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RESUMO

Fermentados de macds sdo produzidos no Brasil com frutas de baixa qualidade
comercial que ndo passam por classificagdo quanto ao grau de maturacdo. Sabe-se que
isto pode alterar a qualidade tecnoldgica e sensorial do produto tornando necessario um
estudo para determinacdo do perfil aromatico dos produtos processados com macas em
diferentes estaddios de maturacéo. O objetivo deste estudo foi identificar e determinar as
diferencas de perfil aromatico entre sucos e fermentados de maga elaborados com frutas
de diferentes cultivares e estadios de maturacdo. Para isto foram realizadas analises para
determinacdo do estddio de maturacdo da fruta, determinacdo do perfil aromatico,
composicdo fisico-quimica e andlise estatistica para verificagdo e determinacdo das
diferengas entre os sucos e fermentados. O teor de agUcar dos sucos e de &lcool dos
fermentados em geral aumentaram com o amadurecimento, 0 oposto da evolugdo dos
acidos que, na maioria das amostras decresceu com o amadurecimento, tal como
aconteceu com o teor de nitrogénio. O estddio de maturacdo influenciou
significativamente a composicdo aromatica de suco e fermentado de maci. Esteres,
aldeidos, &cidos, alcoois e cetonas foram identificados em todas as amostras por
cromatografia gasosa (GC), porém em concentracbes mais elevadas em amostras de
fermentado, principalmente a partir de macgés senescentes. Em relagdo aos sucos, Gala
madura teve um destaque com relacdo a concentracdo de aromas sobre outras cultivares.
Através de uma abordagem quimiométrica por analise de componentes principais (PCA)
e andlise de agrupamento hierarquico (HCA) foi verificado que os fermentados tem uma
maior concentracdo de dez dos compostos volateis avaliados e menos concentracdo de
apenas um composto em relacdo ao suco de macd. Desta forma abordagem
qguimiométrica com técnicas de GC podem ser parametros adequados para diferenciar

suco e fermentado de macé por perfil aromatico.

Palavras-chaves: sidra, compostos volateis, cromatografia gasosa, analise multivariada.



ABSTRACT

Apple fermented beverages are produced in Brazil with low commercial quality fruits
that do not pass by rating the degree of maturation. An study becomes necessary to
determine the aromatic profile of the products processed apples in different stages of
maturation knowing that this can change the technological and sensory quality of the
product. Thus the aim of this study was to identify and determine the differences
between apple juices and apple fermented beverage elaborated with fruits from different
varieties and ripening stages in the aroma profile. Analysis of fruit ripeness, preparation
of products under different conditions, flavor profile, physico-chemical composition and
statistical analysis for verification and determination of the differences between the
juice and fermented were perfomed. The physical chemical characteristics attested the
raw material ripening of the samples. The sugar content of juices and alcohol content of
fermented in general increased with ripening increasing, the opposite of the evolution of
acids that in most of the samples decreased with increasing ripening, as happened with
the nitrogen content. Ripening stage significantly influenced the aroma composition of
apple juice and apple fermented beverages. Esters, aldehydes, acids, alcohols and
ketones were identified in all samples by gas chromatographic (GC), however at higher
concentrations in samples of fermented mainly made of senescent apples. Regarding the
juices, ripe Gala had a prominence relating to aroma concentration over other cultivars.
Using a chemometric approach by principal components analysis (PCA) and
hierarchical cluster analysis (HCA) were verified that fermented have a higher
composition of ten volatile compounds avaliated and fewer concentration of just one
compound than apple juices. In this way chemometric approach with GC techniques can
be suitable parameters to differentiate apple juice and apple fermented by aroma
profiles.

Keywords: cider, volatiles compounds, gas chromatographic, multivariate techniques.
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INTRODUCAO

A macd, fruta de clima temperado cultivada no Brasil, principalmente na regido Sul,
apresentou expansdo em area plantada e em volume de producédo nos Gltimos anos.

As frutas desclassificadas para o0 consumo in natura sdo destinadas ao processamento
de suco e fermentado de macd. Assim sendo as frutas muitas vezes, além de defeitos
morfologicos podem apresentar defeitos fitopatolégicos como podriddes e presenca de
microrganismos contaminantes.

Na industria de fermentado de macé ndo existe nenhuma forma de classificacdo destas
frutas quanto a variacdo do grau de maturacdo. Macas para 0 consumo in natura sao colhidas
maduras ou em estadio de pré-maturacdo para terminar o amadurecimento em camaras frias
ou atmosfera controlada. As frutas desclassificadas neste processo, juntamente com as
retiradas no processo de raleio do pomar, sdo destinadas ao processamento de bebida
fermentada, caracterizando matéria-prima em pré-maturacdo ou madura dependendo da época
do ano. O estadio de senescéncia acontece pela exposic¢éo ao sol nos patios de processamento
ou problemas no armazenamento em camaras frias ou atmosfera controlada, fator este que
também aumenta a porcentagem de podriddo. Visto que o estadio de maturacdo modifica a
composicao volatil dos frutos em geral, é esperado que este fato altere o perfil aromatico dos
fermentados de macé em diferentes épocas do ano.

Estas condicbes da matéria-prima estdo relacionadas a varios problemas referentes a
qualidade dos produtos da macé. A producéo de suco e fermentado de maca nas condi¢des de
processamento brasileiras com relacdo aos efeitos de maturacdo no perfil aromatico muito
pouco foi estudada. Portanto, compostos chaves podem ser identificados a fim de indicar ou
atestar a qualidade da matéria-prima.

Uma melhor compreensédo da influéncia de amadurecimento em componentes de
aroma pode melhorar tanto as técnicas de processamento de sidra quanto a qualidade do
produto final. Assim, é verificada a importancia de identificar e determinar as diferencas entre
sucos e fermentados de macd elaborados com frutas de diferentes cultivares e estadios de

maturagdo no perfil aromaético.



OBJETIVOS

Obijetivo Geral
Determinar diferencas no perfil aromatico de sucos e fermentados de macé elaborados com

frutas de diferentes cultivares e estadios de maturacéo.

Obijetivos Especificos

Determinar a influéncia do estddio de maturacdo nas caracteristicas fisico-quimicas das
amostras.

Determinar a influéncia do estadio de maturacdo na composicdo aromatica dos sucos e
fermentados de maca.

Determinar as diferengas entre sucos e fermentados de magéd elaborados com frutas de

diferentes cultivares e estadios de maturacdo no perfil aromético usando analise multivariada



CAPITULDO I: Revisfo bibliogréfica.

10
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1 REVISAO BIBLIOGRAFICA

1.1 MACAS PARA PROCESSAMENTO

A magd, fruta de clima temperado cultivadas no Brasil, aquela que apresentou maior
expansdo em area plantada e em volume de produgdo de 1990 a 2010. Na safra 2009/2010
foram produzidas 1.274.705 toneladas de frutas correspondendo a 39.154 ha de area plantada.
A maior concentracdo do cultivo estd na Regido Sul, sendo Santa Catarina o maior produtor,.
O Rio Grande do Sul é o segundo estado produtor, seguido pelo Parand. A maior parte da
producdo provém de duas cultivares: Gala e Fuji, representado 55% e 40% da producédo
respectivamente (ABPM, 2011; Dos SANTQOS, 2011).

As macds destinadas ao processamento de fermentado, conhecidas como macas
industriais, sdo frutas oriundas do descarte comercial que ndo apresentaram aspectos fisicos e
microbioldgicos desejaveis para 0 consumo in natura no momento da colheita ou apds um
periodo de armazenamento em camaras frias (NOGUEIRA e WOSIACKI, 2010).

Nogueira et al., (2003) ndo observaram preocupacdes com o desenvolvimento de
cultivares de interesse comercial mais voltadas aos procedimentos industriais, pois nem todas
as cultivares de mesa sdo recomendaveis para obtencdo de sucos ou produtos fermentados.

Estas situacfes da condicdo da matéria-prima relacionam-se a varios problemas
referentes a qualidade dos produtos de frutas. Foram identificados compostos aromaticos
chaves relacionados a podriddo &cida de uvas (BARATA et al., 2011).

As macds, frutas favorecidas, ndo apenas por causa de suas boas propriedades de
armazenagem e fabricacdo, mas também devido as suas caracteristicas de aroma Unico. Os
constituintes volateis mais encontrados em macas correspondem de ésteres (78-92% de
volateis totais), alcoois (6-16% de volateis totais), aldeidos, cetonas e éteres (RITA et al.,
2011).

Fatores ambientais, cultivar, grau de maturacdo da matéria-prima, etapas do
processamento (prensagem, tratamento enzimatico, clarificacdo, tratamentos térmicos) e
condicBes de armazenamento afetam a composi¢do e concentracdo dos compostos volateis nas
frutas. As diferentes etapas do processamento podem causar mudancas no perfil aromatico do
produto final quando comparado com a fruta fresca (JANZANTTI et al., 2003; Dos SANTOS,
2011; PIETROWSKI et al., 2012).

Os volateis de aromas tém se tornado cada vez mais importantes para as compras de
macas. Aroma tem sido objeto de muita pesquisa (XIABO; JIEWEN, 2008), porém nos
produtos da macd nas condi¢cbes de processamento brasileiras pouco foi estudado,
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principalmente com relacdo aos efeitos de maturacdo no perfil aromatico de suco e
fermentado de maca. Portanto, compostos chaves podem ser identificados a fim de indicar ou
atestar a qualidade da matéria-prima.

Gala, uma cultivar precoce, altamente aromatica tem um sabor muito doce e uma textura
firme enquanto madura. 'Fuji' ¢ uma cultivar doce, saborosa, tem uma baixa taxa de perda de
firmeza e um longo prazo de validade e armazenamento. Isto pode estar associado com a sua

evolucdo de etileno baixa e baixas taxas de respiracao (Lin; Walsh, 2008).

'Gala’ e 'Fuji' foram escolhidas para o estudo de Lin e Walsh (2008) por ser cultivares
relativamente novas, e possui interesse comercial e valor para intuito industrial. Ambas tém
como ancestral comum a cultivar 'Delicious' e ndo séo propensas a queda antes da colheita.

A maior parte da producgdo brasileira provém das cultivares: Gala e Fuji, representado 55% e
40% da produgdo respectivamente (ABPM, 2011).

1.2 FERMENTADO DE MACA

A sidra ¢ definida como a bebida obtida pela fermentacéo alcodlica do mosto de maca
fresca, sd e madura, do suco concentrado de maca ou ambos, com ou sem a adi¢do de agua
com graduagdo alcoolica de 4 a 8% em volume, a 20 °C (BRASIL, 2009).

De acordo com Nogueira (2003), a regido oeste francesa detém a reputacdo de
produzir uma das melhores sidras do mundo, caracterizada pelo sabor suave, adstringente
(tanicos) e aromas frutados. Entretanto, em paises de lingua alema (Alemanha e Suica) as
sidras sdo relativamente secas e acidas. No Brasil, o produto apareceu na primeira metade do
século XX, é suave, pouco aromatico e com baixa acidez, uma vez que é produzido
essencialmente de macds de mesa (MANGAS et al.,, 1999; LEA e DRILLEAU, 2003;
NOGUEIRA et al., 2006). Segundo esses autores, poucos trabalhos foram realizados sobre o
processamento e a qualidade da sidra no Brasil, e a maior parte foi desenvolvida por enélogos
contratados pelas industrias interessadas na comercializacdo das frutas visando o
processamento das macds de descarte. Os produtos nos paises Franca, Alemanha, Espanha e
Brasil, apesar de possuir especificacdes restritas, diferenciam-se entre si. (SIMOES, 2008).

No Brasil ndo existe producdo industrial de sidra varietal. As macds de mesa
descartadas servem de matéria-prima para 0 processamento de sidra, diversificada e
processada, conforme a disponibilidade das cultivares durante a safra ‘(CHIQUETTO, 2004).

Em paises europeus, utiliza-se frutas de cultivares selecionadas para a obtengdo de

suco e sidras, usando como marcadores de qualidade industrial os teores de acidez, taninos e
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acucares. Esses componentes evidenciam a qualidade do produto e envolvem critérios de cor,
sabor e aromas, atributos envolvidos no processo de compra e no habito dos consumidores
(PAGANINI et al., 2004).

1.3 AROMAS

Aroma, a sensacao percebida pelos sentidos do gosto e olfato, produzida quando se
ingere o alimento, corresponde a um dos atributos mais importantes dos alimentos e bebidas
(SIMOES, 2008).

Substéncias volateis podem ser originadas em todas as fases de producéo de alimentos.
Elas encontram-se nas matérias-primas, podem ser introduzidas durante o processo
tecnoldgico ou sintetizadas durante o armazenamento de produtos alimentares. Entre os
componentes de qualidade organolépticas, sabor ocupa um lugar de destaque para o
consumidor. Sabor corresponde as sensacdes de odor e paladar recebidos quando se ingere o
alimento. A presenca, o teor e a composicdo das substancias volateis em alimentos tém uma
influéncia substancial sobre a sua qualidade. Uma analise do odor pode constituir uma valiosa
fonte de informacgdo referente a qualidade sanitaria dos alimentos, o que inclui tanto a
caracteristica organoléptica quanto seguranca e salde do consumidor (PLUTOWSKA,;
WARDENCKI, 2007; ABRODO et al., 2010).

As moléculas de aromas apresentam diferentes funcdes quimicas e grupos reativos,
como por exemplo alcéois, aldeidos, cetonas, acidos carboxilicos, ésteres, lactonas, pirazinas,
terpenos, compostos sulfurados, pironas e furanos (PINHEIRO; PASTORE, 2003).

O aroma da maca esta definido por compostos quimicos volateis (BALDWIN, 2002).
Estes estdo presentes na fase gasosa (KAYS; PAULL, 2004), de maneira que as moléculas
possuem capacidade de alcancar o epitélio olfativo nasal por diferentes caminhos. O primeiro,
no qual as moléculas volateis sdo diretamente aspiradas pelo nariz, interagindo com o0s
receptores produzindo a sensacdo conhecida como odor. O segundo, no qual as substancias
volateis liberadas pelos alimentos na boca alcancam o epitélio olfativo pela rota nasal,
produzindo a sensacdo conhecida como aroma (CROUZET et al., 1984; SALAZAR,
OROZCO, 2011).

A qualidade da macd abrange atributos visuais como aparéncia, tamanho,
uniformidade e cor; e atributos ndo visuais como o sabor, aroma e textura (CUNNIGHAM et
al., 1986). Sabor e aroma, diretamente ligados, determinam a aceitagdo do consumidor quando

excedem as expectativas e a compra se repete (SALAZAR; OROZCO, 2011). Sendo assim 0s
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volateis se tornam importantes, sendo o0s responsaveis diretos pelo flavor e aroma
caracteristico da fruta, esperados pelo consumidor de algum produto proveniente da maca.

O principal aroma da macé deve-se a quatro ésteres: o acetato de etila, 0 acetato de
isoamil, o hexanoato de etila e o acetaldeido (FRAILE et al., 2000).

Foram identificados aproximadamente 400 compostos volateis na maca (FORNEY et
al., 2009), os quais estdo presentes em quantidades de parte por milhdo (KAYS e PAULL,
2004). A sintese destes compostos volateis ocorre por vias bioguimicas com diferentes
enzimas e substratos, sendo os acidos graxos 0s principais precursores, sdo catabolizados
pelas principais rotas oxidativas: p-oxidagdo e lipoxigenase (PEREZ e SANZ, 2008). A partir
de aminoacidos sintetizam-se compostos volateis como ésteres de cadeia ramificada
(WYLLIE e FELLMAN, 2000). A sintese dos compostos volateis pode ser alterada por
diferentes fatores na pré-colheita e na colheita (KAYS e PAULL, 2004; SALAZAR e
OROZCO, 2011).

De todos os compostos volateis encontrados na maca apenas entre 20 e 40 tém um
impacto decisivo na qualidade sensorial da fruta, chamados compostos de impacto, dentre eles
acetato de butila, acetato de 2-metilbutila e acetato de hexila, que contribuem ao aroma
caracteristico da maioria das variedades de magds (CUNNIGHAM et al., 1986; FELLMAN et
al., 2000; SALAZAR e OROZCO, 2011).

Os compostos volateis que caracterizam o aroma do suco de macd sdo: trans-2-
hexenal, cis-3-hexenal, trans-2-hexenol, cis-3-hexenol, etil butirato e etil-2-metil-butirato. Os
compostos volateis desejaveis para o aroma de suco de macgd sdo: hexanal, benzaldeido,
propilbutirato, pentilacetato, 2-pentanona e isobutilacetato. Os compostos de maior
intensidade do aroma sdo: trans-2-hexenal, cis-3-hexenal, isobutanol e isobutilacetato (DURR
e SCHOBINGER, 1981; SIMOES, 2008).

1.3.1 Aromas em fermentado de maca

Sidra é o produto de suco de maca fermentado e gaseificado natural ou artificialmente.
Compostos aromaticos desempenham um papel na qualidade da sidra. O aroma de sidra tem
um padréo quimico complexo, tanto em termos qualitativos quanto quantitativos. Além disso,
0s principais compostos aromaticos de sidras possuem uma relagdo com o tipo e concentracao
de compostos aromaticos derivados de macds, fermentacdo e estadgio de armazenamento, e
gue consiste em ésteres, alcoois superiores, acidos graxos, cetonas, aldeidos, terpenos e

lactonas, por exemplo (PENG et al., 2009).
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Os ésteres formados por fungos e leveduras sdo exemplos de metabdlitos secundarios
produzidos por microrganismos como a maioria dos compostos volateis. A producdo de
ésteres seria 0 mecanismo responsavel pela remocao de acidos e alcodis da célula e do meio,
pois se houvesse acumulo desses compostos, poderia ser toxico para a célula. As condigdes de
cultivo, tais como composicdo do meio (fonte de carbono, nitrogénio e outros elementos), pH,
tempo de fermentagdo, temperatura de incubacdo, agitacdo e aeracdo, foram identificados
como fatores determinantes do tipo e da quantidade dos compostos de aromas produzidos,
além da linhagem do microrganismo. Essas variaveis podem estar envolvidas nos mecanismos
fisiologicos que influenciam os tipos e quantidades dos produtos formados pelos
microrganismos (MARQUES e PASTORE, 1999; Dos SANTOS, 2011).

Muitos dos compostos aromaticos de macas sdo perdidos no processamento e a maior
parte dos compostos aromaticos em sidras é sintetizada durante a fermentagdo (WILLIAMS;
TUCKNOTT, 1977).

Aroma é um dos indicadores de identidade e qualidade de bebidas alcoolicas mais
importantes (FAN et al., 2011). Em bebidas alcodlicas alguns desses compostos tém origem
no préprio fruto enquanto outros gerados durante o processo fermentativo e outros ainda
provenientes de rea¢Bes quimicas durante o envelhecimento (GARRUTI, 2001).

Em produtos de macd, como o suco e a sidra, os fendis apresentam consideravel
interesse devido sua influéncia nas caracteristicas sensoriais (cor, gosto amargo e
adstringéncia), na formacéo de certos aromas e na transparéncia das bebidas (SIMOES, 2008).

Os trés compostos volateis quantificados em maior concentracdo em amostras de
sidras chinesas foram 3-metilbutanol, 2-feniletanol e acido hexandico. Os ésteres foram os
compostos volateis dominantes em sidras. O acetato de etila, derivado de etanolise de acetil
Co-A, foi o éster mais comum encontrado em sidras. Compostos associados com sabor
desejavel sdo acetato de butila, 3-metil butil acetato, hexil acetato, etil butanoato. Hexanoato
de etila transmite uma nota frutavel, e poderia ser associado com processo de fermentacao e
cepa de levedura envolvida. O segundo grande grupo foi de alcodis. O composto 1-butanol é o
composto primario de macas. Esta concentracdo ndo depende da tecnologia de processamento
e sim da cultivar e maturidade. O alcool 3-metilbutanol é considerado quantitativamente um
importante alcool em sidras chinesas, enquanto 1-hexanol é considerado um composto volatil
caracteristico de outras frutas e é produzido durante a oxidacdo enzimatica do &cido linoleico
(FAN; XU; HAN, 2011).
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Os compostos que contribuem para o aroma em sidras encontrados por Xu et al.
(2007) foram 2-fenilletanol, &acido butandico, acido octanoico, 2-metil butanoato, etil
butanoate, etil hexanoato, 4-etilguaiacol, eugenol, e 4-vinilfenol.

Segundo Herrero, Garcia e Diaz (2006), os compostos volateis &lcoois superiores,
ésteres e compostos carbonilas, formados durante fermentagdo, produzidos principalmente
pelo metabolismo de leveduras, afetam as caracteristicas organolépticas de sidras. Reagdes de
decarboxilacdo e reducdo tém como derivados 0os compostos carbonilas, enquanto oxidagédo
aumenta alguns &cidos e alcoois. Entre ésteres, o acetato de etila destaca-se por ser um dos
compostos mais significantes que afetam o aroma em bebidas fermentadas. Etanol, o alcool
dominante em sidra, pela etandlise de acetil-CoA, produz acetato de etila, o éster mais
abundante. Porém quando em niveis maiores que 200 mg/L podem afetar negativamente o
aroma de vinhos. Ainda de acordo com Herrero, Garcia e Diaz (2006), a biossintese de
alcoois superiores esta ligada a metabolismo de aminoacidos. O composto 2-metil-1-propanol
produz-se de valina, enquanto 2-metil e 3-metill-butanol derivam-se de isoleucina e leucina,
respectivamente. Os alcoois superiores sdo quantitativamente os principais compostos volateis
em sidra e provavelmente contribuem mais para o aroma de sidra do que de cerveja, onde
estdo presentes em quantidades muito menores.

Os compostos aromaticos obtidos na fermentacdo de mosto de maca por leveduras H.
guilliermondii e H. uvarum demonstraram a presenca de ésteres, aldeidos, acidos, acetonas, e
alcoois no estudo de Pietrowski et al. (2012). Ainda no mesmo estudo, os valores detectados
no fermentado de maca foram maiores do que os encontrados no mosto de macga usado para a
fermentacdo. Isto ndo ocorreu pelos resultados obtidos por micro extracdo em fase sélida
(SPME) com butil etanoato, 1-hexanol, e 2-heptanona, que parece ter isso metabolizado pelas
leveduras usadas no trabalho. Isto também ndo ocorreu com hexil etanoato, que apresentou a
mesma concentragdo no mosto e no fermentado usando H. uvarum pelo método de SPME.

Os compostos volateis acetato de butila, 2-metil butil acetato, hexil acetato, etil
hexanoato, e hexil hexanoato foram os principais compostos identificados no estudo de Crook
e Boylston (2004), confirmando que acetatos, butanoatos e outros esters comumente aparecem
em magcds e produtos de macas.

Butanoato de propila, fenil acetaldeido, acetato de propila e pentanoato de butila foram
reconhecidos como contribuidores predominantes para o sabor de sidras, e apresentam-se em
niveis substancialmente menores do que outros esteres que contribuem para o aroma
caracteristico de magd (CROOK; BOYLSTON, 2004).
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Uma alta concentragéo de acetato de etila prejudica a qualidade sensorial, como o odor
deste composto descreve-se como colante; embora a baixas concentracdes percebe-se como
aroma de fruta (MADRERA et al., 2010).

A anélise dos aromas volateis constituintes de alimentos e bebidas é uma ferramenta
para estudar os processos envolvidos na elaboragdo de produtos alimentares, devido & sua
influéncia sobre as propriedades finais sensoriais. O estudo destes compostos tem permitido a
obtencdo de informacdo confidvel sobre as fases distintas no processo de fabricacdo, como a
matéria-prima utilizada e o processo de fermentagdo (MADRERA et al., 2005).

Vérios fatores influenciam a formacéo de aromas: ambiente, variedade e maturagédo da
maca, condicbes de fermentacdo, levedura, o processo de producdo e envelhecimento da
bebida (BEECH, 1993).

O amadurecimento de frutos, um processo irreversivel, no qual muitas alteracdes sdo
desenvolvidas, firmeza e acidez diminuem, aglcar e aroma aumentam e ocorre hidrolise do
amido (LLORENTE et al., 2012).

1.3.2 Efeitos do grau de maturagdo nos aromas

Segundo Salazar e Orozco (2011), existem varios fatores que influenciam na sintese
de compostos volateis e entre eles se encontram o grau de maturacdo (PAILLARD, 1981),
variedade (CUNNIGHAM et al., 1986), clima (YAHIA, 1994), fertilizacdo (FORSYTH e
WEBSTER, 1971), uso de reguladores do crescimento (ABELES et al. 1991; SISLER et al.,
1996) e condigdes de armazenamento (YAHIA, 1994).

Substancias aromaticas, especialmente em frutas e hortalicas, sdo produtos ou
subprodutos de diversas rotas metabdlicas. Os compostos do aroma tipicos de frutos néo-
citricos como as bananas, péras, meldes e macds sdo sintetizados durante a fase climatérica.
Muitos &cidos alifaticos e amino4cidos das frutas verdes convertem-se em ésteres, alcoois e
éteres, responsaveis pelo odor frutal caracteristico. Na ma¢d um componente de impacto é o
2-metil-butirato de etila (WONG, 1995). De acordo com Simdes (2008), outro composto de
impacto na magca é etil-3-metil-butirato.

A macé como um fruto climatérico apresenta um pico tipico na taxa de respiragdo que
precede ou acontece paralelamente a um aumento auto catalitico da producdo do etileno
(LURIE, 1998). O amadurecimento do fruto climatério inclui mudancas fisicas, metabdlicas e
bioquimicas iniciadas e/ou que foram coordenados pelo etileno, tanto na arvore quanto
colhidos. Estas mudangas incluem mudanca de cor, amolecimento dos tecidos,

desenvolvimento do gosto e aroma caracteristicos (WILLS et al., 1997). Se colhida nos
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primeiros estaddios de maturacdo, a fruta pode ndo desenvolver plenamente o seu sabor e
aroma caracteristicos (BROWN et al., 1966) e por outro lado, se a fruta for colhida
supermadura produz menos compostos volateis do que uma colhida no tempo 6timo
(HANSEN et al., 1992; SALAZAR e OROZCO, 2011).

Os aldeidos sdo os compostos volateis predominantes em macas verdes (De POOTER
et al., 1987), ao passo que em frutas maduras se encontram em maior concentracao alcodis e
éstereis (DIXON e HEWETT, 2000; SALAZAR e OROZCO, 2011).

Nos ultimos anos tem sido observado que atmosfera controlada pode prejudicar a
producdo de compostos volateis caracteristicos de aroma de ma¢d (FELLMAN et al., 2003;.
YAHIA, 1994). Baixas concentraces de oxigénio e alta concentracdo de didxido de carbono
no armazenamento por longos periodos proporcionam como resultado a supressdao de sabor
nas macas (FELLMAN et al., 2000; SALAZAR e OROZCO, 2011).

Amadurecimento € um processo regulado geneticamente em que ambas as alteracoes
moleculares e bioquimicos levam a modificacdo fisica do fruto, incluindo mudancas de cor,
amaciamento, e desenvolvimento de aroma e sabor caracteristicos (SEYMOUR et al., 1993).
Sintese de componentes volateis de aroma associa-se com o amadurecimento de frutas e,
portanto, dependera do estadio de desenvolvimento no momento da colheita (DIRINCK e
SCHAMP, 1989; MATTHEIS et al., 1995; ECHEVERRIA et al., 2004).

Frutas produzem acetaldeido e etanol durante a sua maturacdo e amadurecimento (KE
etal., 1994; SPEIRS et al., 1998; DIXON e HEWETT, 2000; ECHEVERRIA et al., 2004).

Ha& vérios métodos para determinar o momento melhor de inicio da colheita, para se
obter um armazenamento prolongado, sendo normalmente utilizados testes que permitem
caracterizar alteracbes nas caracteristicas fisico-quimicas das frutas para cada cultivar,
baseando-se em parametros pré-estabelecidos pela pesquisa. Dentre 0s numerosos testes de
maturacdo existentes para a macé € utilizado o indice de iodo-amido (GIRARDI et al., 2002).

Através do processo de fotossintese, 0s acUcares sintetizados no processo
fotossintético sdo polimerizados e armazenados nas frutas na forma de amido. Durante a
maturacdo, o amido armazenado na polpa da fruta € hidrolisado, transformando-se em
acucares soluveis. Quanto mais madura a fruta, menor o contetdo de amido e maior o de
acucar. Assim, o desaparecimento progressivo do amido da polpa permite acompanhar a
evolucdo da maturacdo através de testes de reagdo com iodo. Desse modo, o amido se colore
de azul, indicando regides da polpa em que a hidrélise ainda ndo ocorreu. O processo de
reducdo de seu teor ocorre de uma forma progressiva, de dentro para fora, sendo variavel de
acordo com a cultivar (GIRARDI et al., 2002).
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Figura 1 - Sequéncia de fatias de magd com diferentes graus de maturacao expressos em
termos de amido (GIRARD et al., 2002).

1.4 CROMATOGRAFIA GASOSA

As técnicas analiticas frequentemente utilizadas para determinar os perfis aromaticos
de fruta sdo técnicas cromatogréaficas em fase gasosa (ABRODO et al., 2010).

A cromatografia gasosa € uma técnica com um poder de resolucdo excelente, tornando
possivel, muitas vezes, a analise de dezenas de substancias de uma mesma amostra. O uso
acentuado da cromatografia gasosa se deve aos baixos limites de deteccdo que podem ser
conseguidos. Dependendo do tipo de substancia analisada e do detector empregado, consegue-
se detectar cerca de 10" g ou até menos. Essa caracteristica faz que haja necessidade de
apenas um fator critico e limita a utilizacdo de outras técnicas. Vale salientar ainda que a

cromatografia gasosa € excelente como técnica quantitativa, sendo possivel a obtencdo de
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resultados quantitativos em concentragbes que variam de picogramas a miligramas
(BONATO, 2006).

As técnicas baseadas em concentracdo por headspace consistem na pré-concentracao
da fase de vapor liberada a partir de amostras solidas ou liquidas, e tém sido aplicadas a
muitas matrizes e compostos volateis. Estes métodos ndo sdo destrutivos, evitam a utilizacdo
de solventes, permitem o isolamento de compostos volateis congéneres na sua forma natural e

apresentam um minimo de preparacdo da amostra (MADRERA et al., 2005).

1.5 ANALISE MULTIVARIADA

A estatistica multivariada aplicada a quimica é freqlientemente utilizada no tratamento
de dados analiticos. Essa area da quimiometria desenvolve ferramentas computacionais que
permitem explorar os resultados obtidos por meio de analises quimicas, a fim de verificar a
existéncia de similaridades entre as amostras que, por sua vez, correspondem as semelhancas
na composicdo quimica. O reconhecimento de padrfes, uma das principais vertentes do uso da
estatistica multivariada em quimica analitica, viabiliza a obtencdo de mais informac6es
guando comparado com os procedimentos univariados que sdo usualmente adotados
(CORREIA; FERREIRA, 2007).

O numero de parametros analisados (varidveis) nos estudos de reconhecimento de
padroes é elevado, e a representacdo grafica de todo o conjunto de dados facilita a
interpretacdo dos resultados. Alguns algoritmos foram desenvolvidos para elaborar graficos
que representem a maior quantidade possivel das informacgdes contidas em um conjunto de
dados analiticos. Entre eles, destacam-se a analise por agrupamento hierarquico (HCA) e a
analise de componentes principais (PCA) (CORREIA; FERREIRA, 2007).

Analise de Componentes Principais (PCA) envolve um procedimento matematico que
identifica padrdes de dados e expressando-os de tal modo a realgar semelhancas e diferencas.
Uma vez que pode ser dificil de encontrar padrdes nos resultados em um conjunto de elevada
dimensdo, onde representacao grafica ndo esta disponivel, o PCA é uma ferramenta poderosa
e adequada para a andlise de resultados. A outra vantagem principal do PCA é que depois de
ter conseguido a padronizagdo dos dados é possivel comprimi-los, reduzindo o nimero de
dimens@es, sem muita perda de informacdes (SHAW, 2003).

Analise de agrupamento hierarquico (HCA) € uma forma preliminar para estudar
conjuntos de dados na busca de agrupamentos naturais entre as amostras caracterizadas pelos

valores de um conjunto de recursos medidos. Devido ao seu carater ndo supervisionado, HCA
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é uma técnica de reconhecimento de padrdes que podem ser utilizados para revelar a estrutura
residente num conjunto de dados (GRANATO et al., 2010).

A aplicacdo de técnicas quimiométricas a dados de GC tem sido investigada como um
meio de diferenciar amostras de alimentos com base em vérios critérios. A viabilidade da
aplicacdo de GC com quimiometria para a deteccdo de um tratamento térmico em sucos de
maca foi estudada por Reid et al. (2004). Abrodo et al. (2010) verificaram o papel
desempenhado por alguns compostos volateis na discriminacdo entre variedades de maca
sidra pertencentes as categorias doces e acida por anélise de componentes principais (PCA),
andlise discriminante linear (LDA) e andlise Bayseian. Madrera e colaboradores (2010)
verificaram a influéncia da maturacao de sidra na qualidade aromatica de destilados de maca
associando nivel de maturacdo e atributos sensoriais por PCA. Analise de dados
quimiométricos foi aplicada para analisar as relacfes de componentes de aroma de sidra com
base nos efeitos de tratamento (CROOK; BOYLSTON, 2004) e para identificar os produtos
volateis de leveduras vitivinicolas que melhor discriminaram entre os tratamentos de
fermentacao (VILANOVA et al, 2007.).

Diferentes variedades de morango foram analisadas por CG-SPME e os dados de
cromatografia foram submetidos a analise estatistica. Esta analise permitiu a classificacdo e
discriminacdo das cultivares baseada nas diferencas de aromas. A adulteracdo de puré de
morango com puré de macd tem sido investigada pelo uso de CG-SPME com analise de
componentes principais (PCA) e analise de minimos quadrados parciais (PLS). Técnicas
quimiométricas em conjunto com CG-SPME também tem sido aplicadas para diferenciacao

em estudos com whisky, café, 6leo vegetal e mel (REID et al., 2004).
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CAPITULO II: Classificacdo de sucos e fermentados de magca, por perfil aromatico,
elaborados com frutas verdes, maduras e senescentes através de analise multivariada.
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CLASSIFICATION OF JUICES AND FERMENTED BEVERAGES MADE FROM
UNRIPE, RIPE AND SENESCENT APPLES BASED ON THE AROMATIC PROFILE

USING CHEMOMETRICS

ABSTRACT

The aim of this study was to assess differences between apple juices and fermented apple
beverages elaborated with fruits from different varieties and at different ripening stages in the
aroma profile by using chemometrics. Ripening influenced the aroma composition of the
apple juice and fermented apple. For all varieties, senescent fruits provided more aromatic
fermented apple beverages. However, no significant difference was noticed in samples made
of senescent or ripe fruits of the Lisgala variety. Regarding the juices, ripe Gala apple had the
highest total aroma concentration. Ethanal was the major compound identified in all the
samples, with values between 11.83 mg/L (unripe Lisgala juice) and 81.05 mg/L (ripe Gala
juice). 3-methyl-1-butanol was the major compound identified in the fermented juices.
Principal component analysis (PCA) and hierarchical cluster analysis (HCA) were applied and
classified the juices and fermented juices based on physicochemical and aroma profile,

demonstrating their applicability as tools to monitor the quality of apple-based products.

Keywords: cider, volatile compounds, gas chromatography, multivariate techniques.
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1. Introduction

Apples are widely consumed worldwide, not only because of their good storage and
manufacturing properties, but also because they present a unique flavour characteristic. In this
sense, the most abundant volatile constituents in apples that are associated with the intrinsic
aroma are esters (78-92% of total volatiles), alcohols (6-16% of total volatiles), aldehydes,
ketones, and ethers (Rita, Zanda, Daina & Dalija, 2011). Nowadays, the aroma of food
products, including fruits, has become an important quality parameter for consumers.

Aroma compounds have been studied by several research groups, principally those
present in different apple cultivars (Crook & Boylston, 2004; Abrodo, Llorente, Corujedo, De
La Fuente, Alvarez & Gomis, 2010; Llorente et al., 2012), non-alcoholic apple beverages
(Valappil, Fan, Zhang, & Rouseff, 2009) and alcoholic apple beverages (Madrera, Lobo &
Alonso, 2010; Pietrowski, Dos Santos, Sauer, Wosiacki, & Nogueira, 2012; Herrero, Garcia
& Diaz, 2006; Madrera, Garcia, Hevia & Valles, 2005; Peng, Yue & Yuan, 2009). Indeed, the
analysis of the volatile aroma constituents of food and beverages is one of the main
parameters to be assessed when a new product is developed because of their influence on the
final sensory properties. The study of these compounds has provided reliable information
about distinct stages in the manufacturing process, such as the raw material used and the
fermentation process (Madrera et al., 2005).

Cider refers to fermented beverages obtained totally or partly from apples, in other
words it is a fermented apple juice product. Aroma compounds are an important indicator of
quality and they identify alcohol in cider and other beverages (Fan, Xu & Han, 2011;
Pietrowski et al., 2012).

According to Peng et al. (2009), the aroma of cider has an extremely complex

chemical pattern, in both qualitative and quantitative terms. The most important compounds
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that contribute to the aroma in apple ciders are 2-phenylethanol, butanoic acid, octanoic acid,
2-methylbutanoate, ethyl butanoate, ethyl hexanoate, 4-ethylguaiacol, eugenol, and 4-
vinylphenol (Xu, Fan & Qian, 2007). Fan et al. (2011) also found the compounds ethyl
butanoate, ethyl hexanoate, 2-pehnylethanol, octanoic acid and isoeugenol to be important
compounds.

The application of chemometric techniques coupled with GC data has been
investigated as a means of differentiating food samples on the basis of several
physicochemical, chemical and sensory parameters. Abrodo et al. (2010) ascertained the role
played by some volatile compounds in the discrimination between cider apple varieties by
principal component analysis (PCA), linear discriminant analysis (LDA) and Bayesian
analysis. Madrera et al. (2010) assessed the influence of cider maturation in the odour quality
of cider distillates, associating maturation level and sensorial attributes by PCA. Chemometric
data analysis was also applied to examine relationships in apple cider flavour components
based on treatment effects (Crook & Boylston, 2004).

It is widely known that the production of aroma compounds is highly influenced by
several different factors such as environment, apple variety, ripeness, fermentation condition,
yeast strain, the production process and aging (Peng et al., 2009). Fruit ripening is an
irreversible process in which many changes develop, firmness and acidity decrease, sugar
increases, and starch hydrolysis occurs; therefore the production of aroma is also influenced
(Llorente et al., 2012).

A better understanding of the ripening influence in aroma components could improve
both cider processing techniques and final product quality. Thus, the aim of this study was to
determine differences between apple juices and fermented apple elaborated with fruits from
different cultivars (Fuji Suprema, Lisgala and Gala) and ripening stages (unripe, ripe and

senescent) in the aroma profile using a chemometric approach.
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2. Materials and methods

2.1. Materials

Samples of Fuji Suprema and Lisgala apples, 2011/2012 harvest, were collected at the
Cacador-SC Experimental Station of the Agricultural and Rural Extension Company, Santa
Catarina (EPAGRI) in three different ripening stages (unripe, ripe and senescent), with about
20 kg of samples for each stage and each variety. The apples from the same cultivar were
collected at different cardinal points from six different trees. The Gala cultivar was collected
at Boutin Agricola in Porto Amazonas, Parand, using the same procedures. The maturation
index was determined by using the Starch-iodine test (Llorente et al., 2012)

The microorganism used to ferment the apple juices was Saccharomyces cerevisiae
Bouquet (AEB Group). The chemical standards used in the GC analysis were ethanal, ethyl
propanoate, ethyl 3-methyl butanoate, propyl ethanoate, 2-methylpropyl ethanoate, ethyl
butanoate, hexanone, 2-heptanone, 2-methyl-1-butanol, 2-hexanol, 2-octanone, ethyl
hexanoate, purchased from Interchim (Montlugon, France), ethyl ethanoate, butyl ethanoate,
3-methylbutyl ethanoate, hexyl ethanoate, 2-hydroxy ethyl propanoate, 1-hexanol, ethyl
octanoate, ethyl decanoate, butanoic acid, diethyl butanedioate, 2-phenyl-ethanol, ethyl
dodecanoate, octanoic acid, all acquired from Sigma-Aldrich (Steinheim, Germany) and 3-
methyl-1-butanol was purchased from Merck (Darmstadt, Germany). Sucrose, D-glucose, D-
sorbitol, and ethanol, which had a purity exceeding 99.0%, were purchased from Sigma
Aldrich (Steinheim, Germany) and D-fructose was purchased from Merck (Darmstadt,

Germany).
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2.2. Processing

2.2.1. Processing of apple juice

The fruits were selected and cleaned and then fragmented in a microprocessor
(Metvisa, Brusque SC, Brazil). The grated mass was wrapped in shredded plastic screens that
overlapped, and was subjected to a pressure of 3 kgf/cm? for 5 minutes (Eureka Hydraulic
press, Hoppe Ind. Ltd., Brazil). The juice was treated with pectinase (Pectinex® Ultra Clear,
Novozymes, Brazil) at a rate of 3 mL/hL (25 °C, 2 h) (Alberti, Vieira, Drilleau, Wosiacki &

Nogueira, 2011).

2.2.2. Processing of fermented apple beverage

The depectinised apple must (450 mL) was placed in five fermenters, which consisted
of Erlenmeyer flasks (500 mL) capped with a rubber and a needle that allowed the carbon
dioxide to be released in a bottle containing potassium of metabisulfite solution. The
Saccharomyces cerevisiae Bouquet yeast, in active dried form, was re-hydrated and
inoculated according to the manufacturer’s specifications. On the twelfth day, the
fermentation was stopped and the fermented apple was centrifuged at 10,200 g at 5° C
(Hitachi Himac CR21GlI centrifuge, Chyoda City, Tokyo, Japan) for 20 minutes and was

then racked, bottled and stored at low temperature (-18 °C) until further analysis.

2.3. Instrumental analysis

2.3.1. Collection of volatile compounds — Headspace

Samples (6 mL) of fermented apple beverage were placed in glass vials with a

capacity of 20 mL. Then, 50 pL of internal standard (heptanoic acid) was added. The volatile
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compounds were identified by comparison between the experimental retention time and the
retention time of the chemical standards. Prior to analysis, the samples remained 10 min at 60
°C under agitation in the oven of the automatic injector (Young Lin Instrument gas

chromatograph, Anyang, Korea) for 10 minutes (Pietrowski et al., 2012).

2.3.2. Chromatographic analysis of volatile compounds

The analysis of aromatic compounds was performed by gas chromatography (GC):
(Young Lin Instrument - YL 6100 GC, Anyang, Korea) equipped with FID, capillary (30 m x
25 mm, 0.25um thick ZB-WAX film) column (Phenomenex), flame ionisation detector. The
injector temperature was 220 °C and the detector temperature was 230 °C. The carrier gas was
nitrogen, with a flow of 2.5 mL/min, and the injection technique was split 1:1.2. The analysis
conditions were programmed with an initial temperature of 40 °C for 5 minutes with an
increase of 10 °C/min to 150 °C, keeping this temperature for 10 minutes. Temperature was
then increased by 10 °C/min to 200 °C for 5 minutes and again increased by 10 °C/min to 220
°C, where it remained for 16 minutes. The GC automatic injection method was used with a
volume of 1500 uL (Pietrowski et al., 2012).

The composition of the reference stock solution used for the identification and
quantification of volatile compounds in the fermented apple beverage was: ethyl ethanoate
(133.8 mg/100mL), 2-methylpropyl ethanoate (35.1 mg/100mL), ethyl propanoate (41.5
mg/100mL), ethyl 3-methylbutanoate (34.2 mg/100mL), ethyl butanoate (8.1 mg/100mL),
ethyl hexanoate (42.7 mg/100mL), propyl ethanoate (45.6 mg/100mL), butyl ethanoate (5.3
mg/100mL), 3-methylbutyl ethanoate 31.8 mg/100mL), hexyl ethanoate (9.0 mg/100mL), 2-
hydroxy ethyl propanoate (130.9 mg/100mL), ethyl octanoate (16.5 mg/100mL), ethyl
decanoate (8.7 mg/100mL), diethyl butanedioate (10.2 mg/100mL), ethyl dodecanoate (8.1

mg/100mL), ethanal (260mg/100mL), butanoic acid (18.1 mg/100mL), octanoic acid (75.2
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mg/100mL), 3-methyl-1-butanol (241.6 mg/100mL), 2-methyl-1-butanol (32.3 mg/100mL),
2-hexanol (18.5 mg/100mL), 1-hexanol (7.6 mg/100mL), 2-phenylethanol (390.5
mg/100mL), hexanone (30.5 mg/100mL), 2-heptanone (30.1 mg/100mL) and 2-octanone
(30.6 mg/100mL). The stock standard solution was diluted 25 times in distilled water. The
dilutions of stock solution were subjected to the same analysis conditions as described for the
samples of fermented apple beverage, including the addition of internal standard (heptanoic
acid).

The compounds were identified by comparing retention times with those obtained in
the reference solution. Equation 1 was used to quantify the concentrations of identified
volatile compounds where, C is the concentration of component (mg/L), A, the concentration
of the substance in the reference solution (mg/L), h, the peak area of the substance in the
sample, H, the peak area of substance in the reference, I, the peak area of internal standard in
the reference, i, the peak area of internal standard in the sample (Pietrowski et al., 2012).

C=AnhHHAY

2.3.3 Chromatographic analysis of sugar and alcohol

For the determination of measurement of sugars the method described by Chinnici,
Spinabelli, Riponi and Amati, (2005) was used with modifications. The samples of apple juice
and fermented apple beverage at different stages of ripeness were diluted 1:10 (v/v) with Ultra
Pure water (Milli-Q) and then filtered in 0.22 um membrane before analysis. They were then
analysed in a chromatographic system Waters 2695 Alliance (Milford, MA, USA) composed
of a quaternary pump, degasser, auto injector equipped with a Waters Sugar Pak ™ 1 (300 x
6.5 i.d.) column and with refraction index detector Waters Rl 2414 (Milford, MA, USA). The
injection volume was 10 pL and flow was 0.5 mL/min in isocratic condition with Ultra Pure

water (Milli-Q). The column temperature was maintained at 80 °C and the detector at 50 °C.
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Detection of the samples was established by comparison of retention times of the standards of
reference. The quantification was calculated for calibration curves of sucrose, D-glucose, D-

fructose, D-sorbitol and ethanol.

2.4. Physicochemical analysis

Total titratable acidity was expressed as malic acid and g/100 mL,volatile acidity was
expressed as acetic acid and g/100 mL, and total nitrogen was determined by the Kjedhal

method (1AL, 2008).

2.5. Statistical analysis

Data were presented as mean + pooled standard deviation. One-way analysis of
variance (ANOVA) was performed to detect significant differences between samples from
unripe, ripe and senescent raw material from three cultivars for each physicochemical
attribute and for total aroma composition. The analysis was performed separately for juices
and fermented beverages. When differences were statistically significant, Fischer's test was
used to compare the means.

A chemometric approach composed of principal component analysis (PCA) and
hierarchical cluster analysis (HCA), implemented in the STATISTICA 7.1 software (Stat-Soft
Inc., Tulsa, OK, USA), was used to analyse the aroma profile and to try to classify the
samples on the basis of the aroma compounds. PCA involves a mathematical procedure that
identifies patterns in data, and expresses them in such a way as to highlight similarities and

differences. Since patterns in results can be hard to find in a set of high dimension, where the
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luxury of graphical representation is not available, PCA is a powerful and suitable tool for
analysing results. The other main advantage of PCA is that once you have found these
patterns in the data, you may compress them by reducing the number of dimensions, without
much loss of information (Granato, Branco, Cruz & Faria, 2011). In the same sense, HCA is a
method of studying study datasets in the search for natural groupings among the samples
characterised by the values of a set of measured features. Owing to its unsupervised character,
HCA is a pattern recognition technique that can be used to reveal the structure residing in a
dataset.

In this study, PCA was applied to separate the samples (n=18) according to their
values of aroma compounds. For this purpose, the results obtained for each parameter were
adopted as columns and the juice samples as rows. Eigenvalues higher than 0.5 were adopted
to explain the projection of the samples on the factor plane (PC1 vs PC2). Autoscaling was
used as a pre-treatment of the results in order to normalise the statistical importance of all the
variables. HCA was performed on autoscaled data, and sample similarities were calculated on
the basis of the Euclidean distance. The Ward hierarchical agglomerative method was used to
establish clusters. A dendrogram for samples and for response variables were built to obtain a
two-dimensional projection of the similarity or dissimilarity of the entire set of samples. In
order to compare the results within the two clusters grouped by HCA, data were subjected to
the Shapiro-Wilk test to check for normality of distribution, followed by the F-test to check
for homogeneity of variances. The t-Student test (normal distribution of results) or Mann-
Whitney U-test (non-normal distribution of data) were used to highlight differences among

clusters. A p level below 0.05 was considered to be significant.
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3. Results and discussion

The starch-iodine test is based on the principle that when starch which is not converted
into sugar during the ripening process comes into contact with an iodine solution it turns blue-
black in colour (Llorente et al., 2012). The more intense the colour, the lower the degree of
ripeness of the fruit and the iodine value. The iodine values for the fruits were 1.0 for unripe,
3.0 to 3.5 for ripe and 4.5 for senescent, for all cultivars. These data were confirmed by the
concentration of sugars in the juices made from these fruits.

Considering the concentration of juice from apples at the senescence stage to be 100%
of the sugar content, it was observed that in terms of the unripe Fuji Suprema, Lis Gala and
Gala varieties, the apples already had levels of 72, 74 and 62% of sugars, respectively. Thus,
it can be seen that most of the sugars are formed during the development of the fruit and that
during the maturation period there is an increase due to the transformation of starch into
soluble sugars (Wu et al., 2007). According to Zhang, Li and Cheng (2010), the accumulation
of sugars occurs throughout the development of the fruit and continues until the time of
harvest.

The amounts of sugars certify the degree of maturity of the fruit, since the samples of
juice from unripe apples showed less sugar content, whereas with an increase in maturation
there is an increase in sugar content and a decrease in the content of acidity of the
fermentation, as seen in Table 1.

Unlike senescent apple juice, that showed higher sugar concentrations than 13.0 g/100
mL, the juices made from unripe and ripe fruits are not considered to be made of good enough
quality fruits to obtain juices, according to the classification of Drilleau (1991). All the apple

juice samples showed high acidity values, above 0.45 g/100 mL. The content of malic acid in
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the must of senescent fruits characterises them as sweet and with high acidity (>0.45 g/100
mL) (Nogueira & Wosiacki, 2012).

The samples of apple juice from Fuji Suprema and Gala were statistically similar
regarding acidity for the unripe and senescent stages. Acidity is considered as an essential
element in cider and it must be sufficient to give a clean, refreshing impression to the final
product (Peng et al., 2009). Regarding acidity, no difference was noticed between fermented
samples from unripe and ripe apples for Fuji Suprema and Gala.

The volatile acidity found in the samples was lower than the apple must volatile
acidity of the Gala variety evaluated by Wosiacki, Nogueira, Silva, Denardi and Vieira
(2008). An increase in volatile acidity for fermented beverages may be verified in Tables 1
and 2. This increase may be due to the synthesis of acetic acid and ethyl acetate by the yeast
(Csoma & Sipiczki, 2008).

The nitrogen content of the apple juice decreased with the increasing maturation of the
raw material, as can be seen in Table 1. Gala presented the highest values of nitrogen for both
juice and the fermented apple beverages (Tables 1 and 2). This was probably due to higher
levels of nitrogen fertilisation in the orchard. The nitrogen content, which in apples is in the
form of amino acids, classified the unripe and senescent Gala juice with a high content (>
150.00 mg/L), being sufficient for the yeasts until a complete exhaustion of sugars (Alberti et
al., 2011). Amino acids are also important in the metabolism of volatile compounds and are
often precursors of aroma (Callejon, Tesfaye, Torija, Mas, Troncoso & Morales, 2008).
Fermented Fuji Suprema and Lisgala were statistically similar regarding nitrogen content,
however there was difference for senescent fermented Lisgala, as can be seen in Table 1.

It is well known that during alcoholic fermentation yeasts produce not only ethanol,
but also fusel alcohols from the sugars and amino acids present in the medium. Thus, the

initial concentration of these substrates can greatly influence the final product (Madrera et al.,
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2010). The alcohol content of the fermented beverages was influenced by the initial sugar

content of the apple must, as verified in Tables 1 and 2.

Table 1 - Physicochemical characteristics of Fuji Suprema, Lisgala and Gala apple juices at
different ripening stages.

L - . . Total
. Ripening Total Sugar, Total Acidity, Volatile Acidity, .
Variety Stage Code /100mL) (g/100mL) (g/100mL) Nitrogen,
(mg/L)
Apple juice

Fuji Unripe UFJ 9.22“f 0.841° 0.0262b 114.13°
Suprema Ripe RFJ 11.21 0.543¢ 0.019" 106.87°
P Senescent SFJ 12.72° 0.510" 0.015° 85.08'
Unripe uLJ 9.85¢ 0.692" 0.030° 86.11'

Lisgala Ripe RLJ 11.75° 0.584° 0.026% 83.00"
Senescent SLJ 13.86° 0.569¢ 0.034° 78.85°

Unripe UGJ 9.13' 0.845° 0.011° 283.242

Gala Ripe RGJ 12.04° 0.436° 0.011° 141.10°
Senescent SGJ 14.78 0.521" 0.011° 200.24°

PSD 1.91 0.14 0.01 63.34

Apple fermented beverage

Unripe UFF 4.27° 0.789" 0.086 28.01°
Fuji Suprema Ripe RFF 4.80° 0.782" 0.079° 25.94°
Senescent SFF 5.52° 0.733° 0.100" 25.94°
Unripe ULF 3.99" 0.670° 0.076° 29.05°
Lisgala Ripe RLF 4.47" 0.759° 0.114%® 26.98°
Senescent SLF 5.26° 0.447° 0.120° 18.68°
Unripe UGF 2.97' 0.573¢ 0.045° 47.73°
Gala Ripe RGF 4.84° 0.566¢ 0.086 43.58°
Senescent SGF 5.92° 0.599" 0.089 61.212

PSD 0.85 0.11 0.02 13.28

Note: PSD: pooled standard deviation. Different letters in the same column represent statistically different results
(p<0.05).

The aromatic composition (Tables 3 and 4) found in the apple must and in the
fermented apple beverage samples obtained in the present study was characterised by the
presence of esters, aldehydes, acids, alcohols and ketones, as also found by Pietrowski et al.

(2012).
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According to Herrero et al. (2006) and Valappil et al. (2009), the mains groups of
compounds that form the fermentation's bouquet are the acids, alcohols, and esters and, to a
lesser extent, aldehydes and ketones. These are mainly produced by yeast metabolism. The
volatile composition of apple juice depends on various factors such as variety, maturity, and
storage conditions of the fruit used for pressing (Valappil et al., 2009)

Volatile ester compounds were among the major compounds identified in studies of
cider by Crook and Boylston (2004) and Fan et al. (2011). Esters are responsible for sweet
and fruity odours (Rita et al., 2011). Among esters, one of the most significant compounds
that affect flavour in fermented beverages is ethyl ethanoate, produced from acetyl-CoA and
ethanol (Herrero, et al., 2006): it can negatively affect wine aroma when levels are over 200
mg/L. A high concentration of ethyl ethanoate is detrimental to sensory quality, as its odour is
usually described as glue-like, although at lower concentrations it is perceived as fruity
(Madrera et al., 2010).

Ethyl hexanoate imparts fruity notes but was not detected in the apple must and only at
low quantities in the apple fermented samples (Tables 2 and 3). This differed from the study
by Pietrowski et al. (2012), who did not find this compound in their fermented beverage,
probably because it was produced by oxidative yeasts. According to Madrera et al. (2005), it
is associated with fermentative processes and the yeast strains involved.

Compounds associated with desirable flavours are butyl ethanoate, 3-methylbutyl
ethanoate, hexyl ethanoate and ethyl butanoate (Fan et al., 2011). According to Pietrowski et
al. (2012), among the detected compounds, the presence of ethyl ethanoate, ethyl octanoate,
3-methylbutyl ethanoate, 3-methyl-1-butanol, and ethanol contribute to the fruity aroma of
fermented apple beverage and wine. These compounds, mixed with ethyl decanoate, hexyl
ethanoate, and 2-phenylethylacetate, determine fruity and floral aromas in wines (Rojas, Gil,

Piflaga & Manzanares, 2001).0n the other hand, Xu et al. (2007) concluded that the most
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important compounds that contribute to the aroma of apple ciders were 2-phenyethanol,
butanoic acid, octanoic acid, 2-methylbutanoic acid, 2-phenylethyl acetate, ethyl 2-
methylbutaoate, ethyl butanoate, ethyl hexanoate, 4-ethylguaiacol, eugenol, and 4-
vinylphenol. Five of these compounds were indentified in the present study (Table 3). Fan et
al. (2011) found 13 compounds that were also identified in the present study. The volatile
compounds of highest concentration in the present study were 3-methyl-1-butanol, ethanal,
ethyl ethanoate, 2-hydroxy ethyl propanoate and 2-phenylethanol, as seen in Table 3. Fan et
al. (2011) also observed 3-methylbutanol and 2-phenylethanol among the three highest
concentrations of compounds and that ethyl ethanoate was the most common ester present in
the ciders.

The aroma compound identified in the highest concentration in the apple juice samples
was ethanal. In fermented beverage samples, this aldehyde was detected in smaller amounts
than by Pietrowski et al. (2012) probably because of the yeast strain. According to Gil,
Cabellos, Arroyo and Prodanov (2006), the production of ethanal that is the most important
aldehyde in wine production and is commonly known as a byproduct of alcoholic
fermentation, can be influenced by the type of yeast strain. At lower concentrations, ethanal
contributes fruity notes: however, at high concentrations (>200 mg/L) this compound
negatively influences the aroma in the fermented product. Thus, in this study, even when
produced by a fermentative strain, it contributed to a fruity aroma in the product. This
compound was also identified in the must at high concentrations. According to Valappil et al.
(2009), the concentration of aldehydes is essential for the sensory impression of juice odour.
For both the juice and the fermented beverage of all cultivars, the concentration of ethanal
increased with the maturation of the raw material, as can be seen in Tables 3 and 4.

The detected acids were butanoic and octanoic. The apple juice and fermented apple

samples that showed the highest quantities of octanoic acid were made from senescent Fuji
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Suprema apple. According to Rita et al. (2011), this is a characteristic aroma compound in
ciders made from Fuji apples.

3-methyl-1-butanol was detected in fermented samples in values between 54.68 mg/L
(Ripe Gala) and 126.48 mg/L (Ripe Lisgala). This result was close to the values found by
Romano, Fiore, Paraggio, Caruso and Capece (2003) (40 mg/L for Hanseniaspora strain and
250 mg/L for Saccharomyces strain). 3-methyl-butanol is derived from leucine and is
considered to be the most quantitatively important alcohol in Chinese ciders. This alcohol was
the compound identified in the highest concentration in fermented beverages in the present
study. This compound was also found in the must (Table 2). According to Rita et al. (2011), it
also plays the major role in the quality of apple juice. 1-hexanol is considered to be a
characteristic volatile compound of fruits other than apples and it is produced during the
enzymatic oxidation process of linoleic acid (Fan et al., 2011). The higher alcohols are
quantitatively the major components in cider and probably contribute more to the flavour of
cider than to beer, where they are present in much lower amounts (Herrero et al., 2006). The
higher alcohols contribute to the aromatic complexity of fermented beverages at
concentrations below 300 mg/L, however, when >400 mg/L they may have a negative effect
in terms of the aroma of the product (Moreira, Mendes, Pinho, Hogg & Vasconcelos, 2008).
Hexyl acetate is a major characteristic apple flavour compound (Crook & Boylston, 2004).

The highest aroma compound values detected in the fermented apple (82%) were
higher than those found in the apple must used for the fermentations. The other 18% of
samples were probably metabolised by the yeast. Many of the aroma compounds from apples
are lost in processing and most of the aroma compounds in cider are synthesised during

fermentation (Williams & Tucknott, 1977).



Table 2 - Concentration of volatile compounds of apple juice samples made from Fuji

Suprema, Lisgala or Gala apple varieties at unripe, ripe and senescent maturation stages®.
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Apple Juice Fuji Suprema Lisgala Gala
Aroma Compounds UFJ RFJ SFJ ULJ RLJ SLJ UGJ RGJ SGJ PSDP
Ethyl ethanoate 0.07 0.17 060 498 054 169 051 1204 10.09 4.61
2-methylpropyl ethanoate nd nd n.d n.d nd nd nd n.d nd 0.00
Ethyl butanoate n.d 0.02 n.d 0.04 nd 0.07 018 370 142 127
Ethyl hexanoate nd nd n.d n.d nd nd nd 003 nd 001
Butyl ethanoate 024 026 019 022 022 004 016 015 0.09 0.08
3-methylbutyl ethanoate 0.03 009 030 004 o007 037 002 018 015 0.13
Hexyl ethanoate nd nd nd 002 008 022 001 012 0.06 0.07
2-hydroxy ethyl propanoate 922 698 1125 3.83 1464 2246 9.23 37.68 24.97 10.63
Ethyl octanoate 002 nd 001 001 nd n.d n.d n.d nd 0.01
Ethyl decanoate 002 001 nd 001 nd 001 001 001 001 0.01
Diethyl butanedioate 279 239 536 289 262 426 357 070 281 140
Ethyl dodecanoate 487 492 421 385 174 447 320 271 285 196
Ethanal 16.80 17.76 19.63 11.83 14.36 20.33 18.11 81.05 76.97 26.72
Butanoic acid n.d n.d n.d n.d nd 421 078 062 070 132
Octanoic acid 047 089 326 147 129 nd nd 138 0.60 0.97
3-methyl-1-butanol 1.02 625 727 193 307 404 066 312 156 2.26
1-hexanol 055 000 060 035 0.00 0.00 0.00 0.00 0.00 0.25
2-hexanol n.d n.d n.d n.d nd 0.03 nd n.d nd 0.00
2-phenylethanol n.d n.d nd 415 nd n.d n.d n.d n.d 1.34
Hexanone n.d n.d n.d n.d n.d n.d n.d 167 122 0.63
2-heptanone 0.02 0.03 002 006 002 0.07 004 008 007 0.02
2-octanone n.d n.d nd 001 nd 001 001 001 005 0.01
Concentration of volatile compounds identified in mg/L. n.d, not detected. Data are the average of two
replicates. ® PSD, pooled standard deviation.
See Table 1 for the definition of sample abbreviations.
Table 3 - Concentration of volatile compounds of fermented apple made of Fuji Suprema,
Lisgala or Gala apple varieties at unripe, ripe and senescent maturation stages®.
Fermented Apple Beverages Fuji Suprema Lisgala Gala
Aroma Compounds UFF RFF SFF ULF RLF SLF UGF RGF SGF PSD”
Ethyl ethanoate 30.28 3145 2801 27.87 30.82 2424 3448 31.31 4832 9.16
2-methylpropyl ethanoate n.d n.d n.d n.d n.d n.d nd 0.60 nd 0.20
Ethyl butanoate 026 010 043 005 007 004 005 025 085 0.28
Ethyl hexanoate n.d 0.01 0.09 n.d nd nd 010 nd 0.02 0.04
Butyl ethanoate n.d nd 001 nd 003 011 nd 019 019 0.08
3-methylbutyl ethanoate 1.69 169 066 030 106 053 186 279 347 1.11
Hexyl ethanoate 008 029 004 012 016 012 012 041 031 013
11.27 2208 2051 1870 2560 21.65 13.33 38.04 16.63 7.85

2-hydroxy ethyl propanoate



Ethyl octanoate
Ethyl decanoate
Diethyl butanedioate
Ethyl dodecanoate
Ethanal

Butanoic acid
Octanoic acid
3-methyl-1-butanol
1-hexanol
2-hexanol
2-phenylethanol
Hexanone
2-heptanone
2-octanone

0.55 0.47 0.25 014 023 031 0.85
0.65 0.79 0.33 009 020 042 050
3.51 3.51 3.19 237 256 324 226
451 4.17 5.05 511 460 333 423
7186 73.78 151.23 40.77 10158 131.55 47.23
1.27 3.03 8.10 n.d nd nd 335
3.87 732 2151 517 519 386 571
11466 118.79 122.74 109.32 126.48 98.66 68.32
0.00 0.00 0.00 0.00 0.00 0.00 0.00
3.18 5.36 4.87 212 263 323 284
1555 1571 2087 1743 1658 10.34 8.98
n.d n.d n.d n.d n.d n.d n.d
0.03 0.04 0.04 0.00 013 0.00 0.03
0.02 0.07 0.02 0.01 nd nd 0.02
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1.08 159 0.48

117 089 0.35

274 205 0.76

3.66 4.16 1.98

55.67 159.14 44.03
439 920 3.36
409 530 542
54.68 119.41 26.79
034 000 011
2536 547 7.19
33.80 20.84 7.06
003 717 233
0.03 0.03 0.04
0.11 0.03 0.04

Concentration of volatile compounds identified in mg/L. n.d, not detected. Data are

replicates. ® PSD, pooled standard deviation.
See Table 1 for the definition of sample abbreviations.

the average of two

From Figure 2A it is clear that when the aim is to produce an aromatic fresh apple

juice it is recommended to use ripe fruits of the Gala variety and senescent Lisgala.

Regarding the Fuji Suprema variety there was not significant difference. Comparing all

samples in Figures 2A and B is possible to affirm that ripening provides an increase in

aromatic concentration, except for the Gala juice, where the highest concentration was from

ripe samples instead of senescent. Consequently, to produce an aromatic fermented apple

beverage it is recommended to use senescent fruits from all varieties, however there was no

significant difference in the fermented beverages between senescent or ripe fruits of the

Lisgala variety.
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Figure 2 - Bar graphics comparing apple juices (A) and fermented beverage samples (B).

The 21 volatiles were analysed by principal component analysis (PCA) in order to
reduce the dimensions and investigate which differences of the apple cultivars could be
visualised. Figure 3 shows the scatter plot (PC1 vs. PC2) for the whole set of variables for an
analysis with seventeen factors. The results were autoscaled before they were submitted to
principal component analysis (PCA). PC1 explained 39.71% of the total variance in the data
set while PC2 explained 13.41%, explaining up to 53.12% of the total variance. Figure 3
shows the loading plot, which evidences the variables according to their importance. Samples
were separated along the first component (PC) by differences in the content of ethyl
ethanoate, butyl ethanoate, 3-methylbutyl ethanoate, hexyl ethanoate, ethyl octanoate, ethyl

decanoate, ethanal, butanoic acid, 3-methyl-1-butanol, 2-hexanol, 2 phenylethanol, hexanone
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and 2-octanone. The second PC separated the samples on the basis of ethyl butanoate, diethyl
butanedioate, 1-hexanol and 2-heptanone concentrations (Fig. 3).

Due to their aroma compounds, shown by their position on PC 1, the beverage samples
RGF (Ripe Gala Fermented) and SGF (Senescent Gala Fermented) were characterised by
presenting a sweet aroma with a fruity note, which is similar to that of apple cider aroma. The
reverse was observed in the samples of UGJ (Unripe Gala Juice), ULJ (Unripe Lisgala Juice),
UFJ (Unripe Fuji Juice), RFJ (Ripe Fuji Juice), RLJ (Ripe Lisgala Juice) and SFJ (Senescent
Fuji Juice) because of their opposite position on PC 1. On the other hand, there was a high
concentration of butyl ethanoate in these samples which gives a desirable flavour. The same
was noticed in RGJ (Ripe Gala Juice), which had a high concentration of ethyl butanoate due

to its position on PC 2.
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Figure 3 - A scatter plot of PC 1 vs. PC 2 of the main sources of variability between the apple
juice and fermented apple samples. See Table 1 for the definition of sample abbreviations.
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Once two major groups were formed using PCA, the similarity of samples was
evaluated using HCA, which corroborated the results obtained by PCA, where samples were
clustered in two groups: juice and fermented apple juice (Fig. 3). These results indicate that
the aroma compounds evaluated in this study can be suitable markers to differentiate apple
juices from fermented apple juices based on the aroma profile. After clustering the samples,
the Student-t test or Mann-Whitney U-test was carried out to compare the means of each
evaluated parameter within the two groups and the results are shown in Table 4.

Table 4 shows that the fermented apple juices presented higher concentrations of ethyl
ethanoate, 3-methylbutyl ethanoate, hexyl ethanoate, ethyl octanoate, ethyl decanoate,
ethanal, octanoic acid, 3-methyl-1-butanol, 2-hexanol and 2 phenylethanol than the
concentrations found in the apple juices. The fermented apple beverage samples presented
the highest concentration of the principal compounds, which confirms the results shown in
Figure 1. On the other hand, there was a higher amount of butyl ethanoate in the apple juices
in comparison to the fermented apple beverages. These compounds presented significant

differences between the clusters, as can be seen in Table 4.

Table 4 - Aroma compounds of apple juices and fermented apple beverages.

_ Cluster 1: Juice Cluster 2: Fermented PSD? P )

Variables (n=9) (n=9) valuer
Ethyl ethanoate 341 31.86 15.69 0.00
Ethyl butanoate 0.60 0.23 0.90 0.23
Ethyl hexanoate 0.00 0.02 0.03 0.23
Butyl ethanoate 0.18 0.06 0.10 0.00
3-methylbutyl ethanoate 0.14 1.56 1.03 0.00
Hexyl ethanoate 0.06 0.18 0.12 0.00
2-hydroxy ethyl propanoate 15.58 20.87 9.56 0.25
Ethyl octanoate 0.00 0.61 0.45 0.00
Ethyl decanoate 0.01 0.56 0.37 0.00
Diethyl butanedioate 3.04 2.82 0.97 0.64
Ethyl dodecanoate 3.65 4.31 0.92 0.17
Ethanal 30.76 92.53 48.25 0.00
Butanoic acid 0.70 3.26 2.87 0.11

Octanoic acid 1.04 6.89 4.92 0.00
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3-methyl-1-butanol 3.21 103.67 54.58 0.00
1-hexanol 0.16 0.04 0.20 0.35
2-hexanol 0.00 6.12 5.92 0.00

2-phenylethanol 0.46 17.79 10.25 0.00
Hexanone 0.32 0.80 1.72 1.0
2-heptanone 0.04 0.04 0.03 0.61
2-octanone 0.01 0.03 0.03 0.12

Note: ® PSD, pooled standard deviation;  Probability values obtained by t-Student test or Mann-Whitney U-test.

4. Conclusion

The ripening stage significantly influenced the chemical and aromatic compositions of
apple juice and fermented apple beverage. The highest concentrations of aromatic compounds
were found in fermented juices made from senescent apples. In order to produce an aromatic
fermented apple beverage it is recommended to use senescent fruits for all varieties, however
there was no significant difference between the fermented beverages from senescent or ripe
fruits from the Lisgala variety. Regarding the juices, ripe Gala apple showed a prominence
relating to aroma concentration in comparison to other cultivars. When the aim is to produce
an aromatic fresh apple juice, the use of ripe fruits from the Gala variety and senescent
Lisgala is recommended. Regarding the Fuji Suprema variety, there was not significant
difference. The fermented beverage samples presented a desirable flavour marked by a sweet
aroma with a fruity note, characteristic of apple cider aroma, due to their aroma compounds.
Using a chemometric approach based on unsupervised statistical techniques it was possible to
classify apple juices and fermented apple beverages on the basis of aromatic compouds,
demonstrating the applicability of multivariate statistical techniques as tools to monitor the

quality of apple-based products.
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