4 milhdes de litros de vinhos finos (Vitis vinifera L.) por ano, dos quais
aproximadamente 29% sé&o tintos, 1% brancos e 70% espumantes. Dos espumantes, 50% séo
moscatéis (doces) e 50% sdo espumantes finos bruts (secos) ou demi-secs (meio doces) brancos
ou rosados (MELLO; MACHADO, 2020; PEREIRA et al., 2018).

O VSF, localizado no bioma caatinga, tem por caracteristicas clima tropical semiarido,
alta insolacdo, baixo indice pluviométrico, solo, em geral, de baixa fertilidade, agua disponivel
para irrigacdo do rio So Francisco, e producéo escalonada de uvas ao longo do ano, com duas
safras anuais em mesmo vinhedo (IBRAVIN, 2020b; TONIETTO; TEIXEIRA, 2004,
TEIXEIRA et al., 2013).

As vinicolas brasileiras vém investindo nas Indicacdes Geograficas (1G) nos ultimos 20
anos. Hoje séo sete regides com IG, seis no estado do Rio Grande do Sul e uma em Santa
Catarina (EMBRAPA, 2020). A IG, espécie de selo de qualidade que atesta a especificidade do
terroir de cada regido produtora, € capaz de impulsionar o desenvolvimento territorial em seus

aspectos sociais, econdmicos, politicos e culturais, agregando valor diferencial aos produtos e
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servicos, e dando notoriedade a regido (SIEDENBERG; THAINES; BAGGIO, 2017).

A Regido do VSF possui IG para uvas de mesa desde 2009, dadas as suas
particularidades edafoclimaticas, mas, por falta de organizacdo do processo, nao esta
funcionando corretamente, e os produtores ndo utilizam esta 1G, chamada de Vale do Submédio
S&o Francisco. No ano de 2014, a partir de um grande projeto financiado pelo CNPq e Embrapa
Uva e Vinho, apds solicitacdo das empresas vinicolas associadas ao Instituto do Vinho Vale do
Séo Francisco (Vinhovasf), pesquisadores deram inicio ao processo de levantamento dos dados
e resultados necessarios para a solicitacdo da IG VSF, para vinhos tintos, brancos e espumantes.
Esta solicitacdo estd sendo feita em dezembro de 2020, pelo Vinhovasf para o Instituto Nacional
da Propriedade Industrial (INPI) (EMBRAPA, 2020). Espera-se que o Vinhovasf receba a
autorizacdo de uso do selo da Indicacdo de Procedéncia ainda em 2021, o que contribuird com
uma melhoria na qualidade, da notoriedade, valor agregado, estimulando o setor vitivinicola da
regido, com melhores condi¢fes mercadoldgicas e competitividade.

IndicacGes Geograficas identificam produtos ou servicos associados a sua origem
geografica com caracteristicas proprias que traduzem a identidade do local de producéo (PINTO;
PAIXAOQ, 2018). A obtencao deste titulo para os vinhos do VVSF depende, dentre vérios fatores,
da delimitacdo da &rea geogréafica, descricdo do meio natural (clima, solo, relevo, etc),
importancia socioecondmica, descricdo dos produtos (vinhos e espumantes, além de sua
caracterizacdo fisico-quimica e aromatica, indicacao de marcador(es) de tipicidade que possam
auxiliar na notoriedade destes vinhos.

H& uma diversidade de compostos aromaticos nos vinhos com intensidade e
complexidade variadas, associados a expressdo de uma Unica casta ou & mistura de varias castas,
dos quais os volateis contribuem de forma significativa nas propriedades sensoriais e sua
determinacdo também pode ser utilizada para estabelecer autenticidade e qualidade da bebida,
auxiliando no processo de IG do vinho (NICOLLI et al., 2015; PONS et al., 2017;
FERNANDES et al., 2018).

Nos vinhos, os compostos volateis sdo divididos em trés classes: aromas primarios,
associados a uva, sao produzidos durante o amadurecimento da fruta; os aromas secundarios
que sdo provenientes da fermentacao alcodlica, revelados pela acdo das leveduras; e os aromas
terciarios que sdo os aromas de envelhecimento (DRAPPIER et al., 2017). Fatores como
variedade da uva, condi¢cdes edafocliméaticas e processo de vinificacdo influenciam na
composicdo aromatica do vinho (CAMARA; ALVES; MARQUES, 2006). Vale citar que mais
de 1000 compostos volateis - alcoolis, ésteres, aldeidos, éteres, cetonas e terpenos — em distintas
concentragdes ja foram identificados em vinhos (MENDES; GONCALVES; CAMARA, 2012).



14

A extracdo dos compostos volateis por microextracdo em fase solida (SPME, do inglés
solid phase micro extraction) associada a separacdo por cromatografia gasosa (GC, do inglés
gas chromatography ) e o detector de espectrometria de massa (MS, do inglés mass spectrum)
representam uma ferramenta confidvel para analise de volateis e semivolateis de vinhos
(OLEGARIO et al., 2019; RUIZ et al., 2019) com a finalidade de diferenciar cultivares,
determinar a qualidade e tipicidade dos vinhos (CINCOTTA et al.,2015; Sanchez-Palomo et
al., 2017) e diferenciar a origem geografica desta bebida (ZIOLKOWSKA; WASOWICZ;
JELEN,2016).

Nesse contexto, o terroir especifico do VVSF pode conferir atributos unicos e distin¢éo
aromatica aos vinhos desta regido. A literatura cientifica, até o presente momento, contempla
poucos estudos com o perfil volatil de vinhos tintos e espumantes desta regiao, a exemplo das
publicacdes de Nascimento et al. (2018) com vinhos espumantes experimentais das cultivares
Chenin Blanc e Syrah, Barbard et al. (2020) com vinhos experimentais da cultivar Syrah e
Fernandes et al. (2018), que analisaram vinho tinto comercial do VSF (monovarietal Cabernet
Sauvignon). Estes estudos indicam que fatores como a cultivar, o processo tecnologico de
vinificacdo e a origem geogréfica influenciam na composicao volatil dos vinhos produzidos no
VSF.

A escassez de pesquisas voltadas para a descricdo e determinacdo do perfil aromatico
dos vinhos tintos e espumantes comerciais elaborados no VSF, associada ao interesse em
atender a demanda de informacdes dos vitivinicultores e consumidores motivaram a realizagédo
desta pesquisa, que utilizou um grupo de vinhos selecionados por experts para compor a
Indicacdo Geogréafica VSF. Neste contexto, objetivou-se: i) identificar o perfil de volateis de
espumantes produzidos no VSF, cujos produtos fardo parte da Indicacdo Geografica VSF; ii)
auxiliar produtores, consumidores e a comunidade cientifica no conhecimento detalhado dos
principais aromas presentes nos vinhos espumantes do VSF; iii) caracterizar e identificar
importantes marcadores quimicos volateis de um grupo seleto de vinhos tintos comerciais
jovens e envelhecidos de distintas cultivares, safras e vinicolas, indicados no processo de
estruturacdo de Indicacdo Geografica VSF; iv) obter potenciais marcadores de qualidade e

identidade de alguns vinhos tintos e espumantes do VSF.
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2 REVISAO DE LITERATURA

O vinho, bebida apreciada e reconhecida mundialmente, tem por definicao estabelecida
pela legislacdo brasileira “ bebida obtida da fermentagao alcodlica do mosto simples de uvas sas,
frescas e maduras” (BRASIL, 1988) que, independente da cultivar, apresentam como principais
componentes - agua, alcoois, acidos organicos, compostos fenodlicos, proteinas e outras
substancias nitrogenadas, polissacarideos, acucares, compostos aromaticos, minerais e
vitaminas (GUERRA; BARNABE, 2005; FERNANDES et al., 2017).

A sintese destes compostos nas uvas e consequentemente sua concentragéo nos vinhos
estd condicionada a variedade de uva, fatores que influenciam o desenvolvimento da baga
(condicBes edafoclimaticas, localizacdo geografica e manejo agronémico) e processos de
vinificacdo (BORGHEZAN, 2017).

2.1 EVOLUCAO DA VITICULTURA NO BRASIL

A histdria da vitivinicultura brasileira teve inicio no século XVI, coincidindo com a sua
colonizacdo. Embora as primeiras videiras Vitis vinifera L. tenham sido trazidas em 1532 por
Martin Afonso de Souza, condigdes desfavoraveis durante o cultivo postergaram a elaboragédo
do primeiro vinho brasileiro por Bras Cubas, para 1551. Em 1626, 0s Jesuitas, entre os quais 0
padre Roque Gonzales de Santa Cruz, introduziram o cultivo de videiras no Rio Grande do Sul
(IBRAVIN, 2020c). Apdés um periodo de estagnagdo, a viticultura foi retomada entre 1870-
1875 com a vinda dos italianos para a Serra Gaucha (PACHECO, 2006).

No final de 1950, a viticultura estava restrita aos trés estados do Sul e regides leste de
S&o Paulo e sul de Minas Gerais. No entanto, desse momento em diante, houve uma grande
ampliacdo da fronteira viticola, com a plantacéo de uvas na regido do Vale do Sao Francisco,
seguindo-se as regides norte do Parana, noroeste de Sdo Paulo e norte de Minas Gerais
(CAMARGO; TONIETTO; HOFFMANN, 2011). Todavia, até 1960, os vinhos brasileiros
apresentaram uma limitada evolucdo, situacdo modificada a partir de 1970, no qual, o vinho
brasileiro obteve um bom conceito junto ao consumidor local (TONIETTO, 2003),
principalmente aqueles produzidos na Serra Gaucha.

Tonietto (2003) listou as principais etapas da evolucgéo da viticultura brasileira, sendo
esta, dividida em quatro periodos (Figura 1): o primeiro, representa o inicio dos vinhedos com
producéo de vinhos elaborados com cultivares americanas; o segundo, marca a diversificacdo

de produtos com a elaboracéo de vinhos de cultivares hibridas e Vitis vinifera L.; o terceiro,
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prioriza a qualidade na elaboragdo com destaque para vinhos varietais; e o quarto e atual
periodo, busca identidade regional dos vinhos e certificacdo por meio de Indicacdes

Geograéficas.

Figura 1 - Representacdo pictdrica dos periodos evolutivos da vitivinicultura brasileira
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Fonte: Tonietto (2003)

Na elaboracao dos vinhos brasileiros, dada a variacéo de altitude, incluem-se regides de
clima temperado, subtropical e tropical. H& uma diversidade de uvas utilizadas, pois s&o mais
de 120 cultivares Vitis vinifera e mais de 40 cultivares de uvas americanas - Vitis labrusca, Vitis
bourquina e hibridas interespecificas (CAMARGO; TONIETTO; HOFFMANN, 2011).

Atualmente, o Brasil é o quinto maior produtor de vinhos do hemisfério Sul, com
producdo em 2019 de 2 milhdes de hectolitros (mhL) e area de vinhedo de 81 mil hectares (kha)
(Ibravin, 2020a; OIV, 2020). Possui videiras cultivadas em 18 estados, dos quais se destacam o
Rio Grande do Sul, responsavel por 90,00 % da producdo nacional de vinhos e sucos de uva, e
aproximadamente 85,00 % dos espumantes do Brasil, com 62,72% da area viticola nacional
((MELLO; MACHADO, 2020).

Os espumantes nacionais ocupam lugar de maior representatividade no mercado
brasileiro, ja que de um total de 30,74 milhGes de litros de espumantes comercializados em
2019, 24,58 milhdes de litros de espumantes eram nacionais (MELLO; MACHADO, 2020).
Em relagdo aos vinhos finos, estima-se que foram consumidos 132,16 milhdes de litros, dos
quais, 114,175 milhdes de litros eram vinhos importados e 17,988 milhdes de litros, vinhos
nacionais (Vitis Vinifera L.) (MELLO; MACHADO, 2020).
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A regido Nordeste, cuja viticultura se concentra no VSF, possui 10.485 hectares de
videiras, representando em 2019, 13,85% da area viticola nacional (MELLO E MACHADO,
2020). Esta regido esta localizada nos estados de Pernambuco e Bahia, e é responsavel pela
elaboracdo de cerca de 4 milhdes de litros de vinhos finos por ano e contemplando uma area de
vinhedos de aproximadamente 400 hectares (PEREIRA et al., 2018). Além disso, é considerada
uma regido emergente na producdo de vinhos, desde 1980, e se encontra em expansao,
elaborando vinhos finos distintos dos vinhos originarios das tradicionais regides produtoras do
mundo (ALMEIDA et al., 2016).

2.2 VINHOS TROPICAIS DO VALE DO SAO FRANCISCO

Os vinhos denominados tropicais se referem aqueles elaborados entre os trépicos de
Cancer e Capricérnio, cujas condi¢cdes naturais ndo sdo suficientes para induzir a videira a
dorméncia. Com o crescimento continuo, faz se necessario o uso de tecnologias apropriadas
que permitem duas ou mais colheitas por ano em mesmo vinhedo (CAMARGO; TONIETTO;
HOFFMANN, 2011; BIROLO; ZANELLA, 2017).

A elaboracado de vinhos tropicais se destaca na América do Sul: Brasil, Venezuela, Peru
e Equador; na Asia: Myanmar, india, Tailandia, Indonésia e Vietna; na Africa: Etidpia, Gabo,
Quénia, Namibia e Tanzéania; e na Oceania: Polinésia Francesa (BIROLO; ZANELLA, 2017).
O Brasil apresenta como principais polos de viticultura tropical o VSF, noroeste Paulista e norte
de Minas Gerais, com expansao por varios outros estados como Espirito Santo, Mato Grosso
do Sul, Mato Grosso, Goids, Rondénia, Ceara e Piaui. (CAMARGO; TONIETTO;
HOFFMANN, 2011).

O VSF é a Unica regido vinicola do mundo localizada em clima semiarido e no bioma
caatinga, considerada uma nova fronteira internacional na producdo de vinhos, a regido esta
situada no Nordeste do Brasil, entre os paralelos 8° e 9° Sul com altitude entre 200 a 800 m.
Ademais, é caracterizada por topografia ondulada, com altitude média de 500m, variabilidade
climatica intra-anual que se enquadra em trés grupos climéaticos — IH+3(indice heliométrico:
muito quente), IF-2 (indice de frio noturno: de noites quentes), IS+2 (indice de seca: forte).,
IS+1(indice de seca: moderada) ou 1S-1(indice de seca: subimido) ao longo do ano (Tabela 1),
baixo indice pluviométrico, elevada insolacdo (superior a 3.000 h/ano). Nestas condi¢fes, com
altas temperaturas médias anuais (26,5 °C), elevada radiacdo solar, disponibilidade de 4gua para
irrigacéo, é possivel produzir uvas todos os dias do ano, mediante escalonamento das parcelas

viticolas. Os solos sdo classificados como argissolo amarelo eutrofico / plintossolo tipico
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(taxonomia do solo alfisolo), geralmente com baixa fertilidade. As videiras sdo podadas uma
vez por ano e as uvas colhidas duas vezes ao ano, processos definidos pelo produtor, em funcao
das demandas de mercado, e busca pela tipicidade nos diferentes periodos de producdo
(TONIETTO; TEIXEIRA, 2004; BENEDETTI et al.,, 2011; TONIETTO et al.,, 2012;
ANDRADE et al., 2013; TEIXEIRA et al., 2013; IBRAVIN, 2020b).

Tabela 1 - Clima viticola e grupos climaticos da Regido do Vale do S&o Francisco ao longo dos

12 meses de colheita potencial de uvas para vinificagao

Periodo Clima viticola Classe do clima viticola
IH IF(°C) IS IH IF IS

Agosto-Janeiro 3659 21,3 -136 IH+3 IF-2 IS+2
Setembro-Fevereiro 3650 21,6 -85 IH+3 IF-2 IS+1
Outubro-Marco 3654 21,3 -1 IH+3 IF-2 1S+1
Novembro-Abril 3563 21,0 46 IH+3 IF-2 IS+1
Dezembro-Maio 3490 20,0 51 IH+3 IF-2 IS-1
Janeiro-Junho 3376 18,8 43 IH+3 IF-2 IS+1
Fevereiro-Julho 3289 18,1 8 IH+3 IF-2 IS+1
Marcgo-Agosto 3298 18,7 -52 IH+3 IF-2 1S+1
Abril-Setembro 3294 19,9 -110 IH+3 IF-2 IS+2
Maio-Outubro 3385 21,3 -162 IH+3 IF-2 IS+2
Junho-Novembro 3458 22,2 -182 IH+3 IF-2 IS+2
Julho-Dezembro 3572 21,7 -169 IH+3 IF-2 IS+2

IH (Indice Heliométrico); IH+3 (indice Heliométrico: muito quente); IF (Indice de frio noturno); IF-2 (indice de
frio noturno: de noites quentes); 1S (indice de seca); IS-1 (indice de seca: sublmido); 1S+1(indice de seca:

moderada); 1S+2 (indice de seca: forte). Fonte: Tonietto et al., 2012

No VSF a viticultura requer conhecimento profundo das necessidades das videiras e dos
produtos a serem elaborados, a exemplo da aplicacdo de horménios para a quebra de dorméncia
(cianamida hidrogenada), uso racional da ferti-irrigacdo, controles de pragas e doencas,
definicdo da data ideal de colheita, bem como diversificacdo dos processos enologicos
(PEREIRA et al., 2018).

Na elaboragdo dos vinhos desta regido predominam uvas de origem europeia (Vitis
vinifera L.) como: Syrah, Tempranilo, Cabernet Sauvignon, Alicante Bouschet, Touriga

Nacional, Grenache, Ruby Cabernet, como tintas, assim como Chenin Blanc, Sauvignon Blanc,
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Verdejo, Moscatos Italia e Canelli (LIMA etal., 2015; PADILHA et al., 2017; PEREIRA et al.,
2018).

Dos 4 milhdes de litros de vinhos finos (Vitis vinifera) elaborados por ano, cerca de 29%
sdo tintos, 1% brancos e 70% espumantes, dos quais 50% sdo moscatéis (doces) e 50% sdo
espumantes finos bruts (secos) ou démi-secs (meio doces) brancos ou rosados (PEREIRA et al.,
2018).

Atualmente, o VSF (Figura 2) possui sete vinicolas, distribuidas entre 0s municipios
pernambucanos de Petrolina, Lagoa Grande e Santa Maria da Boa Vista, além de Casa Nova e
Curacé na Bahia (PEREIRA et al., 2018). S&o aproximadamente 6.848 hectares de vinhedos
em Pernambuco, e 2.119 hectares na Bahia, com producéo de 237.367 e 56.940 toneladas de
uvas, respectivamente.

Dentre as vinicolas que ganharam notoriedade e reconhecimento internacional, vale
ressaltar a Terra Nova Miolo na Expovinis 2012, com o melhor vinho tinto do pais
(monovarietal Syrah); e a Vitivinicola Santa Maria/Global Wines, que no concurso mundial de
Bruxelas 2014, recebeu medalha de ouro com vinhos tintos (monovarietais Touriga Nacional e
Alicante Bouschet). Em outras premiacdes que recebidas posteriormente, destacam-se a
Vitivinicola Santa Maria/Global Wines, no concurso mundial de Bruxelas edi¢cdo 2018, com
medalha grande ouro para o Espumante Rio Sol Extra Brut Gran Reserva (LIMA, 2019;
COELHO-COSTA; CORIOLANO, 2017; MELLO, 2017).

Figura 2 — Mapa da regido viticola do Vale do Sdo Francisco, em Pernambuco e na Bahia,

Brasil.

VALE DO SUBMEDIO SAO FRANCISCO
PERNAMBUCO E BAHIA - BRASIL

Fonte: Tonietto et al., 2004
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Os vinhos elaborados na regido do VSF tém sido objeto de uma gama de pesquisas
cientificas com foco em alteracdes de manejo agronémico, época de colheita, processos de
vinificacdo e caracterizagdo cromatica, fendlica e antioxidante, com destaque em vinhos tintos
e brancos experimentais e comerciais (LIMA et al., 2015; PADILHA et al., 2017; MUCACA
etal., 2017; PEREIRA etal., 2018; OLIVEIRA et al., 2019). Todavia, Sd0 escassas as pesquisas
com descricdo de perfil volatil de vinhos tintos (BARBARA et al., 2020; FERNANDES et al.,
2018) e vinhos espumantes (NASCIMENTO et al., 2018).

2.3 INDICACAO GEOGRAFICA DOS VINHOS BRASILEIROS

Historicamente, os vinhos de qualidade se referiam aqueles que suportavam longas
viagens sem alterar suas caracteristicas, como o sabor, fato que refletia no preco do produto.
Dessa forma, o comércio e a qualidade do produto possuiam uma forte ligacdo, a qual gerou
um vinculo da gqualidade do produto com a regido onde foi produzido: os terroirs (MELONI;
SWINNEN, 2018).

No mundo, as primeiras IndicacGes Geograficas foram para vinhos e tiveram por base a
delimitacdo dos terroirs, sendo o delineamento dos vinhos da Borgonha datado do século XV,
0 mais antigo. Outro fato importante ocorreu no século XVII1, onde os vinhos do Porto e vinhos
Chianti, foram os primeiros a obter status de 1G, junto com os vinhos Tokay da Hungria. Ja no
século XX, a delineagdo de Champagne foi a primeira introducdo de "Denominacdo de
Origem". Os famosos vinhos de Bordeaux na Franga foram delimitados e classificados em
1855. As delimitacBes de Indicacdes Geogréaficas atuais para Porto, Champagne, Chianti, e
Borgonha, foram criadas em 1907, 1927, 1932 e 1935, respectivamente, e seguem em vigor até
hoje com os limites dessas Indicacbes Geogréaficas praticamente inalterados (MELONI;
SWINNEN, 2018).

No Brasil, a Propriedade Industrial é regida pela Lei 9.279 de 14 de maio de 1996, que
dispde sobre a Indicacdo Geogréfica, existindo duas formas, a Indicagdo de Procedéncia (IP) e
a Denominagdo de Origem (DO). A lei considera a IGP, conforme Artigo 177, como “o nome
geografico do pais, da cidade, da regido ou de localidade do seu territério que tenha se tornado
conhecido como centro de extracdo, producdo ou fabricacdo de determinado produto ou de
prestacdo de determinado servigo” (BRASIL, 1996).

A primeira Indicacdo Geografica brasileira para vinhos ocorreu, em 2002, na Serra
Gaucha (IP Vale dos Vinhedos). Dando inicio a entrada do Brasil no circulo mundial das

Indicacbes Geograficas para vinhos (Figura 3), certificagdes protegidas pelo Instituto Nacional
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da Propriedade Industrial (INPI), cujo estilo de producéo, area delimitada, terroir especifico,
processos enoldgicos de vinificacdo, dentre outras especificidades sdo contempladas nas
normas para Indicacio Geografica no setor de vinhos (PINTO; PAIXAO, 2018;
SIEDENBERG; THAINES; BOGGIO, 2017; NIERDELE; KELLY:; VIEIRA, 2016).

Figura 3 - Mapa ilustrativo das Indica¢fes Geogréaficas de Vinhos do Brasil

INDICAGOES GEOGRAFICAS (IG) DE VINHOS DO BRASIL
E ASSOCIACOES DE PRODUTORES
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ERborag3o: Jorge Tonetto, Luciana Prado (Embdrapa Uva @ Vinho) ivasiea Falcade (UCS): Maio de 2020.

Fonte: Embrapa (2020)

Segundo o INPI (2020), estao reconhecidas na Legislacéo Brasileira sete (7) Indicagdes
Geograficas (Figura 3 e Quadro 1) para vinhos e/ou espumantes, das quais seis (6) sdo
Indicacdes de Procedéncia (IP), uma (1) Denominacdo de origem (DO), além de outras trés (3)

em processo de estruturacdo, incluindo a futura IP dos vinhos e espumantes do VSF (Figura 3).
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Quadro 1 - As IndicacBes Geogréficas de vinhos e espumantes registradas no Instituto Nacional

da Propriedade Industrial - INPI

NUMERO DE
LOCAL REGISTRO DENOMINACAO VINHOS
Vale dos .
) 1G201008 DO Tinto, branco e espumante
vinhedos
Espumantes finos (brancos e
rosados), moscatel espumante
Alto dos ) . :
BR4020120000020 IP e vinhos finos (tranquilos,
Montes .
brancos, rosados e tintos
Secos)
Espumante moscatel, vinho
fino tranquilo branco
Farroupilha | BR4020140000069 IP moscatel, frisante e licoroso
moscatel, mistela e brandy de
moscatel
Espumante moscatel e vinhos
Monte Belo | BR4020120000063 IP finos tranquilos (brancos e
tintos secos)
Espumante moscatel e 0s
Pinto vinhos  finos  tranquilos
_ 1G200803 IP )
Bandeira (brancos, rosados e tintos
Secos)
Vinho branco e leve branco -
Vale das seco, suave ou demi-sec, O
1G201009 IP )
Uvas Goethe espumante - brut ou demi-sec
e 0 vinho licoroso
Espumantes naturais e 0s
Campanha ) _ )
BR402017000009-1 IP vinhos  finos  tranquilos
Galcha .
(brancos, rosés e tintos)

DO: Denominagdo de Origem; IGP: Indicacdo Geografica de Procedéncia.
Fonte: elaborado a partir de Embrapa (2020) e INPI (2020)

Das Indicagbes Geogréaficas em estruturacdo, vale ressaltar o VSF, cuja area a ser
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delimitada engloba 100% de todos os vinhedos do VSF, na Rede Integrada de Desenvolvimento
(RIDE), do polo Petrolina-Juazeiro. A regido esta localizada em um clima tropical semiarido,
cuja delimitacéo corresponde aos municipios de Petrolina, Lagoa Grande, Santa Maria da Boa Vista
e Oroco, em Pernambuco, bem como Juazeiro, Casa Nova, Sobradinho e Curaca, na Bahia
(PEREIRA et al., 2018). A futura IP foi possivel com apoio financeiro de um projeto financiado
pelo MCT/Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico, e Embrapa Uva
e Vinho, com vigéncia de 2014 a 2018 (PEREIRA et al., 2018; EMBRAPA, 2020; LIMA,
2020). A solicitacéo de registro da IP Vale do S&o Francisco sera realizada ainda em 2020 pelo
VINHOVASF, o Instituto do Vinho do VSF, que abriga todas as vinicolas da regido. O registro
deveréa ser concedido pelo INPI até o final de 2021.

A concessdo da 1G ndo possui prazo de validade e pode ser utilizada por membros da
area geografica delimitada na qual, produz-se ou sdo prestados servi¢os, que devem seguir as
normas contidas no regulamento de uso — Caderno de Especificacdes (INPI, 2020). Cada I1G
possui uma associacdo de produtores atuando na gestdo, controle, protecdo e promogéo da sua
certificacdo (EMBRAPA, 2020). Além de propiciar uma organizacgéo coletiva dos produtores,
este reconhecimento tem por finalidade proteger o renome da regido, preservar as caracteristicas
do produto e valoriza-lo junto ao consumidor, protegendo de falsificacdes e concorréncias
desleais. Adicionalmente, propicia o aumento do enoturismo e o desenvolvimento social,
econémico, politico e cultural da regido (JACKSON, 2014; NETO et al., 2016; EMBRAPA,
2020).

Para auxiliar na obtencdo das caracteristicas reconhecidas como pertencentes a
determinado produto, faz-se necessario a tipificagdo por meio da composi¢cdo quimica e das
propriedades sensoriais (DA COSTA; CASTRO; BARBOSA, 2016). A identificacdo de
marcadores volateis dos vinhos tintos e espumantes da regido do VSF visa a tipificacdo da
bebida, satisfazendo assim pré-requisitos necessarios para auxiliar no processo de estruturacdo
de 1G do VSF.

2.4 COMPOSICAO AROMATICA DOS VINHOS

O bouquet de um vinho é formado pela interagdo dos aromas primario, secundario e
terciario, formado por varios compostos quimicos volateis e semivolateis de distintas origens,
polaridades e volatilidades, cuja estrutura quimica e concentragdo influenciam nas

caracteristicas do vinho e produzem um efeito nas percepgdes sensoriais dos consumidores
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(RUIZ et al. 2019; PLUTOWSKA; WARDENCKI, 2008; PETRONILHO et al., 2020). A
composicdo volatil dos vinhos exibe complexidade e diversidade molecular, em funcdo de
efeitos sinergicos e antagdnicos entre elas (BONINO et al., 2003). Conforme Drappier et al.
(2017) e Visan et al., (2018), esta complexidade provém de distintas fontes: uva (compostos
primérios), levedura e fermentagcfes (compostos secundarios) e tratamentos pds-fermentativos
como: estocagem em barrica de carvalho e armazenamento em garrafa (compostos terciarios).
Essa complexidade e diversidade dos flavors sdo valorizadas por especialistas e consumidores
de vinhos. Importante observar que, até mesmo a diferenca evidente entre vinhos brancos e
tintos provém de nuances de aroma muito sutis (PARKER et al., 2017).

Os compostos que aparecem em baixas concentracdes tém, frequentemente, maior
influéncia nas propriedades sensoriais dos produtos alcodlicos (PLUTOWSKA,;
WARDENCKI, 2008). Além da concentracdo, o impacto dos aromas depende também da
intensidade, geralmente expresso como o limite de deteccdo de odor, que &€ a menor
concentragdo de um determinado composto detectado pelo olfato humano (ILC; WERCK-
REICHHART; NAVROT, 2016).

Conforme llc; Werck-Reichhart; Navrot (2016), o aroma sofre grandes alteragcdes no
processo de vinificagdo como a desglicosilacdo dos compostos volateis sintetizados nas uvas e
a biossintese de novos compostos. Estudo de Moreno et al. (2017) em vinhos Tempranillo da
Espanha, reportou que a retirada precoce das folhas da videira induziu ao aumento da
concentracdo de todas as familias de compostos volateis quantificados, exceto lactonas, com
aumento significativo observado em 23 dos 34 compostos volateis analisados. Enquanto,
Barbara et al. (2020) estudaram o perfil volatil de vinhos elaborados com a uva Syrah e
verificaram que uma maceracdo de 10 dias e 19° Brix foram as melhores condicdes
experimentais para que se obtivesse um impacto mais agradavel dos compostos volateis. Ambos
os estudos mostram a influéncia das préticas viticulturais e de vinificacdo na composicao volatil
de vinhos.

Outro fator de mudanca na concentracdo de muitos compostos volateis ocorre durante o
armazenamento e envelhecimento do vinho em barricas de madeira como o carvalho. Como
exemplo, cita-se a formacdo do composto B-metil-y-octalactona (conhecido como carvalho ou
uisque-lactona), extraido da madeira e que confere notas amadeiradas, de carvalho e de coco ao
vinho (POLASKOVA; HERSZAGE; EBELER, 2008). Em estudo de Garcia-Carpintero,
Sanchez-Palomo e Vifas (2014), vinhos fermentados com pedacos (chips) de carvalho durante
a etapa de fermentacdo alcodlica apresentaram, em geral, maiores concentracGes de esteres

como o butanoato de etila, hexanoato de etila, octanoato de etila, decanoato de etila e acetatos
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de etila, hexila e isoamila do que o vinho de controle.

Além da extracdo de compostos volateis do carvalho, reacGes oxidativas quimicas e
microbianas (por exemplo, acetobacter) podem contribuir para o flavour de vinhos envelhecidos
como resultado da formacdo de compostos como o acetaldeido (aroma de nozes e “xerez”) e
acido acético (aroma de vinagre). Estes aromas sdo indesejaveis no vinho, quando estdo em
altas concentragdes (POLASKOVA; HERSZAGE; EBELER, 2008).

2.4.1 Principais classes quimicas dos compostos volateis de vinhos

A qualidade dos aromas dos vinhos esta diretamente relacionada ao aroma global e, por
conseguinte com a composicao volatil responsavel por estes aromas. Mais de 1000 compostos
volateis foram identificados em vinhos, dentre eles: ésteres, alcoois, aldeidos, éter, cetonas,
C13-norisoprendides e terpenos (VILANOVA et al.,, 2012; MENDES; GONCALVES;
CAMARA, 2012).

e Esteres

Os ésteres, classe mais abundante nos vinhos, da qual ja foram identificados mais de
160 ésteres especificos, sdo formados pela condensacdo entre o grupo carboxila de um acido
organico e o grupo hidroxila de um alcool ou fenol. Em sua maioria, s&o formados durante a
fermentagdo e o0 armazenamento, encontrados em baixas quantidades e volatilidades, entretanto
0s ésteres mais comuns ocorrem em concentragdes acima de seus limiares sensoriais
(JACKSON, 2020).

Em bebidas fermentadas, duas classes de ésteres se destacam, os ésteres de acetato com
grupo acil derivado de acetato (na forma de acetil-CoA), e o grupo alcool com o etanol ou um
alcool complexo derivado do metabolismo de aminoacidos. Os representantes significativos
desta classe sdo acetato de etila, responsaveis pelos aromas frutados, semelhantes a solvente,
acetato de isoamila, descritor aromatico de banana, e acetato de 2-feniletil, que produzem os
aromas florais, de mel, de rosas (CORDENTE, 2012).

A segunda classe € composta por ésteres etilicos de acido graxo de cadeia média com o
etanol no grupo do alcool e acidos graxos de cadeia média no grupo acil, cujos representantes
dessa classe sdo hexanoato de etila e octanoato de etila, ambos com aromas frutados como o
aroma de maca. Além dessas duas classes, os ésteres ciclicos com anéis de 5 membros (y -

lactonas) também podem contribuir para os aromas dos vinhos (Figura 4) (CORDENTE, 2012;
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WATERHOUSE, SACKS; JEFFERY, 2016).

Figura 4 - Estrutura geral das principais classes dos ésteres que contribuem para o aroma dos

vinhos

0 0 Oy o
H-,c/U\o’g R)ko/\ \t)‘”ﬂ

Ester de acetato  Ester etilico vy - lactona

Fonte: Adaptado de Waterhouse; Sacks; Jeffery, 2016

Em vinhos envelhecidos, os ésteres resultam do equilibrio de esterificacdo / hidrolise,
onde altas concentracGes de etanol favorecem o processo de esterificacdo de ésteres etilicos
(BORDIGA et al., 2013).

No estudo de Karabagias et al. (2020), o composto acetato de isoamila foi identificado
em maiores propor¢fes em vinhos tintos secos da variedade Agiorgitiko. Este composto
também apresentou a classe majoritaria no estudo de Nicolli et al. (2018), na qual analisaram a
influéncia de diferentes praticas viticulturais no perfil volatil de vinhos Merlot do Sul do Brasil.
Os autores verificaram que os vinhos elaborados com uvas provenientes de uma videira com
uma menor quantidade de gemas (20 por planta) obtiveram destaque no aroma do vinho com
maiores niveis compostos como o hexanoato de etila e o octanoato de etila.

Os ésteres também foram destaque no estudo de Nicolli et al. (2015) realizado com 21
espumantes moscateis do Sul do Brasil e dois espumantes moscateis italianos, onde foram
identificados 70 compostos volateis dos quais a maior quantidade (27) pertenceram a classe dos
ésteres, com maior percentagem de area total cromatografica (57,96%). Neste estudo, os ésteres
que exibiram maior &rea cromatogréafica nas amostras dos espumantes moscateis brasileiros
foram: octanoato de etila (7,30%), hexanoato de etila (4,37%), succinato de dietila (2,35%) e
acetato de 2-feniletil (1.32%). Conforme Bordiga et al. (2013), os ésteres sdo componentes
importantes do aroma dos vinhos, especialmente naqueles a base de moscatel, por suas notas

frutadas e florais.

e Alcoois

A maioria dos alcoois dos vinhos sdo subprodutos da fermentacdo de levedura e podem
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ser provenientes de duas formas: do catabolismo de seu aminoacido correspondente, a exemplo
da valina e leucina, e no anabolismo do aminoacido por meio do catabolismo do acUcar
(ETIEVANT, 1991; JACKSON, 2020).

Os alcoois superiores mais importantes em vinhos (Figura 5), quantitativamente, sdo: 1-
propanol, 2-metil-1-propanol, 2-metil-1-butanol, 3-metil-1-butanol e 2-feniletanol, responsavel
pelo aroma floral de rosas. A maioria dos alcoois podem atribuir aromas fortes aos vinhos (a
exemplo do herbéceo), que em alta concentracdo podem mascarar a fragrancia da bebida e em
baixas concentragdes (até 0,3 g/L) auxiliam na complexidade aromatica (JACKSON, 2020).

Figura 5 - Estrutura quimica de alguns alcoois superiores importantes no vinho

ARG N )\/CH \/l\/c‘“ /VOH Q_\
OH

1-Propanol  2-Metil-1-propanol 2-Metil-1-butanol  3-Metil-1-butanol 2-feniletanol

Fonte:www.chemspider.com/Chemical-Structure

Bordiga et al. (2013) estudaram vinhos Asti espumante e Moscato d’Asti provenientes
da Itélia, armazenados por 6 meses em trés diferentes temperaturas, e constataram na classe dos
alcoois que em geral, os vinhos Asti espumante continham maiores quantidades de 3-metil-1-
butanol e 2-metil-1-butanol comparado com as amostras de Moscato, e por sua vez 0s vinhos
Moscato d’Asti continham mais 2-feniletanol, isobutanol, hexanol, propanol e butanol.

Estudos realizado por Somkuwar et al. (2020) com vinhos tintos elaborados na india,
(cultivares Cinsault, Grenache, Cabernet Franc, Petit Verdot, Cabernet Sauvignon, Nielluccio,
Tempranillo, Syrah, Merlot e Caladoc) reportaram ao obterem o perfil volatil destes vinhos,
que a classe dos alcoois foi majoritaria com destaque para o vinho Nielluccio (61,56 mg /L) no
qual o principal composto dos alcoois, 0 2, 3-butanodiol obteve maior concentracdo (28,08
mg/L).

e Terpenos
Os terpenos séo constituintes secundarios da planta, cuja biossintese comeca com acetil-

CoA dos quais os compostos odoriferos sdo possivelmente monoterpenos e sesquiterpenos. Os

monoterpenos, estrutura com 10 4tomos de carbonos, formados a partir de duas unidades de
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isopreno, ocorrem na forma de hidrocarbonetos simples, aldeidos, alcoois, acidos e ésteres
(RIBEREAU-GAYON et al., 2006; BORDIGA et al., 2013)

A variabilidade dos monoterpenos nas uvas tem possivel origem nas enzimas que
oxigenam o linalol em diferentes posi¢Oes. A maioria destes compostos podem atribuir notas
aromaticas florais e citricas nos vinhos (ILC; WERCK-REICHHART; NAVROT, 2016).

Os sesquiterpenos, estruturas com 15 atomos de carbonos, sdo formados a partir de trés
unidades de isopreno cujas concentracdes nas uvas e vinhos provavelmente sdo muito baixas
para serem detectados, porém também contribuem para o0 aroma de alguns vinhos (ILC;
WERCK-REICHHART; NAVROT, 2016).

A casca da uva possui, em geral, maior concentracdo de monoterpenos livres e
glicosilados em comparacdo com a polpa ou o suco. Variedade de uva Moscatel apresenta
maiores concentragdes de terpenos glicosideos, compostos hidrolisados pela levedura durante
a etapa de fermentacdo e pelas condicGes &cidas da fermentacdo (pH de 3,5, aproximadamente)
com formacao de terpenos volateis (GONZALES-BARREIRO et al., 2014). Nestas condi¢cdes
0s terpenos atribuem notas aromaticas florais para cultivares Moscatéis, aromas florais e
citricos para a Riesling (monoterpenos), aroma de frutas vermelhas em vinhos tintos (-ionona),
dentre outros aromas como eucalipto/menta (1,8- cineole) ou pimenta preta (rotundona)
(BLACK et al., 2015).

Os alcoois monoterpénicos, geraniol, nerol, o-terpineol e linalol (Figura 6) sdo
importantes para o aroma dos vinhos, em destaque nos vinhos brancos de uvas aromaticas, a
exemplo da Moscatel e Malvasia (PENA, 2005; BORDIGA et al., 2013).

Mudancas naturais no conteldo desses compostos podem ocorrer durante o
armazenamento em garrafa resultando na conversao em seus respectivos 6xidos (derivados das
formas piréanicas e furanicas correspondentes) a exemplo do nerol oxide 3,6-dihidro-4-metil-2-
(2- metil-1-propenil)-2H-piran) que é produto da oxidacao do monoterpeno nerol (PENA, 2005;
BORDIGA et al., 2013; KARABAGIAS et al., 2020).
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Figura 6 - Estrutura quimica de alguns terpenos importantes para o vinho

H;
H,C
H,C
OH H.C= OH
Geraniol Nerol a-Terpineol Linalol

B-Ionona 1,8- Cineole Rotundona

Fonte: www.chemspider.com/Chemical-Structure

Estudo realizado por Condurso et al. (2016), em vinho Syrah de clima mediterraneo
(Itdlia) com e sem poda, relataram que dos aromas primarios, 0S monoterpenos e
hidrocarbonetos sesquiterpenos foram os principais contribuintes para o aroma dos vinhos de
Syrah, principalmente nos vinhos cuja cultivar recebeu o tratamento da poda, onde a quantidade
de (E)-nerolidol foi cinco vezes maior do que nos vinhos controle. Segundo 0 mesmo autor, 0
(E)-nerolidol, caracteristico por suas notas florais, € um sesquiterpeno que provém do difosfato
de farnesila.

O perfil dos terpenos € muito Util na diferenciacdo dos vinhos monovarietais daqueles
elaborados com uma mistura de variedades. Dessa forma, a obtencdo e disponibilidade dos
perfis volateis é imprescindivel para deteccio de fraude (PENA, 2005).

e Norisoprendides

Os compostos norisoprendides sdo provenientes da decomposicdo quimica ou
enzimatica (dioxigenases) dos carotendides da uva, resultando em produtos de distintos
tamanhos como o C13-norisoprendide (13 atomos de carbono) e também ocorrem na forma de
precursores glicosilados. Os C13-norisoprenoides sdo divididos em duas formas principais,
megastigmane e ndo megastigmane, cujos principais compostos na uva encontram-se na Figura
7 (RIBEREAU-GAYON et al., 2006; ILC; WERCK-REICHHART; NAVROT, 2016).
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Figura 7 — Formulas estruturais dos principais compostos C13-norisoprendides encontrados em

uvas
o / H,C CH,
g | ¢
o)
CH,
-Damascenona B-Ionona Vitispirano TDN
(1,1,6-trimetil-1,2-
dihidronaftaleno)
Formas megastigmane Formas nao megastigmane

Fonte: www.chemspider.com/Chemical-Structure

Estes compostos, em geral ndo estdo associados a uma variedade de uva especifica,
dependem das condicdes de vinificacdo e apresentam um baixo limiar de odor, a exemplo do
composto B-damascenona (200 ng/L) (GONZALEZ-BARREIRO et al., 2015; ILC; WERCK-
REICHHART; NAVROT, 2016; VOCE et al., 2019). Esta classe de compostos contribui com
notas frutadas, florais ou picantes, propiciando efeitos benéficos na qualidade sensorial dos
vinhos (CANAS et al., 2008).

Destaque para o composto TDN (1,1,6-trimetil-1,2-dihidronaftaleno) classificado como
um importante marcador de envelhecimento em vinhos, em geral esta ausente em uvas e vinhos
jovens, apresenta notas de queimado/cigarro/fumo/herbaceo, atingindo concentragdes de 200
ug / L, enquanto seu limiar de percepcdo é da ordem de 20 pg/L (RIBEREAU-GAYON et al.,
2006; UBEDA et al., 2019).

Estudo com 35 vinhos espumantes comerciais, Cava, Champagne e vinho espumante
Andalusia (Espanha) destacou dentre os compostos C13 norisoprenoides, evidenciando-se a
importancia do B-damascenona em modular a tipicidade dos vinhos elaborados com a uva
Chardonnay (MUNOZ-REDONDO et al., 2020). Conforme Voce et al. (2019), a presenca de
-damascenona em vinhos espumantes comerciais italianos da cultivar Ribolla Gialla séo
importantes ndo apenas pelas altas concentragdes, mas também pela possivel modificacdo da

percepcao sensorial de alguns ésteres.
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e Outros compostos volateis (acidos, aldeidos e cetonas, hidrocarbonetos, fenadis,
furanonas)

No vinho, a maioria dos &cidos volateis sdo saturados de cadeia linear que variam de 2
a 18 atomos de carbono, divididos em &cidos volateis de cadeia curta (C2-C4), média (C6-C10)
e longa (C12-C18). Os acidos de cadeia ramificada incluem 3-acido metil butandico, acido 2-
metil butandico e 2-metil &cido propandico (RUIZ et al., 2019).

A producdo de acidos no vinho tem influéncia da composi¢do do mosto e das condicdes
de fermentacio (SOMKUWAR et al., 2020). Conforme Etievant (1991) o impacto aromatico
dos acidos é, em geral, insignificante, cujo aroma, em geral, é desagradavel com odor ran¢oso
e de queijo, por exemplo (ILC; WERCK-REICHHART; NAVROT, 2016).

Em relacdo a classe dos aldeidos e cetonas, os aldeidos possuem o grupo carbonila na
posicdo terminal, enquanto as cetonas o grupo carbonila se posiciona no carbono interno.
Poucos aldeidos sdo provenientes da uva, a maioria sdo produzidos durante a fermentagéo,
processamento ou no armazenamento em carvalho (JACKSON, 2020).

O acetaldeido é o principal aldeido do vinho, do qual uma concentracdo de 100 a 125
mg/L, é indesejavel para a maioria dos vinhos. Dos aldeidos o furfural e o 5-hidroximetil-2-
furaldeido propiciam o aroma cozido/caramelado caracteristico de alguns vinhos (JACKSON,
2020).

Na classe das cetonas, estas sdo produzidas durante a fermentacéo, mas poucas atribuem
impacto sensorial aos vinhos (JACKSON, 2020). Ambas as classes possuem limiares sensoriais
de 100 a 10000 vezes mais baixos ao comparar com seus alcoois correspondentes, dessa forma,
uma minima oxidagdo j& pode modificar o aroma do vinho (WATERHOUSE; SACKS;
JEFFERY, 2016).

Em relacdo aos hidrocarbonetos, estes, em geral, sdo associados a detritos celulares da
uva que se perdem antes ou durante o processo de vinificacdo, ndo influenciando diretamente
nas caracteristicas sensoriais do vinho. Entretanto, os produtos da degradacdo de
hidrocarbonetos podem produzir compostos volateis importantes, a exemplo do p-
damascenona, o ¢ f-ionona e 1,1,6-trimetil-1,2-dihidronaftaleno (TDN) (JACKSON, 2008).

Na classe dos fendis volateis, presentes nos vinhos em concentragdes de pg/L a mg/L,
0s compostos podem derivar de precursores originarios das uvas, transformados por processos
microbiolégicos ou quimicos, ou podem ser extraidos no armazenamento em madeira de
carvalho torrada, transmitindo odores remanescentes de fumaga, medicamentos/produtos de
limpeza, baunilha, especiarias e couro (WATERHOUSE; SACKS; JEFFERY, 2016). Alguns

compostos desta classe, em baixas concentracdes, podem contribuir para o aroma do vinho, a
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citar o 4-etilfenol, 4-etilguaiacol, 4-vinilfenol, 4-vinilguaiacol, guaiacol, eugenol e cresdis
(ETIEVANT, 1991). Mas em concentracdes mais elevadas, se transformam em defeitos, com
odor de suor, cavalo, chiqueiro.

Também contribuem para o0 aroma do vinho, o grupo das furanonas provenientes da uva
e do barril de carvalho e que demandam estudos quanto as origens quimicas e bioquimicas para
auxiliar na compreensdo de fatores que influenciam as concentracdes e a diversidade desses
compostos no vinho (ROBINSON et al., 2014).

e Pirazinas

As pirazinas sdo formadas durante a desidratacdo da uva e possuem possiveis descritores
aromaticos vegetativos e herbaceos, mais aparentes em uvas pouco maduras, e alguns aromas
torrados derivados de reaces de Maillard entre aclcares e aminoédcidos (GONZALES-
BARREIRO, et al., 2015; FERREIRA; LOPEZ, 2019).

As pirazinas possuem baixo limiar de odor e s&o correlacionadas com aromas herbaceos
em uvas Cabernet Sauvignon e Sauvignon Blanc, apresentando compostos como 2-metoxi-3-
isobutilpirazina  (IBMP), 2-metoxi-3-isopropilpirazina e 2-metoxi-3-sec-butilpirazina
(RIBEREAU-GAYON et al., 2006; ROBINSON et al., 2014). As metoxipirazinas podem se
sobressair no aroma do vinho, inibindo a percepc¢do de outros compostos e, por consequéncia,
a complexidade aromética (JACKSON, 2020).

Ademais, caracteristicas ndo apreciadas em vinhos tintos de Bordeaux (Franca), local
onde o solo é fator determinante nas concentracdes de metoxipirazina em vinhos de Merlot,
Cabernet Franc e Cabernet Sauvignon, dos quais as uvas provenientes de solos de cascalho bem
drenados apresentam concentragcbes mais baixas de metoxipirazinas, enquanto que solos de
calcario ou argila-silte propiciam teores mais altos deste composto volatil na cultivar Cabernet
Sauvignon (RIBEREAU-GAYON et al., 2006). E, conforme Jackson (2020), a concentragio
de metoxipirazina permanece consideravelmente mais alta em climas mais frios do que em

climas mais quentes.

2.4.2 Perfil volatil por micro extracdo em fase sélida associada a cromatografia gasosa e

espectro de massas

Os aromas sdo diretamente influenciados pela composi¢do volatil dos vinhos. Para

obtencdo do perfil volatil, métodos analiticos usam técnicas de extragdo, separacdo e
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identificacdo de compostos arométicos volateis e uso da cromatografia gasosa. A exemplo da
técnica de micro extracdo em fase sdlida (SPME, do inglés solid phase microextraction) em
espaco confinado (HS, do inglés headspace), associada ao cromatografo gasoso (GC, do inglés
gas chromatograph ) e ao detector de espectro de massas (MS, do inglés mass spectrum) que
representam uma ferramenta confidvel para analise e sdo muito utilizadas em artigos com
vinhos (CINCOTTA et al. 2015; ARCANJO et al. 2018; FERNANDES et al. 2018;
OLEGARIO et al., 2019; KARIMALI et al. 2020).

Etapas prévias para a preparacdo das amostras sdo essenciais para estabelecer um
método cromatogréafico sensivel e seletivo para a anélise de tragos em matrizes complexas como
o vinho (DIONISIO, 2010). Existem diversas alternativas de pré-preparo das amostras, como a
Stir Bar Sorptive Extraction (SBSE) e a Purge and Trap (PT), entretanto, a extracdo em
headspace € uma das técnicas mais comuns, com destaque para a microextracdo em fase solida
em headspace — HS-SPME (CUBERO-LEON, PENALVER E MAQUET, 2014).

A SPME (Figura 8) tem por base a sor¢do dos analitos de uma matriz (aquosa, por
exemplo) para uma fina fibra de silica fundida revestida por camada polimérica na qual,
encontra-se em um suporte com forma de seringa, podendo ser inserida na matriz da amostra de
forma direta ou em headspace (essencialmente utilizada em analise de volateis que se
desprendem facil da matriz) como ilustrada na Figura 8. Trata-se de uma técnica rapida, simples
e seletiva e que no requer solvente (ALMEIDA et al., 2004; POLASKOVA, HERZAGER E
EBELER, 2008). Variaveis sdo otimizadas afim de obter um método sensivel, preciso e
reprodutivel para cada analito e tipo de amostra analisada (POLASKOVA, HERZAGER E
EBELER, 2008).
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Figura 8 - Esquema ilustrativo do processo de micro extracdo em fase sélida associado a
cromatografia gasosa com detector de espectrometria de massas (HS-SPME-GC-MS)

HS-SPME Dessorgao
1

= 1

Compostos I

Amostra volateis

MS |= |

L

Ressalta-se que a analise por GC — MS é uma das técnicas mais utilizadas em compostos

Fonte: autoria propria

volateis por seu poder de separacdo e reprodutibilidade. Além da existéncia de bibliotecas de
dados espectrais de massa que auxiliam na identificacdo dos compostos (CUBERO-LEON,
PENALVER E MAQUET, 2014).

Por fim, nos vinhos, esta analise dos compostos volateis vem sendo utilizada com o
intuito de diferenciar cultivares, determinar a qualidade e tipicidade dos vinhos (SANCHEZ-
PALOMO et al., 2017), e diferenciar a origem geogréfica desta bebida (ZIOLKOWSKA et al.,
2016).
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3 MATERIAIS E METODOS

3.1 PADROES

Padr@es analiticos: mistura de hidrocarbonetos (n-C8-C20) com grau de pureza acima
de 98%, foram adquiridos da Aldrich (Milwaukee, WI, EUA) onde o n em Cn indica 0 numero

de carbonos na molécula de um dado alcano linear.

3.2 AMOSTRAS

Esta pesquisa contempla vinhos comerciais do bioma caatinga, indicados para compor
a IG do VSF, em processo de estruturacdo desde 2014. Quatro vinhos espumantes, foram
agrupados em quatro (4) categorias comerciais de vinhos espumantes do bioma Caatinga,
elaborados a partir de uvas de 120 hectares de vinhedos (60% para espumantes) de uma mesma
vinicola (9 ° 15'S e 40 ° 50' W), feitos com: monovarietal moscatel (Moscato Italia) e brut rosé
(Grenache) e mistura (blend) de castas demi-sec (blend de Chenin Blanc, Sauvignon Blanc e
Verdejo, cerca de 33% de cada um) e brut (blend de Chenin Blanc, Sauvignon Blanc e Verdejo,
também cerca de 33% de cada um) (Tabela 2). A diferenca entre os vinhos espumantes brut e
demi-sec ¢ apenas a quantidade de agticar (menos de 15 g L™! para o brut e entre 20 a 60 g L*!
para o demi-sec). Estes quatro espumantes selecionados representam em termos de volume
produzido/comercializado e em tipos, aproximadamente 50-60% do total da regiao, sendo desta

forma, bastante representativos.

Tabela 2 - Vinhos espumantes em processo de Indicacdo Geogréfica do Vale do Sdo Francisco.

Vinhos (Codigo) Cultivares Vinicolas Lote
DS Demi-sec — Chenin 9°15°S; 40° 50'W  L17135

Blanc/Sauvignon Blanc/ Verdejo

BT Brut - Chenin Blanc/ Sauvignon 9°15’S;40°50'W  L18006
Blanc/ Verdejo

BR Brut Rosé — Grenache 9° 15’ S;40° 50°W  L17139

MOSC Moscatel — Moscato Italia 9°15’S;40°50'W  L18011

Nove amostras de vinhos tintos provenientes de duas vinicolas distintas também foram
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utilizadas e representam entre 55 a 65% de todos os tipos de vinhos produzidos/comercializados

na regido do VSF. As amostras de vinhos espumantes ¢ tintos foram obtidas a partir de trés

garrafas (750 mL), de mesmo lote, para cada tipo de vinho. As andlises foram realizadas em

triplicata e todos os vinhos foram estocados a 16 ° + 1° C até as andlises, por um periodo nao

superior a seis (6) meses. As caracteristicas e especificidades de cada vinho tinto se encontram

na Tabela 3.

Tabela 3 - Vinhos tintos em processo de Indicacdo Geografica do Vale do Séo Francisco.

Vinhos  Cultivares Vinicolas Safra Lote T™*
(Codigo) (localizacao) (meses)
AB Alicante Bouschet  9°24°'S; 40° 29°W 2014 Sem lote 9
CS Cabernet 9°24°'S; 40° 29°W 2015  L1806A15 0
Sauvignon
CS/SY  Cabernet 9°24°°'S; 40° 29°W 2017 L1832D16 0
Sauvignon/Syrah
PR Premium-— Cabernet 9°24°'S; 40° 29°W 2013 L17112A08 12
Sauvignon/Syrah/
Alicante Bouschet/
Touriga
Nacional/Aragonés
RC Ruby Cabernet 8°47°S;39° 49°W 2016  L20/072016 0
RS Reserva — Cabernet 9°24°'S; 40° 29°W 2014 L1833D11 6
Sauvignon/Syrah/
Alicante Bouschet
SY Syrah 9°24°'S; 40° 29°W 2015 L1819D16 0
TN Touriga Nacional 9°24°'S; 40° 29°W 2014 L1837E03 9
TP Tempranillo 9°24°'S; 40° 29°W 2015  L1820B26 0

*TM: tempo de maturacdo em barrica de carvalho francés
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3.3 ANALISES ENOLOGICAS CLASSICAS

Os parametros enoldgicos classicos avaliados foram: densidade (método com
picnémetro), acidez total, acidez volatil, dioxido de enxofre total e teor alcodlico, que foram
realizados por métodos oficiais para analise de vinhos (OIV, 2014).

3.4 MICRO EXTRAGCAO EM FASE SOLIDA (SPME)

Uma aliquota de 30 mL de vinho tinto ou de espumante foi transferida para um frasco
de vidro de 100 mL, com uma tampa de rosca contendo um orificio central de 3 mm de raio e
um septo revestido de Teflon (Supelco®, Bellafonte, PA, EUA). As extracOes foram realizadas
em quadruplicata com aparelho SPME (Supelco®, Bellafonte, PA, EUA) contendo fibra de
silica fundida revestida com camada de 65 pm de Polidimetilsiloxano/Divinilbenzeno
(PDMS/DVB). Antes da extracdo, a fibra foi condicionada conforme instrugdes do fabricante
(250°C por 30 min). A agulha de aco inoxidavel, que aloja a fibra, penetrou no septo do frasco
de vidro e, apo6s equilibrio a 45°C, por 15 min, a fibra foi exposta ao espaco superior acima do
vinho (headspace) por 30 min, sob agitacdo continua (250 rpm), segundo método adaptado de
Barros et al. (2012). Apos a extracdo, a fibra foi recolhida e o dispositivo SPME foi removido
do frasco de amostra do vinho e inserido diretamente na porta de inje¢cdo do CG/MS. As analises
em branco foram realizadas antes da analise de cada amostra, com 0s mesmos metodos de

analise de amostras.

3.5 CONDICOES EXPERIMENTAIS DA CROMATOGRAFIA GASOSA ACOPLADA A
UM DETECTOR DE ESPECTROMETRIA DE MASSA (CG/MS)

Um cromatdgrafo gasoso (CG) 7890B acoplado a um detector de espectrometria de
massa (MS) Agilent® Technologies 5977B (Little Falls, ME, EUA) e uma coluna capilar de
silica fundida de baixo sangramento/Varian® VF-5 MS (5% fenil / 95 % PDMS, 60 m x 0,25
mm x 0,25 um de espessura de filme) foram usados para separar e identificar os volateis
coletados por SPME. O gés de arraste foi o hélio (pureza analitica de 99,9999 %, White Martins,
Jaboatdo dos Guararapes, Pernambuco, Brasil) a uma taxa de fluxo de 1,2 ml minuto 2. As
amostras foram injetadas colocando-se a fibra de SPME na entrada do GC a 250 °C e 0 modo
de injecdo foi sem divisdo de fluxo (splitless) com tempo de dessorcdo de 5 minutos. A

temperatura inicial do forno foi de 40 °C, a qual foi mantida por 10 minutos, aumentada para
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250 °C a 7 °C por minuto, e entdo mantida a 250 °C por 5 minutos conforme método adaptado
de Barros et al. (2012) e Arcanjo et al. (2015).

O detector de espectrometria de massa foi operado no modo de impacto de elétrons com
uma temperatura de 250°C na linha de transferéncia e na fonte, uma ionizagéo de elétrons de
70 eV e uma faixa de varredura de razdo massa/carga (m/z) de 35 a 350 a 3,33 varreduras/s. A
linha de transferéncia foi mantida a 250 ° C. Os dados da SPME foram adquiridos e analisados
com o software Mass Hunter (Agilent®).

O indice de retencdo foi calculado para cada composto volatil usando os tempos de
retencdo de uma série homologa de n-alcanos C8-C20. Foram considerados identificados, os
compostos volateis que apresentarem semelhanca espectral com os da biblioteca
NIST/EPA/NIH Mass Spectral Database (Versdo 2.2 2014) exibindo os coeficientes Match >
600 e RMatch > 700 e indices de retencdo linear confirmados pela literatura cientifica
(KONDJOYANG; BERDAGUE, 1996). Foram considerados tentativamente identificados, os
compostos volateis cuja identificacdo se baseou somente nas informac@es da biblioteca NIST,
exibindo os coeficientes Match > 600 e RMatch > 700. Os dados foram representados em
termos a area total cromatografica e porcentagem de area e discutidos de acordo com suas
classes quimicas. Uma busca de anterioridade foi realizada para rastrear os compostos volateis
identificados em vinhos tintos e espumantes do mundo publicados nos periddicos disponiveis
no Periodicos Capes. Todos os resultados foram comparados e suas similaridades e diferencas

discutidas.

3.6 ANALISE ESTATISTICA

O teste de Shapiro-Wilk foi realizado em todos os dados com o intuito de verificar se 0s
resultados apresentavam uma distribuicdo normal. Como os dados dos compostos volateis ndo
seguiram uma distribuicdo normal (p<0.05), o teste ndo paramétrico de Kruskall-Wallis e o
teste de comparacdo mdaltipla post hoc Dunn’s (p<0.05) foram utilizados para verificar a
diferenca entre as médias de areas totais dos grupos de compostos volateis, exibidos na forma
de graficos. Em relacdo aos dados enoldgicos classicos, estes seguiram distribuicdo normal e
foram analisados por andlise de variancia (ANOVA) associada ao teste de médias de Tukey
(p<0,05) para identificar possiveis diferencas entre as médias.

Os resultados dos compostos volateis foram auto escalonados usando o MATLAB
versao 7.10.0.499 (The Mathworks, Inc., Natick, MA, R2010a) para realizar a comparacao da

abundancia de area obtida em cada amostra. Analises multivariadas (componentes principais
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(p<0.05), analise hierarquica de cluster e mapa de cor) foram realizadas com o software
XLSTAT versao 5.03 (Addinsoft, New York, USA, 2014), com a finalidade de agrupar as

amostras de vinhos tintos € espumantes comerciais de acordo com sua composi¢ao volatil.
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4 RESULTADOS E DISCUSSAO

Os resultados obtidos no desenvolvimento da Tese estdo apresentados na forma de artigos
cientificos submetidos em periddicos de impacto na &rea de Ciéncia e Tecnologia dos
Alimentos, em atendimento a Norma Complementar n® 03/2011 do PPGCTA.
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4.1 ARTIGO I: VOLATILE PROFILE OF COMMERCIAL SPARKLING WINES FROM
THE CAATINGA BIOME BY HEADSPACE-SPME-GC/MS

O artigo foi submetido ao periddico Food Chemistry em 21 de outubro de 2020, sob o
titulo Volatile Profile of Commercial Sparkling Wines from the Caatinga Biome by Headspace-
SPME-GC/MS (ANEXO A).
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Abstract

The present research aimed to identify the volatile profile of sparkling wines from S&o
Francisco Valley, which products will have soon the Geographical Indication requested by the
producers. The extraction, separation and identification of the volatile compounds of moscatel,
brut, brut rosé and demi-sec sparkling wines were performed. A total of 109 compounds were
identified, classified in 13 chemical groups, which the major were esters, terpenes and alcohols.
Some compounds with more expressive area representation were exclusively identified in each
type of sparkling wine: a total of 23 in moscatel, 9 in brut, 5 in brut rosé and 4 in demi-sec. The
results indicate a strong association between grape varieties and the technological winemaking
processes. The volatile profiles of each commercial sparkling wine in the S&o Francisco Valley
present possible chemical markers of typicity which can be used to distinguish the commercial

wines from the region.

Keywords: Volatile compound; Sado Francisco Valley; Geographical Indication; Sparkling

wine; Typicality marker; Gas chromatography.
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1. Introduction

Global wine production in 2019 reached 260 million hectolitres (mhL), which 2.0 mhL
were produced by Brazil, where it has been outstanding in wine production in the southern
hemisphere, occupying the fifth position with high quality products, among red, sparkling and
also white wines (lbravin, 2020a; OIV, 2020). Brazilian wineries have been investing in
Geographical Indications-Gl in the last 20 years, a quality seal that attests the quality due to the
specificity of the terroir of each producing region. Nowadays there are seven regions with Gl,
mainly in the South, in Rio Grande do Sul (Farroupilha, Monte Belo, Vale dos Vinhedos, Pinto
Bandeira, Altos Montes and Campanha Gaucha) and Santa Catarina States (Vale da Uva
Goéthe) (Embrapa, 2020).

Geographical Indication is able to boost territorial development in its social, economic,
political and cultural aspects, adding a differential value to products and services, and giving
notoriety to the region (Siedenberg et al., 2017). In this regard, the Sao Francisco Valley (VSF)
is a traditional winegrowing region, producing tropical wines since thirty years ago, actually
with 4 million liters of wines (Vitis vinifera) per year, which sparkling wines represent about
70 % of the total production (Embrapa, 2020; Pereira et al., 2018). The VSF is exclusively
located in the northeastern Brazil, in the caatinga biome, presenting a tropical semi-arid climate.
In these conditions, with high annual average temperatures (26.5 °C), high solar radiation, water
availability for irrigation, it is possible to produce grapes every day of the year, by scheduling
the plots. The soils are classified as yellow eutrophic argisol/typical plintustalf (soil taxonomy
alfisol), usually with low natural fertility, and a vine is pruned once a year and the grapes are
harvested twice (Benedetti et al., 2011; Ibravin, 2020b). In this region, the sparkling wines are
mainly produced by the asti (single fermentation in pressure tanks) and charmat (second
alcoholic fermentation in the pressure tanks or autoclaves) and methods (Brasil, 2004; Pereira

etal., 2018; Soares et al., 2015).
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In addition to winemaking protocols and grape variety, other factors such as soil and
climatic conditions, as well as viticultural practices influence the chemical composition of
wines, mainly volatile compounds (Fernandes et al., 2018). The aromas present varied intensity
and complexity and are associated with the expression of a single grape variety or its
mixture/blend, being considered decisive factors in the sensory quality, typicality and
acceptability of wines (Sanchez-Palomo et al., 2017).

The aromas are directly influenced by the volatile composition of the wines. The
extraction of the compounds by solid phase microextraction (SPME) associated with separation
by high efficiency gas chromatography (GC) and the mass spectrophotometric detector
represents a reliable tool for analysis (Olegario et al., 2019; Ruiz et al., 2019). These techniques
have been used for wine analysis (Mufioz-Redondo et al., 2020; Tufariello et al., 2019; Ubeda
et al., 2019) in order to differentiate cultivars, determine the quality and typicality of wines
(Sanchez-Palomo et al., 2017), and differentiate the geographical origin of this beverage
(Ziotkowska et al., 2016).

A study by Nascimento et al. (2018) with experimental sparkling wines from the Chenin
Blanc and Syrah cultivars produced in the S&o Francisco Valley showed that the grape variety
used can significantly influence the volatile profile. Barbara et al. (2020) studied the volatile
profile of wines produced with Syrah grapes and it was shown that ten days of maceration and
19° Brix were significant for the volatile composition. Fernandes et al. (2018) analyzed wines
from the VSF, Minas Gerais and Rio Grande do Sul in Brazil, and showed that the main volatile
profile markers of red wines were esters and alcohols. The above-mentioned studies indicate
that factors such as cultivar, technological winemaking process and geographical origin
influence on the volatile composition of experimental wines produced in the VSF. However, in
our knowledge, there is no studies to date characterizing the volatile composition of commercial

sparkling wines from this region.
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In this context, this study aimed to identify and quantify the volatile profile of the main
sparkling wines produced in the region, which products will take part of the Geographical
Indication Sdo Francisco Valley, in the way of recognition by the Brazilian Government. The
characterization of the products will help the scientific community, as well as the producers and

consumers, to know in details which are the main aroma present in the sparkling wines.

2. Material and methods
2.1. Samples

Twelve sparkling wines indicated to compose the Vale do S&o Francisco Geographical
Indication, were grouped into 4 commercial categories of sparkling wines from the Caatinga
biome. All wines came from the same winery (9° 15' S and 40° 50' W), with 120 hectars of
vineyards (60% for sparkling wines) and were separated in four groups: monovarietal moscatel
(Italia Muscat) and brut rosé (Grenache) sparkling wines, and demi-sec (blend of Chenin Blanc,
Sauvignon Blanc and Verdejo, around 33% of each one) and brut (blend of Chenin Blanc,
Sauvignon Blanc and Verdejo, also around 33% of each one). The difference between brut and
demi-sec sparkling wines is only the amount of sugar (less than 15 g L for brut, and between
20 to 60 g L™ for demi-sec). These four sparkling wines selected represent in terms of volume
produced / marketed and in types, approximately 50-60% of the total of the region, being thus,
quite representative. The samples were composed by three bottles (750mL) from the same batch
and the experiments were carried out in triplicate. Sparkling wines were stored at 16° + 1°C

until the analysis for a period not exceeding 6 months.

2.2. Solid-phase microextraction (SPME)
An aliquot of 30 mL of sparkling wine was transferred to a 100 mL glass vial with a screw

cap containing one center hole of 3 mm radius and a Teflon-lined septum (Supelco®, Bellafonte,
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PA, EUA). Extractions were carried out with an SPME device (Supelco®, Bellafonte, PA, EUA)
containing a fused-silica fiber coated with a 65 um layer of Polidimetilsiloxano/Divinilbenzeno
(PDMS/DVB) (Supelco®, Bellafonte, PA, EUA). The stainless steel needle housing the fiber
penetrated the septum of the glass recipient, and after equilibration at 45°C for 15 min, the fiber
was then exposed to the headspace above the wine for 30 min, under continuous stirring (250
rpm) according to the method adapted from Barros et al. (2012). After extraction, the fiber was
collected and the SPME device was removed from the wine sample vial and inserted directly
into the GC-MS injection port. The fiber was conditioned before the extraction by heating it in
the gas chromatograph injection port at 250°C for 30 min. Blank analyses were carried out

before the analysis of each sample, with the same methods of samples analyses.

2.3. Gas chromatography-mass spectrometry conditions

An Agilent® Technologies 5977B (Little Falls, ME, USA) mass spectrometer coupled to
a 7890B gas chromatograph was used to separate and identify the volatiles collected by SPME.
GC separation of the collected volatiles was performed on a Varian® VF-5 MS low bleed/MS
fused-silica capillary column (5% phenyl/95% PDMS, 60 m x 0.25 mm x 0.25 pm film
thickness). The temperature program employed was 10 min at 40°C, a ramp of 7°C/min to
250°C, and held for 5 min. Helium (analytical purity of 99,9999 %, White Martins, Jaboatdo
dos Guararapes, Pernambuco, Brazil) was used as the carrier gas at a flow rate of 1.2 m ml
mint. The injection port was in splitless mode at a temperature of 250°C.

Mass spectrometry detector was operated in electron impact mode with a source
temperature of 250°C, an ionizing voltage of 70 eV, and a scan range from m/z 35 to 350 m/z
at 3.33 scans/s. The transfer line was held at 250°C. The SPME data were acquired and
analyzed using Mass Hunter software (Agilent®, Version 10.0, 2008).

The linear retention index was calculated for each volatile compound using the retention
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times of a homologous series of C8-C20 n-alkanes, of which the linear retention index below
800 were expressed as <800. Volatile compounds that have spectral similarity to those of the
NIST/EPA/NIH Mass Spectral Database were considered identified (Version 2.2 2014)
showing the Match> 600 and RMatch > 700 coefficients of linear retention confirmed by the
scientific literature (KONDJOYAN & BERDAGUE, 1996). Volatile compounds whose
identification was based only on information from the NIST library were tentatively identified,
displaying the Match > 600 and RMatch > 700 coefficients. The data were represented in terms
of total chromatographic area and percentage of area and discussed according to their chemical
classes. A search for priority was carried out to track the volatile compounds identified in red
and sparkling wines from the world published in the journals available at Periddicos Capes. All

results were compared and their similarities and differences discussed.

2.4. Statistical analysis

The Shapiro-Wilk test was performed to check whether the results had a normal
distribution. However, the data did not follow a normal distribution (p<0.05), so the Kruskal-
Wallis non-parametric test and the Dunn’s post hoc multiple comparison test (p<0.05) were
used to verify the difference between the total area averages of the volatile compound groups,
and subsequently displayed in the form of graphs.

The data were self-scaled and multivariate analyzes (principal component analysis and
hierarchical cluster analysis with color map) were used to group the samples according to the
sparkling wine categories according to their volatile composition.

The XLSTAT® version 5.03 (Addinsoft, New York, USA, 2014), MATLAB® version
7.10.0.499 (The Mathworks, Inc., Natick, MA, R2010a) and GraphPad Prism® version 6.01
(Graphpad Software Inc., San Diego, California, USA) software programs were used for these

statistical analyzes.
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3. Results and Discussion
3.1 Characterization and comparison of the volatile composition of sparkling wines from the
Sao Francisco Valley

The identification of volatile compounds resulted in a total of 109 compounds classified
into 13 groups according to their chemical characteristics: esters, terpenes, alcohols, aromatic
compounds, acids, furans, aldehydes, ketones, hydrocarbons, phenols, C-13 norisoprenoid,
pyrazines and pyranes. The average of chromatography area for each sparkling wine category
are reported in the Table 1.

The total number of compounds identified for each category of sparkling wine was
different: 83 for moscatel, 67 for brut rosé, 61 for brut and 52 for demi-sec. Some of these were
the major in the four sparkling wines analyzed: ethyl octanoate, ethyl decanoate, ethyl
hexanoate, ethyl 9-decenoate, 3-methyl-1-butanol. These five compounds together represented
72.69%, 82.2%, 79.07% and 71.13% of the total chromatography area of the identified
compounds in moscatel, brut rosé, brut and demi-sec, respectively.

The main compounds among the chemical groups were: esters (37), followed by terpenes
(16), alcohols (14), aromatics (8), acids (8) and furans (6). The comparative total area values of
each volatile compound chemical group of the sparkling wines are shown in the Figure 1. It can
be seen that significant differences were presented within a class between at least two categories
of sparkling wines according to the Kruskal-Wallis test and the Dunn's post hoc multiple
comparison test (p<0.05).

The esters class was the most abundant among the 13 groups of compounds, representing
larger areas in the brut rosé category (85.43%), followed by brut (79.39%), moscatel (79.34%)
and demi-sec (69.56%), and presenting significant differences (p<0.05) between them (as can
be seen in the Figure 1). Ethyl octanoate with 44%, 43%, 38% and 34% and ethyl decanoate

with 18%, 25%, 24% and 21% of the total area of the moscatel, brut rosé, brut and demi-sec
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categories, respectively, are highlighted in this group. These compounds were also identified in
other sparkling wine categories (Pérez-Magarifio et al., 2015; Ubeda et al., 2019; Voce et al.,
2019), however, in different proportions. It is also worth mentioning the Ethyl hexanoate as a
fruity (pineapple and pear) and floral aromatic descriptor (Jiang et al., 2013), and ethyl
decanoate with a sweet, fruity, fatty and pleasant aroma (Jiang et al., 2013).

Other esters detected with larger areas in the brut, brut rosé and demi-sec samples were
Ethyl hexanoate, Diethyl succinate and Ethyl 9-decenoate (Table 1). When analyzing
experimental sparkling wines from the Chenin Blanc cultivar, Nascimento et al. (2018)
suggested that Diethyl succinate is one of the most relevant esters for the volatile profile of
sparkling wines produced in the Sdo Francisco Valley. These compounds were also identified
in moscatel sparkling wines produced in southern Brazil (Nicolli et al., 2015). The presence of
Diethyl succinate in sparkling wines from the Ribolla Gialla variety of Northeast Italy, suggests
that the sparkling wine was produced with a more or less prolonged period of aging, and/or a
refermentation inside the bottle, as Diethyl succinate is considered an aging ester (\Voce et al.,
2019).

When studying Italian sparkling wines of the Maresco cultivar, Tufariello et al. (2019)
detected Ethyl octanoate, Isoamyl acetate, Ethyl hexanoate and Ethyl decanoate esters. All of
these compounds were also identified in the four groups of sparkling wines in this study. Esters
are mainly derived from alcoholic fermentation (Etievant, 1991), and contribute to the sensory
attributes of wines, especially concerning their fruity aroma. Their production depends on
factors such as the yeast used, temperature and aeration during fermentation and sugar content
in the must (Jiang et al., 2013).

A total of 16 terpenes were identified, which fifteen of them were present in the moscatel
sparkling wine and only one (a-Humulene) was present in the brut sparkling wine. Interestingly,

the demi-sec sparkling wine contained only three terpenes (y-Terpinene, p-Cymen-8-ol and a-
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Terpineol) and represented the largest area (3% of the total area of compounds identified),
significantly differing (p<0.05) from the brut sparkling wine (Figure 1). All of these number
particularities and terpene area, mainly in moscatel and demi-sec sparkling wines, may be
related to the different cultivars and winemaking processes used in each category of sparkling
wine. The terpenes belong to the secondary constituents of the plant whose biosynthesis starts
with acetylcoA (Jiang et al., 2013), consequently the concentration of sugars and the
technological process used in the production of sparkling wines, one conducted by the asti
method (moscatel - Italia Muscat) with only one fermentation, and the other by the charmat
method (brut - Sauvignon Blanc, Chenin Blanc and Verdejo) with two fermentations, justify
this variation between the terpenes. A study performed by Ubeda et al. (2019) verifying the
evolution of different chemical families of volatile compounds during the production of
sparkling wines from the Pais cultivar showed that the second fermentation slightly reduced the
terpene concentration in sparkling wines of Chile, elaborated by the traditional method
(champegnoise). Furthermore, according to a study by Nascimento et al. (2018), terpenes are
not frequently identified in wines from the Chenin Blanc and Syrah cultivars, only finding the
Carvone terpene in sparkling wines produced from Chenin Blanc. However, p-Cymen-8-ol, a-
Terpineol and Nerol oxide showed the largest relative areas in this study.

A total of 14 compounds were identified in the alcohol class, representing a larger
percentage area for the demi-sec sparkling wine category (15.40%), followed by brut (15.37%),
brut rosé (5.77%), and moscatel (3.94%), and differing significantly (as shown in Figure 1).
Superior alcohols are composed of volatile molecules with more than two carbon atoms,
considered to have a strong aromatic effect on wines, and whose final concentration in this
beverage mainly depends on the yeast metabolism, among other factors such as the type of wine
and chemical composition (Ruiz et al., 2019). Most alcohols can attribute strong aromas to

wines (like the herbaceous), which in high concentration can mask the fragrance of the drink
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and in low concentrations (up to 0.3 g / L) help in aromatic complexity (Jackson, 2020). 3-
Methyl-1-butanol alcohols and Phenylethyl alcohol were the major compounds in sparkling
wines in this study. Their contributions to the wine aroma range from honey, roses and floral
(Phenylethyl alcohol) to fruity, banana and alcohol (3-Methyl-1-butanol) (The Good Scents
Company, 2020). Tyrosol was only identified in brut rosé and demi-sec sparkling wines, being
associated with the honey aroma in wines (Lambrechts & Pretorius, 2000). Among the
identified alcohols (14), five were detected in only one type of sparkling wine (2-Methyl-1-
butanol, 3-Methyl-2-hexanol, 3-Methyl-4-heptanol, 1-Nonanol and 2-Heptadecanol), thus
suggesting the influence of the varietal and the winemaking process on the aromatic quality of
the final product.

Of the seven compounds identified in the aromatic class (aromatic hydrocarbons), all
were detected for the first time in sparkling wines from VSF and do not have flavor descriptors
in the literature (Jiang et al., 2013; Pherobase, 2020; The Good Scents Company, 2020). From
these, only 5-Phenyl-undecane was identified in a survey of wine produced with the Cabernet
Sauvignon grape and parts of the stalk of this grape (Nan et al., 2019). As shown in Figure 1,
the total area of the aromatic class in demi-sec sparkling wine differed from moscatel and brut
rosé sparkling wines, and the class of C13-norisoprenoid compounds in brut rosé sparkling wine
differed from brut sparkling wine, with both classes representing <1% of the total area. The
distinction of compounds is possibly associated with the different cultivars used for
winemaking these sparkling wines, for which the brut rosé has a fermentative maceration
protocol (contact with the Grenache grape skins). Moreover, 1,2-Dihydro-1,5,8-trimethyl-
naphthalene showed the largest chromatographic areas among the class C13-norisoprenoid
compounds identified, but it is worth noting the presence of TDN (1,1,6-Trimethyl-1,2-
dihydronaphthalene) which was only detected in brut sparkling wine, and the presence of which

has also been identified in sparkling wines from Chile (Ubeda et al., 2016, 2019) and Spain



266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

61

(Muiioz-Redondo et al., 2020). TDN has been classified as an important aging marker with
aromatic notes of burned/tabac/herb (Ubeda et al., 2019).

Many of the volatile acids in wines are generally saturated linear chain lengths ranging
from 2 to 18 carbon atoms; another small group of branched-chain organic acids includes 3-
Methyl butanoic acid, 2-Methyl butanoic acid, and 2-Methyl propanoic acid (Ruiz etal., 2019).
The total acid area differed significantly between brut rosé and moscatel sparkling wine, which
represented 4.74% and 1.02%, respectively. Decanoic acid and Hexadecanoic acid were
identified in the four types of sparkling wines, and presented the largest areas among the eight
acids found in this study. These two acids were also identified in commercial sparkling wines
of the Ribolla Gialla variety produced in Northeastern Italy (Voce et al., 2019). Organic acids
have been described with aromatic notes of fruit, cheese, fat and rancidity, while long-chain
acids have a reduced effect on the aroma of wines, and C6-C10 chain acids have a positive
impact on the quality of the overall aroma of wines (Fernandes et al., 2018).

The total area of the furan class in the moscatel (5.90%) and demi-sec (5.55%) sparkling
wines differed significantly from brut rosé (0.51%) (Figure 1). The 5-Hydroxymethylfurfural
compound is an intermediate product of the Maillard reaction and caramelization process (Gong
et al., 2020), and was identified in all sparkling wines in this study, especially in demi-sec
(representing 5.15% of the total area of the identified compounds), with caramel being one of
its aromatic descriptors (Table 1). Since the winemaking process of these sparkling wines does
not apply heating, the formation of this compound may have been influenced by the climatic
conditions with high temperatures in the S&o Francisco Valley region. According to Lampir &
Pavlousek (2013), each cultivated grape in a specific terroir reflects the location in its chemical
composition. Storage time and temperature are also possible markers of the formation of this
compound as described in a study by Serra-Cayuela et al. (2014) in commercial sparkling wines.

A total of 6 aldehydes were identified, most of which are produced during fermentation,
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processing or extracted from oak during the aging stage. When compared to ketones (which
had four identified compounds in this study), the aldehydes are carbonyl compounds, which are
differentiated by the terminal location of the functional carbonyl group (-C=0), while ketones
are compounds related to the carbonyl group located in an internal carbon (Jackson, 2008). The
total area of both classes (Figure 1) in the moscatel sparkling wine differed significantly from
demi-sec. The following aldehydes may be highlighted: decanal, found in moscatel and brut
rosé sparkling wines, with a grassy, orange skin-like aroma (Jiang et al., 2013); and Dodecanal,
found in the four sparkling wines, which can confer a soapy, waxy, aldehydic, citrus, green and
floral aroma (The Good Scents Company, 2020). Three of the identified ketones were only
found in moscatel sparkling wine, with the 3-Dodecanone compound with the largest
chromatographic area (representing 1% of the total area), and whose aromatic descriptors can
be fatty, soapy, waxy, fruity (The Good Scents Company, 2020).

Only four high molecular weight hydrocarbons were identified in present study,
observing variation among the sparkling wines studied, as shown in Table 1 and Figure 1. The
hydrocarbons are generally associated to grape cell debris and lost before or during clarification
or maceration. Thus, they do not directly influence the sensory characteristics of the wine;
however, the hydrocarbon degradation products may produce important volatile compounds,
such as f-Damascenone, a and p-ionone and 1,1,6-Trimethyl-1,2-dihydronaphthalene (TDN)
(Jackson, 2008).

Other compound classes (phenol, pyran, pyrazine) were also identified in smaller
numbers and with less representation in the total area. Phenol, 2,4-Di-tert-butylphenol was
detected in brut rosé sparkling wine, compound also identified in other studies with sparkling
wines (Nicolli et al., 2015; Soares et al., 2015) and p-Vinylguaiacol in moscatel and demi-sec
sparkling wine. In addition, pyrazine 6-Methyl-2-pyrazinylmethanol was observed in all

sparkling wines, except for moscatel. However, the compound pyrane 2,2,6-Trimethyl-6-
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vinyltetrahydropyran was only found in this wine and in the study of Nicolli et al., 2015. This
volatile variability among the analyzed samples was also observed by Arcanjo et al. (2018),
which suggests the influence of factors such as the grape harvest time and the technological

processes used in the final aromatic quality of the wine.

3.2 Principal Component Analysis (PCA) of volatile compounds in sparkling wines from the
Séo Francisco Valley

The volatile profile of sparkling wines (Table 1) were analyzed by PCA (Figure 2). The
first Principal Component (PC1) explained 40.46% of the total variation among the samples,
which PC2 explained 37.66% of total variability. PC1 x PC2 explained 78.12% of the
variability among the volatile profiles. Sparkling wines with similar volatile profiles were
positioned in the quadrants in nearby regions. PC1 separated the brut rosé (in the positive side
of PC1) from the brut and demi-sec (in the negative side of PC1) sparkling wines. The identified
volatiles which best characterized each group of wines are represented by vectors, and those
with significant factor loads and >0.8 are considered for discussion. The vectors which are very
close are also indicative of highly correlated variables.

There are 40 associated volatile compounds in the positive side of PC1 that where
associated to the brut rosé sparkling wine, and it was best characterized by the Hexadecanoic
acid (Ac 108), (E)-2-Dodecenal (Ald 75), 1-Octanol (Al 27), 1,2-Dihydro-1,5,8-trimethyl-
naphthalene (No 63), 2-Methyl-1-butyl acetate (Es 9), Ethyl hexanoate (Es 17), Ethyl hexanoate
(Es 35), Ethyl octanoate (Es 41), Ethyl 2-phenylacetate (Es 46), Isobornyl acetate (Es 54),
Propyl octanoate (Es 55), Ethyl nonanoate (Es 56), Isomenthol acetate (Es 57), Methyl
decanoate (Es 60), Ethyl 9-decenoate (Es 67), 2-Methylbutyl octanoate (Es 73), Ethyl vanillate
(Es 89), 2-Ethylhexyl octanoate (Es 97), 2-Furyl hydroxymethyl ketone (Fu 29), 1-Methoxy-2-

ethylbutane (Hy 1), 3-Butyl-1,2,4-cyclopentanetrione (Hy 78), 2,4-Di-tert-butylphenol (Ph 80)
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1,8-Cineole (Te 21), y-Terpinene (Te 25), Nerol oxide (Te 33), Geranial (Te 50) and o-
Humulene (Te 74).

Demi-sec and brut sparkling wines, both produced with the same cultivar, are located in
the negative side of PC1, and they were associated to 33 vectors, characterized by the volatile
1-Dodecanol (Al 76), Undecanal (Ald 58), 6-Phenyl-undecane (Ar 92), 5-Phenyl-undecane (Ar
93), Geranyl iso-valerate (Es 91), 5-Hydroxymethylfurfural (Fu 45) and Pentadecane (Hy 79).

PC2 separated the moscatel sparkling wine (in the positive side) from the others, located
in the negative side of PC2. The volatile compounds with the greatest contribution in the
discrimination of the moscatel sparkling wine were Octanoic acid (Ac 37), Undecanoic acid
(Ac 77), 3-Methyl-2-hexanol (Al 8), 2-Heptadecanol (Al 100), Decanal (Ald 42), Hexyl acetate
(Es 18), Ethyl 2,4-Hexadienoate (Es 30), Bornyl acetate (Es 53), Propyl 24-
hexadienecarboxylate (Es 64), Methoxy phenyl oxime (Fu 10), 2-Pentyl furan (Fu 15),
Tetrahydro-2,2-dimethyl-5-(1-methyl-1-propenyl)-furan (Fu 22), 3-Dodecanone (Ke 65), 3-
Tetradecanone (Ke 87) 2-Hexadecan-2-one (Ke 101), 2-Hydroxycyclopentadecanone (Ke 102),
2,2,6-Trimethyl-6-vinyltetrahydropyran (Pr 12), p-Cymene (Te 19), (2)-p-Ocimene (Te 23),
(E)-Linalool oxide (Te 26), (E)-Ocimenol (Te 34), Nerol (Te 44), Carvone (Te 48), (2)-a-
Bisabolene epoxide (Te 86) and Germacrene B (Te 88). All of these compounds are negatively
correlated to the compounds associated with demi-sec and brut sparkling wines. Thus, PCA
discriminated sparkling wines in 3 groups, and the cultivar used was a marker in the volatile
composition of the beverage, influencing the quality and differentiating the wines produced in

the same winery, from different technological processes.

3.3 Hierarchical cluster analysis and heatmap applied to the profile of volatile sparkling
wines in the Sdo Francisco Valley

A hierarchical cluster and heatmap analysis (Figure 3) were performed considering all the
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identified volatile compounds (Table 1) in order to analyze the expressive volatile composition
of each sparkling wine. The hierarchical cluster analysis based on the volatile markers grouped
the sparkling wines into two clusters with weak association between them. The first one is
formed by the blends of sparkling wines: brut and demi-sec; and the second one is formed by
the monovarietal sparkling wines: moscatel and brut rosé. These results suggest a strong
association with the amount of sugars (brut and demi-sec), type and quantity of grape
varieties/blend used during the technological winemaking practices.

The heatmap (Figure 3) shows that the most volatile compounds for brut sparkling wines
were: Isoamyl decanoate, 2,6,10-Trimethyltetradecane, Hexanoic acid, 2-Phenyl-undecane, 3-
Methyl-4-heptanol, 1-Nonanol, Benzaldehyde, 1,1,6-Trimethyl-1,2-dihydronaphthalene, Ethyl
glutarate, Ethyl pentadecanoate, Isopropyl octanoate, Ethyl tetradecanoate, Ethyl
hexadecanoate, Phenylethyl alcohol, Isoamyl acetate, 3-Methyl-1-butanol, Ethyl 3-
hydroxytridecanoate and Ethyl dodecanoate, in which 50% belong to the ester class and 22.22%
to the alcohols class. Of these, 2,6,10-Trimethyltetradecane, Ethyl tetradecanoate and
Phenylethyl alcohol represented superior chromatographic areas in relation to the other
sparkling wines (Table 1). It is worth mentioning that the compounds which were exclusively
identified in the brut sparkling wine: Hexanoic acid, 1-Nonanol, Benzaldehyde, 1,1,6-
Trimethyl-1,2-dihydronaphthalene, Ethyl glutarate, Ethyl pentadecanoate and Isopropyl
octanoate, including 2-Phenyl-undecane and 3-Methyl-4-heptanol, which stand out for being
identified for the first time in sparkling wines. The most relevant compounds identified in demi-
sec sparkling wine were: Geranyl iso-valerate, 5-Phenyl-undecane, 4-Phenyl-decane,
pentadecane, 6-Phenyl-undecane, Undecanal, 1-Dodecanol, Dodecanal, 1-Hexanol, 2,3-
Butanediol, a-Terpineol, p-Vinylguaiacol, p-Cymen-8-ol, 4-Phenyl-undecane, 5-Phenyl-
dodecane, 2-Methyl-1-butanol, Ethyl furoate, 5-Hydroxymethylfurfural, 3-Phenyl-decane,

Hydroxydihydromaltol, Ethyl butanoate, Butanedioic acid ethyl 3-methylbutyl ester, Diethyl
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succinate and 2,4-Dihydroxy-2,5-dimethyl-3(2H)-furanone (Figure 3), which 25% belong to
the aromatics class and 20.83% to the esters class. Among these, 2.3-Butanediol and 5-
Hydroxymethylfurfural obtained superior chromatographic areas in relation to other sparkling
wines (Table 1). The pentadecane, 6-Phenyl-undecane and Undecanal compounds showed
greater area in relation to brut and p-Vinylguaiacol, p-Cymen-8-ol, in relation to Moscatel. In
addition, the 4-Phenyl-undecane, 5-Phenyl-dodecane, 2-Methyl-1-butanol, and Ethyl furoate
compounds were only identified in demi-sec sparkling wine, and 4-Phenyl-undecane was
identified for the first time in sparkling wines. This composition is possibly associated to the
terroir of the S&o Francisco Valley, considering that the synthesis and concentration of volatile
compounds in the grape berry are influenced by factors such as temperatures during grape
maturation, light intensity/solar radiation, rainfall index, thermal amplitude and soil conditions.
These variables possibly participated in regulating the biosynthesis of volatile compounds of
the grape berry, thus determining the geographical characteristics of the wines (Jiang et al.,
2013).

The volatile compounds identified as most relevant in moscatel were: I1sobutyl octanoate,
limonene, Ethyl 2-phenylacetate, 1-Hexadecanol, Pentadecanoic acid, Carvone, (Z)-B-
Ocimene, (E)-Linalool oxide, Bornyl acetate, 2-Hydroxycyclopentadecanone, (Z)-a-
Bisabolene epoxide, Propyl 2,4-hexadienecarboxylate, 3-dodecanone, Germacrene B, Ethyl
2,4-hexadienoate, Tetrahydro-2,2-dimethyl-5-(1-methyl-1-propenyl) furan, Nerol, 3-Methyl-2-
hexanol, 2,2,6-Trimethyl-6-vinyltetrahydropyran, Methoxy phenyl oxime, Octanoic acid,
Hexyl acetate, 2-Heptadecanol, p-Cymene, 2-Pentyl furan, 2-Hexadecan-2-one, Undecanoic
acid, (E)-Ocimenol, Decanal and 3-Tetradecanone (Figure 3), of which 30% are terpenes and
20% are esters. Decanal obtained the highest chromatographic area among these compounds in
relation to the brut rosé (Table 1). Exclusive compounds were also identified in moscatel

sparkling wine, which were: Carvone, (2)-B-Ocimene, (e)-Linalool oxide, Bornyl acetate, 2-
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Hydroxycyclopentadecanone, (Z)-a-Bisabolene epoxide, Propyl 2,4-hexadienecarboxylate, 3-
Dodecanone, Germacrene B, Ethyl 2,4-hexadienoate, Tetrahydro-2,2-dimethyl-5-(1-methyl-1-
propenyl) furan, Nerol, 3-Methyl-2-hexanol, 2,2,6-Trimethyl-6-vinyltetrahydropyran,
Methoxy phenyl oxime, Octanoic acid, Hexyl acetate, 2-Heptadecanol, p-Cymene, 2-Pentyl
furan, 2-Hexadecan-2-one, Undecanoic acid and (E)-Ocimenol, of which they account for 50%
of the total terpenes in this study. Terpenes in muscat wines attribute floral aromas and the
esters attribute fruity and floral notes, constituting important characteristics and possibly being
responsible for the varietal aroma of , moscatel sparkling wine (Bordiga et al., 2013; Soares et
al., 2015). Of the terpenes, Germacrene B has woody, earthy and spicy notes as its aromatic
descriptors (The Good Scents Company, 2020), being identified in Baga grapes (Coelho et al.,
2006) and in Nero d'Avola, Frappato, Nerello Mascalese and Cabernet Sauvignon grape stalk
(Ruberto et al., 2008).

The most relevant volatile compounds to distinguish brut rosé were: Diethyl succinate,
10-Octadecenal, Isoamyl hexanoate, 1-Octanol, 1,2-Dihydro-1,5,8-trimethyl-naphthalene, vy-
Terpinene, 2-Furyl hydroxymethyl ketone, Isobornyl acetate, Propyl octanoate, Nerol oxide,
Ethyl octanoate, Geranial, Isomenthol acetate, 3-Butyl-1,2,4-cyclopentanetrione, Ethyl
hexanoate, Methyl decanoate, Ethyl benzoate, a-Humulene, Decanoic acid, 3-Methyl
octanoate, Tetradecanoic acid, 6-Methyl-2-pyrazinylmethanol, Tyrosol, Ethyl 9-decenoate, 1-
Methoxy-2-ethylbutane, (E)-2-Dodecenal, 1,8-Cineole, Ethyl vanillate, 2,4-Di-tert-
butylphenol, 2-Methyl-1-butyl acetate, 2-Ethylhexyl octanoate, Ethyl nonanoate,
Hexadecanoic acid, 2-Methylbutyl octanoate, Ethyl decanoate, (E)-9-Hexadecenoic acid, j-
Phenethyl acetate, 1-Decanol, Ethyl dodecanoate and Ethyl 2-phenylacetate (Figure 3), of
which 53.5% belong to the ester class. Of the compounds mentioned above, y-Terpinene, 3-
Methyl octanoate, Tetradecanoic acid, 6-Methyl-2-pyrazinylmethanol, Ethyl 9-decenoate, 1-

Methoxy-2-ethylbutane, Hexadecanoic acid, 2-Methylbutyl octanoate, Ethyl decanoate and f3-
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Phenethyl acetate obtained superior chromatographic areas in relation to other sparkling wines
(Table 1). The following compounds also obtained superior areas: 3-Butyl-1,2,4-
cyclopentanetrione in relation to moscatel and tyrosol in relation to demi-sec. The compounds:
(E)-2-Dodecenal, 1,8-Cineole, Ethyl vanillate, 2,4-Di-tert-butylphenol and 2-Methyl-1-butyl
acetate were only identified in brut rosé. In a study of wines made with the same varietal used
in brut rosé (Grenache), Arias et al. (2019) obtained high concentration (280.11ug/L) of Ethyl
vanillate compound associated to the origin of the cultivar. The 1,8-Cineole (eucalyptol) and
2,4-Di-tert-butylphenol compounds were also identified in moscatel (Moscato Bianco and
Moscato R2) sparkling wines produced in Rio Grande do Sul, Brazil (Soares et al., 2015).
According to Capone et al. (2012), the proximity of vines to Eucalyptus trees may influence the
concentration of 1.8-Cineole in wines, which could attribute mint aromatic notes (Pherobase,
2020).

Furthermore, 51.78% of the most expressive compounds indicated by heatmap were also
important markers in the principal component analysis, contributing with factor loads in each
quadrant.

All the obtained results generally address the importance of knowing the volatile chemical
composition of wine varieties. Measuring these characteristics can help winemakers in the
technological adjustments of winemaking, making it possible to obtain wines with the typicality
of the most pronounced cultivar and improving their quality. Moreover, the characterization
and differentiation of the varietal wines obtained in this study may increase their
commercialization value, as well as with helpful information for consumers (Lukic & Horvat,

2017).

4. Conclusions

The volatile profiles of brut, brut rose, demi-sec and moscatel commercial sparkling
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wines were analyzed for the first time. A total of 109 compounds were identified and classified
into 13 chemical groups. In comparison, significant compounds were exclusively identified in
each type of sparkling wine, such as moscatel (23), brut (9), brut rosé (5) and demi-sec (4), with
an emphasis on the compounds 2-Phenyl-undecane, 3-Methyl-4-heptanol, 4-Phenyl-undecane
and Germacrene B, which were identified for the first time in sparkling wines from VSF to the
best of our knowledge.

The PCA correlations and the hierarchical cluster analysis results indicated a strong
association with the type and/or quantity of grape cultivars and the technological processes (asti
and charmat methods) used in winemaking. This indicates a specific aromatic profile for each
sparkling wine and therefore different overall aromas, which establish themselves as possible
authenticity markers for commercial sparkling wines from the Sdo Francisco Valley. In this
context, future studies should be developed to identify the impact of these compounds on the

overall aroma of wines, especially those reported for the first time in sparkling wines.
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Figure Captions

Figure 1. Graph of the total area values of each chemical group according to the four
commercial sparkling wine groups.
Footnote: Results with different letters for the same class of compounds differ significantly by

the Kruskal-Wallis test and Dunn's post hoc multiple comparison test (p<0.05).

Figure 2. Principal components analysis (PCA) of the volatile compounds* of sparkling wines
from the S&o Francisco Valley.

Footnote: * Legend of the compound codes is in Table 1.

Figure 3. Hierarchical cluster analysis and heatmap for each sparkling wine from the Sao

Francisco Valley performed by Pearson’s correlation coefficient.
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Table 1 Volatile compounds identified in the sparkling wines of the Sdo Francisco Valley by HS-SPME-GC-MS.

“Peak Area Count” + SD (x10°)

LRI LRI Odor Description?
Code Volatile Compound" MOSCATEL BRUT ROSE BRUT DEMI-SEC
(lit) (cal)
Acids (8)
Ac 14 Hexanoic acid 990 995 nd nd 0.09+0.08 nd slightly, waxy, fatty
Ac 37 Octanoic acid 1180 1176 0.02+0.02 nd nd nd fatty, rancid, soapy, cheesy, brandy
Ac 66 Decanoic acid 1383 1385 2.99+1.94 27.13+£18.35 7.00+0.46 8.19+4.51 rancid, sour, fatty, citrus
Ac 77 Undecanoic acid 1475 1477 0.11+0.06 nd nd nd waxy, creamy, cheese, fatty, coconut
Ac 96 Tetradecanoic acid 1763 1768 0.20+0.07 0.99+0.19 0.26+0.13 0.33+0.09 waxy, fatty, soapy, coconut
Ac 104  Pentadecanoic acid 1867 1866 0.07+0.06 0.05+0.00 0.05+0.02 nd waxy
Ac 107 (E)-9-Hexadecenoic acid 1938 1940 nd 0.23+0.14 0.07+0.01 nd waxy, creamy, fatty, soapy
Ac 108 Hexadecanoic acid 1968 1960 0.54+0.45 1.31+0.01 0.59+0.22 0.48+0.14 waxy, fatty
Total Acids 3.94P 29.712 8.05%0 9.002°
Alcohols (14)
Al 4 3-Methyl-1-butanol 736 <800 6.85+3.88 26.08+11.95 39.28+12.81 29.13+2.42 fusel, oil, alcoholic, whiskey, fruity, banana
Al 3 2-Methyl-1-butanol 739 <800 nd nd nd 6.43+2.05 roasted, winey, onion, fruity, fusel,
alcoholic, whiskey
Al 2 2,3-Butanediol 788 <800 1.41+1.27 0.85+0.00 0.24+0.01 3.93+0.34 fruity, creamy, buttery
Al 6 1-Hexanol 868 865 1.04+0.65 1.25+0.45 0.65+0.50 2.43+0.15 ethereal, fusel, oil, fruity, alcoholic, sweet,
green
Al 8 3-Methyl-2-hexanol 906 898 0.06+0.05 nd nd nd
Al 16 3-Methyl-4-heptanol 997 999 nd nd 0.11+0.04 nd
Al 27 1-Octanol 1075 1076 0.27+0.21 0.67+0.15 nd 0.17+0.01 waxy, green, orange, aldehydic, rose,
mushroom
Al 31 Phenylethyl alcohol 1116 1114 5.03+4.92 4.75+1.11 16.48+1.78 8.26+1.98 floral, rose, dried, rose flower, rose water
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Al 36

Al 51

Al 71
Al 76
Al 100
Al 105

Ald 11
Ald 42
Ald 58

Ald 69
Ald 75

Ald 103

Ar 84
Ar 85
Ar 92
Ar 93
Ar 94

1-Nonanol

1-Decanol

Tyrosol
1-Dodecanol
2-Heptadecanol
1-Hexadecanol

Total Alcohols

Aldehydes (6)
Benzaldehyde
Decanal

Undecanal

Dodecanal

(E)-2-Dodecenal

10-Octadecenal
Total Aldehydes

Aromatics Compounds (7)
4-Phenyl-decane
3-Phenyl-decane
6-Phenyl-undecane
5-Phenyl-undecane

4-Phenyl-undecane

1173

1273

1444
1473
1802
1884

962
1205
1307

1409
1468

1863

1546
1568
1628
1632
1643

1172

1272

1444
1474
1799
1880

960
1206
1307

1410
1470

1857

1550
1567
1635
1638
1649

nd

0.16+0.12

nd
0.25+0.21
0.01+0.01
0.18+0.16
15.23°

nd
21.69+12.41
nd

0.25+0.20
nd

0.11+0.07
22.05%

0.22+0.06

0.35+0.22
nd

0.32+0.08
nd

nd

1.56+0.14

0.66+0.01
0.25+0.03
nd
0.10+0.01
36.16 2P

nd
3.62+0.13
nd

0.53+0.19
0.25+0.08

0.30+0.05
47020

0.07+0.05

0.51+0.11
nd

0.18+0.04
nd

0.04+0.00

1.26+0.97

nd
0.81+0.13
nd
0.08+0.00
58.952

0.18+0.00
nd
0.42+0.15

0.73+0.39
nd

0.04+0.01
1.37°

0.17+0.00

0.41+0.14

0.13+0.05

0.39£0.02
nd

nd

0.33+0.05

0.21+0.00
1.03+0.26
nd
nd
51.91@

nd
nd
0.77+0.51

1.28+0.39
nd

0.19+0.05
2.24b

0.31+0.01
0.59+0.10
0.26+0.06
0.42+0.02
0.57+0.12

fresh, clean, fatty, floral, rose, orange, dusty w
et, oily
fatty, waxy, floral, orange, sweet, clean,
watery
sweet, floral, fruity

earthy, soapy, waxy, fatty, honey, coconut

waxy, clean, greasy, floral, oily

sharp, sweet, bitter, almond, cherry
sweet, waxy, orange peel, floral
waxy, soapy, floral, aldehydic, citrus, green fa
tty, cloth, laundered cloth
soapy, waxy, aldehydic, citrus, green, floral
citrus, metallic, mandarin, orange, waxy

aldehydic
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Ar 98
Ar 81

No 62

No 63

Es5
Es7
Es9

Es 17
Es 18
Es 24
Es 30
Es 35
Es 38
Es 41

Es 43
Es 46
Es 47
Es 49
Es 52

2-Phenyl-undecane
5-Phenyl-dodecane

Total Aromatics Compounds

C13-Norisoprenoid (2)
1,1,6-Trimethyl-1,2-dihydronaphthalene

1,2-Dihydro-1,5,8-trimethyl-naphthalene
Total C13-Norisoprendide

Esters (37)
Ethyl butanoate
Isoamyl acetate

2-Methyl-1-butyl acetate

Ethyl hexanoate

Hexyl acetate

Ethyl furoate

Ethyl 2,4-hexadienoate
Ethyl benzoate

Diethyl succinate
Ethyl octanoate

Isopropyl octanoate
Ethyl 2-phenylacetate
Isoamyl hexanoate
B-Phenethyl acetate
Ethyl glutarate

1708
1730

1350

1354

802
876
880

1000
1011
1047
1097
1171
1182
1196

1218
1246
1252
1258
1283

1711
1737

1351

1352

801
875
881

1003
1017
1055
1100
1168
1182
1200

1217
1244
1251
1256
1283

nd
nd
0.89P

nd

2.66+1.18
2.662P

0.02+0.00
0.57+0.38
nd

21.79+15.54
0.82+0.01
nd
20.89+15.51
0.20+0.19
1.77£1.17
171.32+116.24

nd
2.59+1.58
0.22+0.00
0.38+0.15
nd

nd
nd
0.76°

nd

5.90+0.07
5.902

0.39+0.11
1.20+0.05
0.43+0.36

26.66+4.72
nd
nd
nd
0.33+0.21
20.96+0.74
267.08+3.42

nd
2.40+£0.57
0.54+0.08
3.47+0.02
nd

0.09+0.06
nd
1.20ab

0.62+0.01

nd
0.62¢

0.36£0.12
2.53+2.52
nd

18.70+0.82
nd
nd
nd
0.14+0.00
10.18+0.20
144.77+19.77

17.44+13.03
nd
0.15+0.01
2.82+0.03
0.06+0.00

nd
0.10+0.02
2.252

nd

0.98+0.10
0.980¢

0.56£0.06
1.75+0.16
nd

14.87+1.14
nd
0.07+0.04
nd
nd
16.38+5.02
114.08+6.59

nd

nd
0.36+0.17
1.57+0.33

nd

licorice

fruity, juicy, fruit, pineapple, cognac
sweet, fruity, banana, solvent
fruit, overripe fruit sweet banana juicy
fruit fruity
sweet, fruity, pineapple, waxy, green banana

fruity, green, apple, banana, sweet

warm, fruity, anise, licorice, ether
fruity, dry, musty, sweet, wintergreen
mild, fruity, cooked, apple, ylang
fruity, wine, waxy, sweet, apricot, banana
brandy, pear
fruity, banana, coconut, cognac
sweet, floral, honey, rose, balsamic, cocoa
fruity, banana, apple, pineapple, green
floral, rose, sweet, honey, fruity tropical
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Es 53
Es 54
Es 55
Es 56
Es 57
Es 60
Es 61
Es 64
Es 67
Es 68
Es 70
Es72

Es 73
Es 82
Es 89

Es 90
Es 91

Es 95
Es 97
Es 99
Es 106
Es 109

Fu 10
Fu 13

Bornyl acetate

Isobornyl acetate

Propyl octanoate

Ethyl nonanoate

Isomenthol acetate

Methyl decanoate

Isobutyl octanoate

Propyl 2,4-hexadienecarboxylate
Ethyl 9-decenoate

Ethyl decanoate

Butanedioic acid, ethyl 3-methylbutyl ester
3-Methylbutyl octanoate

2-Methylbutyl octanoate
Ethyl 3-hydroxytridecanoate
Ethyl vanillate

Ethyl dodecanoate
Geranyl iso-valerate

Isoamyl decanoate

2-Ethylhexyl octanoate

Ethyl tetradecanoate

Ethyl pentadecanoate

Ethyl hexadecanoate

Total Esters

Furans (6)

Methoxy phenyl oxime
2,4-Dihydroxy-2,5-dimethyl-3(2H)-

1285
1286
1290
1296
1305
1325
1348
1366
1387
1396
1432
1446

1449
1539
1579

1595
1606

1646
1688
1794
1894
1993

989

1286
1289
1291
1296
1306
1325
1349
1363
1390
1401
1431
1448

1451
1539
1590

1596
1600

1651
1694
1794
1894
1993

947
992

0.02+0.00
1.02+0.70
0.30£0.24
0.16+0.12
0.08+0.06
0.11+0.08
0.78+0.69
0.63+0.44
9.50+6.86
71.51+42.64
nd
0.41+0.21

0.05£0.05
0.10£0.06
nd

0.52+0.27
0.16+0.14

0.06+0.05
0.09+0.07
0.35+0.04
nd
0.27+0.18
306.702b

19.04+18.94
0.44+0.38

nd
3.73£2.82
0.92+0.53
0.90+0.57
0.12+0.01
0.21+0.00
0.47+0.01
nd
38.24+0.90
157.40+6.39
1.13+0.06
2.35+0.20

0.28+0.00
0.15+0.00
0.12+0.06

0.80+0.09
nd

0.29+0.08
4.58+4.15
0.27+0.05
nd
0.27+0.01
535.662

nd
0.75+0.33

nd

nd
0.07+0.02
0.18+0.12

nd
0.07+0.02
0.11+0.01

nd
8.06+1.12
92.50+0.32
0.77+0.11
0.78+0.24

0.10£0.04
0.17+0.06
nd

0.81+0.03
0.20+0.11

1.67+1.33
0.07+0.04
0.54+0.05
0.53+0.19
0.71+0.18
304.512P

nd
0.11+0.01

nd

nd

nd

nd

nd

nd

nd

nd
9.43+0.96
72.3248.47
1.15+0.13
0.7140.33

nd
nd
nd

0.28+0.02
0.32+0.03

nd
0.05+0.00
0.30+0.04
nd
0.37+0.13
234.56°

nd
0.82+0.23

woody, pine, herbal, cedar, spice
balsam, camphor, herbal, woody, sweet
coconut, caco, gin

fruity, rose, waxy, rum, wine natural tropical

oily, wine, fruity, floral
fruity, green, oily, floral
sweet, fruity
fruity, fatty
sweet, waxy, fruity, apple, grape, oily brandy

sweet, oily, fruity, green, soapy, pineapple

coconut

phenolic, burnt, guaiacol, smoky, powdery
metallic
mango, sweet, waxy, floral, soapy, clean
sweet, fruity, green, oily, herbal, fruity
melon

waxy, banana, fruity, sweet, cognac, green
sweet, waxy, violet, orris

honey, sweet

mild, waxy, fruity, creamy, milky, balsam

fruity, green, earthy, beany, vegetable metallic
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Fu 15

Fu 22

Fu 29
Fu 45

Hy 1

Hy 83
Hy 78
Hy 79

Ke 65
Ke 87
Ke 101
Ke 102

Ph 59

Ph 80

furanone

2-Pentyl furan

Tetrahydro-2,2-dimethyl-5-(1-methyl-1-

propenyl) furan

2-Furyl hydroxymethyl ketone
5-Hydroxymethylfurfural
Total Furans

Hydrocarbons (4)
1-Methoxy-2-ethylbutane
2,6,10-Trimethyltetradecane
3-Butyl-1,2,4-cyclopentanetrione
Pentadecane

Total Hydrocarbons

Ketones (4)

3-Dodecanone

3-Tetradecanone
2-Hexadecan-2-one
2-Hydroxycyclo-pentadecanone
Total Ketones

Phenol (2)
p-Vinylguaiacol

2,4-Di-tert-butylphenol
Total Phenol

993

1047

1087
1233

778
1541
1486
1500

1380
1573
1806
1846

1307

1515

999

1048

1087
1235

<800
1543
1485
1496

1384
1585
1806
1840

1312

1515

0.03+0.02

0.25+0.20

0.53+0.22
2.51+1.82
22.812

0.04+0.03
0.01+0.01
0.15+0.11
nd
0.20°

3.75%2.65
0.52+0.35
0.51+0.31
0.08+0.05
4.872

0.05+0.03

nd
0.052b

nd

nd

1.35+£0.41
1.11+0.47
3.21b

1.16+0.06
0.04+0.01
0.35+0.06
nd
1.55%

nd
0.09+0.03
nd
nd
0.09°

nd

0.31+0.20
0.312

nd

nd

0.19+0.03
5.71+4.03
6.012P

nd
0.2440.02
nd
0.12+0.11
0.37ab

nd
0.18+0.00
nd
nd
0.182b

nd

nd
nd

nd

nd

0.51+0.06
17.3845.57
18.712

0.05+0.02
nd
nd
0.24+0.21
0.29°

nd
0.06+0.00
nd
nd
0.06°

0.49+0.20

nd
0.49?

sweet, citrus, herbal, green, celery, spicy

minty, woody

fatty, buttery, musty, waxy, caramellic

waxy

fatty, soapy waxy fruity

fruity

dry, woody, fresh, amber, cedar, roasted,
peanut

phenolic
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Pri2
Pr32

Pz 28

Te 19
Te 20
Te2l
Te 23
Te 25

Te 26

Te 33

Te 34
Te 39

Te 40
Te 44
Te 48
Te 50
Te74

Pyran (2)
2,2,6-Trimethyl-6-vinyltetrahydropyran
Hydroxydihydromaltol

Total Pyran

Pyrazine (1)
6-Methyl-2-pyrazinylmethanol

Total Pyrazine

Terpenes (16)
p-Cymene
Limonene
1,8-Cineole
(2)-p-Ocimene

y-Terpinene

(E)-2-(Tetrahydro-5-methyl-5-vinylfuran-

2-yl)-propan-2-o((E)-Linalool oxide))
Nerol oxide

(E)-Ocimenol
p-Cymen-8-ol

a-Terpineol
Nerol
Carvone

Geranial

o-Humulene

972
1151

1084

1025
1030
1033
1049
1060

1074

1153

1169
1186

1192
1228
1255
1268
1453

972
1149

1084

1022
1026
1030
1050
1059

1073

1154

1167
1185

1192
1228
1255
1267
1454

0.44+0.42
0.66+0.28
1.10°

nd
nd

0.07+0.02
0.28+0.23
nd
0.14+0.00
0.08+0.02

0.03+0.00

0.43+0.33

0.05+0.04
0.71+0.63

2.78+2.32
0.06+0.06
0.47+0.04
0.32+0.25
0.10+0.06

nd
3.58+2.32
3.582ab

0.74+0.22
0.742

nd
0.18+0.01
0.03+0.01

nd
0.37+£0.12

nd

2.33+1.81

nd
nd

1.05+0.42
nd
nd
0.55+0.05
0.17+0.01

nd
2.05+0.16
2.052b

0.18+0.04
0.182b

nd
nd
nd
nd
nd

nd

nd

nd
nd

nd

nd

nd

nd
0.07+0.01

nd
6.33+0.26
6.332

0.24+0.04
0.242b

nd

nd

nd

nd
0.08+0.02

nd

nd

nd
5.02+2.88

5.02+2.14
nd
nd
nd
nd

fresh, camphor, herbal, rosemary

fresh, citrus, terpene, woody, spice
citrus, orange, fresh, sweet
eucalyptus, herbal, camphor medicinal
sweet, herbal
oily, woody, terpene, lemon/lime tropical
herbal

floral, herbal, earthy, green

green, weedy, cortex, herbal, diphenyl oxide,
narcissus, celery
fresh, citrus, lemon lime, cologne, sweet mace
sweet, fruity, cherry, coumarin, floral
camphor
pine, terpene, lilac, citrus, woody, floral
sweet, natural neroli, citrus, magnolia
minty, spearmint, herbal
citrus, lemon

woody
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Te 86 (2)-a-Bisabolene epoxide 1586 1585 0.52+0.35 nd nd nd
Te 88 Germacrene B 1591 1588 0.03+0.02 nd nd nd woody, earthy, spicy
Total Terpenes 6.072b 4.683P 0.07° 10.122

1 The compounds are listed by chemical class; 2 Aroma description obtained from an online database available at The good scents company (2020) and Pherobase (2020); LRI lit.: linear
retention index of literature; LRI cal.: linear retention index calculated; SD: standard deviation; nd: not identified. E: identification by the Mass Spectrum, the others were identified by the

mass spectrum and the literature retention index. Results with different letters for the same class of compounds differ significantly by Kruskall-Wallis test and Dunn's post hoc multiple
comparison test (p<0.05).
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4.2 ARTIGO II: IDENTIFICATION OF CHEMICAL MARKERS IN COMMERCIAL RED
WINES CANDIDATES FOR THE SAO FRANCISCO VALLEY GEOGRAPHICAL
INDICATION

O artigo foi submetido ao periédico Food Research International em 20 de novembro
de 2020, sob o titulo Identification of Chemical Markers in Commercial Red Wines Candidates

for the S&o Francisco Valley Geographical Indication (ANEXO B).
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Abstract

The objective of this study was to identify chemical markers of commercial tropical red wines
with potential to apply for the Geographical Indication-Gl S&o Francisco Valley. Classical
enological analyses were determined and volatile compounds of nine commercial red wines
from the S&o Francisco Valley of different varieties was performed by HS-SPME/GC/MS, and
the results were subsequently analyzed by multivariate statistical techniques. The analyzed
wines comply with current Brazilian legislation regarding classic enological parameters. A total
of 103 volatile compounds were identified and classified into 13 chemical groups, of which the
esters and alcohols were the majority groups. Similarities were found in the composition of 27
compounds identified in all wines, however the cultivars influenced the distinction of volatiles
expressed exclusively in only one type of wine. A total of 22 of all the identified compounds
were highlighted for being identified for the first time in wines, such as 3-phenyl-undecane and
4-phenyl-decane. These compounds are possible markers which confirm the typicality of
tropical red wines of this region, and can contribute to the qualitative description and

enhancement of regional identity for wines from the S&o Francisco Valley.

Keywords: Vitis vinifera L.; grape; tropical wine; volatile compound; typicality.
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1. Introduction

The aromatic quality of red wines is directly related to their volatile composition, with
more than 1000 metabolite compounds among the alcohols, organic acid esters, aldehydes,
ethers, ketones and terpenes. These compounds are present in different concentrations, having
been identified in several red wines (Jiang et al., 2013; Mota et al., 2020; Sanchez-Palomo et
al., 2017; Vilanova et al., 2012). The different concentrations among the volatiles present in
wines contribute to their complexity and molecular diversity due to interactions between the
metabolites, providing specific typicalities in function of synergetic and antagonistic effects
among them (Bonino et al., 2003).

The complexity of aromas in red wines comes from different sources and are described
and characterized by three types, namely: the first group originates from the specific grape
variety (primary aromas); the second group is formed during winemaking, and may vary
according to the types of yeast and elaboration/fermentation protocols (secondary aromas); and
the third group is formed during the maturation/aging of wines in oak barrels, as well as during
bottle storage (tertiary aromas) (Drappier et al., 2017; Ruiz et al., 2019). These three types of
aromas  together  form  what is called the  “bouquet”  of  wines.
Complexation/degradation/evolution reactions of volatile compounds may occur during the
whole production and aging process of wines in barrels, and the formation of new aromas may
also occur. These new volatiles are associated with five families of aromatic compounds:
furanic, lactone, phenolic aldehydes, volatile phenols and phenyl ketones (Ruiz et al., 2019).

Knowing the identity (origin, formation and degradation) of the compounds responsible
for the aroma and flavor of wines helps to understand the consequences of climate impacts,
seasonal conditions, planting decisions, types of grapes, and processing, thus providing
improvements in viticulture and winemaking practices (Parker et al., 2017), in addition to

assisting in the geographical typification of wines.
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It is estimated that 132.16 million liters of fine wines were consumed in Brazil in 2019,
of which 114.175 million liters were imported wines and 17.988 million liters were domestic
wines (Vitis Vinifera L.) (Mello & Machado, 2020). The Northeast region represented 13.85%
of the national wine area, whose viticulture is concentrated in the Sdo Francisco Valley, and
has the exceptionality of producing two harvests per year (Mello & Machado, 2020).

The S&o Francisco Valley is the second largest producer of fine wines in the country,
and is located in the Northeast of Brazil. The region belongs to the caatinga biome, with a
tropical semi-arid climate with high annual average temperatures (26.5°C), high solar radiation
rates (over 3,000 MJ m year?) and low rainfall (450-500 mm.year™) (Pereira, 2020). Seven
wineries have about 700 hectares of vineyards, with an annual production of 7 million liters of
fine wines per year, being responsible for 15% of the national production of fine wines, of
which 29% are red wines, as well as young and aging wines. They can be marketed about 90
days after harvest or after a period of 4 to 12 months in oak barrels, respectively (Tonietto;
Pereira, 2011; Pereira, 2020). An association of the region’s producers/wineries (Vinhovasf) is
seeking Geographical Indication (GI) for the stilland sparkling wines (Vitis vinifera L.) of the
Sdo Francisco Valley. This request should occur with the aim of obtaining a quality seal for the
products of the region. Therefore, works that enable characterizing and describing the physical-
chemical composition of commercial wines are fundamental.

Thus, this study aimed to perform a characterization of the volatile composition of
commercial red wines of the VSF in order to contribute to the scientific community, as well as
producers in seeking the GI of wines from the region. To our knowledge, this work is innovative
and was the first carried out in this sense, even enabling the identification and quantification of
volatile compounds, which had not been previously reported that are present in tropical red

wines from the Brazilian Northeast.
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2. Material and Methods

2.1 Samples and classical analyses

This research studied nine commercial red wines from the caatinga biome, whose
products will be in the Sdo Francisco Valley Geographical Indication and represent between
55-65% of all types of wines produced and marketed at VSF, being well representative of the
region's potential. The wines were stored at a temperature of 16+1°C until analysis for a period
not exceeding 6 months. The characteristics and specificities of each wine are shown in Table
1. Some classic enological parameters were determined in order to confirm the quality of
commercial wines according to Brazilian and international standards and are shown in Table 2

(OIV, 2014).

2.2 Extraction and chromatographic analyses to identify volatile compounds in red wines
The volatile compounds were extracted by headspace solid-phase microextraction (HS-
SPME) adapted from Barros et al. (2012). The fiber used was
Polidimetilsiloxano/Divinilbenzeno (PDMS/DVB) (Supelco, Bellafonte, PA, USA) and it was
conditioned according to the manufacturer’s instructions prior to the extraction. First, 30 mL of
red wine was transferred to a 100 ml glass vial with a screw cap containing one centre hole of
3 mm radius and a Teflon-lined septum. The volatile compounds were extracted by placing the
flask in a 45°C water bath with internal magnetic stirring. The sample reached equilibrium in
15 minutes and was then exposed to the fiber for 30 minutes. Blank analyses were carried out.
A 7890B gas chromatograph (GC) coupled to an Agilent® Technologies 5977B (Little
Falls, DE, USA) mass spectrometer (MS) and a Varian® VF-5 MS low bleed/MS fused-silica
capillary column (5% phenyl/95% PDMS, 60 m x 0.25 mm x 0.25 pm film thickness) were

used to separate and identify the volatiles collected by SPME. The carrier gas was helium at a
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1.2 ml minute " flow rate. The samples were injected by placing the SPME fibre at the entrance
of the GC at 250 °C and splitless injection mode was used with a desorption time of 5 minutes.
The initial oven temperature was 40°C, which was maintained for 10 minutes, increased to
250°C at 7°C per minute, and then maintained at 250°C for 5 minutes. The mass spectrometer
was operated in electron impact mode with a source temperature of 250°C, an ionising voltage
of 70 eV, and a scanning range from m/z 35 to 350 m/z at 3.33 scans/s. The transfer line was
held at 250°C. The SPME data were acquired and analysed using the Mass Hunter software
program (Agilent).

The compound identification was based on the comparison of their mass spectra with
spectra from NIST/EPA/NIH Mass Spectral Database (Version 2.2 2014 showing the Match>
600 and RMatch > 700 coefficients of linear retention confirmed by the scientific literature
(KONDJOYAN & BERDAGUE, 1996). The linear retention index (LRI) was calculated for
each volatile compound using the retention times of a homologous series of C8—C20 n-alkanes,

of which the linear retention index below 800 were expressed as <800.

2.3 Statistical analysis

Analysis of variance (ANOVA) was used in the classic oenological data associated with
the Tukey mean difference test (p<0.05) using the XLSTAT software version 5.03 (Addinsoft,
New York, USA, 2014). The results of the volatile compounds were auto-scaled using
MATLAB version 7.10.0.499 (The Mathworks, Inc., Natick, MA, R2010a) to perform the
comparison of the abundance of area obtained in each sample, then these treated data were
submitted to Pearson's correlation analysis (r), principal component analysis (p<0.05), and
hierarchical cluster analysis using XLSTAT software version 5.03 (Addinsoft, New York,

USA, 2014).
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3. Results

3.1 Classical analyses

Table 2 presents the results for the classic enological parameters of the commercial
tropical wine samples. Significant differences (p<0.05) were observed in these parameters,
however, all results are consistent with Brazilian and international legislation (OIV, 2014; Lima
et al., 2015; Padilha et al., 2017; Brasil, 2018; Oliveira et al., 2019). It is worth emphasizing
that the pH presented very high values, which is justified by the high concentrations of
potassium in the soils of the VSF, as well as the high temperatures during the grape ripening,
which reduce the organic acids by degradation of malic acid (Lima et al., 2015; Oliveira et al.,

2019; Pereira, 2020; Jackson, 2020).

3.2 Determination of volatile compounds in red wines from the S&o Francisco Valley

A total of 103 volatile compounds were identified by HS-SPME-CG-MS in the samples
of commercial red wines in this study, and the percentage area for each wine is shown in Table
3. The total number of compounds identified in each wine was distinguished according to the
varieties used in the elaboration, such as TP (71), SY (69), AB (68), PR (67), RS (60), and
CS/SY (50), and similar in the CS, TN and RC samples (65 compounds). Among the total
number of volatile compounds identified in this study, 13 were only identified in one type of
red wine, being 1-pentanol and 2.4-dihydroxy-2.5-dimethyl-3(2H)-furanone (RS); hexanoic
acid, 2-ethyl-1-hexanol, 4-ethylphenol, 4-ethyl guaiacol, 6-phenyl-dodecane, (Z)-9-
tetradecenoic acid, ethyl 9-hexadecenoate and methyl 11-octadecenoate (RC); ethyl 2,4-
hexadienoate (PR), ethyl benzoate and (E)-9-hexadecenoic acid (AB).

The volatile compounds were grouped into 13 chemical classes including esters (36

compounds), alcohols (16), terpenes (11), aromatics (10), acids (9), aldehydes (5), phenols (4),
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furans (4), hydrocarbons (3), C13-norisoprenoids (2), ketone (1), ether (1) and pyrane (1). A
comparison of the sum for the total areas of each chemical group is shown in Figure 1. With
the exception of esters and c13-norisoprenoids, all classes showed significant differences within
a class between at least two red wines according to Conover-Iman’s non-parametric comparison
test (p<0.05).

The esters class was the majority in the number of identified compounds (a total of 36),
with 14 being identified in all of the red wines analyzed. The esters class was also the majority
in terms of percentage of chromatographic area, as it can be seen in the Table 3. The CS and
SY wines obtained the largest number of compounds (30 and 29, respectively), representing
83.61% and 60.91% of the total chromatographic area, followed by the AB and PR wines (28
compounds each), representing 79.72% and 80.90% of the total area, respectively. The most
abundant esters in terms of area percentage were ethyl octanoate (36.65% and 36.09% in AB
and CS wines, respectively), diethyl succinate (22.02% in wine from PR) and ethyl decanoate
(18.56% in wine from AB). Ethyl 2.4-hexadienoate (4.42% in PR wine), ethyl hexanoate
(3.62% in CS wine), butanedioic acid ethyl 3-methylbutyl ester (2.74% in RS wine), ethyl 2-
methylbutanoate (2. 26% in CS wine), ethyl butanoate (1.89% in AB wine), ethyl glutarate
(1.34% in TP wine), ethyl 9-decenoate (1.05% in PR wine) and B-phenethyl acetate (1.01% in
CS/SY wine) are also highlighted.

The alcohol class was the second majority in the number of compounds (Table 3) with
16 being identified, of which 6 are present in all nine types of wine, including: 3-methyl 1-
butanol, 1-hexanol, 3-ethyl-4-methyl-1-pentanol, phenylethyl alcohol, 1-decanol, and
hexadecanol. It was also the second major class regarding the area percentage, ranging from
10.72% to 65.97% for wines from the CS/SY and RC cultivars, respectively, which differed
significantly among themselves (Figure 1). Some compounds in this class stood out for area

percentage, such as phenylethyl alcohol (64.80% in RC wine), 2.3-butanediol (2.86% in CS



188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

101

wine), 3-methyl 1-butanol (2.66% in TN wine), and 1-hexanol (1.99% in SY wine).

A total of 11 compounds were identified in the terpenes class, with the majority in PR
and TP wines with 8 compounds each. No terpenes showed chromatographic area >1%, and the
sum of the total area varied between 0.18% and 1.28% (in CS and PR wines, respectively)
(Table 3), differing significantly among themselves (Figure 1).

A total of 10 compounds were classified in the aromatic group, of which 9 compounds
were identified in the RC and TN wines. The total chromatographic area of this class of
compounds varied from 0.22% to 1.02% (in RS and NT wines, respectively), differing
significantly (Figure 1).

There were 9 compounds identified for the acids class, with a variation in the total area
from 0.62% to 3.52% (Table 3) in the RC and CS/SY wines, respectively, and decanoic acid
(representing a chromatographic area of 2.79% in CS/SY wine) and undecanoic acid (1.09% in
PR wine) compounds are highlighted.

The minority of compounds in terms of quantity, aldehydes obtained a maximum of 5
metabolites in CS wine, and the total area percentage varied from 0.07% to 0.90% in wines
from AB and RS, respectively. There were 4 compounds identified within the phenols, 3 of
which were detected in CR wine, with a total chromatographic area variation of 0.06% to 1.47%
in wines from AB and CR, respectively. Furthermore, 4 compounds were identified among the
furans, of which the majority of the wines detected 2 compounds, and presented a total area
variation of 0.05% to 0.43% in the RC and TP wines, respectively.

Other identified minority compounds were classified as C13-norisoprenoid (2
compounds), and the others with one compound each, such as ketone, ether and pyrane groups,
representing total chromatographic areas of 0.32%, 0.11% and 0.57%, respectively. Only the
C13-norisoprenoid did not differ significantly from the classes of minority compounds

mentioned above (Figure 1).
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3.3 Clustering, Principal Component Analysis (PCA) and Pearson Correlation

A cluster hierarchical analysis was performed using the volatile compound data of the
nine commercial red wines analyzed (Table 3). A graphical representation is presented in the
form of a dendrogram, which the separation criterion was the Euclidean distance (%) (Figure
2). It is possible to clearly observe the formation of four groups, and cluster 4 is formed by a
single wine (RC), having been isolated compared to the others. Cluster 1 is formed by the AB,
SY and TP wines, while cluster 2 is formed by the PR, CS and RS wines, and cluster 3 is formed
by the CS/SY and TN wines.

Principal Component Analysis (PCA) was performed with the area data of the auto-
scaled volatile compounds of the nine red wines in this study, and differentiated by colors
according to chemical class in Figure 3. The first Principal Component (PC1) explained 24.71%
of the total variation between the samples, and together with the second component (PC2, which
explained 18.84%), explained 43.55% of the variability between the volatiles. Figure 3 (PC1 x
PC2) separates and groups the wines in a similar way as Figure 2 (dendrogram). Therefore, it
is possible to more clearly observe the greater contribution of the ester, terpene and alcohol
classes in the profile of wines from cluster 1; the alcohol, ether, and acid classes in the cluster
2; the aromatics class in the profile of wines from cluster 3; and some specific compounds in
the cluster 4.

The red wines with similar volatile profiles were positioned in different regions in the
PCA, with the compounds with significant factor loads and > 0.7 being considered for
discussion. Therefore, it was verified that only the RC wine was allocated in the positive axis
of the PC1, separating this wine from the others. In addition, PC2 separated the TN and CS/SY
wines (cluster 3) from the others, being located on the positive axis of PC2.

The volatile compounds which most contributed to the characterization of RC wine were

ethyl isovalerate, 3-methyl-2-hexanol, hexanoic acid, 2-ethyl-1-hexanol, vy-terpinene,
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phenylethyl alcohol, 4-ethylphenol, B-phenethyl acetate, 4-ethyl guaiacol, damascenone, 6-
phenyl-dodecane, (Z)-9-tetradecenoic acid, ethyl tetradecanoate, ethyl 9-hexadecenoate, ethyl
hexadecanoate and methyl 11-octadecenoate. Moreover, the compounds associated with TP
(cluster 1) and PR (cluster 2) wines were 1-nonanol, 1-decanol and methyl decanoate.

The CS/SY and TN wines (cluster 3) were characterized by the volatile compounds
isoamyl hexanoate, dodecanal, humulene, 1-dodecanol, 5-phenyl-decane, 2,6,10-
trimethyltetradecane, 4-phenyl-decane, dodecanoic acid, 6-phenyl-undecane, 5-phenyl-
undecane, 3-phenyl-undecane, 4-isopropyl-1,6-dimethyl-naphthalene and 2-phenyl-undecane.
Furthermore, the wines from AB and SY (cluster 1), RS and CS (cluster 2) obtained a greater
contribution from the 1,2-dihydro-1,5,8-trimethyl-naphthalene compound.

A Pearson’s correlation analysis (r) was subsequently performed on the 20 volatile
compounds with percentage of area > 1%, in order to identify the correlation between the
volatile compounds detected in red wines (Table 4). Positive and significant correlations
(p<0.05) were observed in the esters class, which ethyl octanoate correlated with three esters,
namely ethyl hexanoate (r = 0.82), ethyl butanoate (r = 0.70) and ethyl decanoate (r = 0.90).
Furthermore, ethyl decanoate correlated positively with ethyl butanoate (r = 0.81) and
butanedioic acid, while ethyl 3-methylbutyl ester correlated with ethyl 2-methylbutanoate (r =
0.69).

Positive correlations were also observed between ethyl 2-methylbutanoate and 2,3-
butanediol esters and alcohols (r = 0.98); between p-phenethyl acetate and phenylethyl alcohol
(r = 0.96); and between ethyl 2,4-hexadienoate and undecanoic acid (r = 0.70). Other
compounds also had positive correlations, such as 4-ethyl guaiacol with phenylethyl alcohol (r
=0.94), and B-phenethyl acetate (r = 0.90); 2-ethyl-1-butanol, methyl ether with 2,3-butanediol
(r = 0.85), and ethyl 2-methylbutanoate (r = 0.79). A negative and significant correlation

(p<0.05) was only obtained by ethyl glutarate and diethyl succinate (r = -0.80) in the other
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compounds.

4. Discussion

The volatile profile of nine commercial tropical red wines, which may in the future
obtain the Geographical Indication S&o Francisco Valley, was analyzed here in for the first
time. The objective was to identify the volatile compounds that could typify the red wines and
be used as chemical markers. The study presented two important aspects. Firstly, commercial
red wines, already validated in terms of quality and acceptability by consumers, were chosen to
be studied. The second aspect is that the wines were indicated by the wineries’

oenologists/owners based on the potential for obtaining the GI.

4.1 Classical analyses

All the results of the classical analyses performed (Table 2) are in accordance with the
Brazilian and international wine laws (OIV, 2014; Brasil, 2018). The samples presented
similarities and differences (p<0.05) regarding the different parameters. The alcohol content
was similar to the values reported by Oliveira et al. (2019) and Garaguso & Nardini, (2015) in
red wines from VSF and Italy, respectively. The registered variations are possibly due to the
winemaking processes used and climate variations (Sanchez-Palomo et al., 2017).

The pH values obtained exceeded the ideal recommended range for red wines, between
3.4 and 3.8, due to high temperatures during maturation and high potassium concentration in
the soils of the region (Rankine, 1989; Jackson, 2020). Agronomic management is among the
alternatives for reducing pH to maintain balanced concentration of acids in ripe berries
(increased productivity), as well as the use of correctives to reduce the concentration of
potassium in the soil, and acidification during winemaking with tartaric or lactic acids

(Ribéreau-Gayon et al., 2006; Lima et al., 2015; Jackson, 2020).
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The density of the wines in this study shows that the samples were dry wines, being
similar to those obtained in other studies (lvanova-Petropulos et al.,2015; Lima et al., 2015;
Oliveira, 2019). The results of total titratable acidity, volatile acidity and total sulfur dioxide
were varied when compared to other studies, mainly depending on the oenological potential of
the grapes at harvest (climate), as well as the elaboration protocols (Lombardi et al., 2017;
Sanchez-Palomo et al., 2017; Oliveira et al., 2019; Valentin et al., 2020). However, all
parameters are in accordance with Brazilian and international legislation (Brasil, 2018; OIV,
2014). Total acidity contributes to microbial/biological stabilization and the freshness taste of

wines (Ribéreau-Gayon et al., 2006; lvanova-Petropulos et al., 2015).

4.2 Volatile profile of wines and varietal effect

Red wines were characterized by a total of 103 volatile compounds belonging to
different chemical classes. Some compounds were highlighted by their abundance of
chromatographic area, such as ethyl octanoate, diethyl succinate, ethyl decanoate, ethyl 2,4-
hexadienoate, ethyl hexanoate, butanedioic acid ethyl 3-methylbutyl ester, ethyl 2-
methylbutanoate, ethyl butanoate, ethyl glutarate, ethyl 9-decenoate and p-phenethyl acetate;
phenylethyl alcohol, 2,3-butanediol, 3-methyl 1-butanol,1-hexanol, and decanoic and
undecanoic acids.

The esters are highlighted in quantity and number among the classes. These compounds
are produced during the alcoholic fermentation and acil-CoA, and contribute with floral and
fruity notes in wines (llc et al., 2016; Mota et al., 2020). The esters stood out in the CS wine
profile, a French cultivar introduced in Brazil in 1921 (Orlando et al., 2008), with ethyl
octanoate (36.09%), followed by diethyl succinate (20.88%), ethyl decanoate (14.85%) and
ethyl hexanoate (3.62%). They were also the majority in the PR wine profile, but with lower

area percentages, except in the diethyl succinate (22.02%) and ethyl decanoate (16.80%)
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compounds. Diethyl succinate has been identified in previous studies as a marker for aged wines
(Voce etal., 2019), including being identified after 30 and 42 months of bottling, being a marker
linked to aging in the winter wines from Syrah (Mota et al., 2020). However, this compound
was also reported in a study with young and experimental wines from different cultivars, such
as Cabernet Sauvignon, Pinot Noir, Syrah and Merlot from Italy (Englezos et al., 2018), as well
as in study with Malbec wines from different harvests (Sdnchez-Palomo et al., 2017).

The class of alcohols, which the majority of the compounds are derived from the
alcoholic fermentation by yeasts, is responsible for about 50% of the aromatic constituents of
wines (excluding ethanol) (Jackson, 2020). The RC wine was highlighted in this class of
compounds with a total area percentage of 65.96%, which 64.80% was represented by the
phenylethyl alcohol compound. The second major wine in the alcohol class was the CS/SY
blend, with 47.15% of total area percentage, which 44.23% were represented by the phenylethyl
alcohol compound. This compound is considered the most important phenolic superior alcohol
and it is responsible by the rose flavor (Jackson, 2020; The Good Scents Company, 2020). In a
study of CS and Syrah wines from Greece, phenylethyl alcohol and 3-methyl 1-butanol
compounds were prominent from CS, while 1-hexanol compound was the majority in wines
from CS and SY (Karabagias et al., 2020). In the current study, 1-hexanol was also the majority
in SY, considered the main red grape grown in the S&o Francisco Valley (Oliveira et al., 2019),
contributing with fruity notes.

Terpenes were one of the minor classes of compounds, but no less important. This is
because these compounds have a very low olfactory threshold, allowing the perception in low
concentrations (Condurso et al., 2016). The 11 terpenes identified in the wines suggest a
contribution to floral, sweet, fruity, citrus and woody aromas. Among the analyzed wines, AB
presented 8 terpenes identified, more than TN wines (6 terpenes), which has been considered

in previous studies as rich in terpenic compounds when compared with more than 75 different
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varietals (Pinho et al., 2007; Petronilho et al., 2020). In the sensorial profile of Touriga Nacional
wines from VSF, they were described by floral aromas on the first harvest of the year (July),
and fruity, spicy and empireumatic aromas on the second harvest (Oliveira et al., 2018). Thus,
we suggest that the 6 terpenes identified in the TN wines, such as linalool oxide, nerol oxide,
humulene, a-muurolene, (E)-calamenene and a-calacorene, were the potential compounds

responsible for these aromatic descriptors.

4.3 Discrimination and similarities of wines

Several controlled or unknown factors can influence the similarities and differences of
wines from different grape varieties. The results presented in the dendrogram (Figure 2), it can
be observed that the combination of cultivar, viticultural management and winemaking
techniques could influence the volatile composition of wines. All the red wines were made in
the same winery, with the exception of the RC. It is worth mentioning that some of the young
wines presented similar volatile characteristics to wines aged in oak barrels, and not differing
in the formation of clusters 1, 2 and 3 (Figure 2). This result can be explained by possible blends
between wines from the winery.

A large study conducted by Valentin et al. (2020), with 83 red wines from four South
American countries, indicated that the chemical and volatile characteristics of two Brazilian red
wines from Merlot were allocated to the same cluster of 18 wines of Carmenere from Chile, for
unknown reasons. However, the wines in this study presented similar geographical location,
which may have been influenced the similarity between wines of different varieties, blends,
vintages and age. The RC wine was an exception, because it presented greater dissimilarity as
compared to the the others. This differentiation can be attributed to the distinction of the vine
management, as well as with possible specific enological protocols (Jackson, 2020).

One of the most common enological practices in the winemaking process is the blend
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of wines. This can be carried out by blending musts from different grape varieties, or even by
blending monovarietal wines prepared differently in the cellar to obtain commercial wines
(Alanén et al., 2015). The monovarietal CS and SY wines studied and the wine from the
blending of their musts (CS/SY) were differentiated by clusters, and this can be attributed to
enological practice.

The graphical representation by PCA (Figure 3) confirmed the results of the cluster
hierarchical analysis. The wines located in the first two PCs were discriminated mainly by the
main volatile markers, according to different vintages and cultivars. Chemometric studies
carried out by Valentin et al. (2020) indicated that the wine discrimination, considering their
volatile composition, may present low variance percentage. In the present study, PC1 x PC2
explained 43.55% of total variability, however they are important markers describing the
typicality of the wines.

Some esters identified in the wine profiles presented positive and significant correlations
(p<0.05) between them, and characterized wines from different clusters. The ethyl octanoate
and ethyl hexanoate, ethyl butanoate and ethyl decanoate compounds; and the ethyl decanoate
and ethyl butanoate volatile compounds characterized wines from cluster 1. The butanedioic
acid and ethyl 3-methylbutyl ester compounds correlated with ethyl 2-methylbutanoate,
characterized wines from cluster 2.

Other positive and significant correlations were presented by compounds of different
classes, which characterized the wines of cluster 2, including the ethyl 2-methylbutanoate and
2,3-butanediol; ethyl 2,4-hexadienoate and undecanoic acid; 2-ethyl-1-butanol, methyl ether
with 2,3-butanediol and ethyl 2-methylbutanoate. The positive correlation (p<0.05) between 3-
phenethyl acetate and phenylethyl alcohol, and 4-ethyl guaiacol, phenylethyl alcohol and f-
phenethyl acetate, characterized the wines belonging to the cluster 4.

The only negative and significant correlation (p<0.05) was obtained between ethyl
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glutarate and diethyl succinate compounds, which characterized the wines of the clusters 2 and
3, respectively. This suggests that higher amounts of ethyl glutarate in wines from cluster 2,
lower content of diethyl succinate in wines from cluster 3, and vice-versa. It is common that
positive correlations are found between some compounds in wines and their precursors, as
showed in previous study, between ethyl octanoate and octanoic acid compounds; and between

ethyl hexanoate and hexanoic acid (Caliari et al.,2014).

4.4 Establishment of Potential Origin Markers

The wine composition is associated to several factors, such as their geographical origin
(climate and soil), the grapevine management, as well as the winemaking process in enology.
However, the description of its typicality, as well as its traceability is a great challenge from
the legal and economic points of view to guarantee authenticity (Alafién et al., 2015). In this
scenario, the description of the volatile composition of commercial products can provide the
“fingerprint” of the wines and assist in their classification and traceability according to their
terroir, geographical origin, variety and age/stability, with possible aging in barrels.

The volatile profile of the nine commercial wines analyzed in this study presented three
particularities: i) compounds identified exclusively in only one kind of wine; ii) compounds
identified in different area abundances in all wines; and iii) new volatile compounds, which
were identified and reported for the first time in red wines from S&o Francisco Valley. Thus,
the results obtained in this study allow us to identify and suggest potential volatile compound
markers of the studied wines according to the different varieties, as well as according to the
elaboration protocols.

The volatile compounds exclusively identified in the RC wine were (Z)-9-tetradecenoic
and hexanoic acids, 2-ethyl-1-hexanol alcohol, 6-phenyl-dodecane aromatic compound, ethyl

9-hexadecenoate, methyl 11-octadecenoate esters, 4-ethyl guaiacol and 4-ethyl phenol as
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phenols. These two volatile phenol compounds can be markers of wine contamination by the
Brettanomyces/Dekkera yeasts, with the increase of volatile acidity (Jackson, 2020). The
distinction of this wine may not only have been due to the variety, but also to winemaking
protocols. A previous study with Ruby Cabernet wines in Brazil showed the presence of
vegetable, salt and oak aromatic descriptors (Miele & Rizzon, 2011). However, the volatile
compounds identified in the RC wines of the present study suggest some descriptors, such as
fatty, waxy, citrus, spicy, woody, sweet vanilla, smoky and phenols (Table 3).

It is interesting to highlight that the unique presence of (E)-9-hexadecenoic acid and
ethyl benzoate compounds in AB wine, as well as 1-Pentanol and 2,4-dihydroxy-2,5-dimethyl-
3(2H)-furanone compounds in RS wine. The furanone compound originates from aging in oak
barrels (Jackson, 2020). Both wines were produced in the same winery and aged in French oak
barrels for 9 and 6 months, respectively.

The compounds with the highest area representation that characterized all nine wine
samples were 3-methylbutyl octanoate, butanedioic acid, ethyl 3-methylbutyl ester, diethyl
succinate, ethyl 9-decenoate, ethyl decanoate, ethyl dodecanoate, ethyl hexadecanoate, ethyl
hexanoate, ethyl nonanoate, ethyl octanoate, ethyl tetradecanoate, isoamyl hexanoate, and (-
phenethyl acetate. Regardless of the vintage, cultivar, viticultural practices or winemaking, this
set of compounds are possible markers of wines from the S&o Francisco Valley, belonging to
the group of esters whose terroir is unique in the world, producing the tropical wines in Brazil
(Pereira, 2020).

Some alcohols were also identified in all nine wines, such as 1-decanol, 1-hexanol, 3-
ethyl-4-methyl-1-pentanol, 3-methyl 1-butanol, hexadecanol, and phenylethyl alcohol. In
addition, other compounds of the acid, aromatic, and C13-norisoprenoid classes were identified.
Decanoic acid and n-hexadecanoic acid were prominent in the acid class, while the 4-phenyl-

dodecane, 5-phenyl-dodecane, 5-phenyl-undecane and 6-phenyl-undecane compounds from
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the aromatics class were common in all wines. These compounds need to be highlighted
because they are new, being cited and reported for the first time in red wines. The two
compounds identified in the C13-norisoprenoid class were present in all nine wines studied,
which 1,2-dihydro-1,5,8-trimethyl-naphthalene was also identified for the first time in red
wines.

Another 17 compounds were identified for the first time in red wines from VSF (totaling
22 compounds, with the compounds: (Z)-9-tetradecenoic acid, 2-heptadecanol, 10-octadecenal,
3-phenyl-undecane, 4-phenyl-decane, 4-phenyl-tridecane, 2-phenyl-undecane, 5-phenyl-
decane, 6-phenyl-dodecane, 2-hexadecan-2-one, 2-ethylhexyl octanoate, geranyl iso-valerate,
isomenthol acetate, 2,6,11-trimethyldodecane, 3-butyl-1,2,4-cyclopentanetrione, 2-ethyl-1-
butanol methyl ether, and germacrene B. These compounds can contribute with olfactory
descriptors as licorice, sweet, fruity, oily, herbal, woody, earth, and spicy notes (Table 2). From
these, 45% belong to the aromatic class whose presence has already been identified in honey

and fruit (El-hefny et al., 2018; Grygorieva et al., 2017; Tang et al., 2017).

5. Conclusion

The identification of volatile compounds enabled determining the volatile profile of nine
commercial tropical red wines from the Sdo Francisco Valley, all of them with identity and
quality of required parameters recommended by Brazilian legislation. These wines will be
indicated by the wineries to apply for the Geographical Indication of this region. In addition,
exploring the data associated with multivariate statistical analysis allowed us to identify
similarities and differences between the red wines, being influenced by characteristics such as
vintage, variety and winery (enological practices). Some volatile compounds previously
identified and described by the literature, and some exclusive compounds for the first time

identified in these wines, were considered as potential markers. These compounds can be useful
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to describe the quality and typicality of the products, and also may contribute to the traceability

and authenticity of wines from this region.

Acknowledgments
The authors thank the winery for the partnership and Coordination for the Improvement
of Higher Education Personnel (Coordenacdo de Aperfeicoamento de Pessoal de Nivel

Superior-Capes) for the financial support provided to this study.

Conflicts of interest

The authors declare no conflict of interest.

References

Alafion, M. E., Pérez-coello, M. S., & Marina, M. L. (2015). Wine science in the metabolomics
era. Trends in Analytical Chemistry, 74, 1-20.
https://doi.org/http://dx.doi.org/10.1016/j.trac.2015.05.006

Arcanjo, N. M. de O., Oliveira, M. E. da S., Araujo, I. B. da S., da Silva, F. L. H., & Madruga,
M. S. (2018). Red wine produced from the Isabella and Ives cultivar (Vitis Labrusca):
Profile of volatiles and aroma descriptors. Food Science and Technology, 38(2), 271-279.
https://doi.org/10.1590/1678-457X.04717

Arias, 1., Lacau, B., Astrain, J., Baron, C., Fenandez-Zurbano, P., Ferreira, V., & Escudero, A.
(2019). Effects of vineyard ‘potential’ and grape maturation on the aroma-volatile profile
of Grenache wines. Oeno One, 53(4), 695-707. https://doi.org/10.20870/0eno-
one.2019.53.4.2381

Barbard, J. A., Nicolli, K. P., Souza-Silva, E. A, Biasoto, A. C. T., Welke, J. E., & Zini, C. A.

(2020). Volatile profile and aroma potential of tropical Syrah wines elaborated in different



488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

113

maturation and maceration times using comprehensive two-dimensional gas
chromatography and olfactometry. Food Chemistry, 308, 125552,
https://doi.org/10.1016/j.foodchem.2019.125552

Barros, E. P., Moreira, N., Pereira, G. E., Leite, S. G. F., Rezende, C. M., & Pinho, P. G. de.
(2012). Development and validation of automatic HS-SPME with a gas chromatography-
ion trap/mass spectrometry method for analysis of volatiles in wines. Talanta, 101, 177—
186. https://doi.org/10.1016/j.talanta.2012.08.028

Benedetti, M. M., Curi, N., Sparovek, G., Filho, A. de C., & Silva, S. H. G. (2011). Updated
Brazilian’s Georeferenced Soil Database — An Improvement for International Scientific
Information Exchanging. Embrapa, 1, 309-332. https://doi.org/10.5772/29627

Bonino, M., Schellino, R., Rizzi, C., Aigotti, R., Delfini, C., & Baiocchi, C. (2003). Aroma
compounds of an Italian wine ( Ruche ) by HS — SPME analysis coupled with GC — ITMS.
80, 125-133.

Bordiga, M., Rinaldi, M., Locatelli, M., Piana, G., Travaglia, F., Coisson, J. D., & Arlorio, M.
(2013). Characterization of Muscat wines aroma evolution using comprehensive gas
chromatography followed by a post-analytic approach to 2D contour plots comparison.
Food Chemistry, 140(1-2), 57-67. https://doi.org/10.1016/j.foodchem.2013.02.051

Brasil. (2004). Lei N° 10.970, de 12 de novembro de 2004. Diario Oficial Da Unido.

Brasil. (2016). Agéncia Nacional de Vigilancia Sanitaria - RDC n° 123, de 4 de Novembro de
2016. Dispde sobre os aditivos alimentares e coadjuvantes de tecnologia autorizados para
uso em vinhos. Diario Oficial Da Uniéo. file:///C:/Users/not/Downloads/resolucao-rdc-no-
123-de-4-de-novembro-de-2016.pdf

Brasil. (2018). Instrucédo normativa n°® 14, Fevereiro (2018). Complementacao dos padrdes de
qualidade dos vinhos e derivados da uva e do vinho. https://www.gov.br/agricultura/pt-

br/assuntos/noticias/mapa-atualiza-padroes-de-vinho-uva-e-



513

514

515

516

ol7

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

114

derivados/INMAPA142018P1QVinhoseDerivados.pdf

Brasil. (2020). Contexto, caracteristicas e estratégias de conservagdo. Brasil.
https://www.mma.gov.br/biomas/caatinga/item/191.html

Caliari, V., Burin, V. M., Rosier, J. P., & BordignonLuiz, M. T. (2014). Aromatic profile of
Brazilian sparkling wines produced with classical and innovative grape varieties. Food
Research International, 62, 965-973. https://doi.org/10.1016/j.foodres.2014.05.013

Caliari, V., Panceri, C. P., Rosier, J. P., & Bordignon-Luiz, M. T. (2015). Effect of the
traditional, charmat and asti method production on the volatile composition of moscato
giallo sparkling wines. LWT - Food Science and Technology, 61(2), 393-400.
https://doi.org/10.1016/j.Iwt.2014.11.039

Capone, D. L., Jeffery, D. W., & Sefton, M. A. (2012). Vineyard and fermentation studies to
elucidate the origin of 1,8-cineole in Australian red wine. Journal of Agricultural and
Food Chemistry, 60(9), 2281-2287. https://doi.org/10.1021/jf20449%h

Cincotta, F., Verzera, A., Tripodi, G., & Condurso, C. (2015). Determination of Sesquiterpenes
in Wines by HS-SPME Coupled with GC-MS. Cromatography, 2, 410-421.
https://doi.org/10.3390/chromatography2030410

Codevasf. (2004). O Vale do Sdo Francisco ja produz quinze por cento do vinho nacional.
https://www.codevasf.gov.br/noticias/2004/20040923_04

Coelho, E., Rocha, S. M., Delgadillo, I., & Coimbra, M. A. (2006). Headspace-SPME applied
to varietal volatile components evolution during Vitis vinifera L. cv. “Baga” ripening.
Analytica Chimica Acta, 563(1-2), 204-214. https://doi.org/10.1016/j.aca.2005.11.018

Condurso, C., Cincotta, F., Tripodi, G., Sparacio, A., Giglio, D. M. L., Sparla, S., & Verzera,
A. (2016). Effects of cluster thinning on wine quality of Syrah cultivar (Vitis vinifera L.).
European Food Research and Technology, 242(10), 1719-1726.

https://doi.org/10.1007/s00217-016-2671-7



538

539

540

o241

542

543

544

545

546

o247

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

115

Drappier, J., Thibon, C., Rabot, A., & Geny-denis, L. (2017). Relationship between wine
composition and temperature : Impact on Bordeaux wine typicity in the context of global
warming — Review. Critical Reviews in Food Science and Nutrition, 59(1), 14-30.
https://doi.org/10.1080/10408398.2017.1355776

El-hefny, M., Mohamed, A. A., Salem, M. Z. M., & El-kareem, M. S. M. A. (2018). Chemical
composition, antioxidant capacity and antibacterial activity against some potato bacterial
pathogens of fruit extracts from Phytolacca dioica and Ziziphus spina-christi grown in
Egypt. Scientia Horticulturae, 233, 225-232.
https://doi.org/10.1016/j.scienta.2018.01.046

Embrapa. (2020). Indica¢des Geograficas de Vinhos do Brasil. https://www.embrapa.br/uva-e-
vinho/indicacoes-geograficas-de-vinhos-do-brasil

Englezos, V., Rantsiou, K., Cravero, F., Torchio, F., Giacosa, S., Ortiz-julien, A., Gerbi, V.,
Rolle, L., & Cocolin, L. (2018). Volatile profiles and chromatic characteristics of red
wines produced with Starmerella bacillaris and Saccharomyces cerevisiae. Food Research
International, 109, 298-309. https://doi.org/10.1016/j.foodres.2018.04.027

Etievant, P. X. (1991). Volatile compounds in foods and beverages (M. Dekker (Ed.); 1st ed.).

Fernandes, N. C. M., Gomes, F. de C. O, Garcia, C. F., Vieira, M. de L. A., & Machado, A. M.
de R. (2018). Use of solid phase microextraction to identify volatile organic compounds
in brazilian wines from different grape varieties. Brazilian Journal of Food Technology,
21. https://doi.org/10.1590/1981-6723.05817

Garaguso, 1., & Nardini, M. (2015). Polyphenols content, phenolics profile and antioxidant
activity of organic red wines produced without sulfur dioxide/sulfites addition in
comparison to conventional red wines. Food Chemistry, 179, 336-342.
https://doi.org/10.1016/j.foodchem.2015.01.144

Gong, M., Zhou, Z., Yu, Y., Liu, S., Zhu, S., Jian, D., Cui, P., Zhong, F., & Mao, J. (2020).



563

564

565

566

567

568

569

570

o71

572

573

o74

575

576

SYa

578

579

580

581

582

583

584

585

586

587

116

Investigation of the 5-hydroxymethylfurfural and furfural content of Chinese traditional
fermented vinegars from different regions and its correlation with the saccharide and
amino acid content. LWT, 124. https://doi.org/10.1016/j.lwt.2020.109175

Grygorieva, O., Klymenko, S., Vergun, O., Hudz, N., Nikolaieva, N., Schubertova, Z.,
Palamarchuk, O., & Brindza, J. (2017). Morphological characteristics and determination
of volatile organic compounds of Diospyros virginiana L . genotypes fruits. Slovak Journal
of Food Sciences, 1, 612-622. https://doi.org/10.5219/808

Ibravin. (2020a). Panorama Geral. https://www.ibravin.org.br/Panorama-Geral

Ibravin. (2020b). Regides produtoras. https://www.ibravin.org.br/Regioes-Produtoras

llc, T., Werck-Reichhart, D., & Navrot, N. (2016). Meta-analysis of the core aroma components
of grape and wine aroma. Frontiers in Plant Science, 7, 1472.
https://doi.org/10.3389/fpls.2016.01472

Ivanova-Petropulos, V., Hermosin-Gutiérrez, 1., Boros, B., Stefova, M., Stafilov, T., Vojnoski,
B., Dérnyei, A., & Kilar, F. (2015). Phenolic compounds and antioxidant activity of
Macedonian red wines. Journal of Food Composition and Analysis, 41, 1-14.
https://doi.org/10.1016/j.jfca.2015.01.002

Jackson, R. S. (2008). Wine Science: Principles and Applications, Third Edition (3rd ed.). San
Diego: academic press.

Jackson, R. S. (2020). Wine sciene: principles and applications (5th ed.). Academic Press.

Jiang, B., Xi, Z., Luo, M., & Zhang, Z. (2013). Comparison on aroma compounds in Cabernet
Sauvignon and Merlot wines from four wine grape-growing regions in China. Food
Research International, 51(2), 482-489. https://doi.org/10.1016/j.foodres.2013.01.001

Karabagias, I. K., Sykalia, D., Mannu, A., & Badeka, A. V. (2020). Physico - chemical
parameters complemented with aroma compounds fired up the varietal discrimination of

wine using statistics. European Food Research and Technology, 1-16.



588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

117

https://doi.org/10.1007/s00217-020-03568-y

KONDJOYAN, N., & BERDAGUE, J.-L. (1996). A compilation of relative retention indices
for the analysis of aromatic compounds. du Laboratoire Flaveur.

Lambrechts, M. G., & Pretorius, I. S. (2000). Yeast and its Importance to Wine Aroma - A
Review. South  African Journal of Enology & Viticulture, 21(1).
https://doi.org/10.21548/21-1-3560

Lampir, L., & Pavlousek, P. (2013). Influence of Locality on Content of Phenolic Compounds
in White Wines. Czech Journal Food Science, 31(6), 619-626.

Lima, M. S,, Leite, A. P. S., Sampaio, Y. C., Vianello, F., & Lima, G. P. P. (2015). Influences
of the Harvest Season on Analytical Characteristics of Syrah Grapes and Wines Produced
in the Northeast Region of Brazil. International Journal of Agriculture and Forestry, 5(2),
151-159. https://doi.org/10.5923/}.ijaf.20150502.09

Lombardi, G., Cossignani, L., Giua, L., Simonetti, M. S., Maurizi, A., Burini, G., Coli, R., &
Blasi, F. (2017). Phenol composition and antioxidant capacity of red wines produced in
Central Italy changes after one-year storage. Journal of Applied Botany and Food Quality,
90, 197-204. https://doi.org/10.5073/JABFQ.2017.090.025

Lukic, I., & Horvat, I. (2017). Differentiation of commercial PDO wines produced in istria
(croatia) according to variety and harvest year based on HS-SPME-GC/MS volatile aroma
compound profi ling. Food Technology and Biotechnology, 55(1), 95-108.
https://doi.org/10.17113/ft b.55.01.17.4861

Mello, M. R. de L., & Machado, C. A. E. (2020). Viticultura brasileira: panorama 2019.
Embrapa, 214.
http://ainfo.cnptia.embrapa.br/digital/bitstream/item/215377/1/COMUNICADO-
TECNICO-214-Publica-602-versao-2020-08-14.pdf

Miele, A., & Rizzon, L. A. (2011). Discrimination of Brazilian red varietal wines according to



613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

118

their sensory descriptors. Ciéncia e Agrotecnologia, 35(6), 1172-1177.

Mota, R. V. da, Peregrino, I., Silva, C. P. C., Raimundo, R. H. P., Fernandes, F. de P., & Souza,
C. R. de. (2020). Row orientation effects on chemical composition and aromatic profile of
Syrah winter wines. Food Science and Technology. https://doi.org/10.1590/fst.38219

Mufioz-Redondo, J. M., Ruiz-Moreno, M. J., Puertas, B., Cantos-Villar, E., & Moreno-Rojas,
J. M. (2020). Multivariate optimization of headspace solid-phase microextraction coupled
to gas chromatography-mass spectrometry for the analysis of terpenoids in sparkling
wines. Talanta, 208. https://doi.org/10.1016/j.talanta.2019.120483

Nan, L., Guo, M., Chen, S., Li, Y., Cui, C., Song, Y., Huang, J., & Wine, R. (2019). Effect of
peduncle on aroma of cabernet sauvignon dry red wine Effect of Peduncle on Aroma of
Cabernet Sauvignon Dry. International Conference on Biotechnology and Bioengineering,
2079(1), 020008. https://doi.org/https://doi.org/10.1063/1.5092386

Nascimento, A. S., de Souza, J., Lima, M. dos S., & Pereira, G. E. (2018). Volatile Profiles of
Sparkling Wines Produced by the Traditional Method from a Semi-Arid Region.
Beverages, 4(4), 103. https://doi.org/10.3390/beverages4040103

Nicolli, K. P., Welke, J. E., Closs, M., Caramao, E. B., Costa, G., Manfroi, V., & Zini, C. A.
(2015). Characterization of the volatile profile of Brazilian moscatel sparkling wines
through solid phase microextraction and gas chromatography. Journal of the Brazilian
Chemical Society, 26(7), 1411-1430. https://doi.org/10.5935/0103-5053.20150110

OIV. (2014). Recueil des méthodes internationales d’analyse des vins et des moiits.
Paris,France: Office International de La Vigne et Du Vin.

OIlV. (2020). State of the World Vitivinicultural Sector in 2019. International Organisation of
Vine and Wine.
http://www.oiv.int/js/lib/pdfjs/web/viewer.html?file=/public/medias/7298/oiv-state-of-

the-vitivinicultural-sector-in-2019.pdf



638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

119

Olegario, L. S., Andrade, J. K. S., Andrade, G. R. S., Denadai, M., Cavalcanti, R. L., da Silva,
M. A. A. P., & Narain, N. (2019). Chemical characterization of four Brazilian brown
propolis: An insight in tracking of its geographical location of production and quality
control. Food Research International, 123, 481-502.
https://doi.org/10.1016/j.foodres.2019.04.004

Oliveira, J. B. De, Egipto, R., Laureano, O., Castro, R. De, Pereira, G. E., & Ricardo-da-silva,
J. M. (2019). Chemical composition and sensory profile of Syrah wines from semiarid
tropical Brazil — Rootstock and harvest season effect. LWT - Food Science and
Technology, 114, 108415. https://doi.org/10.1016/j.Iwt.2019.108415

Oliveira, J. B. De, Faria, D. L., Duarte, D. F., Egipto, R., Laureano, O., Castro, R. De, Pereira,
G. E., & Ricardo-da-silva, J. M. (2018). Effect of the harvest season on phenolic
composition and oenological parameters of grapes and wines cv . © Touriga Nacional ’ (
Vitis Vinifera L .) produced under tropical semi-arid climate , in the state of Pernambuco
, Brazil. Ciéncia e Técnica Vitivinicola, 33(2), 145-166.

Orlando, T. G. S., Junior, P. M. J., Santos, A. O., & Hernades, J. L. (2008). Yield-related
performance of cv Cabernet Sauvignon and Petite Syrah on different rootstocks. Ciéncia
e Agrotecnologia, 32(3), 749-755.

Padilha, C. V. daS., Biasoto, A. C. T., Corréa, L. C., Lima, M. dos S., & Pereira, G. E. (2017).
Phenolic compounds profile and antioxidant activity of commercial tropical red wines
(Vitis vinifera L.) from S&o Francisco Valley, Brazil. Journal of Food Biochemistry, 41(3),
1-9. https://doi.org/10.1111/jfbc.12346

Parker, M., Capone, D. L., Francis, I. L., & Herderich, M. J. (2017). Aroma Precursors in
Grapes and Wine: Flavor Release during Wine Production and Consumption. Journal of
Agricultural and Food Chemistry, 66(10), 2281-2286.

https://doi.org/10.1021/acs.jafc.6b05255



663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

120

Pereira, G. E. (2020). The three different winegrowing zones in Brazil according to climate
conditions and vine managements. In Jorddo and Botelho,Vitis: Biology and Species.
https://novapublishers.com/shop/vitis-biology-and-species/

Pereira, G. E., Guerra, C. ., de Amorim, F. M., Souza, J. F., Lima, L. L. A., Lima, M. S., Padilha,
C. V.., Protas, J. F. S., Zanus, M. C., & Tonietto, J. (2018). Vinhos Tropicais do Semiarido
do Brasil Desvendando o potencial Vitivinicola desta Nova Fronteira Geografica do
Vinho. Embrapa Uva e Vinho-Artigo Em Periddico Indexado (ALICE).

Pérez-Magarifio, S., Ortega-Heras, M., Bueno-Herrera, M., Martinez-Lapuente, L., Guadalupe,
Z., & Ayestardn, B. (2015). Grape variety, aging on lees and aging in bottle after
disgorging influence on volatile composition and foamability of sparkling wines. LWT -
Food Science and Technology, 61(1), 47-55. https://doi.org/10.1016/j.Iwt.2014.11.011

Petronilho, S., Lopez, R., Ferreira, V., Coimbra, M. A., & Rocha, S. M. (2020). Revealing the
usefulness of aroma networks to explain wine aroma properties: A case study of
Portuguese wines. Molecules, 25(2). https://doi.org/10.3390/molecules25020272

Pherobase. (2020). http://www.pherobase.com/database/kovats/kovatsindex.php

Pinho, P. G. de, Falqué, E., Castro, M., Oliveira e Silva, H., Machado, B., & Ferreira, A. C. S.
(2007). Further Insights into the Floral Character of Touriga Nacional Wines. Journal of
Food Sience, 72(6). https://doi.org/10.1111/j.1750-3841.2007.00405.x

Pons, A., Allamy, L., Schittler, A., Rauhut, D., Thibon, C., & Darriet, P. (2017). What is the
expected impact of climate change on wine aroma compounds and their precursors in
grape? Oeno One, 51(2), 141-146. https://doi.org/10.20870/0eno-one.2016.0.0.1868

Rankine, B. (1989). Manual practico de enologia. Acribia, Zaragoza.

Ruberto, G., Renda, A., Amico, V., & Tringali, C. (2008). Volatile components of grape
pomaces from different cultivars of Sicilian Vitis vinifera L. Bioresource Technology,

99(2), 260-268. https://doi.org/10.1016/j.biortech.2006.12.025



688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

121

Ruiz, J., Kiene, F., Belda, I., Fracassetti, D., Marquina, D., Navascués, E., Calderon, F., Benito,
A., Rauhut, D., Santos, A., & Benito, S. (2019). Effects on varietal aromas during wine
making: a review of the impact of varietal aromas on the flavor of wine. Applied
Microbiology and Biotechnology, 103(18), 7425-7450. https://doi.org/10.1007/s00253-
019-10008-9

Sanchez-Palomo, E., Trujillo, M., Garcia Ruiz, A., & Gonzalez Vifias, M. A. (2017). Aroma
profile of malbec red wines from La Mancha region: Chemical and sensory
characterization. Food Research International, 100, 201-208.
https://doi.org/10.1016/j.foodres.2017.06.036

Serra-Cayuela, A., Jourdes, M., Riu-Aumatell, M., Buxaderas, S., Teissedre, P. L., & Lopez-
Tamames, E. (2014). Kinetics of browning, phenolics, and 5-hydroxymethylfurfural in
commercial sparkling wines. Journal of Agricultural and Food Chemistry, 62(5), 1159—
1166. https://doi.org/10.1021/jf403281y

Siedenberg, D. R., Thaines, A. H., & Baggio, D. K. (2017). Desenvolvimento Regional Sob a
Otica Do Reconhecimento Da Indicacio Geografica: O Case Do Vale Dos Vinhedos, a
Partir Da Percepcdo Dos Atores Sociais. Gestdo & Regionalidade, 33(99).
https://doi.org/10.13037/gr.vol33n99.2771

Soares, R. D., Welke, J. E., Nicolli, K. P., Zanus, M., Caramao, E. B., Manfroi, V., & Zini, C.
A. (2015). Monitoring the evolution of volatile compounds using gas chromatography
during the stages of production of Moscatel sparkling wine. Food Chemistry, 183, 291—
304. https://doi.org/10.1016/j.foodchem.2015.03.013

Tang, H., Zhao, T., Sheng, Y., Zheng, T., Fu, L., & Zhang, Y. (2017). Dendrobium officinale
Kimura et Migo : A Review on Its Ethnopharmacology , Phytochemistry , Pharmacology
, and Industrialization. Evidence-Based Complementary and Alternative Medicine, 2017.

The good scents company. (2020). http://www.thegoodscentscompany.com/search2.html



713

714

715

716

717

718

719

720

721

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

122

Tufariello, M., Pati, S., D’Amico, L., Bleve, G., Losito, I., & Grieco, F. (2019). Quantitative
issues related to the headspace-SPME-GC/MS analysis of volatile compounds in wines:
the case of Maresco sparkling wine. LWT, 108, 268-276.
https://doi.org/10.1016/j.lwt.2019.03.063

Ubeda, C., Callején, R. M., Troncoso, A. M., Pefia-Neira, A., & Morales, M. L. (2016). Volatile
profile characterisation of Chilean sparkling wines produced by traditional and Charmat
methods via sequential stir bar sorptive extraction. Food Chemistry, 207, 261-271.
https://doi.org/10.1016/j.foodchem.2016.03.117

Ubeda, C., Kania-Zelada, I., del Barrio-Galan, R., Medel-Maraboli, M., Gil, M., & Pefia-Neira,
A. (2019). Study of the changes in volatile compounds, aroma and sensory attributes
during the production process of sparkling wine by traditional method. Food Research
International, 119, 554-563. https://doi.org/10.1016/j.foodres.2018.10.032

Valentin, L., Barroso, L. P., Barbosa, R. M., de Paulo, G. A., & Castro, I. A. (2020). Chemical
typicality of South American red wines classified according to their volatile and phenolic
compounds using multivariate analysis. Food Chemistry, 302.
https://doi.org/10.1016/j.foodchem.2019.125340

Vilanova, M., Campo, E., Escudero, A., Grana, M., Masa, A., & Cacho, J. (2012). Analytica
Chimica Acta Volatile composition and sensory properties of Vitis vinifera red cultivars
from North West Spain : Correlation between sensory and instrumental analysis. Analytica
Chimica Acta, 720, 104-111. https://doi.org/10.1016/j.aca.2012.01.026

Voce, S., Skrab, D., Vrhovsek, U., Battistutta, F., Comuzzo, P., & Sivilotti, P. (2019).
Compositional characterization of commercial sparkling wines from cv. Ribolla Gialla
produced in Friuli Venezia Giulia. European Food Research and Technology, 245(10),
2279-2292. https://doi.org/10.1007/s00217-019-03334-9

Ziotkowska, A., Wasowicz, E., & Jelen, H. H. (2016). Differentiation of wines according to



738

739

740

741

123

grape variety and geographical origin based on volatiles profiling using SPME-MS and

SPME-GC/MS methods. Food

https://doi.org/10.1016/j.foodchem.2016.06.120

Chemistry,

213,

714-720.



124

Table 1. Description of the tropical red wine samples from the Sdo Francisco Valley.

Wine Cultivars Winery Vintage Lot MT

(Code) (months)

AB Alicante Bouschet 9°24°'S;:40°29°W 2014 n.d. 9

CS Cabernet Sauvignon 9°24°'S;40°29°W 2015 L1806A15 0

CS/SY  Cabernet Sauvignon/Syrah 9°24°'S;40°29°W 2017 L1832D16 0
Cabernet Sauvignon/Syrah/

PR Alicante Bouschet/ Touriga 924°'S;40° 29°W 2013 L17112A08 12
Nacional/Aragonés

RC Ruby Cabernet 8°47°S;39° 49°W 2016 L20/072016 0
Cabernet Sauvignon/Syrah/

RS 9°24°'S;40°29°W 2014 L1833D11 6
Alicante Bouschet

SY Syrah 9°24°'S;40°29°W 2015 L1819D16 0

TN Touriga Nacional 9°24°'S;40°29°W 2014 L1837E03 9

TP Tempranillo 9°24°°'S;40°29°W 2015 L1820B26 0

MT: maturation time in French oak barrels; n.d.: not declared.



Table 2. Classic enological parameters of the commercial red wines studied from the Sao

Francisco Valley.
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wine | Densty o cegree Gou ORI Gggy  Toulso:
at 20°C) (meq L)
AB 0.9962°+0.00 4.08°+0.02 13.16°+000 74.239+0.00 459°°+051 34.88°+0.00
cs 0.9959 f+0.00 4.162°+0.02 12.04°+0.00 72.00%+0.04 2.04¢+0.00  8.96°+0.00
CS/SY 0.99689+0.00 4.16°°+0.02 12.12°+0.00 66.74¢7+0.00 3.26¢+0.35 17.78%+0.00
PR 0.99952+0.00 4.08°+0.00 13.16°+0.00 86.61°+0.07 4.65°°+041 15.36°+0.00
RC 0.9991°+0.00 4.13°+0.00 13512+0.00 84.9120+0.02 4.01°%¢+0.41 nd
RS 0.9991°+0.00 4.08°+0.00 12219+000 80.83°°+0.04 516°+012  34.24°+0.00
sY 0.9954M+0.00 4.17°+0.01 10.617+0.00 74.38°9+0.00 4.18%°¢ +0.18 15.04°¢ +0.03
TN 0.99915°+0.00 4.08°+0.00 13.16°+0.00 81.85%°+0.02 6.89°+0.12  39.042+0.01
TP 0.99589+0.00 4.17°+0.01 12.81°+0.00 66.367+0.00 6.522+054  16.64°+0.01
Limits® 8.6to 14 40 to 130 Max 20 Max 300

!Brasil, 2018; nd = not detected; Max: maximum; CS: Cabernet Sauvignon; CS/SY: Cabernet Sauvignon / Syrah;
AB: Alicante Bouschet; SY: Syrah; TP: Tempranillo; PR: Cabernet Sauvignon / Syrah / Alicante Bouschet /
Touriga Nacional / Aragonés; RS: Cabernet Sauvignon / Syrah / Alicante Bouschet; TN: Touriga Nacional; RC:
Ruby Cabernet; SO,: total sulfur dioxide. Means followed by the same letter do not differ by the Tukey test (p
<0.05).



Table 3. Volatile compounds identified in the red wines of the Sdo Francisco Valley by HS-SPME-GC-MS.
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Code Volatile Compound Chemical LRI LRI (%) of Total Peak Area
Family (lit) (cal) CS CSISY RC 5% TP PR RS AB TN Odor description *

99  (E)-9-Hexadecenoic acid acid 1942 1939 nd nd nd nd nd nd nd 0.12+0.09 nd waxy, creamy, fatty, soapy

91  (2)-9-Tetradecenoic acid acid 1783 1774 nd nd 0.13+0.05 nd nd nd nd nd nd

54  Decanoic acid acid 1373 1378 1.64+0.59 2.79+0.32 0.27+0.06 1.22+0.38 1.62+0.27  1.54+0.61 1.41+0.53 1.43+0.63  1.90+1.05 rancid, sour, fatty, citrus

75  Dodecanoic acid acid 1568 1568 0.11+0.07 0.45+0.09 0.05+0.00 0.22+0.16 0.25+0.08 0.12+0.07  0.11+0.07 nd 0.22+0.11 coconut, Fatty, Waxy

13 Hexanoic acid acid 990 998 nd nd 0.06£0.01 nd nd nd nd nd nd slightly, waxy, fatty

100 n-Hexadecanoic acid acid 1968 1960 0.05+0.01 0.28+0.20 0.05+0.03 0.15+0.09 0.04+0.01  0.14+0.17  0.11+0.08 0.12+0.03  0.10+0.13 waxy, fatty

97  Pentadecanoic acid acid 1867 1866 0.02+0.01 nd 0.01£0.01  0.02+0.01 tr nd nd 0.06+0.04 nd

90  Tetradecanoic acid acid 1768 1762 0.05+0.03 nd 0.05+0.02 0.08+0.04 0.02+0.01 nd 0.08+0.03 0.20+0.16  0.12+0.11 waxy, fatty, soapy, coconut

65  Undecanoic acid acid 1475 1478 0.42+0.25 nd nd nd 0.61+0.10  1.09+0.59 nd nd nd waxy, creamy, cheese, fatty, coconut

Total Acids 2.29 3.52 0.62 1.68 2.54 2.89 171 1.94 2.33

40  1-Decanol alcohol 1273 1272 0.13+0.04 0.10+0.05 0.04+0.01 0.09+0.00 0.12+0.06 0.13+0.02  0.07+£0.02 0.13+0.05  0.14+0.05 fatty, waxy, floral, orange, sweet, clean,
watery

64  1-Dodecanol alcohol 1473 1474 0.21+0.15 0.45+0.17 0.13+0.03 nd 0.24+0.15 0.38+0.39  0.19+0.08 0.24+0.17  0.37+0.27 earthy, soapy, waxy, fatty, honey, coconut

8  1-Hexanol alcohol 868 865 0.83+0.26 0.70+0.02 0.27£0.09 1.99+3.00 0.73+0.21  0.46x0.25 0.44+0.16 0.42+0.16 0.71+0.25 ethereal, fusel, oil, fruity, alcoholic, sweet,
green

28  1-Nonanol alcohol 1173 1172 0.50+0.12  0.37+0.03 nd 0.2240.06  0.44+0.10 0.54+0.12  0.34+0.18 0.26+0.12  0.37+0.15 fresh, clean, fatty, floral, rose, orange,

dusty wet, oily

2 1-Pentanol alcohol 765 <800 nd nd nd nd nd nd 0.19+0.15 nd nd balsamic, sweet, fusel like

4 2,3-Butanediol alcohol 788 <800 2.86+0.20 nd nd nd nd nd 2.40+0.27 0.04+0.01 nd fruity, creamy, buttery

18  2-Ethyl-1-hexanol alcohol 1030 1034 nd nd 0.17+0.03 nd nd nd nd nd nd citrus

93  2-Heptadecanol alcohol 1802 1799 0.01+0.01 nd nd 0.01+0.00 0.01+0.00  0.06+0.06 nd 0.02+0.01 nd

85  2-Hexadecanol alcohol 1702 1698 nd nd tr 0.01+0.00 0.01+0.00  0.01+0.01  0.01+0.00  0.02+0.01 nd

49  2-Undecanol alcohol 1308 1304 0.08+0.04 nd 0.04£0.01 0.23+0.32 0.06+0.02  0.05+0.01 nd 0.04+0.01 nd waxy, fatty, clean, oily, fresh, fishy, nut

17 3-Ethyl-4-methyl-1- alcohol 1023 1023 0.06+0.03 0.04+0.01 0.07+0.01 0.08+0.11 0.02£0.01  0.04+0.04  0.01+0.01 0.04+0.01  0.02+0.01

pentanol
1 3-Methyl 1-butanol alcohol 736 <800 1.74+1.49 1.00+0.27 0.2740.04 1.79+0.75 2.24+0.55 2.17+0.57 2.60+2.01 0.31+0.50 2.66+2.36 fusel, oil, alcoholic, whiskey, fruity, banana
11  3-Methyl 2-hexanol alcohol 906 898 nd 0.06£0.01 0.15+0.06 0.04+0.02 nd nd nd nd nd
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21

23

63

96
31
58
38

86
82
74
89
95
71
88
80
87
79

52

83

84
10

Hexadecanol

Octanol

Phenylethyl alcohol
Total alcohols
(E)-2-Dodecenal

10-Octadecenal
Decanal

Dodecanal

Geranial

Total aldehydes
2-Phenyl-undecane
3-Phenyl-undecane
4-Phenyl-decane
4-Phenyl-dodecane
4-Phenyl-tridecane
5-Phenyl-decane
5-Phenyl-dodecane
5-Phenyl-undecane
6-Phenyl-dodecane
6-Phenyl-undecane
Total aromatic
1,2-Dihydro-1,5,8-
trimethyl-naphthalene
4-1sopropyl-1,6-
dimethyl-naphthalene

Total C13-

norisoprenoids

2-Ethylhexyl octanoate

2-Methylbutyl acetate

alcohol

alcohol

alcohol

aldehyde

aldehyde
aldehyde
aldehyde
aldehyde

aromatic
aromatic
aromatic
aromatic
aromatic
aromatic
aromatic
aromatic
aromatic

aromatic

C13-

norisoprenoid

C13-

norisoprenoid

ester

ester

1884
1075

1116

1468

1863
1205
1409
1268

1708
1667
1546
1742
1840
1535
1730
1632
1726
1628

1354

1674

1688
880

1880
1075

1110

1465

1860
1204
1409
1267

1703
1668
1550
1749
1839
1542
1737
1638
1731
1634

1351

1679

1693
878

0.02+0.01
0.24+0.15

4.04+1.44
10.72
0.12+0.09

0.02+0.01
0.10+0.11
0.12+0.19
0.10+0.04
0.46
nd
nd
nd
0.02+0.01
0.02+0.01
nd
0.04+0.02
0.09+0.06
nd
0.04+0.04
0.21
0.15+0.03

0.11+0.04

0.25

0.02+0.01
0.16+0.15

0.05+0.01
0.16+0.03

44.23+3.41
47.15
nd

nd
0.08+0.03
0.19+0.10
nd
0.27
0.02+0.00
0.17+0.03
0.06+0.01
0.01+0.00
nd
0.08+0.00
0.05+0.01
0.15+0.02
nd
0.06+0.02
0.61
nd

0.23+0.15

0.23

nd
nd

0.01+0.01
nd

64.80+5.96
65.96
nd

nd
nd
0.05+0.04
0.07+0.04
0.13
0.01+0.00
0.06+0.02
0.01+0.00
0.01+0.00
nd
0.02+0.02
0.01+0.00
0.04+0.02
0.03+0.01
0.01+0.01
0.22
0.07+0.02

0.06+0.01

0.13

nd
nd

0.04+0.01
0.20+0.24

29.71x3.77
34.41
0.19+0.18

0.04+0.02
0.14+0.12
0.05+0.06
nd
0.42
nd
nd
nd
0.02+0.01
nd
0.04+0.06
0.02+0.01
0.09+0.11
nd
0.02+0.00
0.19
0.17+0.07

0.08+0.04

0.25

0.07+0.03
0.43+0.08

0.03+0.00
0.10+0.06

21.26+7.26
25.27
0.08+0.00

0.01+0.00
nd
0.12+0.09
0.18+0.09
0.40
0.01+0.00
0.15+0.14
nd
0.03+0.01
0.02+0.00
0.09+0.09
0.05+0.01
0.11+0.09
nd
0.05+0.03
0.51
0.19+0.05

0.13+0.07

0.31

0.03+0.00
0.07+0.03

0.03+0.01
0.46+0.65

8.60+10.96
12.94
nd

0.03+0.02
nd
0.14+0.18
nd
0.17
tr
0.11+0.07
0.03+0.02
0.01+0.01
nd
0.04+0.03
0.08+0.10
0.09+0.06
nd
0.05+0.04
0.43
0.20+ 0.06

0.11+0.01

0.32

0.05+0.04
0.11+0.03

0.02+0.00
0.40+0.41

21.34+3.60
28.00
nd

nd
0.85+1.39
0.05+0.06
nd
0.90
0.01+0.00
nd
0.02+0.01
0.02+0.01
nd
0.01+0.01
0.04+0.03
0.06+0.02
nd
0.02+0.01
0.17
0.12+0.07

0.07+0.03

0.19

0.03+0.02
0.07+0.01

0.06+0.04
0.13+0.03

14.76+7.49
16.47
nd

nd
0.03+0.01
0.04+0.03
nd
0.07
0.01+0.01
0.07+0.02
0.03+0.00
0.03+0.02
nd
0.04+0.03
0.01+0.01
0.09+0.05
nd
0.03+0.03
0.31
0.17+0.08

0.04+0.01

0.22

0.07+0.03
0.18+0.07

0.03+0.02
0.18+0.11

20.37+10.23
24.84
nd

0.05+0.06
0.04+0.01
0.27+0.32
nd
0.36
0.02+0.02
0.34+0.24
0.11+0.04
0.03+0.02
0.07+0.09
0.14+0.12
0.04+0.04
0.18+0.12
nd
0.08+0.08
1.02
0.03+0.01

0.13+0.04

0.16

nd
0.08+0.08
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waxy, clean, greasy, floral,
waxy, green, orange, aldehydic, rose,
mushroom

floral, rose, dried, rose flower, rose water

citrus, metallic, mandarin, orange, waxy

aldehydic

sweet, waxy, orange peel, floral
soapy, waxy, aldehydic, citrus, green, floral

citrus, lemon

licorice

fruit, sweet banana, juicy fruit, fruity
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61
60

44
59

29
22

35
56
101
27

57
77
43
102
15

47
30

39
92
78
16

81

2-Methylbutyl octanoate
3-Methylbutyl octanoate

Bornyl acetate

Butanedioic acid, ethyl 3-

methylbutyl ester

Diethyl succinate

Ethyl 2,4-hexadienoate
Ethyl 2-methylbutanoate

Ethyl 2-phenylacetate
Ethyl 9-decenoate

Ethyl 9-hexadecenoate

Ethyl benzoate
Ethyl butanoate
Ethyl decanoate
Ethyl dodecanoate
Ethyl glutarate

Ethyl hexadecanoate
Ethyl hexanoate

Ethyl isovalerate

Ethyl nonanoate

Ethyl octanoate

Ethyl salicylate
Ethyl tetradecanoate
Geranyl iso-valerate
Hexyl acetate
Isoamy! acetate

Isoamyl decanoate

ester

ester

ester

ester

ester
ester
ester
ester
ester
ester
ester
ester
ester
ester
ester
ester
ester

ester

ester

ester

ester
ester
ester
ester
ester

ester

1449
1446

1285
1432

1182
1097
849
1246
1387
1977
1171
802
1396
1595
1283
1993
1000
854

1296
1196

1270
1794
1606
1011
876

1646

1450
1447

1286
1431

1182
1103
842

1244
1389
1974
1168
801

1398
1596
1280
1994
1003
847

1297
1198

1268
1794
1599
1018
875

1650

0.03+0.01
0.12+0.06

nd
0.74+0.20

20.88+8.45
nd
2.26x0.75
0.36+0.45
0.40+0.01
nd
nd
nd
14.85+2.81
0.46+0.14
1.20+0.12
0.04+0.02
3.62+0.91
0.10+0.03

0.17+0.03
36.09+6.14

0.03+0.01
0.03+0.01
0.06+0.04
0.02+0.00
0.85+0.17
0.10+0.03

nd
0.19+0.03

nd
0.83+0.22

15.44+0.60
nd
nd
1.97+0.12
0.78+0.17
nd
nd
nd
7.80+0.61
0.29+0.04
nd
0.10+0.01
1.40+0.17
nd

0.14+0.03
14.95+0.24

nd
0.01+0.00
0.09+0.00
0.02+0.00
0.68+0.14
0.50+0.16

0.02+0.02
0.13+0.06

nd
0.69+0.03

9.43+1.11

nd
0.27+0.39
0.18+0.06
0.15+0.03
0.19+0.11

nd

nd
6.51+3.12
0.40+0.19
0.04+0.05
0.88+0.76
0.81+0.38
0.63+0.75

0.07+0.04
7.72+4.17

tr
0.57+0.24

nd

nd
0.46+0.06
0.24+0.17

0.04+0.03
0.17+0.10

nd
0.63+0.46

9.30+2.28
nd
nd
1.49+1.11
0.25+0.09
nd
nd
1.14+0.73
16.02+5.87
0.53+0.14
0.97+0.29
0.10+0.02
1.61+0.65
0.01+0.00

0.21+0.05
26.61+7.47

0.11+0.06
0.02+0.00
0.04+0.01
0.01+0.01
nd
0.16+0.06

0.10+0.07
0.24+0.05

nd
0.55+0.13

13.43+4.80
nd
nd
1.09+0.86
0.46+0.13
nd
nd
nd
16.62+4.80
0.53+0.19
1.34+0.35
0.13+0.00
1.98+0.24
nd

0.18+0.07
30.12+9.10

nd
0.02+0.00
0.07+0.02
0.04+0.03
0.51+0.06
0.31+0.17

0.01+0.01
0.12+0.05

0.02+0.00
0.83£0.25

22.02+7.73
4.42+3.06
nd
0.31+0.30
1.05+0.10
nd
nd
nd
16.80+5.37
0.56+0.16
0.02+0.01
0.13+0.05
2.78+0.76
nd

0.21+0.08
29.07+11.13

0.03+0.01
0.02+0.01
0.05+0.03
0.04+0.04
0.70+0.09
0.44+0.37

0.05+0.04
0.11+0.08

nd
2.74x3.77

17.83+6.83

nd
2.17+1.06

nd
0.36+0.12

nd

nd

nd
11.71+6.97
0.42+0.22
0.01+0.01
0.11+0.02
2.68+0.55
0.61+0.48

0.08+0.02
25.98+9.54

nd
0.04+0.03
0.04+0.01
0.02+0.01
0.62+0.09
nd

nd
0.17+0.10

nd
0.54+0.17

14.68+5.15
nd
0.02+0.01
0.15+0.06
0.43+0.22
nd
0.29+0.25
1.89+1.05
18.56+8.20
0.58+0.29
nd
0.16+0.10
2.76+0.96
0.07+0.04

0.28+0.08
36.65+7.63

0.11+0.03
0.04+0.01
0.05+0.02
nd
0.70+0.13
0.29+0.11

0.02+0.02
0.17+0.07

0.01+0.00
0.734£0.25

19.92+7.45

nd
0.03+0.00
0.36+0.22
0.56+0.03

nd

nd
0.95+1.34
16.13+6.47
0.55+0.21
0.01+0.01
0.13+0.06
2.22+0.44
0.08+0.05

0.15+0.09
25.27+10.31

nd
0.03+0.02
0.09+0.04

nd
0.58+0.16
0.23+0.19

sweet, oily, fruity, green, soapy, pineapple
coconut

woody, pine, herbal, cedar, spice

mild, fruity, cooked, apple
warm, fruity, anise, licorice, ether
fruity, estry and berry
sweet, floral, honey, rose, balsamic, cocoa

fruity, fatty

fruity, dry, musty, sweet, wintergreen
fruity, juicy, fruit, pineapple, cognac
sweet, waxy, fruity, apple, grape, oily brandy

mango, sweet, waxy, floral, soapy, clean

mild, waxy, fruity, creamy, milky, balsam
sweet, fruity, pineapple, waxy, green banana
sweet, diffusive, estry, fruity, sharp,
pineapple, apple, green
fruity, rose, waxy, rum, wine natural tropical
fruity, wine, waxy, sweet, apricot, banana

brandy, pear

sweet, waxy, violet, orris
sweet, fruity, green, oily, herbal, fruity
fruity, green, apple, banana, sweet
sweet, fruity, banana, solvent

waxy, banana, fruity, sweet, cognac, green
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36
45
51
48

103
50
46
37

32
12

14

34

72

41

66

94

69
42

Isoamyl hexanoate
Isobornyl acetate
Isobutyl octanoate
Isomenthol acetate
Methyl 11-octadecenoate
Methyl decanoate

Propyl octanoate
B-Phenethyl acetate
Total esters
2-Ethyl-1-butanol, methyl
ether

Total ether
2,3-Dihydrobenzofuran
2,4-Dihydroxy-2,5-
dimethyl-3(2H)-furanone
2-Pentyl Furan

5-Hydroxymethylfurfural
Total furans

2,6,10-
Trimethyltetradecane
2,6,11-
Trimethyldodecane
3-Butyl-1,2,4-
cyclopentanetrione
Total hydrocarbon
2-Hexadecan-2-one
Total ketones
2,4-Di-tert-butylphenol
4-Ethyl guaiacol

ester
ester
ester
ester
ester
ester
ester

ester

ether

furan

furan

furan

furan

hydrocarbon

hydrocarbon

hydrocarbon

ketone

phenol

phenol

1252
1286
1348
1305
2115
1325
1290
1258

778

1224

989

993

1233

1541

1275

1486

1806

1519
1282

1250
1289
1345
1302
2123
1326
1293
1256

<800

1220

995

999

1230

1545

1275

1485

1808

1514
1279

0.03+0.01
0.04+0.00
0.03+0.02
0.09+0.07
nd
0.03+0.01
0.04+0.02
0.75+0.18
83.61
2.06+1.50

2.06
nd
nd

nd

nd
0.00
nd

nd

0.19+0.05

0.19
0.02+0.01
0.02
nd
nd

0.76+0.75
0.09+0.02

nd

nd

nd

nd

nd
1.01+0.08

47.03
nd

0.00
0.21+0.12
nd

0.04+0.02

nd
0.25
0.04+0.00

nd

0.26+0.06

0.30
nd
0.00
nd
nd

0.02+0.02

0.02+0.01

0.01+0.00
nd

0.05+0.03
nd

0.02+0.01

0.90+0.01

30.42

nd

0.00
0.05+0.02
nd

nd

nd
0.05
nd

nd

0.19+0.02

0.19
nd
0.00
nd
1.10+0.24

0.05+0.01
0.07+0.02
0.03+0.02
0.10+0.02
nd
0.03+0.01
0.04+0.01
0.66+0.26
60.91
0.62+0.64

0.62
0.10+0.08
nd

0.02+0.01

nd
0.11
0.02+0.01

nd

0.12+0.02

0.14
0.01+0.01
0.01
0.07+0.01
nd

0.05+0.03
0.08+0.03
0.05+0.02
0.19+0.22
nd
0.05+0.01
0.06+0.01
0.73+0.22
69.02
nd

0.00
0.05£0.03
nd

nd

0.38+0.49
0.43
0.02+0.00

nd

0.14+0.01

0.17
0.04+0.01
0.04
0.07+0.01
nd

0.08+0.07

0.06+0.02
nd

0.13+0.08
nd

0.06+0.03
nd

0.80+0.19

80.90

nd

0.00
0.13+0.12
nd

nd

0.03+0.01
0.16
nd

nd

0.67+0.11

0.67
nd
0.00
0.04+0.03
nd

0.03+0.03
nd
0.03+0.02
nd
nd
0.04+0.02
nd
0.56+0.16
66.34
1.59+2.64

1.59
0.16+0.12
0.02+0.01

nd

nd
0.18
nd

nd

0.11+0.01

0.11
nd
0.00
0.07+0.01
nd

0.05+0.03
0.07+0.02
0.05+0.01
0.06+0.02
nd
0.03+0.02
nd
0.81+0.39
79.72
0.08 +£0.03

0.08
0.11+0.13
nd

nd

nd
0.11
0.01+0.01

0.03+0.02

nd

0.05
nd
0.00
0.06+0.02
nd

0.04+0.03
0.07+0.03
nd
nd
nd
0.06+0.02
0.08+0.05
0.78+0.25
69.33
nd

0.00
0.06+0.06
nd

nd

0.11+0.08
0.16
0.03+0.02

0.07+0.05

nd

0.09
0.11+0.06
0.11
0.11+0.03
nd

fruity, banana, apple, pineapple, green
balsam, camphor, herbal, woody, sweet

fruity, green, oily, floral

oily, wine, fruity, floral
coconut, caco, gin

floral, rose, sweet, honey, fruity tropical

fruity, green, earthy, beany, vegetable metallic

sweet, citrus, herbal, green, celery, spicy
minty, woody

fatty, buttery, musty, waxy, caramellic

fruity

phenolic
spicy and clove-like with medicinal, woody

and sweet vanilla nuances
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26
53

24

70
33
55

76
62
20

25
73
68
67
19

4-Ethylphenol

Eugenol

Total phenols
Hydroxydihydromaltol
Total pyran
(E)-Calamenene
Citronellol

Damascenone

Germacrene B
Humulene

Linalool oxide

Nerol oxide
a-Calacorene
a-Farnesene
a-Muurolene

y-Terpinene

Total terpenes

phenol

phenol

pyran

terpene
terpene

terpene

terpene
terpene

terpene

terpene
terpene
terpene
terpene

terpene

1169
1357

1151

1529
1228
1386

1591
1453
1074

1153
1542
1508
1499
1060

1167
1357

1147

1527
1228
1385

1588
1453
1071

1154
1548
1513
1501
1063

nd

nd
0.00

nd
0.00

nd

nd

0.02+0.01

nd
0.04£0.02
nd

nd
0.07+0.01

nd

nd
0.05+0.02

0.18

nd
nd
0.00
0.20+0.00
0.20
nd
0.09+0.06
nd

nd
0.08+ 0.01
0.24+0.02

nd

nd

nd

nd
0.03+0.02

0.44

0.36+0.30
0.01+0.00
1.47
nd
0.00
nd
0.01+0.00
0.02+0.00

nd
nd
nd

nd
0.02+0.01
0.01+0.00

nd
0.71+0.15

0.77

nd
nd
0.07
0.05+0.04
0.05
0.03+0.01
nd
nd

0.02+0.00
0.03+0.00
0.35+0.18

nd
0.08+0.02
0.04+0.01
0.57+0.31
nd

112

nd
nd
0.07
0.57+0.45
0.57
0.04+0.00
0.02+0.01
0.01+0.01

nd
0.06+0.01
0.21+0.07

nd
0.15+0.03
0.04+0.01
0.16+0.09
nd

0.69

nd
0.07+0.01
0.11
0.13+0.07
0.13
0.13+0.12
nd
nd

0.03+£0.01
0.09+0.07
0.35+0.09

0.33+£0.55

0.13+0.05

0.11+0.06

0.12+0.09
nd

1.28

nd
nd
0.07
0.29+0.14
0.29
0.03+0.00
0.03+0.02
nd

0.05+0.03
nd
nd

nd
0.07+0.04

nd
0.12+0.07
0.14+0.05

0.45

nd
nd
0.06
0.08+0.01
0.08
0.03+0.01
0.03+0.01
nd

nd
0.04+0.01
0.49+0.30

nd
0.10+0.05
0.05+0.01
0.17+0.05
nd

0.91

nd
nd
0.11
0.26+0.16
0.26
0.05+0.01
nd
nd

nd
0.09+0.05
0.42+0.15

0.12+0.09
0.09+0.06
nd
0.32+0.30
0.13+0.02

1.23

smoke, phenolic

sweet, spicy, clove like, woody,

creamy, sweet, fruity peach,

clove-like, herbaceous
floral, rosy, sweet, citrus
woody, sweet, fruity, earthy with green floral

nuances

woody, earthy, spicy
woody

woody, floral, cooling, terpy and slightly
green
green, vegetative and floral

woody

citrus, herbal, lavender, bergamot

oily, woody, terpene, lemon/lime tropical
herbal

L Aroma description obtained from an online database available at Thegoodscentscompany (2020) & Pherobase (2020); LRI lit.: linear retention index of literature; LRI cal.:

linear retention index calculated; nd = not detected; tr = trace. CS: Cabernet Sauvignon; CS/SY: Cabernet Sauvignon / Syrah; AB: Alicante Bouschet; SY: Syrah; TP:

Tempranillo; PR: Cabernet Sauvignon / Syrah / Alicante Bouschet / Touriga Nacional / Aragonés; RS: Cabernet Sauvignon / Syrah / Alicante Bouschet; TN: Touriga Nacional;

RC: Ruby Cabernet.
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Table 4. Results of Pearson’s correlation analysis (r) between volatile compounds from Sao Francisco Valley red wines with a chromatographic

area (=1%).

Volatile
Code* compounds 54 65 1 4 8 23 5 6 15 22 29 30 35 37 43 56 57 59 3
54 Decanoic acid 1
65 Undecanoic acid -0.1378 1
1 3-Methyl 1-Butanol  0.2106  0.2286 1
4 2,3-Butanediol -0.2139 -0.1664 0.1485 1
8 1-Hexanol 0.1718 -0.2411 0.3242 -0.2780 1
23 Phenylethyl alcohol -0.2994 -0.3790 -0.3718 -0.2727 0.0532 1
5 Ethyl butanoate 0.1247 -0.4359 0.0044 -0.3522 0.3548 -0.1982 1
6 S-tr?gthylbutanoate -0.2896 -0.2199 0.1201 0.9817 -0.3021 -0.1016 -0.3923 1
15 Ethyl hexanoate -0.1298 -0.1000 0.1413 0.4155 -0.2605 -0.5490 0.5166  0.3665 1
22 E,tzrl]-yt:exadienoate -0.1873 0.7019 0.0580 -0.1874 -0.3167 -0.2731 -0.2450 -0.2073 -0.0135 1
29 Diethyl succinate -0.0021 -0.1909 0.1105 0.0046 -0.5903 0.2659 0.0381 0.1065 0.2170 0.1265 1
30 Ethyl octanoate 0.0252 0.0005 0.2621 0.0349 0.2001 -0.5380 0.7023 -0.0349 0.8180 -0.1373 -0.1330 1
35 E-tgﬁtlenylacetate 0.6564 -0.0199 0.0994 -0.4585 0.6456 0.1040 -0.0695 -0.4947 -0.6569 -0.2521 -0.5060 -0.2190 1
37 B-Phenethyl acetate -0.1962 -0.3464 -0.4692 -0.4565 -0.0461 0.9575 -0.0612 -0.2957 -0.4945 -0.2240 0.3526 -0.4622 0.1021 1
43 Ethyl glutarate -0.0696 0.3426 0.3032 -0.0772 0.6277 -0.1742 -0.0660 -0.1407 -0.2118 -0.2399 -0.7991 0.2426 0.4782 -0.2764 1
56 Ethyl 9-decenoate 0.5961 0.3636 0.2237 -0.3492 -0.2678 -0.2980 -0.0896 -0.3864 -0.1146 0.6151 0.3864 -0.1751 0.1852 -0.1564 -0.4404 1
57 Ethyl deg:a_noate_ -0.0660 -0.0662 0.2786 -0.2840 0.3367 -0.2203 0.8071 -0.2976 0.6206 -0.1316 0.0140 0.8965 -0.1512 -0.1259 0.2124 -0.1675 1
eBtﬂ;&llngfir:?elfhylt?StISi -0.1453 -0.3872 0.1576 0.5605 -0.2006 0.4060 -0.3092 0.6887 0.1488 -0.1770 0.5087 -0.1614 -0.3131 0.2619 -0.4105 -0.1309 -0.1611 1
> E?Et;yl-l-butanol,
3 methyl ether -0.2999 -0.1932 0.0494 0.8543 0.0758 -0.3276 -0.1873 0.7917 0.2746 -0.2441 -0.4172 0.0646 -0.2660 -0.5336 0.2326 -0.5613 -0.2322 0.1984 1
42 4-Ethyl guaiacol -0.5713 -0.2224 -0.4471 -0.1874 -0.1610 0.9357 -0.2450 -0.0194 -0.4234 -0.1250 0.3106 -0.5113 -0.1839 0.8988 -0.2088 -0.3767 -0.2195 0.3487 -0.2441

* See Table 2 for wine codes. Values in bold are different from 0 with significant correlations at 5% probability of error (p < 0.05). CS: Cabernet Sauvignon; CS/SY: Cabernet
Sauvignon / Syrah; AB: Alicante Bouschet; SY: Syrah; TP: Tempranillo; PR: Cabernet Sauvignon / Syrah / Alicante Bouschet / Touriga Nacional / Aragonés; RS: Cabernet

Sauvignon / Syrah / Alicante Bouschet; TN: Touriga Nacional; RC: Ruby Cabernet.



132

Figure captions

Figure 1. Total area values of the chemical group (A) acids; (B) alcohols; (C) aldehydes; (D)
aromatics; (E) C13-norisiprenoids; (F) esters; (G) ethers; (H) furans; (1) hydrocarbon; (J)
ketones; (K) phenols; (L) pyrans; (M) terpenes, identified in red wines.

Footnote: a,b,c Different letters in the same bar chart indicate significant difference by the Conover-
Iman test (p < 0.05). CS: Cabernet Sauvignon; CS / SY: Cabernet Sauvignon / Syrah; AB: Alicante
Bouschet; SY: Syrah; TP: Tempranillo; PR: Cabernet Sauvignon / Syrah / Alicante Bouschet / Touriga
Nacional / Aragonés; RS: Cabernet Sauvignon / Syrah / Alicante Bouschet; TN: Touriga Nacional; RC:

Ruby Cabernet;

Figure 2. Dendrogram formed from the volatile compounds of nine wines obtained by the Ward

method and Euclidean distance.

Footnote: CS: Cabernet Sauvignon; CS/SY: Cabernet Sauvignon / Syrah; AB: Alicante Bouschet; SY:
Syrah; TP: Tempranillo; PR: Cabernet Sauvignon / Syrah / Alicante Bouschet / Touriga Nacional /
Aragonés; RS: Cabernet Sauvignon / Syrah / Alicante Bouschet; TN: Touriga Nacional; RC: Ruby

Cabernet;

Figure 3. PCA projection of volatile compound data of red wines obtained using the HS-SPME-

GC-MS method.

Footnote: See Table 2 for wine codes. CS: Cabernet Sauvignon; CS/SY: Cabernet Sauvignon / Syrah;
AB: Alicante Bouschet; SY: Syrah; TP: Tempranillo; PR: Cabernet Sauvignon / Syrah / Alicante
Bouschet / Touriga Nacional / Aragonés; RS: Cabernet Sauvignon / Syrah / Alicante Bouschet; TN:

Touriga Nacional; RC: Ruby Cabernet;
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Figure 1
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Figure 2
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5 CONCLUSOES GERAIS

Os resultados das analises classicas dos vinhos tintos mostraram que estes estiveram em
conformidade com o estabelecido pela legislagéo brasileira vigente.

Por sua vez, a aplicacdo da técnica cromatografica (HS-MEFS/CG/EM) permitiu a
determinacdo do perfil volatil de um grupo de vinhos tintos e espumantes comerciais do Vale
do Sdo Francisco indicados ao processo de Indicacdo Geogréafica desta regido. Um total de
compostos volateis de 103 e 109 compostos foram identificados para os vinhos tintos e 0s
vinhos espumantes, respectivamente.

Em ambos os tipos de vinhos os compostos foram classificados em 13 grupos quimicos,
cujos resultados foram associados a analises estatisticas multivariadas (analise hierarquica de
cluster, mapa de cor e analise de componentes principais) que permitiram a determinacao de
similaridades e distingdes entre os vinhos influenciados por caracteristicas como cultivar, safra
e vinicola (praticas enolodgicas). Nestes vinhos foram considerados potenciais marcadores de
tipicidade os compostos comuns, exclusivos e aqueles identificados pela primeira vez em
vinhos elaborados na regido do Vale do Sdo Francisco.

Os perfis volateis identificados no grupo seleto de vinhos tintos e espumantes de
distintas cultivares, safras, vinicolas, métodos de vinificagdo e armazenamento sugerem uma
qualidade aromaética Unica que pode ser explorada em trabalhos futuros quanto a sensorialidade
e a aceitabilidade com destaque para os compostos identificados pela primeira vez em vinhos e
seus respectivos impactos no aroma global da bebida.

Os resultados obtidos no presente trabalho podem ser Uteis para a rastreabilidade e
indispensaveis para confirmacdo da autenticidade dos vinhos desta regido, além de gerar
informacdes para os consumidores, viticultores e banco de dados dos vinhos tintos e espumantes
comerciais tropicais brasileiros. Desta forma, podera contribuir para descrever os vinhos
comerciais da futura Indicacdo Geografica Vale do S&o Francisco, colaborando assim com o
desenvolvimento cientifico e tecnoldgico da vitivinicultura da regiéo.

Pesquisas futuras poderdo se concentrar no estudo quantitativo dos volateis nos vinhos
tintos comerciais e espumantes da futura 1G do VSF. Além disso, seria importante avaliar 0s
efeitos da época do ano de colheita das uvas na composicao volatil e tipicidade dos produtos.
A comparacao destes resultados com outros obtidos a partir de vinhos e espumantes de outras
regides do Brasil e do mundo, podera enriquecer a discussao sobre a qualidade aromaética e

identidade regional de cada produto.
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