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Capitulo I- Enquadramento Temadtico

1.1. A oliveira - Olea europaea L.

A oliveira (Olea europaea L.) ¢ a Unica espécie da familia Oleaceae com fruto
comestivel e ¢ das plantas cultivadas mais antigas, cuja origem data de 4000-3000 anos
a.C. na zona da Palestina (Bacelar et al., 2009). E descrita como sendo uma cultura
amplamente dispersa por todo o mundo, facto que estd relacionado com a sua
adaptabilidade a diversas condicdes ambientais e que resultam de algumas
caracteristicas especificas, tais como: elevada tolerdncia a seca e a salinidade e os
requisitos minimos de manuten¢do do olival. Além disso, ¢ reconhecida pelo elevado
valor nutricional dos seus produtos, a azeitona e o azeite (Seabra et al., 2010).

A cultura da oliveira e a valoriza¢do dos seus produtos tornou-se uma atividade

econdémica promissora ao longo dos tempos.

1.2. Producio de azeite em Portugal e no Mundo

Cerca de 95% da superficie oleicola estd localizada na zona Mediterranica,
sendo que, os principais paises produtores da Unido Europeia como a Espanha, Itélia,
Grécia e Portugal sdo responsaveis por 71% da producdo de azeite a nivel mundial,
(Azeite, 2012). Existem no entanto paises como a Siria (6,6%), Turquia (5,4%),
Marrocos (5,1%) Tunisia (4,1%) e a Argélia (1,6%) que também pertencem ao grupo
dos principais paises produtores (Azeite, 2012).

Em Portugal, o olival ¢ uma cultura tradicional e tem uma importancia

econdmica em varias regioes do continente.
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Apesar de, a sua cultura estar presente em todas as regides agrarias, as principais
regides produtoras sdo a regido do Alentejo e a de Tras-os-Montes (MADRP, 2007). A
vocagdo predominante do olival portugués ¢é para a produgdo de azeite, sendo que cerca
de 96% da azeitona produzida ¢ destinada para a elaboracdo deste produto e os restantes
4% destinam-se a producdo de azeitona de mesa (MADRP, 2007).

Nos ultimos anos tem-se assistido a uma evolugdo e até mesmo a uma
recuperagdo na producdo de azeite, apds um decréscimo acentuado entre as décadas de
60 a 80, sendo que, a estimativa para a producdo nacional na campanha 2010/2011
aponta para um valor de 70 mil toneladas de azeite produzido (Azeite, 2012).

Na regido de Tras-os-Montes a producdo de azeite e azeitona de mesa ¢ uma
fonte de rendimento para uma populacdo que se ocupa principalmente e, por vezes,
exclusivamente dessa cultura; as caracteristicas desta regido como: as condic¢des edafo-
-climaticas, a qualidade dos solos, as variedades dominantes e caracteristicas (Verdeal
Transmontana, Cobrancosa, Madural e Cordovil), assim como as técnicas tradicionais
de produgdo potenciam os requisitos necessarios para um azeite de alta qualidade que ¢

bastante apreciado (MADRP, 2007; Amaral et al., 2010; Vaz, 2011).
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1.3. A cultivar Cobrancosa — Caracteristicas

A ‘Cobrancosa’ ¢ uma cultivar portuguesa bastante produtiva que estd
autorizada em todas as regides agrarias (Algarve, Alentejo, Ribatejo, Beiras e Tras-os-
Montes). No entanto, tem maior incidéncia na regido de Tras-os-Montes e Alto Douro e
¢ essencialmente utilizada para a producdo de azeite com Denominag¢do de Origem

Protegida (DOP) (Alves, 2007).

Figura 1. Cultivar Cobrangosa A) aspeto geral da arvore; B) aspeto do fruto.

Fotografia capturada no campo Clonal em Mirandela.

As oliveiras desta cultivar sdo arvores de porte pequeno ou médio (Figura 1A)
cujo fruto ¢ elipsoidal e de tamanho médio com forma apical pontiaguda ou
arredondada (Figura 1B). Apresenta um bom rendimento em azeite (Vaz, 2011).

Mirandela ¢ o conselho com maior nimero de oliveiras na regido do Nordeste
Transmontano, com aproximadamente 950 000 oliveiras, sendo que a cultivar

Cobrangosa detém 30% da cota do olival que caracteriza esta zona (Vaz, 2011).
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1.4. A dieta Mediterrinica e a importancia do consumo de azeitona e azeite na
saude

As azeitonas e 0 azeite sdo uma componente muito importante e caracteristica da
dieta mediterranica e sdo produtos muito conhecidos por serem uma fonte natural de
compostos fenolicos, que sdo importantes antioxidantes naturais.

Um grande numero de estudos epidemioldgicos e experimentais relaciona o
consumo destes produtos com a prevengdo de certas doencas (Cioffi et al., 2009).
Desempenham assim um papel importante na prevengdo de doencas cardiovasculares,
algumas doencgas do foro cancerigena, diabetes, casos de hipertensdo, obesidade e em
doengas cognitivas como o caso do Alzheimer (Cioffi et al., 2009).

A oleuropeina, secoiridoide presente na azeitona e no azeite sob a forma de

aglicona, apresenta uma agao anti-hipertensiva (Visioli et al., 2002).

1.5. Composicao quimica da azeitona

A azeitona é uma drupa, ou seja, um fruto carnoso com apenas uma semente. B
constituida maioritariamente por agua (70 a 75%), por um baixo teor de agucar (2,6 a
6%) e proteina (3%) e por um elevado teor de o6leo (12 a 30%) que depende do estado
de maturacao do fruto (Conde et al., 2008; COI, 2012).

A concentragdo de compostos fendlicos na azeitona varia entre 1 e 3% de acordo
com Servili e Montedoro (2002), sendo que as principais classes de compostos fendlicos
existentes na azeitona incluem: acidos fenolicos, alcoois fenolicos, flavonoides e os

secoiridoides.
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Os principais alcoois fendlicos sdo o hidroxitirosol e o tirosol, a luteolina-7- O-
glucosido, rutina e a apigenina-7-O-glucésido sdo os flavonoides mais frequentemente
descritos na literatura.

Os secoiridoides predominantes na azeitona sdo a oleuropeina e o ligostrosido,
enquanto o verbascosido ¢ o principal acido hidroxicinamico (Vinhas et al., 2005; Silva

et al., 2006).

1.6. Composicio quimica do azeite

O azeite ¢ um produto obtido exclusivamente a partir do fruto da oliveira COI,
(2012), ¢ uma gordura liquida a temperatura de 20°C obtida mediante processos de
extraccao fisica, depuragdo e refinagdo, podendo desta forma ser classificado em azeite
virgem ou em azeite refinado (Regulamento CEE N° 2568/91).

De acordo com Tuck et al. (2002) existem cerca de 30 compostos fendlicos,
sendo que as principais classes identificadas e quantificadas sdao os fendis simples, como
o hidroxitirosol e tirosol, os secoiridoides como a oleuropeina, a aglicona do
ligostrosido e a seu respetivo dialdeido descarboxilado e as linhanas como o (+)-
acetopinoresinol e o (+) - pinoresinol. As trés classes mencionadas e de acordo com
Owen et al. (2000) tém um forte potencial antioxidante, sendo que a concentragdo de

compostos fendlicos nos azeites varia entre 100 e 800 mg/kg (Tuck et al., 2002).
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1.7. Estado de maturacio da azeitona e as caracteristicas do azeite

O estado de maturagdo da azeitona no momento da colheita, o método utilizado
na apanha e o acondicionamento dos frutos antes da laboracdo, sdo factores que
influenciam significativamente a qualidade do azeite (Lopes et al., 2009).

A maturacdo da azeitona inicia-se quando ¢ possivel observar nos frutos os
primeiros tons violdceos e termina quando estes atingem a coloragdo caracteristica da
pele e da polpa correspondente a cada variedade (Lopes et al., 2009).

Apesar de o conteudo total de gordura aumentar com a maturacao e atingir o
valor maximo quando os frutos se encontram bem maduros, a qualidade do azeite de
acordo com os melhores padroes obtém-se antes da maturacao completa dos frutos, ou
seja, quando a azeitona ainda nao estd completamente madura (Pires, 2005; Lopes et al.,
2009).

Como forma de valorizar a producdo e atendendo a tendéncia global dos
mercados, a colheita da azeitona tende a ser antecipada, o azeite torna-se mais frutado,
com sabor a azeitona fresca, sem defeitos que o penalizem e dependendo de cada

cultivar, com um amargo e picante caracteristico (Lopes et al., 2009).

1.8.  Os compostos fenolicos e as caracteristicas sensoriais do azeite

As substancias fendlicas naturais estdo presentes no azeite em quantidades
apreciaveis. Para além de conferirem maior resisténcia a oxidagdo, sdo ainda
responsaveis pelas caracteristicas sensoriais (Hajimahmoodi et al., 2008).

O azeite pode apresentar varios aromas, sabores e até diferentes tonalidades.
Estas caracteristicas estdo dependentes de fatores como a cultivar em estudo, situacdo
geografica do olival, estado sanitario dos frutos, processo de extracdo e das condig¢des

de armazenamento e conservagdo (Vaz, 2011).
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As mudangas na composi¢ao fendlica influenciam as caracteristicas sensoriais do
azeite. Um atraso na época da colheita da azeitona origina um azeite menos fragante,
mais apagado, menos amargo e mais suave, desde que o fruto seja sdo e proveniente da
arvore (Vaz, 2011).

De acordo com Visioli et al. (2002), os acidos fendlicos sdo responsaveis pelo
amargo encontrado nos azeites, e a classe dos secoiridoides confere um picante
caracteristico. Os azeites definidos como “doces” sdo menos ricos em compostos

fendlicos.
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1.9. Objetivos do trabalho

Na regido de Tras-os-Montes, alguns olivicultores iniciam a colheita da azeitona
durante os primeiros dias do més de Novembro. No entanto a tendéncia atual em
diversas cultivares e inclusive na cultivar Cobrangosa ¢ antecipar a data de colheita.

Sabe-se porém que o estado de maturacdo do fruto influencia significativamente
a composicdo fenolica e a qualidade do azeite. Desta forma, o principal objetivo deste
estudo € comparar o perfil fendlico de seis Clones de azeitonas da cultivar Cobrangosa e
dos seus respetivos azeites em dois estados de maturacao diferentes: estado semi-verde
e estado maduro, com o intuito de avaliar se existem diferencas significativas entre os
dois estados de maturacdo estudados. Assim no inicio de Outubro (14/10/2011) foram
colhidos os seis Clones de azeitonas no estado Semi-verde e no inicio de Novembro
(08/11/2011) as mesmas amostras foram colhidas no estado Maduro.

As amostras de azeite foram também submetidas a uma analise sensorial, com o
objetivo de avaliar se os dois estados de maturacdo provocam alteragdes sensorialmente
significativas.

Para os Clones de azeitonas e os seus respetivos azeites nos dois estados de
maturagdo foram avaliados os seguintes parametros:

» Atividade antioxidante - Método do ABTS';

» Fenois totais - Método Colorimétrico de Follin-Ciocalteau

» Orto-difendis - Determinag¢do colorimétrica por complexagdo dos orto-difendis
com os i0es molibdato;

> Flavonoides - Método com Cloreto de Aluminio;

» Correlagdo entre a atividade antioxidante e o teor em fendis totais;

» Correlagdo entre a atividade antioxidante e o teor em orto-difendis;
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» Correlagéo entre a atividade antioxidante e o teor em flavonoides;
» Determinagdo do perfil fendlico das amostras por RP-HPLC (Cromatografia
Liquida de Alta Eficiéncia por Fase Reversa);

> Analise sensorial dos azeites obtidos nos dois estados de maturagio

Os seis Clones de azeitonas estudados foram escolhidos tendo em conta um
estudo realizado durante 2 anos consecutivos na qual se utilizaram 24 Clones
provenientes de um Campo Clonal situado em Mirandela.

Os olivicultores catalogaram todos os Clones de acordo com o rendimento de
producdo e foram estudados os parametros quimicos em cima mencionados. Verificou-
se uma correlacdo entre o rendimento de producdo e a atividade antioxidante, ou seja
Clones com alto rendimento de producdo apresentavam elevada atividade antioxidante e
os Clones catalogados com baixo rendimento de producdo apresentavam baixa atividade
antioxidante. No entanto surgiram trés excepcdes.

A amostragem escolhida para a realizagdo deste trabalho engloba as trés
excepgoes estudadas anteriormente: Clone 14 e 49 (baixo rendimento de producao e alta
atividade antioxidante) e o Clone 111 (alto rendimento de producdo e baixa atividade
antioxidante). Foram também escolhidos os Clones 80 e 85 que apresentaram o maior
valor de atividade antioxidante e eram de alto rendimento de producgdo e o Clone 110
onde se verificou o menor valor de atividade antioxidante e foi catalogado com baixo

rendimento de produgao.

10
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1.10. Comparaciao dos parametros: atividade antioxidante, compostos fenoélicos,
orto-difenois e flavonoides entre o estado semi-verde e maduro de Clones de
azeitona da cultivar Cobrancosa.

Neste trabalho foram avaliadas as modificagdes fendlicas e atividade
antioxidante de seis Clones de azeitonas da cultivar "Cobrangosa’ entre dois estados de
maturacdo. Os resultados encontram-se representados na tabela 1.

Os resultados da atividade antioxidante variaram entre 56,59 + 4,39 (Clone 110)
¢ 138,87 + 6,81 mmol trolox kg (Clone 80) para o estado semi-verde e entre 72,14 +
6,33 (Clone 110) a 139,32 + 21,33 mmol trolox kg™ (Clone 85) no estado maduro
(Tabela 1, Grafico a). Ao comparar a atividade antioxidante de todos os Clones entre os
dois estados de maturacdo verificou-se que apenas no Clone 85 existem diferencas

significativas entre o estado semi-verde e o estado maduro (p <0,05).

180
160
140 -
120 l i
100 — gl
80 —
&0 I
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20 —
0

—

{mmol Trolox /kg)

Atividade Antioxidante

Clone 14 Clone 49 Clone 80 | Clone 85 | Clone 110 | Clone 111
semi-verde|  103,5 b 126,05¢f 138,87 | 119,78cdc| | 56,59 |a 103,96 bed
B Maduro 119,89 cde 120,7 de 130,57 =f 13932/ | [ 72,14 ], 99,89bcd

Grafico a) Comparacdo da atividade antioxidante dos 6 Clones de azeitona

"Cobrancgosa’ entre o estado semi-verde e maduro.
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Nos Clones 14, 49, 80, 110 e 111 em relagdo a este parametro ndo existem

diferengas significativas entre os dois estados. Verificou-se ainda que os Clones tendem

a comportar-se da mesma maneira em relacdo a estudos anteriores sendo que, o Clone

110 ¢ o que apresenta menor atividade antioxidante e os Clones 80 e 85 apresentam os

maiores valores de atividade antioxidante, independentemente do estado de maturagao.

Em relagdo ao teor em fendis totais, os resultados variaram respetivamente entre

16,95 + 0,82 (Clone 110) ¢ 29,72 + 0,95 mg acido galico g (Clone 80) e entre 21,78 +

0,90 (Clone 110) a 33,96 + 1,79 mg 4cido galico g (Clone 14) para o estado semi-

verde e maduro, respetivamente (Tabela 1 e Gréafico b).

40

25

0

15

Fenois Totais
[mg acido galicafg)

3 I = T
I I

n

Clone 14 Clone 49 Clone 20 Clone 85  Clone 110 | Clone 111
Semi-Verde 223 b 28,78 de 29,72/ 29,44 -~ 16,95 a 26,8 d
B Maduro 33, g 25,51 . 30,32 of 32,68 4 21,78 |b 25,57 «

Grafico b) Comparagao do teor em fenois totais dos 6 Clones de azeitona "Cobrangosa’

entre o estado semi-verde e maduro.

O conteudo em fenois totais, segundo os resultados de Tovar et al. (2002) para a

cultivar Arbequina (g 4cido cafeico kg "' peso seco) diminui significativamente do

estado verde para o estado maduro.
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Contudo ao comparar dois estados de maturagdo préximos (semi-verde e

maduro) verificou-se que ndo existiam diferencas significativas. Estes resultados estdo

de acordo com os obtidos para os Clones 80 e 111. Nos Clones 14, 85 ¢ 110 o contetdo

em fenodis totais aumentou significativamente com a maturacao e no Clone 49 diminuiu

significativamente.

Nos orto-difendis os resultados variaram para o estado semi-verde entre 13,61 +

1,24 (Clone 110) e 41,65 + 3,68 mg acido galico g'1 (Clone 49) e entre 15,84 + 0,76

(Clone 110) e 40,76 + 6,81 mg 4cido galico g (Clone 80) para o estado maduro (Tabela

1; Gréfico c). Para os Clones 14 e 80 o conteido em orto-difenois aumentou

significativamente com o estado de maturacdo. Em relacdo aos Clones 49 e 111 o

mesmo contetldo diminuiu significativamente. Nos Clones 85 e 110 ndo se verificaram

diferengas significativas entre os dois estados de maturagdo (p> 0,05).

30
35 T
a0 \
3 . _ . - |
g8 . & - ‘
£
£ W
73
£8 "
Q E 15 —— 1
m —
s — |
0
Clone 14 | Clone 49 | Clone 80 | Clone 85 | Clone 110 Clone 111
Semi-Verde| 32,51 « 41,65 d 33,49 . 33,62 =« 13,61 = 34,15 «
® Maduro 40,02 © 32,31 ¢ 40,76/ 33,83 «© 15,85 a 26,77 b

Grafico ¢) Comparacao do teor em orto-difenodis dos 6 Clones de azeitona "Cobrangosa’

entre o estado semi-verde e maduro.
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Em relagdo ao contetido em flavonoides, para o estado semi-verde os resultados
variaram entre 5,08 + 0,46 (Clone 110) e 21,56 + 1,58 mg catequina g™ (Clone 49) e
para o estado maduro 7,24 + 0,78 (Clone 110) e 26,15 + 1,47 mg catequina g™ (Clone

14) (Tabela 1; Grafico d).

O comportamento do conteudo em flavonoides ¢ semelhante ao dos fenois totais
com exce¢do do clone 111, no qual se verificou uma diminui¢do significativa entre o

estado semi-verde e maduro.

30
25
20 l

T = = =
15 - -
10
5 +— s r

0
Clone 14 Clone 49 Clone 80 Clene 85 | Clone 110 | Clone 111

Flavonoides
(mg catequina/g)

Semi-Verde 13,92 21,56 = 19,27 16,7 4 5,089 , 20,8813
H Maduro 26,15 18,52 4= 17,96 dn 20,71 = 7;24 b 17,1274

Grafico d) Comparagao do teor em flavonoides dos 6 Clones de azeitona ‘Cobrangosa’

entre o estado semi-verde e maduro.

Todos os parametros tém uma correlagdo significativa com a atividade
antioxidante, sendo que, os compostos fendlicos sdo responsaveis por 87,56% da

atividade antioxidante e os orto-difenois e flavonoides por 86,83% e 82,34% da

atividade antioxidante, respetivamente (Figura 1).
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1.11. Comparacio dos parametros: atividade antioxidante, compostos fenoélicos,
orto-difenois e flavonoides entre o estado semi-verde e maduro de azeites da
cultivar Cobrancosa.

Os resultados para a atividade antioxidante, fenois totais, orfo-difendis e
flavonoides encontram-se representados na tabela 2.

Os valores da atividade antioxidante para os azeites estudados da cultivar
Cobrangosa variaram entre: 3,01 = 0,12 (Clone 110) e 7,49 + 0,26 mmoles trolox kg'1
(Clone 49) para o estado semi-verde e 2,46 £ 0,15 (Clone 110) a 6,54 + 0,56 mmoles
trolox kg™ (Clones 80) para o estado maduro (Tabela 2; Grafico ¢).

Ao comparar os dois estados de maturagao verificou-se que trés Clones 80, 110
e 111 mantiveram o mesmo comportamento que as azeitonas em relagcdo a atividade
antioxidante e ndo se verificaram diferengas significativas entre o estado semi-verde e
maduro. Nestes trés casos parece ndo haver efeito negativo na colheita antecipada das
azeitonas, evitando assim, quer a perda de frutos quer a infe¢do por fungos causados por

uma colheita tardia (Gomes et al., 2012).

—
i
=

Atividade Antioxidante
[ mmol Tolox /kg)
Lo e L I TN R + = Vs }

Clone 14 Clone 49 Clone 80 Clone 85 Clone 110 | Clone 111
| Semi-Verde 5,19 ¢ 749 f 6,52 f 556 b 3,016 a 4,63 h
| Maduro 5,89 de 6,24 = 6,54 ¢ 4,38 od 2,46 a 4,49

Grafico e) Comparacdo da atividade antioxidante dos 6 azeites "Cobrangosa’ entre o

estado semi-verde e maduro.
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Todas as amostras apresentaram valores de atividade antioxidante mais elevados
quando comparadas com os resultados obtidos para duas cultivares Tunisinas em que os
resultados variaram entre 0,61 + 0,09 e 2,42 + 0,12 mmol trolox kg'1 (Nabki et al.,
2010). Este facto torna a cultivar Cobrangosa bastante interessante para a produgdo de
azeite pelos seus elevados valores de atividade antioxidante, estabilidade, flavor e cor.

O conteido em fendis totais dos azeites analisados, independentemente do
estado de maturagio, variou entre: 0,39 + 0,01 ¢ 1,72 + 0,02 mg 4cido galico g”. Estes
resultados mais uma vez sdo elevados quando comparados com os obtidos por Nabki et
al. (2010) com duas cultivares Tunisinas: Chétoui (0,395 mg 4cido galico g') e
Chemlati (0,158 mg 4cido galico g™).

Para o estado semi-verde os valores variaram entre 0,74 + 0,01 (Clone 110) a
1,72 £ 0,02 (Clone 49) e para o estado maduro entre 0,39 + 0,01 (Clone 110) to 1,46 +

0,10 mg acido gélico g'1 (Clone 80) (Tabela 2; Grafico f).

2

L3
1.5

1a 1 I 1

1,2 I
1 — I
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05— |
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Fenois Totais
(mg acido galico/g)

Clone 14 Clone 49 Clone 80 Clone 85 | Clone 110 | Clone 111
Semi-verde 1,33 ¢® 1,72¢ 17 e 1,39 T 0,74 b 1,114
Maduro 1,41 e 1,41 et 1,46 t 0,94 ¢ 0,292 0,979 ¢

Grafico f) Comparag¢dao do teor em fendis totais dos 6 azeites ‘Cobrangosa’ entre o

estado semi-verde e maduro.

16



Capitulo I- Enquadramento Temadtico

Para todos os Clones, o conteudo em fendis totais diminuiu significativamente
com o estado de maturagdo, com excecdo do Clone 14, onde ndao se verificaram
diferengas significativas entre os dois estados (p> 0,05).

Em relagdo ao conteudo em orfo-difendis, nos Clones 49, 80, 110 ¢ 111 ndo se
verificaram diferencas significativas entre os dois estados de maturacdo, enquanto que
nos Clones 14 e 85 se observaram diferencas significativas. Contudo, no Clone 14
houve um aumento significativo do conteudo em orto-difenois e no Clone 85 uma
diminui¢do do mesmo contetudo (Tabela 2; Grafico g). Mais uma vez, verificou-se que o
conteudo em orto-difenois dos azeites estudados da cultivar Cobrangosa foram elevados
quando comparados com resultados da bibliografia, 0,1334 mg 4cido galico g™'; 0,05319

mg 4cido galico g™ (Nabki et al., 2010).

1
0,9
= 08 T i3 = l
07
'g E 0.5 ' [ .
£ 5 us— I [ |
4 an
e — I —
& 2 oz f— —
oy W
S W o2 +— —
1]
E 01— —
- 0
Clone 14 Clone 49 Clone 80 Clone 85 Clone 110 Clone 111
Semi-verde 0,63 ¢ 0,824 0,83 d 0,65 ¢ 0,37 = 0,53 ke
Madurec 0,77 d 0,794 0,82 4 054 n 04 = 0,59 ke

estado semi-verde e maduro.

Grafico g) Comparacdo do teor em orto-difenois dos 6 azeites '‘Cobrangosa” entre o
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Os flavonoides variaram entre 0,78 = 0,01 (Clone 110) e 1,96 + 0,03 mg

catequina g'1 (Clone 49) no estado semi-verde ¢ entre 0,65 + 0,03 (Clone 110) e 1,7 +

0,13 (Clone 80) para o estado maduro (Tabela 2; Grafico h). Ao comparar o contetido

em flavonoides entre o estado semi-verde e maduro, para todos os Clones, com excecao

do 49, ndo existiram diferencas significativas.

25
" E ’ * = [
:g g L5 = 1 1 -~ s 1
2 8 : ! ~
58 . B
3 v =
= E 05 +—— —— + I |

0

Clone 14 Clone 4¢ Clone 80 Clone 85 Clone 110 Clone 111

Semi-verde 1,45 be 1,86 «f 1,9 «f 1,47 cd 0,78 a 12 b
Maduro 1,65 cde 1,61 cd 1,7 de 1,46 cd 0,65 a 12 b

Grafico h) Comparagdo do teor em flavonoides dos 6 azeites ‘Cobrancosa’ entre o

estado semi-verde e maduro.

Os fenois totais sdo responsaveis por 96,54% da atividade antioxidante enquanto

os orto-difenois e os flavonoides sdo responsaveis por 97,18 e 96,24%, respetivamente.

Verificou-se assim uma correlacdo altamente significativa de todos os pardmetros com a

atividade antioxidante (Figura 2).
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1.12. Perfil fenolico dos Clones de azeitonas

O perfil fenodlico dos Clones de azeitonas da cultivar Cobrancosa foram
analisados por RP-HPLC-DAD.

Os principais compostos identificados compreendem a classe dos dacidos
fenolicos, alcoois fendlicos, flavonoides e secoiridoides. Os diferentes Clones estudados
apresentam um perfil fenolico semelhante, no entanto os compostos fenolicos
identificados apresentam diferentes percentagens de area.

O hidroxitirosol ¢ o 4lcool fendlico presente nas azeitonas que mais
frequentemente ¢ descrito na literatura. Esta presente em todos os Clones e de um modo
geral os seus valores de percentagem de area entre o estado semi-verde e maduro, ndo
apresentam diferencas relevantes. No entanto, o Clone 110 ¢ uma excecdo, uma vez que
apresenta valores mais elevados quando comparado com os restantes clones, tanto no
estado semi-verde como no estado maduro, destacando-se o estado semi-verde com
maior percentagem de area (Tabela 3).

De acordo com Vinhas et al. (2005) o verbascésido é o principal acido
hidroxicinamico presente nos produtos da oliveira. Nas amostras estudadas, este
composto surge com diferentes percentagens de area entre os clones, apresentando
valores de 1,92% para o estado semi-verde no Clone 110 e para o mesmo estado de
maturacdo valores de 35,75% no Clone 14. Globalmente, os valores de percentagem de
area para este composto diminuem com o estado de maturagdo, com excec¢ao do clone

85, no qual se verificou um aumento da percentagem de area do verbascosido.
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Alguns compostos detetados nas amostras estudadas, ndo foram identificados,
uma vez que ndo dispunhamos nem de dados da literatura nem de padrdes que
permitissem a sua identifica¢do inequivoca. Um desses compostos surge com um tempo
de reten¢do de 28,00 min e ¢ apenas detetado no estado maduro e no Clone 14. Contudo
apresenta uma percentagem de darea considerdvel (10,94%) e ¢ um dos maiores
compostos identificados (Tabela 3).

A rutina foi identificada em todos os Clones, mas apenas no estado maduro. No
entanto, de acordo com os resultados de Morelld et al. (2005), este flavonoide esta
presente em todos os estados de maturacao.

A oleuropeina e o ligostrdsido sdo os secoiridoides mais importantes na azeitona
(Morell6 et al., 2005). Em rela¢do ao ligostrosido, este foi identificado em todos os
clones com uma baixa percentagem de area; no entanto, o Clone 110 foi uma excegao,
apresentando uma das percentagens de drea maiores. A oleuropeina ndo foi identificada
neste Clone, estando no entanto presente em todos os outros Clones no estado semi-
verde.

Um outro composto desconhecido foi identificado com um tempo de retengao de

68,65 min com uma elevada percentagem de area, principalmente no Clone 110.

1.13. Perfil fenolico dos azeites

Os diferentes Clones tém um perfil fendlico semelhante entre os dois estados de
maturacdo, uma vez que, os compostos identificados sdo semelhantes assim como as
percentagens de area (Figura 3), com exce¢do do Clone 110. Neste Clone, o flavonoide
luteolina-7-O-glucosido apresenta uma percentagem de area elevada em ambos os

estados de maturagdo, quando comparada com os restantes Clones.
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No entanto, os compostos identificados com tempos de retencdo de 41,43 e
45,70 min neste Clone apresentam valores de percentagem de area mais baixos, em
ambos os estados de maturagao (Tabela 4).

Os compostos com maior percentagem de area foram identificados com tempos
de retencdo elevados. Mais uma vez, este facto ndo permite a sua identifica¢do, uma vez

que ndo sdo comparaveis nem com padroes nem com literatura.

1.14. Analise sensorial dos azeites

Os resultados da avaliagdo organolética mostraram que as diferentes amostras de
azeite da cultivar Cobrangosa — Mirandela em dois estados de maturacdo foram
significativamente diferentes apenas em trés atributos: aroma a erva, flavor a erva e no
sabor amargo.

Verificou-se que as caracteristicas consideradas como defeitos dos azeites
(Regulamento CEE N° 2568/91) como aroma a rango, aroma a vinagre, flavor metalico,
flavor a terra, sensagdo de vinagre e sensacdo metalica estdo presentes a um nivel
minimo.

A andlise de Clusters descreve a formacao de dois grandes grupos, divididos de
acordo com o estado de maturacdo. O grupo 1 engloba os clones numerados do numero
(1 a 6), Clone 14 ao 111 no estado semi-verde, enquanto que o grupo 2 engloba os
Clones numerados de (7 a 12), no Clone 14 a 111 no estado maduro (Figura 4).

A anélise de componentes principais sugere duas componentes principais, que

juntas explicam 88% da variagao total dos atributos sensoriais.
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Os atributos que mais contribuiram para a componente principal 1 foram: aroma
a erva, flavor a erva e a sensagdo metalica (Figura 5). Para a componente principal 2, os
atributos que mais contribuiram foram o sabor amargo e a sensagao picante.

De entre todas as amostras avaliadas, os provadores mostraram preferéncia pelo
Clone 110 no estado maduro. Esta amostra apresenta um valor médio para o sabor
amargo, um aroma a erva elevado e um valor médio para o flavor a erva.

As amostras apresentavam também um amargo caracteristico. Contudo, este
atributo estd de acordo com o observado por Vaz (2011) para os azeites da cultivar

Cobrangosa provenientes da regido de Mirandela.
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Abstract

The olive drupe harvesting date affects the olive oil composition and organoleptic
characteristics. This work aimed to study the alterations found in the chemical composition and
organoleptic profiles of olive oil in two different ripening stages (semi-ripen and ripe stage) on
Cobrangosa olive cultivar. Six different Cobrangosa Clones were used, considering olive drupes
and olive oils. Antioxidant activity, phenolic compounds, ortho-diphenols and flavonoid content
were determined in all samples using both ripening stages. Olive oils were characterized by a
sensorial panel. The phenolic profile was determined using HPLC. The antioxidant activity
revealed to not be statically different between the two ripening stages in five olive drupe and
three olive oil samples. All chemical parameters presented a high correlation with antioxidant
activity. The sensorial parameters that were affected with ripening were herbaceous aroma and

flavor and, bitter taste that increased with the ripening.

Keywords: Olive oil, drupes, ripening stage, chemical composition, sensorial parameters

26



31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

Introduction

Olive tree is mainly grown in the Mediterranean basin representing around 95% of
global area. Spain, Italy, Greece and Portugal are the main producers in the European
Union accounting for 76% of worldwide production. '

In the Tras-os-Montes region, located in the Northeast of Portugal, olive is one of the
most economically important crops.” Mirandela county accounts for the largest olive
tree number (= 950.000) in the region. Cobrangosa cultivar is present in 30% of the
olive groves and it is the second most cultivated. >

Olea europaea L. products, such as olive oil and olives, are very important in the
Mediterranean diet. *

Many epidemiological studies have demonstrated that the Mediterranean population
enjoys a healthy lifestyle with decreased incidence of degenerative diseases. These same
studies focus the importance of olives and olive oil consumption. > ¢ The benefits of
olive products seem to be intrinsically linked to the high monounsaturated fat content
(particularly the abundance of oleic acid in olive oil ranging 56 to 84% of total fatty
acids), and the presence of minor constituents as tocopherols and phenolic compounds.
7,8

Phenolic compounds are secondary metabolites, with a great structural diversity, and an
essential part of human diet being considerably interesting due to their antioxidant

%19 They exhibit a wide range of physiological properties, such as anti-

properties.
allergenic, anti-atherogenic, anti-inflammatory, antimicrobial, antioxidant, anti-
thrombotic, cardioprotective and vasidilatory effects. '°

Olive drupes contain high phenolic compounds concentration (1-3% of the fresh pulp

weight), ' being responsible for important characteristics and properties such as color,

taste and texture.® The most important class of phenolic compounds in olive drupes
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includes phenolic acids, phenolic alcohols, flavonoids and secoiridoids.” The phenolic
alcohols of olives are hydroxytyrosol and tyrosol, and are the most abundant.
Oleuropein and ligstroside are the predominant secoiridoids and verbascoside is a
hydroxycinnamic acid. The flavonoids include flavonol glycosides such as: luteolin-7-
O-glucoside, rutin and apigenin-7-O-glucoside. * ' 1314

Olive oil obtained directly from olive fruit, using only mechanical extraction, can be

consumed without further treatments. > " 2

In olive oil, the major phenolic compounds
identified and quantified belong to five different classes: phenolic acids (especially
derivates of benzoic and cinnamic acids); flavones (luteolin and apigenin), lignans ((+)-
pinoresinol and (+)-acetoxypinoresol), phenyl-ethyl alcohols (hydroxytyrosol and
tyrosol) and secoiridoids (aglycone derivates of oleuropein and ligstroside). '? Olive oil
is a natural product valued for its unique aroma and taste that is directly dependent on

the chemical profile. ' '€

Many factors affect olive oil quality: ripening stage,
environmental conditions, cultural practices, oil extraction method, storage condition,
sanitary stage of olive drupe a and variety considered to be the most important,
influencing olive oil quality and sensory characteristics. >

Phenolic compounds confer a bitter and pungent taste to the olive oil. Phenolic acids
such as a phenol and cinnamic acid are responsible for the bitter sensation, while
secoiridoids confer the peculiar pungency. ’ Although high phenol levels are present in
olive oils, they are responsible for the stability and for a strong fruity flavor, indicating a
high, but not necessarily the most preferred organoleptic quality of the oil. ’

In this context, the aims were to study the alterations found in the chemical composition
of olive drupe and olive oil in two different ripening stages (semi-ripen and ripe stage)

on Cobrangosa olive cultivar. Olive oil samples were evaluated sensorial to understand

the effect that ripening has on its acceptance.

28



81

82

&3

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105
106

Material and Methods

Reagents

Folin-Ciocalteu’s reagent, 2,2-azino-bis(3-ethylbenzothiazoline)-6 sulphonic acid
(ABTS), Trolox, 3,4,5-trihydroxybenzoic acid (gallic acid), 4-hydroxy-3-
methoxybenzoic acid (vanillic acid), p-hydroxybenzoic acid, chlorogenic acid, catechin
from Sigma-Aldrich, formic acid (pro-analysis) and acetonitrile (HPLC gradient grade)

were purchased from Panreac.

Olive drupe and olive oil samples

Six Clones of Cobrangosa olive cultivar maintained in a field collection by the Diregdo
Regional de Agricultura e Pescas do Norte (DRAPN), Ministry of Agriculture,
Mirandela, Portugal, were used.

Olive drupes were collected in two maturity stages: semi-ripen and ripe. The semi-ripen
samples were collected in October (14/10/2011) and the ripe samples were harvested in
November (8/11/2011). The six genetically different ‘Cobrangosa’ Clones ' were
chosen in accordance with previous studies and identified according to yield '* and
antioxidant activity: two identified with high antioxidant activity and yield (Clone 80
and 85); two Clones with high antioxidant activity and low yield (Clone 14 and Clone
49); one Clone with low antioxidant activity and high yield (Clone 111); one Clone with
low antioxidant activity and yield (Clone 110).

The olive oil samples were prepared in the Unidade Nacional de Investigacdo Agraria
(INIAV.LP), Elvas, Portugal.

Three kilos of fresh olive drupes were used for olive oil production, using the Abencor

system.
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Preparation of olive fruit extracts

Olive samples (5 g) were macerated with 50 mL of a mixture of MeOH/H,O (50:50)
and incubated at room temperature for 30 min. After, the supernatant was decanted and
extractions were repeated three times. The liquid phase was filtrated and subsequent
centrifuged at 9.000 rpm for 10 min. To remove the fat phase the mixture was washed
twice with hexane (50 mL) using a separatory funnel and the organic phase was
discarded. Three replicates per sample were performed. Each was introduced into a 200
mL round bottom flask, completing the volume of solution-sign up to capacity with

MeOH/H,0 (50:50).

Preparation of olive oil extracts

For the extraction of polar phenolic compounds, 4 mL of sample was weighed in a test
tube, followed by the addition of 2.5 mL of hexane and 2.5 mL of MeOH/H,0 (80:20)
mixture. The mixture was centrifuged for 10 min and at 60 rpm. The lower phase was
carefully discarded and reserved in a 10 mL volumetric flask. To the remaining mixture,
2.5 mL of hexane and 2.5 mL of MeOH/H,O (80:20) was added and centrifuged for 10
min at 60 rpm. Once more the lower phase was discarded on the same volumetric flask.
This procedure has been repeated three times. For each olive oil sample triplicates were

made.

Antioxidant activity determination

The radical-scavenging activity was determined soon after extraction by the 2,2-azino-
bis(3-ethylbenzothiazoline)-6 sulphonic acid (ABTS) radical cation decolorization
assay. ' % For the assay, ABTS ™ radical was prepared by mixing an ABTS stock

solution (7 mM in water) with 2.45 mM potassium persulfate. This mixture was allowed
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to stand for 12-16 h at room temperature in the dark until reaching a stable oxidative
state. The ABTS " solution was diluted with 20 mM sodium acetate buffer (pH 4.5) to an
absorbance of 0.70+0.01 at 734 nm. The reaction was started by the addition of 25, 50,
100, 150 and 200 pL of the methanolic extract of the olives diluted conveniently to 2
mL of the diluted ABTS " solution. ABTS " bleaching was monitored at 734 nm and 25
°C for at least 30 min and the percentage of discoloration after 15 min was used as the
measure of antioxidant activity. The ABTS ' bleaching was proportional to the
concentration of the sample added to the medium. The antioxidant activity of the extract
was calculated as Trolox Equivalent Antioxidant Capacity (TEAC) and was expressed
as mmoles of Trolox equivalents per kg of sample. All measurements were performed
in triplicate. A standard curve of the percentage of ABTS " inhibition in function of

Trolox concentration (0.11 to 0.014 mM) was used for the calculations.

Total phenolic content

The content of total phenolic compounds in the olive samples was determined using
Folin-Ciocalteu reagent, with gallic acid as standard. This method is based on the
reduction of a phosphowolframate-phosphomolybdate complex by phenolics to blue
reaction products. 1 mL of diluted samples was mixed with 500 pL of Folin-Ciocalteu
reagent, 2 mL of 7.5 % sodium carbonate solution and 6.5 mL of water. The mixture
was shaken and the absorbance of the standards and samples was measured at 750 nm
after 30 min reaction at 70 °C in relation to a gallic acid standard curve. All
measurements were performed in triplicate. The results were expressed as milligrams of

gallic acid equivalents per gram of dry olive (mg GAE g™).
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Ortho-diphenol content

Ortho-diphenols were measured colorimetrically at 370 nm after adding 1 mL 5%
(w/v) sodium molibdate in 50 % ethanol to the aliquots of the extract (4 mL). Gallic
acid served as a standard to prepare a calibration curve in the 5-200 mg range per gram
of solution. 2' All measurements were performed in triplicate.

The ortho-diphenol content was expressed as milligrams of gallic acid equivalents per

gram of dry weight (mg GAE g™).

Flavonoids content

In a test tube 0.5 mL of sample-working solution and 150 pL of NaNO;, 5 % were
introduced. After 5 min, 150 puL of AICI; 10 % were added and 6 min after 1 mL of 1 M
NaOH was added. The mixture was shaken and the absorbance of the standards and
samples was measured at 510 nm in relation to a catechin standard curve. All
measurements were performed in triplicate. The results were expressed as milligrams of

catechin per gram of dry olive (mg catechin g™).

High Performance Liquid Chromatography (HPLC) analysis

RP-HPLC-DAD analysis was performed on a Dionex Ultimate 3000 apparatus (Dionex
Corporation) equipped with a photodiodes detector. The column used was a C-18
Teknocroma 250 c¢m in length X 4 mm in diameter and 5 mm particle (Teknocroma,
Barcelona). The mobile phase A was an aqueous solution of 5 % formic acid (used as
mobile phase to adjust the pH, due to their volatility characteristics and acidifying) and
mobile phase B methanol, both HPLC quality laboratories Panreac. The ultra-pure water
was obtained from a purification system from Milli-Q Millipore brand. The gradient

used was 5 % B, 5 min, gradient to 60 % B in 60 min, 60 % B 5 min, 5 % B, 5 min. The
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photodiodes array detector was operated between 200-600 nm, and TLC was recorded
at 520 nm. The sample volume injected was 50 pL and the flow was 1 mL min™, and

the analysis performed at 35 °C.

Sensory Analysis

The sensory analyses were performed in accordance with the standard ISO 8589:2007
(Portuguesa standard NP 4258:1993).%* Sensory evaluation was performed in a room
with controlled environmental and the material necessary for each task. Twelve olive
oils were evaluated by a trained panel of twelve elements, belonging to the panel of
tasters trained in ECVA-UTAD (DeBA-Enologia). Samples were served at room
temperature, in tasting glasses, coded with a three digit code, with a random order of
presentation. With the samples, were also provided bread and granny smith apple slices
for cleaning the palate. It was carried out a Quantitative Descriptive Analysis (QDA),
using proof sheets with attributes adapted from Regulation (CEE) N° 2568/91. ** We
evaluated the following attributes: fruity aroma, herbaceous aroma, almond aroma,
vinegar aroma, rancid aroma, fruity flavor, herbaceous flavor, almond flavor, metallic
flavor, earthy flavor, sweet taste, green olives sensation, spicy sensation, vinegar
sensation, metallic sensation and bitter taste, with a structural scale ranging from 1 to 6

(ISO 4121:2003). **

Statistics

The four variables antioxidant activity, phenolic compounds, flavonoids and ortho-
diphenols were statistically analysed by ANOVA, and Scheffe’s probability test was
performed using the software program “StatView Version 4.5”. Differences were

considered significant at the 5 % level when Scheffe’s probability test was applied.
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The results of sensory evaluation were submitted to Analysis of Variance (ANOVA),
Duncan Test with 5 % significance to compare averages, Principal Component Analysis
(PCA) and Cluster Analysis (the average Euclidean distance, method UPGMA -
unweighted pair-group average). All analyses were performed using the software

STATISTICA 2010 (StatSoft Inc., 2010).

Results and Discussion

Comparison of antioxidant activity, phenolic compounds, ortho-diphenols and
flavonoids in semi-ripe and ripe stage of olive drupes.

Olive drupes have been used for direct consumption and oil production, for centuries.
One of the major reasons is related to the high amount of polyphenolic compounds
present in olive flesh when compared with the majority of other fruits. *°

In the present work the phenolic modifications and the antioxidant activity in olive
drupes of ‘Cobrangosa’ Clones from different yield production in two different stages of
ripening (semi-ripen and ripe stage) were studied. In Table 1, the results of these
parameters for olive drupe samples are presented.

The results of antioxidant activity in semi-ripen olive drupe samples ranged values
between 56.59 + 4.39 (Clone 110) and 138.87 + 6.81 mmol trolox kg™ (Clone 80) and
for the ripe stage ranged values of 72.14 + 6.33 (Clone 110) to 139.32 + 21.33 mmol
trolox kg'1 (Clone 85). The lowest antioxidant activity values were obtained in the same
Clone, Clone 110, in the two ripening stages; this Clone was characterized in a previous
study as having low yield and low antioxidant activity (personal communication). The

Clones that presented the highest antioxidant values in the two ripening stages were not

34



231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

coincident; however both of them were previously characterized as having high yield
and high antioxidant activity.

There are many reports describing the antioxidant activity of olives, however, these are
not expressed in the same units and different methodologies have been applied. In
accordance to the results presented by Boskou et al. (2006) the antioxidant activity
depends on the cultivar studied. *

Comparing the antioxidant activity for all the six Clones related to semi-ripen and ripe
stage, there are no significant differences (p>0.05) between the two ripening stages of
Clones 14, 49, 80, 110 and 111, being the only exception Clone 85 (p<0.05).

Total phenolic content, was determined by the Folin-Ciocalteu reagent, with gallic acid
as standard (Y= 0.0153x + 0.0813, r*= 0.9982). For semi-ripen and ripe stages the
results ranged from 16.95 £+ 0.82 (Clone 110) to 29.72 + 0.95 mg GAE g'1 (Clone 80)
and from 21.78 + 0.90 (Clone 110) to 33.96 £ 1.79 mg GAE g'1 (Clone 14),
respectively. The phenolic compounds behaved similar to the antioxidant activity, with
Clone 110 presenting the lowest values in both ripening stages. The amount of total
phenolic compounds presented similar results to those obtained in different Iranian
cultivars, 18.41 + 0.308 and 29.97 + 0.361 mg GAE g . %°

Tovar et al. (2002) reported total polyphenol contents in olive cultivar Arbequina (g
caffeic acid kg™ dry weight) between 85.81 + 7.35 in the green stage and 60.35 + 2.83 in
the ripe stage, with a decrease in phenolic compounds between the maturation stages. >
However, in our results the behavior varied with the Clones where: three Clones (14; 85
and; 110) increased their total phenolic compounds, with significant differences
between maturation stages (p<0.05); two Clones (80 and 111) maintained similar levels
of total phenolic compounds (p>0.05) and; one Clone (49) presented a significant

decrease on total phenolic compounds with drupe ripening.
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However, Tovar et al. (2002) obtained non-significant differences between semi-ripen
and ripe stage, considering total phenolic compounds, as was observed for Clones 80
and 111. %

The ortho-diphenols content varied between 13.61 + 1.24 (Clone 110) and 41.65 + 3.68
mg GAE g™ (Clone 49) for the semi-ripen drupes and 15.84 + 0.76 (Clone 110) to 40.76
+ 6.81 mg GAE g (Clone 80) in the ripe stage.

Comparing the levels of ortho-diphenols between both stages, there are two Clones that
are not significantly different (85 and 110); whereas Clones 49 and 111 present a
significant decrease in the levels of ortho-diphenols between maturation stages.
Considering Clones 14 and 80 the amount of ortho-diphenols increased with
maturation. Only Clones 85 and 110 presented similar results with previous reports in
Arbequina olive cultivar (Tovar et al., 2002) with non-significant differences between
maturation stages. 2

The flavonoid content in the semi-ripen drupe samples was between 5.08 + 0.46 (Clone
110) and 21.56 + 1.58 mg catechin g'1 (Clone 49) and in the ripe stage the values varied
between 7.24 + 0.78 (Clone 110) and 26.15 + 1.47 mg catechin g (Clone 14).
Flavonoid profiles behaved similar to the phenolic compounds; being the exception
Clone 111 that presented a significant decrease with maturation.

The coefficient of determination between total antioxidant activity and total phenolic
compounds is R?=0.7667, suggesting that 87.56 % of the ‘Cobrangosa’ drupe
antioxidant activity results from the contribution of phenolic compounds. The ortho-
diphenols and the flavonoids are responsible for 86.83 % (R’=0.754) and 82.34 %

(R*=0.6781) of antioxidant activity, respectively (Fig. 1).
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Comparison of antioxidant activity, phenolic compounds, ortho-diphenols and
flavonoids in semi-ripen and ripe stage of olive oil.

Many of the benefitial effect of olive oil is attributed to the phenolic compounds, which
have a great effect on the stability, sensory and nutritional characteristics and are
present in olive oils in a considerable amount. *°

The olive drupe harvesting date is very important once it interferes in the composition,
color and organoleptic characteristics of olive oil. When the harvesting date is
anticipated some advantages may be found in comparison to late harvest, such as olive
tree has shorter fructification period allowing more time to recover its vegetative state;
olive oils are fruitier, with lower acidity and less fruit lost due to over-ripening. 27

The results for antioxidant activity, phenolic compounds, ortho-diphenols and
flavonoids for olive oils are presented in Table 2 and report the different ripening stages
and Clones used.

The antioxidant activity values obtained in these samples ranged from 3.01 £+ 0.12
(Clone 110) to 7.49 + 0.26 mmols trolox kg” (Clone 49) in the semi-ripen stage, and
2.67 + 0.15 (Clone 110) to 6.54 + 0.56 mmols trolox kg (Clones 80) in the ripe stage.
All our olive oil samples presented higher antioxidant activity values than those
obtained in two Tunisian cultivars, which ranged between 0.61 = 0.09 and 2.42 + 0.12
mmol trolox kg'. ¢ These can be related to the cultivar used revealing that Cobrangosa
may be considered an interesting cultivar to be used in olive oil in order to increase
antioxidant activity, and therefore stability, flavor and color.

Between semi-ripen and ripe stage there are no significant differences (p>0.05) in three
Cobrancosa Clones (80, 110 and 111), presenting the exact behavior that was found in

the respective olive drupe samples. In these cases there seems to be no negative effect in
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harvesting the olive drupes earlier, therefore avoiding both fruit loss and possible
fungus infections related to late harvesting. **

Overall, total phenolic compounds ranged values between 0.39 + 0.01 and 1.72 + 0.02
mg GAE g”'. The results obtained in the olive oil samples are higher than those obtained
by Nabki et al. (2010) in two cultivars: Chétoui (0.395 mg GAE g') and Chemlati
(0.158 mg GAE g™). ¢

The amount of polyphenols in olive oil samples decreased significantly between the
semi-ripen and the ripen stage in all the Clones with the exception of Clone 14 that
maintained similar levels (p>0.05). The results of phenolic compounds ranged values
between 0.74 + 0.01 (Clone 110) and 1.72 + 0.02 (Clone 49) and, 0.39 + 0.01 (Clone
110) to 1.46 + 0.10 mg GAE g'(Clone 80) for semi-ripen and ripe stage, respectively.
In relation to ortho-diphenol content obtained ranged values between 0.37 + 0.008
(Clone 110) to 0.83 £ 0.02 (Clone 80) for semi-ripen stage and 0.40 + 0.02 (Clone 110)
to 0.82 + 0.05 (Clone 80) for ripe stage. The ortho-diphenol content in the Clones
presented different behaviors. Four Clones (49, 80, 110 and 111) were non-significant
different considering the maturation stages; and two Clones (85 and 14) presented
significant differences among the stages. However, Clones 85 and 14 presented opposite
behaviors, Clone 14 an increase of ortho-diphenols content was observed with the
maturation stage; whereas Clone 85 presented a decrease. The ortho-diphenol content
obtained in the Cobrangosa olive oil samples are higher when compared with the values
obtained for cultivars Chétoui (0.1334 mg GAE g) and Chemlati (0.05319 mg GAE g
1) 6

The flavonoids contents are not significant between both stages for all the Clones, with

the exception of Clone 49. The values ranged 0.78 + 0.01 (Clone 110) to 1.96 + 0.03 mg
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catechin g™ (Clone 49) for semi-ripen stage and, 0.65 + 0.03 (Clone 110) to 1.7 + 0.13
(Clone 80) mg catechin g™ for the ripe stage.

When comparing with the results obtained in the olive drupe samples, as expected, olive
oil produced from Clone 110 presented the lowest values for all the parameters. The
highest values were observed in the olive oils from Clones 49 and 80, independently of
the ripening stage.

The coefficient of determination between total antioxidant activity and total phenolic
compounds in olive oil samples is R*=0.932, these results suggest that 96.54 % of the
antioxidant activity of ‘Cobrangosa’ olive oil results from the contribution of phenolic
compounds ortho-diphenols and flavonoids are responsible for 97.18 % (R*=0.9445)

and 96.24 % (R*=0.9263) of antioxidant activity, respectively (Fig. 2).

Phenolic profile of olive drupe Clones

The phenolic profiles of the olive drupes were analyzed by RP-HPLC-DAD. Three
identification strategies were used for polyphenolic profile characterization in the
‘Cobrangosa’ olive Clones.

When reference compounds were available as standards, the presence or absence of a
particular polyphenolic compound was assessed by comparison of the retention time
and UV-vis spectra. Secondly, when reference compounds were not available,
confirmation was performed by examining the UV-vis spectra in comparison with the
retention time and UV-vis spectra available in the literature.** > Thirdly, major peaks in
the chromatograms that were not identified by either of the other screening processes
were classified according to the UV—vis spectra.

In table 3 are presented the main compounds identified in ‘Cobrangosa’ olive drupe that

comprehend phenolic acids, phenolic alcohols, flavonoids and secoiridoids.
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The different Clones studied presented a similar phenolic profile, however the identified
compounds presented different area percentages.

Some phenolic alcohols, as hydroxytyrosol, are present in all the Clones with similar
percentage area values not differing among semi-ripen and ripe stage. Clone 110 is an
exception, once it presents higher values when compared with the other Clones; it also
presents higher percentage area in semi-ripen stage when compared with the ripe stage.
According to Vinhas et al. (2005) verbascoside is the main hydroxycinamic acid olive
drupe derivate. ° In the present work, the Clones analyzed presented different values of
percentage area, ranging between 1.92 % for Clone 110 in semi-ripen stage to 35.75 %
in Clone 14 in the same ripening stage. Overall the value of percentage area decreased
with the ripening stage, but in Clone 85 there is an increase of verbascoside.

Some compounds detected in the studied samples have not been identified once their
retention time and the UV-vis spectra are not in accordance neither with the literature
nor with the standard samples. One of these compounds, with a retention time of 28.00
min is only detected in the ripe stage of Clone 14, and presents a considerable
percentage of area (10.94 %) being one of the major compounds identified in this
Clone.

Rutin has been identified in all the Clones, but only in the ripe stage. However, in
accordance to the results obtained by Morelld et al (2005), this flavonoid has been
described as being present in all the maturation stages. *' Oleuropein and ligstroside are
the most important secoiridoids in olive fruit pulp. *'

In relation to ligstroside, it is identified in all the Clones in a low percentage of area,
being Clone 110, once again, an exception, once its percentage is one of the highest for

this Clone. Another interesting behavior of this Clone is related to the oleuropein
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content that was absent in the olive drupes, although it was identified in all the other
Clones studied in the semi-ripening stage.

Another unknown compound, with a retention time of 68.65 min, is present with a
significant higher percentage of area in Clone 110 when compared with the other

Clones.

Phenolic profile of olive oil Clones

The olive oil samples’ phenolic profiles considering the different Clones in semi-ripen
and ripe stage are presented in table 4.

The different Clones have a similar phenolic profile between both ripening stages once
the phenolic compounds identified are similar, as are the relative areas with the
exception of Clone 110. In this Clone the flavonoid luteolin-7-O-glucoside is higher
when compared with the other Clones; nevertheless the compounds identified with
retention times of 41.43 and 45.70 min in this Clone presented lower values for
percentage of areas in both ripening stages.

The compounds with the major percentage of area are identified with the higher values
of retention times. This fact doesn’t allow their identification, once they aren’t

comparable neither with available standards nor with literature.

Organoleptical evaluation of olive oils

The results obtained showed that the different olive oil samples, from -cultivar
Cobrangosa from the Mirandela region, in two stages of ripening are significantly
different (p<0.05, Table 5), organoleptically, in the organoleptic parameters as

herbaceous aroma, herbaceous flavor and bitter taste.
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Analyzing table 5, it appears that, the negative characteristics of monovarietal olive oils
(rancid aroma, vinegar aroma, metallic flavor, earthy flavor, vinegar sensation and
metallic sensation) described in Regulation (CEE) N° 2568/91 were found in our
samples at a minimal level. >

With Cluster analysis, figure 4, it was possible to observe the formation of two major
groups divided by their maturation stage: group 1 (Clones 14 to 111 - olive oil samples
in a complete mature stage), and group 2 (Clones 14 to 111- olive oil samples in semi-
ripe stage of maturation).

The PCA showed two interpretable components, explaining together 88 % of the total
variation in sensory attributes. The attributes that most contribute for principal
component 1 were: herbaceous aroma, herbaceous flavor and metallic sensation. For
principal component 2 were: bitter taste and spicy sensation (Fig. 5).

Among all the olive oil samples evaluated, Clone 110 in ripe stage was the preferred by
the tasters. This sample has a medium value for bitter taste, high medium value for
herbaceous aroma, and a low medium value for herbaceous flavor. In accordance with

Vaz (2011) the olive oils from Mirandela region have a bitterness characteristic

. .. . . . 3
sensation, what is in agreement with our olive oil samples.

Conclusions

Overall the antioxidant activity, phenolic compounds, flavonoids and ortho-diphenol
contents of the olive drupes and olive oil samples of Cobrangosa Clones were different.
Although they presented a similar chemical profile using HPLC, the areas of the
identified compounds were different.

The ripening stage does not affect overall the chemical composition of the olive drupes

studied. However, the olive oils behave in a mixed way considering these parameters
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and the sensorial effect that the olive oils produced in the tasters. Overall the antioxidant
activity, phenolic content, ortho-diphenols and flavonoids decrease with the ripening in
olive oil samples, producing an higher herbaceous flavor and aroma, and bitter taste.
Therefore, in general the fact that olive growers harvest their drupes earlier does not
seem to affect the quality and acceptance of the olive oils. Thus, early harvesting can
avoid some olive drupe fungal infection, which can appear with the first rainfall,
affecting both olive oil yield and quality.

Considering the results obtained in this work and in a previous work the selection of
Cobrangosa Clones 80 and 85 is advisable once these two Clones presented the most
interesting features considering: high antioxidant activity values and high yield,

independently of maturation stage.
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Table 1. Comparison between antioxidant activity, phenolic compounds, ortho-diphenols and flavonoids

443 content (dry weight) of six Clones olive fruits of Cobrangosa cultivar in two ripening stages.
Cobrangosa Picking Antioxidant activity Phenolic Ortho- Flavonoids (mg
Date Water content (mmoles trolox kg™) Compounds diphenols catechin g™)
Olive fruits (%) (mg GAE g™ (mg GAE g™)
Clone 14 14/10/11 50.60 103.5+7.95™ 22.30+1.15° 32.51+0.71¢ 13.92+0.13¢
08/11/11 49.49 119.89+3.54%% 33.96+1.79¢ 40.02+0.60° 26.15+1.47"
Clone 49 14/10/11 52.45 126.05£21.19¢f 28.78+2.04% 41.65+3.68¢ 21.56+1.58¢
08/11/11 53.50 120.7012.74% 25.5142.55¢ 32.31+1.51° 18.52+1.69%
Clone 80 14/10/11 54.60 138.87+6.81¢ 29.72+0.95¢ 33.4942.58° 19.27+0.61¢
08/11/11 55.00 130.57+0.84° 30.32+1.02° 40.76+3.06¢ 17.96+0.27%
Clone 85 14/10/11 52.30 119.78+6.81°% 29.4442.39¢ 33.6243.20 ¢ 16.704+2.4¢
08/11/11 57.70 139.32+21.33f 32.68+0.67% 33.83£1.75° 20.71+0.73%
Clone 110 14/10/11  46.60 56.59+4.39" 16.95+0.82° 13.6141.24° 5.08940.46 *
08/11/11 63.00 72.14+6.33% 21.78 £0.90° 15.84+0.76° 7.24+0.78
Clone 111 14/10/11 54.82 103.96+3.36¢ 26.80+3.21%¢ 34.15+4.47¢ 20.88+0.32
00/11/11 54.40 99.89+1.47° 25.57+0.81¢ 26.77+0.31° 17.12+2.42¢
445 Means + SD of each variety followed by the same letter do not differ significantly by P = 0.05
446 Table 2. Comparison between antioxidant activity, phenolic Compounds, ortho-diphenols and flavonoids
447 of six Clones olive oils of Cobrangosa cultivar in two ripening stages.
Cobrangosa Picking Antioxidant Phenolic Ortho-diphenols Flavonoids (mg
Date activity (mmoles Compounds (mg GAE g™ catechin g™)
Olive oil trolox kg™) (mg GAE g™)
Clone 14 14/10/11 5.19£0.07° 1.33+0.04° 0.630.01 ¢ 1.45+0.06 ™
08/11/11 5.89+0.29% 1.41+0.08°F 0.77+0.02 ¢ 1.65+0.08°
Clone 49 14/10/11 7.49+0.26" 1.72 £0.028 0.82+0.02¢ 1.96£0.03¢
08/11/11 6.37+0.458 1.41 +£0.07 °f 0.7940.02¢ 1.61£0.03%¢
Clone 80 14/10/11 6.5240.241 1.700.008 & 0.83+0.02 ¢ 1.94£0.05 °
08/11/11 6.5440.56" 1.46+0.107° 0.8240.05¢ 1.7+0.13%
Clone 85 14/10/11 5.56:+0.35" 1.39+0.07 0.65+0.08 © 1.47+0.19 <
08/11/11 4.38+0.46 0.9440.08° 0.5440.04 ° 1.46+0.52°¢
Clone 110 14/10/11 3.0120.12° 0.74+0.01 0.370.008" 0.78+0.01 ®
08/11/11 2.67+0.15 0.39 £0.03? 0.40+0.02 2 0.65+0.03°
Clone 111 14/10/11 4.630.70 1.1120.14¢ 0.53 £0.09° 1.20+£0.19°
08/11/11 4.4940.07° 0.9740.02° 0.59+0.007% 1.20+0.008 °
448 Means + SD of each variety followed by the same letter do not differ significantly by P = 0.05
449
450
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451 Table 3. Peak Areas of Olive drupes Clones of cultivar Cobrangosa in two ripening stages

452
Clone 14 Clone 49 Clone 80 Clone 85 Clone 110  Clone 111
Peak n° Retention Compounds Picking Date
Time (min)
% area % area % area % area % area % area
1 6.72+0.10 Unknown 14-10-2011 3.30 4.56 - - - 4.93
08-11-2011 2.62 - - - -
2 7.71+£0.10 Hydroxytyrosol 14-10-2011 1.73 2.26 3.76 2.74 7.80 232
08-11-2011 1.61 1.09 3.99 2.10 4.09 2.06
3 14.06 £0.12 Tyrosol 14-10-2011 0.669 1.19 2.00 1.33 1.31 1.24
08-11-2011 0.938 1.09 1.92 1.47 2.46 1.17
4 16.54+0.14 Vanillic Acid 14-10-2011 - 0.56 - - 1.07 -
08-11-2011 0.35 0.64 - - - -
5 25.942 +£0.08 B-OH-acetoside 14-10-2011 5.81 - 4.07 0.55 - 4.55
diastereoisomer
08-11-2011 3.66 - - - - 4.96
6 26.337 £0.11 B-OH-acetoside 14-10-2011 4.35 5.50 4.72 5.35 - 4.64
diastereoisomer
08-11-2011 2.74 6.75 4.73 491 - 4.61
7 27.73 £0.10 Verbascoside 14-10-2011 35.75 31.22 23.68 11.32 1.92 24.41
08-11-2011 20.77 26.77 19.52 17.78 - 20.73
8 28.00 Unknown 14-10-2011 - - - - - -
08-11-2011 10.94 - - - - -
9 29.66 +£0.17 Isoverbascoside 14-10-2011 2.815 4.11 4.23 3.58 591 2.87
08-11-2011 1.731 4.75 2.75 391 5.96 2.23
10 30.62+0.17 Luteolin-7-0 - 14-10-2011 6.81 7.38 6.95 5.57 6.49 5.72
glucoside
08-11-2011 4.182 7.53 4,16 5.60 6.94 3.59
11 31.15+0.20 3,4 - DHPEA-EDA 14-10-2011 11.46 11.00 14.00 7.29 8.09 9.99
08-11-2011 5.97 31.38 2475 1.80 - 3.349
12 31.70 £ 0.04 Rutina 14-10-2011 - - - - - -
08-11-2011 12.29 11.38 12.62 15.82 12.53 12.86
13 33.7+0.18 Apigenin -7 - O - 14-10-2011 6.97 7.71 10.10 9.54 8.43 8.75
glicoside
08-11-2011 3.46 3.37 2.16 3.958 2.13 441
14 3431+0.15 Oleuropein aglycone 14-10-2011 1.27 - - 1.82 - -
derivate
08-11-2011 - 247 - 1.73 - -
15 34.68 £ 0.08 Oleuropein aglycone 14-10-2011 1.49 1.01 2.00 1.11 - -
derivate
08-11-2011 1.14 2.40 1.36 1.94 2.83 0.82
16 35.57+0.14 Oleuropein 14-10-2011 2.15 2.236 1.322 2.153 - 1.72
08-11-2011 1.453 - - 1.47 0.87
17 38.205+£0.12 Ligstroside 14-10-2011 1.09 1.42 2.00 1.52 11.82 1.42
08-11-2011 0.51 2.465 1.23 2.79 7.18 2.46
18 68.65+0.21 Unknown 14-10-2011 11.35 12.505 13.44 14.98 26.749 12.595
08-11-2011 8.47 19.17 14.94 22.42 43.88 14.27
453
454
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455 Table 4. Peak areas of Olive oils Clones of cultivar Cobrangosa in two ripening stages

456
Peackn® Retention Compound Picking Date Clone14 Clone49  Clone80  Clone 85 Clone 110  Clone 111
Time (min)
% area % area % area % area % area % area
1| 7.83+£0.01 Hydroxytyrosol 14-10-2011 1.32 1.33 1.05 0.83 1.27 1.17
08-11-2011 0.92 0.97 0.84 0.93 - 0.37
2 | 11.50+0.01 Unknown 14-10-2011 1.47 1.00 0.94 1.44 2.19 1.13
08-11-2011 0.57 0.57 0.25 1.07 1.17 1.31
3| 13.16+£0.06 Tyrosol 14-10-2011 0.57 0.47 - 0.72 0.80 0.59
08-11-2011 0.35 0.32 1.77 2.39 0.78 0.51
4 | 15.18+0.02 5 - chlorogenic acid 14-10-2011 1.10 1.03 2.20 2.10 - 3.53
08-11-2011 235 2.15 2.10 2.77 5.36 3.00
5| 30.52+0.02 Luteolin - 7 - O - glucoside 14-10-2011 10.8 12.4 9.97 15.0 24.1 10.0
08-11-2011 8.96 12.0 15.0 10.4 46.6 18.3
6 | 31.54+0.03 3,4 - DHPEA-EDA 14-10-2011 12.3 9.39 12.54 1.70 4.13 17.9
08-11-2011 9.06 7.28 7.24 12.1 - 1.35
7 | 32.24 Unknown 14-10-2011 - - 3.41 - - -
08-11-2011 - - - - - -
8| 3323 Apigenine -7- O -glucoside 14-10-2011 - - - - - -
08-11-2011 - - - - 231 -
9 | 35.25+0.03 Oleuropein 14-10-2011 3.84 4.16 - 5.03 6.70 3.26
08-11-2011 3.09 3.48 5.03 4.12 5.02 5.82
10 | 36.63 +£0.05 Unknown 14-10-2011 9.05 4.88 6.50 0.61 0.80 9.22
08-11-2011 4.76 3.87 0.61 7.03 - 0.51
11 | 39.97+0,011 Ligstroside 14-10-2011 0.98 0.84 0.95 - - 2.01
08-11-2011 2.88 2.29 - 1.07 - -
12 | 41.43+0.03 Unknown 14-10-2011 36.5 43.0 38.0 51.6 28.46 29.07
08-11-2011 452 46.5 51.6 339 9.028 43.65
13 | 45,70 £0,03 Unknown 14-10-2011 9.79 11.4 10.5 10.8 2.67 6.19
08-11-2011 11.08 10.7 10.8 11.5 0.66 9.39
14 | 68.19+0.02 Unknown 14-10-2011 11.4 7.96 8.68 7.69 22.19 13.01
08-11-2011 9.51 8.75 7.69 11.7 23.32 12.21
15 | 71.36 £0.05 Unknown 14-10-2011 - - 3.08 - 4.468 1.23
08-11-2011 - - - - - -
457
458
459
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462

463  Table 5. Sensory attributes (average) found in olive oil samples evaluated sensorially.

Olive oil Clones

Attributes 14/10/2011 08/11/2011
14 49 80 85 110 111 14 49 80 85 110 111
Fruity aroma 2.7 2.8° 2.7 2.6° 3.2° 3.0° | 25* 2.6° 2.7° 2.5° 2.6 3.2°
Herbaceous aroma  2.3*"  2.0° 2.6 29 33" 31°| 64° 63% 53°¢ 58 51°  49°
Almond aroma 1.7% 1.8° 1.7% 1.7% 1.7% 1.8 1.7 1.8 1.8% 1.8% 1.9% 2.1%
Vinagar aroma 1.5° 1.4° 1.3°% 1.4° 1.3° 1.4*| 1.5* 14° 1.3° 1.3° 1.6° 1.5°
Rancid aroma 1.5% 1.5% 1.3% 1.2% 1.4° 1.3* ] 1.3* 1.3* 1.3% 1.2% 1.3% 1.2%
Fruity flavor 2.4° 2.1° 2.3° 2.4° 2.7° 250 2.5 2.8 2.1° 2,10 27 250
Herbaceous flavor ~ 3.8*"  3.5a  4.7°%¢  50%¢  42v0¢ 4720 56°  55° 470 530 3 gab 4 gabe
Almond flavor 2.6" 2.1% 2.1% 2.2% 2.2° 23% | 23* 237 2.3° 2.3° 2.2% 2.3°
Metalic flavor 2.0° 2.1° 1.5° 2.0° 2.3° 22% | 24 247 2.2° 2.2° 2.1° 2.4°
Earthy Flavor 1.3 1.3°% 1.3 1.3°% 1.3° 1.3* | 1.3* 1.3° 1.4° 1.3° 1.4° 1.3°
Sweet taste 1.4° 1.3°% 1.3°% 1.3 1.6° 1.3* | 1.3* 1.3° 1.3° 1.3° 1.6° 1.4°
Bitter taste 470 5200 45b 4000 410 48P 58 5200 504 530 38 45°
Spicy sensation 3.6° 4.1° 3.8° 4.4° 3.7 33| 3.6° 33"  33° 3.8 3.1 3.6°
Vinegar sensation 1.8" L7 1.8" 2.0° 1.6 L7 19" 1.8 1.6 L7t 1.6° 1.6
Metallic sensation 2.0° 1.9% 1,6 2.3% 1.8° 2.1% 23* 2.8 23 24 22 24
Green olives 3.6" 3.3% 3.8" 3.6" 3.3% 34*| 33" 3.8" 3.2% 3.1% 3.0° 3.3%
sensation
464
igg Means followed by the same letter in the same column do not differ significantly by Duncan test (P <0.05).
467
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Figure 3. Polyphenolic chromatographic profiles (280 nm) of the Cobrancosa olive oils in two ripening
stages. A) semi-ripen B) Ripe stage

1- Hydroxytyrosol; 2 Unknown -; 3- Tyrosol; 5-Luteolin-7-O-glucoside; 6-3,4-DHPEA-EDA; 9-
Oleuropein; 10; 12; 13; 14 e 15-Unknown
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Capitulo 111 — Conclusdes e perspetivas para
trabalho futuro




Capitulo III — Conclusées e Perspetivas para Trabalho Futuro

3.1. Conclusoes

Globalmente a atividade antioxidante, o teor em fenois totais, flavonoides e orfo-
difenois dos Clones de azeitonas e respetivos azeites da cultivar Cobrangosa sao
diferentes. No entanto, e pela andlise por HPLC, apresentam um perfil fenolico
semelhante mas a percentagem de area calculada para cada composto identificado ¢
diferente.

De um modo geral, o estado de maturagdo, nao afeta a composi¢ao quimica dos
Clones de azeitona estudados. No entanto, no caso dos azeites ¢ considerando os
parametros estudados e as caracteristicas sensoriais que as amostras provocaram nos
provadores, os Clones analisados comportaram-se de uma forma diferente, uma vez que
em alguns Clones o estado de maturagdo afetou significativamente as modificacdes na
composi¢ao fenolica, mas em outros Clones o estado de maturagdo ndo foi significativo.

Os resultados para a atividade antioxidante, teor em fendis totais, flavonoides e
orto-difendis nos azeites, de um modo geral diminuiram com o estado de maturagao.
Sensorialmente com o avangar da data de colheita, as amostras apresentavam um aroma
e flavor a erva e um sabor amargo mais intenso.

Desta forma, os olivicultores podem colher mais cedo as azeitonas, pois parece
nao haver um efeito negativo, principalmente na qualidade e na propria aceitagdo dos
azeites. Assim, uma colheita antecipada pode prevenir alguma infe¢des caracteristicas
das azeitonas, que estdo propicias a aparecer com as primeiras chuvas e que afetam o

rendimento de producgdo e a qualidade futura do azeite.
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Capitulo III — Conclusées e Perspetivas para Trabalho Futuro

Os resultados obtidos neste trabalho e em estudos anteriores mostraram que a
sele¢ao dos Clones 80 e 85 ¢ aconselhdvel para os olivicultores uma vez que estes dois
Clones apresentam caracteristicas interessantes como: alto rendimento de producao e

alta atividade antioxidante, independentemente do estado de maturagao.

3.2.  Perspetivas para trabalho futuro

O nordeste transmontano ¢ uma regido onde por tradicdo os azeites tém
excelentes caracteristicas de qualidade. Como trabalho futuro seria interessante apostar
no estudo da composicao fendlica entre diferentes estados de maturagdo de outras
variedades transmontanas como: Madural, Cordovil e Verdeal Transmontana, visto que,
o perfil fendlico esta diretamente relacionado com as propriedades organoléticas do
azeite e que sao fator decisivo na sua aceitacao por parte do consumidor. Além disso a
caracterizacdo, quer no fruto, quer no azeite, em termos de composi¢do fenodlica ¢
importante, pelas suas propriedades benéficas para a satde.

Para o olivicultor do ponto de vista produtivo ¢ mais importante valorizar
essencialmente os Clones de azeitonas identificadas com alto rendimento de producao e
que também apresentam alta atividade antioxidante. Em trabalhos futuros seria

importante relacionar estes dois parametros em outros Clones, para que futuramente seja

possivel caracterizd-los e compara-los entre estados de maturagao.
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