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ABSTRACT 

  

 The clonal selection process is an important tool to varietal improvement, which uses 

the intra-varietal genetic variability existing in ancient varieties, to select the best genotypes 

with certain quantitative characteristics of interest.  

 The Tinta Roriz variety (syn. Aragonez, Tempranillo), has been improved through the 

process of clonal selection in several countries, such as Spain and Portugal. The overall 

objective of this Doctoral Thesis is to contribute to the 'Tinta Roriz' clonal selection process 

currently in progress. To achieve that, the performance of 30 'Tempranillo' grape clones was 

evaluated in two distinct sub-regions of Douro Demarcated Region (DDR), namely Baixo 

Corgo (Cavernelho field) and Cima Corgo (São Luiz field), during two consecutive years, in 

respect to the oenological potential parameters, phytochemical content and antiradical activity 

by conventional methods. After these two years, microvinifications were performed for a set of 

ten 'Tempranillo' grape clones highlighted and for a set of twenty remaining 'Tempranillo' grape 

clones in each field. The wines were evaluated in terms of oenological parameters, 

phytochemical content, antiradical activity and sensory features. Moreover, for the set of ten 

grape clones, the oenological potential parameters, phytochemical content and antiradical 

activity were also assessed by conventional methods, and by HPLC-DAD-ESI-MSn, in the case 

of anthocyanins. Finally, the ability of Attenuated Total Reflectance – Mid-Infrared (ATR-

MIR) spectroscopy combined with multivariate analysis was evaluated, in order to discriminate 

the origin and harvest year of 'Tempranillo' grape clones and to predict oenological parameters, 

namely, soluble solids, pH and titratable acidity. 

 The analysis of the 30 'Tempranillo' grape clones showed significant differences 

between them in both fields, in respect to oenological parameters, phytochemical content and 

antiradical activity. Besides that, a set of ten grape clones (RZ02, RZ09, RZ10, RZ13, RZ15, 

RZ23, RZ24, RZ25, RZ26 and RZ28) was identified, displaying behavioral stability associated 

with appropriate values of soluble solids, titratable acidity, and phytochemical content. The 

wines made with ten grape clones displayed significantly higher concentrations of tannins, total 

phenols, flavonoids, ortho-diphenols, total anthocyanins and antiradical activity by ABTS, than 

the wines made with twenty grape clones in each field. However, no significant differences 

were observed between the two wines for any of the descriptors used in the sensory analysis. 

The analysis of the ten grape clones showed significant differences for all the parameters in São 

Luiz field, while in Cavernelho field, no significant differences were found between grape 
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clones for pH, titratable acidity and total anthocyanins parameters. For the same grape clone 

grown in different fields, significant differences were observed in most of the parameters, 

except for the soluble solids, pH and total anthocyanins. ATR-MIR combined with Partial Least 

Squares Discriminant Analysis (PLS-DA), using the normalized spectra of grape homogenates 

allowed an overall percentage of correct classifications of samples of 99.6 and 98.3 % in 

validation, according to origin and to harvest year, respectively. Moreover, through the 

normalized plus 1st Derivative spectra of grape skins, it was observed an overall percentage of 

correct classifications of samples of 96.7 and 90.0 %, in validation according to origin and to 

harvest year, respectively. Quantitative models developed by Partial Least Squares (PLS) 

regression allowed to predict the oenological parameters contents, being the best performance 

observed for the use of the normalized spectra, with calibration and validation determination 

coefficients (R2) of 0.92 and 0.90 for soluble solids, 0.90 and 0.84 for pH, 0.88 and 0.84 for 

titratable acidity, respectively.  

 

Keywords: Clonal selection, Tempranillo, grape, wine, Douro Demarcated Region, 

Environmental conditions, Oenological parameters, Phytochemical content, Sensory analysis, 

ATR-MIR spectroscopy, Geographical origin. 
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RESUMO 

 

 O processo de seleção clonal é uma ferramenta importante para o melhoramento 

varietal, o qual utiliza a variabilidade genética intra-varietal existente em variedades antigas, 

para selecionar os melhores genótipos com determinadas características quantitativas de 

interesse. 

 A variedade Tinta Roriz (sin. Aragonez, Tempranillo) tem sido melhorada através do 

processo de seleção clonal em vários países, como Espanha e Portugal. O objetivo geral desta 

tese de doutoramento é contribuir para o processo de seleção clonal de 'Tinta Roriz' atualmente 

em decurso. Para atingir este objetivo, foi avaliado o desempenho de 30 clones de uvas 

'Tempranillo' em duas sub-regiões distintas da Região Demarcada do Douro (DDR), 

nomeadamente Baixo Corgo (campo do Cavernelho) e Cima Corgo (campo de São Luiz), 

durante dois anos consecutivos, em relação aos parâmetros de potencial enológico, conteúdo 

fitoquímico e atividade anti-radicalar por métodos convencionais. Após esses dois anos, foram 

realizadas microvinificações para o conjunto de dez clones de uvas 'Tempranillo' que se 

destacaram e para o conjunto dos restantes vinte clones de uvas 'Tempranillo' em cada campo. 

Os vinhos foram avaliados em termos de parâmetros enológicos, conteúdo fitoquímico, 

atividade anti-radicalar e características sensoriais. Além disso, para o conjunto de dez clones 

de uva, os parâmetros de potencial enológico, conteúdo fitoquímico e atividade anti-radicalar 

também foram avaliados por métodos convencionais, e por HPLC-DAD- ESI-MSn, no caso das 

antocianinas. Finalmente, foi avaliada a capacidade da espectroscopia no infravermelho médio 

usando o acessório de refletância total atenuada (ATR-MIR) em combinação com análise 

multivariada, para discriminar a origem e o ano de colheita dos clones de uva 'Tempranillo' e 

prever os conteúdos dos parâmetros enológicos, nomeadamente o conteúdo em sólidos solúveis, 

pH e acidez titulável.  

 A análise dos 30 clones de uva 'Tempranillo' mostrou diferenças significativas entre eles 

nos dois campos, em relação aos parâmetros enológicos, conteúdo fitoquímico e atividade anti-

radicalar. Além disso, foi identificado um conjunto de dez clones de uva (RZ02, RZ09, RZ10, 

RZ13, RZ15, RZ23, RZ24, RZ25, RZ26 e RZ28), apresentando estabilidade comportamental 

associada a valores adequados de sólidos solúveis, acidez titulável e conteúdo fitoquímico. Os 

vinhos produzidos com os dez clones de uvas apresentaram concentrações significativamente 

maiores de taninos, fenóis totais, flavonóides, orto-difenóis, antocianinas totais e atividade anti-

radicalar pelo método de ABTS, do que os vinhos produzidos com os vinte clones de uvas em 
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cada campo. No entanto, não foram observadas diferenças significativas entre os dois vinhos 

para nenhum dos descritores utilizados na análise sensorial. A análise dos dez clones de uva 

mostrou diferenças significativas para todos os parâmetros no campo de São Luiz, enquanto no 

campo de Cavernelho não foram encontradas diferenças significativas entre os clones de uva 

para os parâmetros pH, acidez titulável e antocianinas totais. Para o mesmo clone de uva 

cultivado em diferentes campos, foram observadas diferenças significativas na maioria dos 

parâmetros, com exceção dos sólidos solúveis, pH e antocianinas totais. O ATR-MIR 

combinado com a análise discriminante por mínimos quadrados parciais (PLS-DA), utilizando 

os espectros normalizados de homogeneizados de uvas, permitiu uma percentagem geral de 

classificações corretas das amostras de 99,6 e 98,3% na validação, de acordo com a origem e o 

ano de colheita, respetivamente. Além disso, através dos espectros normalizados mais 1ª 

Derivada das películas de uvas, foi observada uma percentagem geral de classificações corretas 

das amostras de 96,7 e 90,0%, na validação, de acordo com a origem e o ano de colheita, 

respetivamente. Modelos quantitativos desenvolvidos pela regressão por mínimos quadrados 

parciais (PLS) permitiram prever o conteúdo dos parâmetros enológicos, sendo o melhor 

desempenho observado pela utilização dos espectros normalizados, com coeficientes de 

determinação de calibração e de validação (R2) de 0,92 e 0,90 para sólidos solúveis, 0,90 e 0,84 

para pH, 0,88 e 0,84 para acidez titulável, respetivamente. 

 

Palavras-chave: Seleção clonal, Tempranillo, uva, vinho, Região Demarcada do Douro, 

Condições ambientais, Parâmetros enológicos, Conteúdo fitoquímico, Análise sensorial, 

Espectroscopia ATR-MIR, Origem geográfica. 
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1.1. General introduction 

The winery industry stresses as one of the most important sectors regarding the agro-

food transformation industry, which is one of the most important socio-economic activities in 

Portugal (FAOSTAT, 2019; IVV, 2019). The competitiveness of this industry constitutes an 

important subject, with the requirement of supplying plant materials with varietal identity and 

purity, presenting enhanced characteristics (Rühl et al., 2004). Thus, well established clones 

from the most valuable grape cultivars, presenting appropriate yields, and improved 

organoleptic characteristics, represent an important contribution for the competitiveness of this 

sector, by retrieving, enhanced value for the final product to be transferred into the economic 

chain (Golino and Wolpert, 2003; Pantelić et al., 2016; Rühl et al., 2004). Furthermore, the 

phytochemical contents of wine are quite relevant due to their role as health promoters and 

concerning the improvement of the physical and sensory properties of wine (de Lorenzis et al., 

2017; Vejarano et al., 2019). 

In this sense, several grapevine cultivars have been subjected to clonal selection and 

certification in the last decades, aiming to their improvement toward foodstuffs regarding 

specific traits (PORVID, 2018). In Portugal, the clonal selection processes started in the late 

70's by the National Grapevine Selection Network, resulting in the obtention of several 

polyclonal materials. Later, in 2009, due to the need of preservation and management of all the 

diversity, the Portuguese Association for Grapevine Diversity (PORVID) was created (a private 

non-profit organization) (Martins and Gonçalves, 2015). 

'Tinta Roriz' (syn. Aragonez, Tempranillo), the 5th world most planted variety in 2015 

(OIV, 2017), is one of the most important grape varieties in Portugal, being nowadays the most 

cultivated red variety in this country (IVV, 2018). This variety has been subjected to clonal 

selection in the 80's, essentially aiming to increase the productivity, ensuring quality plant 

material and simultaneously protecting the typicity (Bohm, 2017).  However, was later reported 

that some of those clones, produced wines with low polyphenols content, besides low color and 

scarce sensory quality related with high yields (Tente, 2010). To improve this situation, the 

Association for the Development of Douro Viticulture (ADVID) in collaboration with two wine 

companies (Sogrape Vinhos, S.A. and Sogevinus Fine Wines, S.A.) started a new process of 

clonal selection, resorting to the 'Tinta Roriz' original clonal trial field (managed by PORVID), 

located in Alentejo (Costa et al., 2015). For this, from the total 255 genotypes present in the 

original trial field, thirty clones were selected displaying the lowest yield or highest 

anthocyanins content or simultaneously the lowest yield and highest anthocyanins content. The 
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thirty clones were installed during the year 2012, in two trial sites within commercial vineyards 

in the Douro Demarcated Region (DDR), one located in the sub-region Cima Corgo, a steep 

slope and low altitude, and the other in the sub-region of the Baixo Corgo, a flat area at high 

altitude (Costa et al., 2015; Graça et al., 2014). This new clonal selection process focused on 

quality, intends to evaluate the genotypic variability within this set of thirty clones and its 

interaction with the distinct environments, selecting superior clones with higher quality traits 

and environmental stability (Costa et al., 2015; Graça et al., 2014). 
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1.2. State of the art: Improvement of grape varieties through selection 

processes 

 

Adapted from:  

Lemos, A.M., Machado, N., Egea-Cortines, M., Barros, A.I. Improvement of grape 

varieties for winemaking through selection processes: A Critical Review.  

To be submitted 

André Lemos contribution: bibliographic search and manuscript writing 

 

 

Abstract 

 Clonal selection has contributed significantly to varietal improvement of Vitis vinifera 

L.. Since its beginning, mainly concerning Vitis vinifera L. the manifold impact includes the 

availability of healthy plant material and the selection of genotypes with superior traits and 

adaptation to local environmental conditions. This process starts with the prospection of the 

intra-varietal diversity inherent to a variety, in old vineyards, ultimately resulting in the 

selection of a set of distinct clones, to be certified after fulfilling the legal requirements. 

Presently, the correct and unequivocal identification of varieties, or genotypes, has been 

achieved through the use of genetic tools, namely, molecular markers. The intra-varietal 

diversity identified for each caste should be preserved, during improvement programs, in order 

to avoid genetic erosion. The wide diversity of genotypes and rootstocks, and resulting 

interactions between both, may also represent a significant adaptation measure to a changing 

climate, besides allowing the adaption of varieties to different terroirs, or even function as a 

resistance mechanism to new diseases. Therefore, the assessment of the distinct genotypes of a 

given variety, regarding their oenological and viticultural performance, in distinct conditions, 

arises as an issue of the utmost importance.  

 In this review, clonal selection, as a tool for varietal improvement, will be described and 

discussed critically, and all the components involved in this selection process addressed, such 

as the correct identification of genotypes through genetic tools; the importance of rootstocks in 

the adaptation to new terroirs; the genetic erosion as a consequence of genetic bottleneck; and 

the measures to be taken in the adaptation of varieties, in a context of global warming. Finally, 
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several clones of the Tempranillo variety have been studied and certified, in Spain and Portugal, 

resulting from distinct clonal selection programs. As they are planted in vineyards all around 

the world, this case will be presented and discussed, as an example of the practical effects of 

such programs. 

Keywords: Vitis vinifera L., Clonal selection, Tempranillo, Genetic bottleneck, Rootstocks, 

Global warming. 
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1.2.1. Vitis importance and biodiversity 

 The culture of species from the Vitis genus represents one of the most important crops 

worldwide, with almost half of the quantity of the fruits produced, grapes, being directed to the 

production of wine, thus feeding an agro-industrial sector presently representing a total volume 

of sales reaching 31bn € (billion Euros) worldwide. In 2018, although the world wine trade 

decreased 0.7 % in terms of volume (108 mhl (million hectolitres)), it reached 31 bn € in 2018, 

in terms of value, representing an increase of 1.2 % compared to 2017. In this sense, even 

though the total volume of wine sold has been rather stable in the last years, the revenue 

represented by the volume of sales has increased continuously, reflecting the added value that 

this sector has been able to create in the last few years (OIV, 2019).  

 Besides wine, in 2018, around 36 % of the grapes produced have been directed to fresh 

consumption, and around 7 % to be consumed as dried grapes, while the quantity used to 

produce juice was residual. Comparing these percentages with those observed eighteen years 

before, it can be pointed an increasing percentage of grapes directed to fresh consumption, and 

a decrease of the percentage used for winemaking, while the percentage corresponding to dried 

grape is rather stable (OIV, 2019). A total of 77.8 mT (million Tons) of grapes were produced 

in 2018 for the distinct purposes, with China representing the biggest producer, with 11.7 mT, 

followed by Italy (8.6 mT), the United States (6.9 mT) and Spain (6.9 mT) (OIV, 2019). 

 Concerning the production of wine, the quantity of grapes yielded 292 mhl (excluding 

juice and musts) in 2018, to feed a worldwide consumption of 246 mhl in the same year, thus 

reflecting a surplus, which has remained constant in the last few years. In 2018, the so-called 

Old World still represent the most important player, with Italy (58.4 mhl) representing the 

leading world producer, followed by France (48.6 mhl), and Spain, which presents the largest 

vineyard area amongst the three, though occupying the third position regarding the volume of 

wine produced (44.4 mhl) (OIV, 2019). Nonetheless, several countries of the New World have 

assumed a role as fierce contenders in the last years, with the United States recording a 

production of 23.9 mhl. Also, South America, besides Australia (12.9 mhl), must be pointed as 

relevant winemaking regions, with countries such as Argentine (14.5 mhl) or Chile (12.9 mhl) 

being present amongst the largest world producers, while South Africa must be also considered 

(9.5 mhl) (OIV, 2019). In the most important wine producing countries, most of the grape 

production is intended for winemaking. On the opposite side, China, though representing the 
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largest world producer of grape occupies the 10th position in wine production, with the majority 

of the grapes being produced for fresh consumption (OIV, 2019). 

 Regarding the greatest consumers, the traditional countries, in the Old World, maintain 

their downward trend, while an increase has been observed in new consumption areas, such as 

China, which reflects the trend observed between 2000 and 2018, characterised by a shift in 

wine consumption regions. For instance, the United States represent the biggest global 

consumer country (33.0 mhl), while China (17.6 mhl) and the UK (12.4 mhl) occupy the fifth 

and sixth positions, respectively. Among the traditional consumers, France (26.8 mhl), and Italy 

(22.4 mhl), are the second and third greatest consumer countries worldwide. Overall, the wine 

consumption worldwide has remained stable since 2009, after a maximum quantity of 250 mhl 

was reached in both 2007 and 2008, followed by a slight decrease, which resulted in the annual 

volume of around 244 mhl of wine presently consumed (OIV, 2019). 

 The world's total vineyard surface area, independently from the purpose of the grape 

production, which was in decline since 2014, experienced a slight increase in 2018, around 7.4 

mha (million hectares). Indeed, the Chinese area under vine increased between 2014 and 2018, 

nowadays representing the second largest vineyard surface area, while Spain remains the 

country with the largest cultivated surface, with almost a million hectares (0.97 mha), followed 

by China (0.88 mha) and France (0.79 mha) (OIV, 2019). Furthermore, the vineyards planted 

across the globe serve distinct purposes, which include wine production, and grape for fresh 

consumption and drying. Therefore, since table and dried grape varieties are usually different 

from those suitable for winemaking, the countries producing mostly grapes for fresh 

consumption and drying, or for winemaking, present different varietal distributions. In fact, the 

distribution of the distinct varieties in the world has been pointed as an issue of special relevance 

by OIV, which intends to gather an overview of global vine diversity, independently from the 

use intended for the grapes  (OIV, 2017a).  

 In this sense, one of the greatest risks that threatens viticulture nowadays, besides 

climate change, lies on the usage of a small number of grape varieties. This happens mainly in 

the wine producing countries from the New World, where the use of well-known varieties, such 

as 'Cabernet Sauvignon', seems to represent an effective marketing strategy. Some varieties are 

grown in so many countries that are presently referred to as ‘international varieties’ (Schamel 

and Anderson, 2003). Actually, even if around 10 000 vine varieties are presently known in the 

world, 13 of these varieties, mainly French, correspond to more than one third of the world vine 
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area, while 50% of the total area is planted with 33 varieties, representing an unreasonably small 

diversity. For instance, around 5% of the world vine area is planted with 'Cabernet-Sauvignon' 

(341 000 ha), which is presently the second most cultivated wine grape in the world, and the 

most important regarding those varieties intended solely for wine production, followed by 

'Merlot' (266 000 ha) and 'Tempranillo' (231 000 ha) (OIV, 2017a).  

 Curiously, the most harvested grape variety worldwide, 'Kyoho', is solely intended for 

fresh consumption, belonging to a group of varieties which are mainly cultivated in a few 

countries, mainly in the New World, and corresponds to a Concord-like cross (Vitis vinifera × 

Vitis labrusca) (OIV, 2017a). 'Sultanina' occupies the third position in the overall ranking, 

which is justified by the multi-purpose nature of this variety, which is suitable for both fresh 

consumption and winemaking, though, its relevance is mainly due to the potential of this variety 

to produce dry grape, while presenting insignificant relevance regarding winemaking (OIV, 

2017a).  

 Nevertheless, even if the global trend is the plantation of a reduced number of varieties 

in large areas, which ultimately facilitates harvesting, though leading to a loss of this species 

diversity in a short-term period, there are countries that are taking advantage from their intrinsic 

varietal diversity. For instance, in Italy, which displays the largest number of grape varieties 

suitable for winemaking, there are around 500 (Pomarici, 2015), with 80 of these varieties 

occupying 75 % of the total vineyard area, while Portugal, with 269 recognised varieties 

(DGAV, 2017a) is the second, with 30 distinct varieties occupying 75 % of its vineyard area 

(OIV, 2017b).  

 Finally, as aforementioned, not all grapes are produced for winemaking, and thus, within 

the Vitis genus - comprising an astonishing number of 80 species, there are several distinct 

species that are presently harvested for distinct purposes. Among these species, Vitis vinifera, 

the European grapevine, with origin in the Mediterranean Basin and Central Asia, is exclusively 

directed to winemaking. Furthermore, Vitis labrusca and Vitis rupestris, native to North 

America, are also worth to be mentioned. The former is widely used in the New World, while 

the latter played a crucial role in the breeding of the rootstocks presently used in Europe, which 

allowed the survival of viticulture in this continent, after the Phylloxera crisis occurred in the 

mid-19th century (Laguna, 2003; OIV, 2017a).  

 Actually, in the present European viticulture model, mostly directed for winemaking, it 

is used a grafting technique, where the productive vegetative material from Vitis vinifera 
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varieties is grafted to a rootstock resistant to the Phylloxera insect. There is a plethora of distinct 

available types of rootstocks to be chosen according with the terroir and the variety to be 

harvested. Most of them result from hybrids including Vitis vinifera, Vitis rupestris, and often 

Vitis riparia, which is also suitable for the production of table grapes (Cousins, 2005). 

Therefore, it can be concluded that the Vitis biodiversity comprises way more than the widely 

known Vitis vinifera varieties, involving several distinct species, each one playing a specific 

role in the maintenance of the viability and economic importance of this crop. 

 

1.2.2. Varietal improvement processes  

 It is presently well-established that the availability of quality vegetative materials is 

essential to guarantee the success of vineyards (Eiras-Dias and Martins, 2008). High quality 

material is required not only for new plantings, but also to allow regular and high yields, 

ensuring the wine quality level desired (Eiras-Dias and Martins, 2008).  

 In order to achieve those purposes, for instance, in Portugal, a selection work has been 

started in the 70’s by the informal Portuguese National Network for Grapevine Selection 

(Martins and Gonçalves, 2015). The work allowed to create a database with thousands of 

genotypes, which was important for the varieties improvement in the following decades, 

besides the development of a novel, more reliable, methodology for selecting grapevine 

varieties, among others (Martins and Gonçalves, 2015). In 2009, in order to manage and 

conserve at long-term the diversity of autochthonous vine varieties, the Portuguese Association 

for Grapevine Diversity (PORVID) was created, and to ensure such conservation, this private 

non-profit organisation has an experimental conservation center (Martins and Gonçalves, 

2015).  

 Those efforts ultimately resulted in the approval of more than one hundred clones from 

Portuguese grape varieties with relevant economic importance, which constituted a major step 

to overcome the shortage in healthy plant propagation material with varietal identity and purity. 

Moreover, in the last update to this list, occurred in 2017, dozens of clones from several 

varieties have been certified as propagation material for winemaking dedicated vineyards, 

which shows that these efforts are continuous (DGAV, 2017b).   

 Moreover, as the optimal clones of a variety in a given country may display suboptimal 

performances in another location, and the New World producers mostly rely on foreign 

varieties, a great effort has been developed by these countries to adapt European varieties, with 
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the view of selecting the most interesting vegetative material for their edaphoclimatic 

conditions (Golino and Wolpert, 2003). For instance, UC Davis, in the United States, has been 

conducting clonal selection programs in the last decades, mostly targeting French varieties, with 

the most planted 'Cabernet Sauvignon' and 'Pinot Noir' clones in California resulting from this 

effort. In Australia, the responsible for this role is the Australian Vine Improvement Association 

(AVIA), which also develops its work mostly with vegetative material from European varieties, 

which, in some cases, has been obtained from UC Davis (Golino and Wolpert, 2003).  

 In the Old World, in many of the most important producing countries, there are entities 

responsible for similar tasks, namely, ENTAV (Etablissement National Technique pour 

l’Amélioration de la Viticulture, in France); Geisenheim (Geisenheim Research Institute, in 

Germany); and VCR (Vivai Cooperativi Rauscedo, in Italy), while, in these cases, the 

fundamental objective lies on the improvement of the local varieties. These entities have been 

also recognised for contributing significantly to the clonal diversity in California (Golino and 

Wolpert, 2003; Tassie, 2010). 

 

 1.2.2.1. Selection criteria and evaluation methodologies   

 The first process applied to improve Vitis vinifera varieties has been implemented for 

many years and is formally called ‘mass selection’.  Generally speaking, in this selection 

process, local selections are made from old vineyards of proven performance and quality, 

through the evaluation of vines with desirable characteristics, regarding vigour and 

productivity, prior to harvest, throughout two years or more, while visually checking their 

health and sanitary status, thus tracking the absence of diseases (Reynier, 2004; Martins and 

Gonçalves, 2015). Subsequently, in the following years, shoots from the most prominent plants 

are used to graft other plants, resulting in vineyards with clonal diversity, but a certain degree 

of selected vegetative material, ensuring a reasonable performance year after year (Reynier, 

2004). 

 Nowadays, the most relevant process for the improvement of Vitis vinifera grape 

varieties is clonal selection (Gonçalves et al., 2010). In a vineyard, genetic differences between 

plants from the same variety may arise from random mutations, which occur during the events 

of the cell division process, resulting in a distinct genotype (This et al., 2006). Subsequently, 

any bud arising from mutant cells will develop a shoot carrying those cells, which will be 

rejected for propagation, if presenting noticeable debilitating changes. Nevertheless, some 
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variants have been selected as being useful, which occurs naturally during mass selection, and 

represents the origin of the white varieties, as occurred with 'Pinot Blanc', a colour mutant of 

'Pinot Noir' (Walker et al., 2007; Tassie, 2010).  

 The intra-varietal diversity resulting from the cell propagation cycles and dissemination 

to different destinations, allows globally distributed varieties to exhibit a wider diversity of 

clones (Regner et al., 2006), which are spread among distinct regions. For instance, certified 

clones of 'Pinot noir' were exported from Canada, California, Switzerland, Germany and France 

to Australia (Nicholas, 2006), while other varieties, such as certified clones of 'Tempranillo', 

were exported from different regions, mainly located in the Iberian Peninsula (Rubio and Yuste, 

2004). As the intra-varietal diversity is more visible in old vineyards and widely spread varieties 

due to centuries and breadth of individuals accumulating mutations, the clonal selection 

processes can take advantage of these sources (OIV, 2017c). 

 The aim of the clonal selection process lies on the selection, within a population, of 

single clones, with odd and desired characteristics, which may comprise yield and quality 

parameters, or even tolerance to certain diseases, while preserving the specificity of each variety 

(Konrad et al., 2003). According to OIV, the definition of selected clone is: “the vegetative 

progeny of a single vine plant”, while this single plant for selection purposes, "is chosen for its 

varietal identity, its phenotypic traits and its sanitary state'' (OIV, 2017c). Therefore, in the 

first step of clonal selection, which refers to the selection of vegetative material, priority must 

be given to old vineyards from different regions and/or countries, to select a set of individuals 

with potentially superior target features, in accordance with the propose established by the 

clonal selection program, without neglecting its rigorous identification based on ampelographic 

and/or genetic tests, as well as the elimination of individuals affected by transmissible diseases 

(Materazzi et al., 2006; Carcamo et al., 2010; Ibáñez et al., 2015). 

 Concerning the phytosanitary status, there must be a careful choice of healthy 

propagation material, mainly regarding the presence of symptoms of viruses, such as, 

Grapevine Fanleaf Virus (GFLV), Arabis Mosaic Virus (ArMV), Grapevine Leafroll Virus-

associated viruses (GLRaVs), Grapevine Virus A (GVA) and Grapevine Virus B, (GVB), both 

responsible for rugose wood, or Grapevine Fleck Virus (GFkV), besides others, according to 

the regional or national relevance (OIV, 2017c). The GFLV virus, is responsible for the most 

severe viral disease in the vine, called Fanleaf Grapevine disease (FLD), which is globally 

recognized and easily transmitted, for example, through vegetative propagation of the grafts 
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(Mannini, 2000; Andret-Link et al., 2004). These tests must be carried through scientifically 

approved protocols, such as serology tests (ELISA) and molecular techniques (PCR, RT-PCR, 

NGS), among others (Konrad et al., 2003; IFV, 2018). At this stage, the possibility to apply 

heat treatments for the elimination of viruses that can be disseminated by the material, such as 

shoot tip culture after thermotherapy, represents an important tool for phytosanitary recovery 

(Bota et al., 2014). 

 In the second step, which comprises the propagation of the disease free selected 

individuals, a comparable trial is performed, being conducted in two distinct environments with 

different pedoclimatic characteristics (OIV, 2017c). All the selected individuals should be 

installed in replicates of, at least, 5 consecutive vines, with 3 distinct replicates being planted 

in distinct places, and grafted on the same rootstock, which should be chosen according to the 

specific characteristics of the trial site. At this step, the clones must be evaluated over a period 

from 3 to 5 years (Ibáñez et al., 2015; OIV, 2017c). The parameters that are often assessed in 

this second stage comprise phenological data, such as bud burst time, full bloom time, 

beginning of berry ripening time and physiological ripeness, as well cluster density, besides the 

susceptibility to diseases such as Botrytis cinerea. Furthermore, relevant yield parameters, have 

to be also assessed namely, berry and cluster size, number of clusters per shoot and yield per 

vine, as well as quality parameters, such as soluble solids (ºBrix), acidity, pH, berry and juice 

taste and phenolic contents (total phenols, anthocyanin’s and tannins, among others). The 

organoleptic profile of wine, and rating of wine quality, are further evaluated resorting to 

microvinifications (Ibáñez et al., 2015; OIV, 2017c).  

 The third step of the clonal selection process refers to the multiplication of the candidate 

clones, which were selected according to the evaluation of their performance in the previous 

stage. In this phase, the candidate clones will be multiplied in order to evaluate their 

performance in different locations, under different environmental conditions. The candidate 

clones must also be grafted in different rootstocks, chosen according to the appropriateness for 

the different trial sites, with a significant number of plants being planted per clone, in order to 

obtain enough raw material for microvinifications. Furthermore, these clones must be evaluated 

over several years concerning the same parameters described above, with emphasis on quality 

parameters (Martins and Gonçalves, 2015; OIV, 2017c).  

 Finally, the selected clones can be proposed for official registration by the competent 

national authorities (Martins and Gonçalves, 2015; OIV, 2017c). 
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 Nevertheless, even though the productive and qualitative performances of a clone are 

evaluated resorting to these agronomic and oenological parameters, as well as environmental 

influences (soil, climate, cultural practices), which are often preponderant factors, the potential 

observed for each clone is closely related to the site where its evaluation has been performed 

(Golino and Wolpert, 2003). Therefore, for a selection of clones to be representative, it has to 

be conducted with resorting to appropriate agricultural practices for the nature of the materials 

selected, preferentially in distinct terroirs. Furthermore, in order to accommodate the variability 

arising from different conditions in the same vineyard, when several clones are planted in the 

same trial, it is necessary a rationale distribution of their corresponding vines, for instance, 

Costa and collaborators used a resolvable row-column experimental design, latinized by 

column, in their clonal selection works (Costa et al., 2015).  

 In order to assist the evaluation of the large amounts of data collected in these works, 

and to allow an objective evaluation of the genetic gains retrieved, statistical methods have to 

be applied, allowing the assessment of concrete classification parameters. One of the most 

important methods to evaluate the efficiency of the selection processes, is computed broad-

sense heritability (Gonçalves et al., 2013). Another method, used to assess the performance of 

the several genotypes under study, is the use of empirical best linear unbiased predictors 

(EBLUPs) of genotypic effects of each trait (Gonçalves et al., 2013). Moreover, an analysis of 

genotype by site interaction can also be applied, which allows to dissociate the site effects from 

those due to the genotype performance, in the phenotypic response observed for a given clone 

(Costa et al., 2015). Therefore, in the process of clonal selection, the interaction genotype × 

environment (G × E) has to be taken into account, since the environment in which the clones 

are grown leads to different and unpredictable behaviours. According to Gonçalves and 

collaborators, the clonal selection process must emphasize the selection of clones less sensitive 

to the (G x E) interaction, while a given clone may become unstable when subjected to different 

environmental conditions in distinct trial sites (Gonçalves et al., 2016). The effect of the (G x 

E) interaction, can be mitigated by performing the polyclonal selection or mass selection of 

clones, as an intermediate step of the clonal selection process. This mass selection is performed 

after the second step of clonal selection and consists on the selection of the best 15-20 genotypes 

of the population, which will be made available to the growers for immediate use as a mixture 

of clones (Martins and Gonçalves, 2015).  
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 In fact, this issue is extremely relevant, since, the plantation of several clones of the 

same variety in a given vineyard, thus increasing the genetic diversity in the site, may prevent 

certain changes in terms of characteristics, such as grapes’ quality, susceptibility to diseases 

and even yield (Keller, 2015). 

 

 

 1.2.2.2. The genetic bottleneck drawback 

 The reduction of the Vitis vinifera genetic pool is mainly observable regarding the usage 

of distinct varieties worldwide, with the present plantation trend leading to the narrowing of the 

diversity in the new vineyards to a few ‘international varieties’. Actually, from the presently 

known grape varieties worldwide, a small number of 33 of them accounts for 50 % of the total 

vineyard area (OIV, 2017a). Thus, many local varieties may be lost, as their commercial 

potential is ignored, which is severely reducing the grapevine genetic diversity (OIV, 2017a). 

For instance, there is a dominance of French varieties in the New World’s vineyards, sharing 

67% of the surface in 2010, which represented an increase from the value of 53 % observed in 

2000, while regarding the Old World’s surface, a growth from 20% to 27% was observed in the 

same period (Anderson, 2013). Furthermore, if the case of Portugal is analysed, though 

presenting the second largest grape varieties’ diversity worldwide, and representing a good 

example for their maintenance, 86 % of this country’s vineyard surface is planted with only 34 

varieties, 18 of them being red. These red varieties correspond to around 58 % of the total area, 

with international varieties being included in this set, while in the case of the 16 white varieties 

present in this ranking (28% of area), they are mainly Portuguese (IVV, 2018). 

 The genetic bottleneck arising from this global situation represents a critical issue, 

compromising viticulture, since the long-term monoclonal propagation of Vitis vinifera, which 

sums to the small number of varieties in use, leads to the suppression of inter and intra-varietal 

variability, decreasing this way the genetic flexibility. Therefore, the present viticulture model 

is leading to an irreversible erosion of the grapevine biodiversity, which seriously endangers 

the resilience and security provided by this species’ genetic resources. In this sense, in order to 

tackle this issue, the so-called ‘genetic erosion’, which may represent a critical issue for the 

viticulture sector in a short-term future, several policy and regulation initiatives have been taken 

under the updated EC Biodiversity Strategy 2020, targeting the issue of biodiversity loss, not 

only in this sector. Nevertheless, though this document addressed the requirement to conserve 
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the EU agricultural genetic biodiversity as one of its main targets, two years later, a new report 

confirmed that genetic erosion in agriculture remained a matter of serious concern (EC report 

838, 2013).  

 Furthermore, some considerations must be made regarding the benefits, as well as the 

drawbacks, of clonal selection processes to improve grape varieties. In one hand, the selection 

of the best genotypes may be fundamental to improve some varieties, making them profitable 

and sustainable, and thus contributing for the maintenance of the inter-varietal diversity, while 

on the other hand, the initial intra-varietal diversity should be conserved, in order to secure the 

possibility of remaking the selection process aiming to different features or as an adaptation 

process to different environments. Within this scope, ancient genotypes that were left behind, 

in selection processes, may represent the answer to new consumer demands, regarding the 

fulfilment of new trends, the response to new plagues, or even play a major role in the adaptation 

to a changing climate, while some of the most important grape varieties could be at risk in the 

upcoming years, if no action is taken (Roby et al., 2014).  

 For instance, regarding this issue, in a previously selection process undertaken for 

'Tempranillo', in Portugal and Spain, the main target of clonal selection was productivity, being 

subsequently observed that above a certain productivity level, the polyphenols contents and 

colour of the wines were lower (Tente, 2010). Therefore, in Portugal, some of the previously 

‘unselected’ clones have been recalled by the producers, from a collection of around 255 

genotypes still available, being preferably planted instead of the more productive ones, thus 

allowing to retrieve the best qualities of this variety, which is the most planted in this country 

(Graça et al., 2014). 

 In this sense, it is of the most importance that ampelographic fields are installed, not 

only with several identified and characterized varieties, but also keeping the maximum number 

of available genotypes from each variety (IVV, 2013). Besides, the pre-selection in old 

vineyards that must be undertaken, should be seek the collection of material from diverse 

vineyards, instead of a large number of plants per vineyard. This results in a greater variability 

of available phenotypes and clones potentially adapted to distinct environmental conditions, 

thus bypassing the natural selective pressure (Lacombe et al., 2004). Moreover, the rational use 

of this intra-varietal diversity of ancient varieties, constitutes a new approach to cope with 

genetic erosion, through the conservation of the diversity and genetic selection, which are useful 

to prevent the negative impact of the (G × E) interaction, while this is possible due to the actual 
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theoretical and technical knowledge of quantitative genetics (Martins and Gonçalves, 2015). 

 Fortunately, to counterbalance this situation, in some countries, a great deal of effort is 

being directed to the maintenance of the inter and intra-varietal diversity of their autochthonous 

and most important grape varieties. For instance, in Portugal, around 50 000 genotypes from 

250 grape varieties are being actively kept in ampelographic fields (Martins and Gonçalves, 

2015).  As an example, regarding 'Alvarinho', the 17th more planted grape variety, which 

presents special relevance for the production of ‘Vinho Verde’, 530 distinct genotypes are 

maintained (IVV, 2018, 2013). Furthermore, it has been strongly recommended that the newly 

planted vineyard plots should be mono-varietal, but polyclonal, while the viticulturist should 

preferably acquire certified polyclonal materials, offered by some nurseries, containing several 

distinct clones for each variety (Eiras-Dias and Martins, 2008). 

 Finally, despite the diversity and heterogeneity of rootstocks available, the scarce use of 

the wide diversity of rootstocks available, along with the small diversity of clones planted from 

each one, leads to a genetic bottleneck. This, in the short term, may lead to susceptibility to new 

biotic stresses, or intolerance to diseases and pests to which resistance has been previously 

achieved, due to the loss of genetic plasticity (Keller, 2015; Ollat et al., 2015). 

 

 1.2.2.3. The importance of rootstock in the final equation 

 The rootstocks constitute the root system of the vine, being responsible for the supply 

of water and nutrients to the aerial part, the so-called canopy. The use of rootstocks derived 

from the North American Vitis species avoided the extinction of viticulture in Europe due to 

the crisis caused by the aphid-like insect Phylloxera (Daktulosphaira vitifoliae), which started 

in 1860, being extensively used for the grafting of Vitis vinifera grape cultivars suitable for 

winemaking (Laguna, 2003; Arrigo and Arnold, 2007).  

 This insect that attacks the root system of vines, causing death in a period of 2 years, 

associated with fungal diseases such as Uncinula necator and Plasmopara viticola, which 

attack the leaves and fruits of Vitis vinifera, urged the creation of resistant plants, while these 

should maintain the desirable wine quality standards. In this context, the use of hybrids of 

French and American Vitis species represented the first approach, being later replaced by 

grafted vines, since the former failed to achieve enough quality as to be used for winemaking. 

Subsequently, the use of rootstocks grafted with Vitis vinifera species contributed to a new era 

of prosperity in viticulture, with this technique allowing the maintenance of the well-known 
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high-quality varieties, besides representing an adaptive measure allowing to potentiate these 

varieties in different environments (Alleweldt et al., 1988).  

 The rootstocks result from a species, or cross of two or more species of Vitis, (V. riparia, 

V. rupestris and V. berlandieri), designated hybrids (Galet and Smith, 1998), and have multiple 

properties, besides the resistance or tolerance to the roots’ parasites, however, some of these 

intrinsic properties are emphasized respecting others in distinct rootstocks, which differentiates 

them. Therefore, these features represent the selection criteria used by winegrowers to select a 

given rootstock. Primarily, they constitute an important tool due to the high potential of 

resistance or tolerance to Phylloxera, like the rootstocks Riparia Gloire, 161-49 Couderc, 

Rupestris St. George, 5C Teleki, 110 Ritcher, among others, while they can also play an 

important role regarding the maturation and composition of grapes, such as rootstocks, Riparia 

Gloire, 44-53 Malègue, 3309 Couderc, 1616 Couderc, Rupestris du Lot, besides handling plant 

vigour, which is the case of Rupestris St. George, Rupestris du Lot, 5C Teleki, 99 Richter. 

Moreover, the resistance to abiotic stresses, such as drought (rootstocks: 110 Richter, 140 

Ruggeri, 44–53 Malègue), soil acidity (rootstocks: 140 Ruggeri, Gravesac) and soil salinity 

(rootstocks: 1103 Paulsen, 140 Ruggeri, Salt Creek (Ramsey), Harmony), also constitutes a 

major property regarding the rootstocks’ selection, besides the tolerance to other stress factor 

(Galet and Smith, 1998; Coombe and Dry, 2004; Tramontini et al., 2013; Serra et al., 2014; 

Bavaresco et al., 2015). 

 Even if the choice for a given rootstock is strongly dependent on the soil characteristics 

and the variety to be grafted, the trend towards the widespread use of certain rootstocks has 

been influenced by their good adaptability, without being excessively invigorating, such as the 

3309 Couderc and the 101-14 Millardet et de Grasset. In the top of the most used rootstocks, 

the SO4 and 5BB Kober are also found, while these are preferentially used to graft low to 

moderate vigour varieties (Allen et al., 2007). Concerning biodiversity, as in grape varieties, 

there are a number of distinct genotypes from each rootstock available to growers, for instance, 

in Spain, the 110 Richter rootstock is the most representative with 26 distinct genotypes, 

followed by 41B Millardet et de Grasset with 21 clones (Ibáñez et al., 2015). However, since 

the origin of most rootstock varieties is relatively recent, with the level of somatic mutations 

accumulated still being very poor, their clonal selection is very limited, which only allows their 

certification as disease-free (Jackson, 2014).  
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 Since rootstocks have multiple and sometimes distinct properties, the choice for a 

particular rootstock represents a crucial factor, which may affect the performance and 

characteristics of the grafted variety (Davis et al., 2008). For instance, the choice of late ripening 

rootstocks may delay phenology up to a maximum of 6 days, compared to early ripening 

rootstocks (Van Leeuwen and Destrac-Irvine, 2017). Therefore, the rootstocks constitute a very 

useful tool for the producers, since they allow changing the scion properties, thus exploiting 

specific features that can improve grape and wine quality (Jones et al., 2009). 

 For this purpose, several studies have been carried by multiple combinations of 

rootstocks and scions, either in field trials, or in pots, however, the results revealed some 

inconsistency in these combinations (Zhang et al., 2016). For example, several authors reported 

that the soluble solids content of the grape must was significantly affected by rootstocks (Kodur 

et al., 2013; Berdeja et al., 2014), while others stated that there was no significant relationship 

between the soluble solids content and the rootstocks used (Keller et al., 2012; Chou and Li, 

2014). Therefore, the study of rootstock-scion interaction represents a complex issue (Zhang et 

al., 2016), additionally, the scarce knowledge regarding the mechanisms involved in the 

influence of rootstocks on the grafted cultivar performance, represents a weak point for the 

development of new rootstock varieties (Serra et al., 2014; Ollat et al., 2015; Zhang et al., 2016).  

 Therefore, it is difficult to ascertain the degree of influence, or to draw valid 

conclusions, about the rootstock-scion interaction, since the performance of a genotype is 

related to the specific characteristics of the environment where it is cultivated, which can affect 

both the rootstock and scion performance (Sabbatini and Howell, 2013). Moreover, the 

importance of the rootstock's impact on the development parameters seems to be surpassed by 

the rootstock-scion interaction (Tandonnet et al., 2010), with several authors concluding that 

the scion genotype is probably the most determinant factor on its own development and specific 

traits (Tandonnet et al., 2010; Keller et al., 2012; Sabbatini and Howell, 2013). 

 

 1.2.2.4. Genetics tools applied to clonal selection 

 The genotypic diversity can be related to the different environmental conditions where 

a given genotype inserts and develops over the years, leading to small changes at the genome 

level, spontaneous somatic mutations, which have been constantly increased and amplified by 

the vegetative propagation process (Aldo et al., 2014). These changes may be mutations in a 

single base (Single Nucleotide Polymorphism, SNP), insertion or deletion of short DNA 
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fragments, and insertion of transposable elements (large DNA fragments). This accumulation 

of mutations originates the differences observed at the phenotypic, agronomic and oenological 

levels for a given clone (Aldo et al., 2014). Sometimes originating chimeric genotypes (Pelsy 

et al., 2010), such as 'Pinot gris' and 'Pinot meunier', which are due to the incidence of these 

mutations only in the cell layers of specific plant tissues (Franks et al., 2002; Hocquigny et al., 

2004).  

 Traditionally, the identification of vine varieties and clones using ampelography, a time-

consuming technique that is based essentially on the phenotypic characteristics, is very 

subjective and complex, being conditioned by environmental factors, pathogenic agents, and 

soil composition, which make this identification method susceptible to errors (Aldo et al., 

2014). On the other side, with the advancement of technology in all sectors of viticulture, 

associated with the production of quality wines, it became imperative a rigorous identification 

of the different grape varieties, as well as the distinct genotypes belonging to the same variety 

(Aldo et al., 2014). 

 In this sense, the use of molecular markers, such as microsatellites, has been applied in 

the identification of distinct clones from different grape varieties, while some of these markers 

allowed to differentiate genotypes, even in situations of residual polymorphism, which reflects 

the effectiveness of this approach (Imazio et al., 2002; Pelsy et al., 2010). According to the 

methodology chosen to detect DNA polymorphisms, several distinct molecular markers can be 

used, such as: RFLP-Restriction Fragment Length Polymorphism, technique based on Southern 

hybridization; RAPD-Random Amplified Polymorphic DNA- and SSR-Simple Sequence 

Repeats, PCR based techniques; AFLP- Amplified Fragment Length Polymorphism, technique 

based on both RFLP and PCR; SNP-Single Nucleotide Polymorphism, technique generating 

sequence information; SSAP- Sequence-Specific Amplified Polymorphism, IRAP-Inter-

Retrotransposon Amplified Polymorphism, REMAP-Retrotransposon Microsatellite Amplified 

Polymorphism, markers based on retrotransposons; (Waugh et al., 1997; Kalendar et al., 1999; 

Schlötterer, 2004; Bouck and Vision, 2007). 

 These markers provide a very wide and diversified range of tools that can be used, 

however, not all of them are consensual due to their variable success rates in the identification 

of different grapevine varieties or clones (Pelsy et al., 2010). For instance, among the numerous 

approaches assessed to distinguish clones resorting to different molecular markers, some were 
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not effective, such as ISSR (Inter Simple Sequence Repeats) and RAPD markers, which showed 

limited effectiveness (Loureiro et al., 1998; Moreno et al., 1998).  

 On the other side, the molecular markers AFLP and SSR are the most used and effective, 

providing satisfactory results for the purpose of vine clones’ identification (Cervera et al., 1998, 

2001; Regner et al., 2000; Scott et al., 2000; Imazio et al., 2002; Kozjak et al., 2003; Filippetti 

et al., 2005; Moncada et al., 2006; Blaich et al., 2007; Baneh et al., 2009; Stajner et al., 2009; 

Upadhyay et al., 2011; Castro et al., 2012; Shinde et al., 2013). However, despite several 

successful cases, these markers were ineffective for clonal differentiation in some studies, such 

as the AFLP markers, which were unable to differentiate clones (Fanizza et al., 2003), as well 

as the SSR markers (Loureiro et al., 1998; Faria et al., 2004). 

 Molecular markers based on the presence of retrotransposons, such as SSAP, have been 

used with relative success in distinct works, such as in the identification of several species of 

Vitis (Moisy et al., 2008), and distinct varieties, as well as clones of Vitis vinifera (Labra et al., 

2004; Stajner et al., 2009; Wegscheider et al., 2009; Castro et al., 2012). In the work developed 

by Castro and collaborators, the SSAP and AFLP markers were pointed to be the most suitable 

for the identification of clones, while the REMAP presented high capacity to distinguish 

cultivars and less ability to distinguish clones, whereas IRAP was ineffective in both the 

identification of cultivars and the detection of intravarietal variability (Castro et al., 2012). 

 Moreover, the markers based on retrotransposons were effective on the identification of 

ancient 'Tempranillo' clones (Carcamo et al., 2010). Therefore, the use of this kind of molecular 

markers (based on retrotransposons) is particularly relevant for the identification of grapevine 

cultivars, while it has been also applied for the identification of varieties displaying special 

aptitude to tolerate high temperatures, presenting late maturations, which can be highlighted as 

one of the most important measures concerning global warming (Castro et al., 2012).  

 SNPs molecular markers, which are a new and promising approach that allows the 

selection of varieties (Myles et al., 2010), correspond to the most frequent type of genetic 

polymorphism, thus representing an advantage in the detection of somatic mutations between 

clones (Lijavetzky et al., 2007; Velasco et al., 2007).  

 The results obtained through the plethora of genetic and molecular approaches available, 

allow a better understanding of the genes involved in the variability caused by the interaction 

of the genotype with the environment (Dai et al., 2011). In this sense, the determination of 

relevant characteristics of vines, such as fungus resistance (Bellin et al., 2009; Blasi et al., 
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2011), aroma composition of grapes (Duchêne et al., 2009) and phenological cycle (Duchêne 

et al., 2012), becomes feasible with the use of statistical methods through the detection of 

Quantitative Trait Locus (QTL). QTL is described as a region in chromosome where a 

correlation between allelic variations and variations of a characteristic of interest is identified. 

Therefore, this approach retrieves the possibility to identify and integrate the function of genes 

involved in agronomic or oenological variations, such as the development and maturation of 

berries (Martínez-Zapater et al., 2010), or maintenance of the vine yield in a context of climate 

change (Houel et al., 2015), thus representing an important asset for future breeding programs. 

 The advent of genomics has allowed the massive analysis of genomes using cheaper 

sequencing technologies. The grapevine has benefited from that approach because the genome 

of grapevine was originally sequenced from highly homozygous inbred line (Jaillon et al., 

2007). Its genome is only 500mb so a high-quality draft was obtained. Furthermore, the 

grapevine genome has not undergone major genome duplications as other plant lineages share 

common or specific duplications (Bombarely et al., 2016). Thus the new technology of 

genotyping by sequencing (Huang et al., 2009) has become a reality in grapevine (Martínez-

Zapater et al., 2010). Genotyping by sequencing has the important advantage that with every 

experiment and genome analysed, further analysis becomes more robust, as polymorphisms that 

are not relevant are discarded while genome regions that are relevant for agriculture get properly 

annotated. This includes the cis-elements that are more difficult to define than open reading 

frames (Magris et al., 2019). Currently genotyping by sequencing is used to obtain high quality 

sequences of important clones both in wine and fresh fruit varieties to study quality parameters 

(Guo et al., 2019).  

 

 1.2.2.5. Example of clonal selection: Tempranillo variety 

 In the Old World, solely Vitis vinifera varieties are authorized for winemaking. Among 

these, 'Tempranillo', which is a red variety exclusively directed for winemaking, represents one 

of the most economically important varieties. This variety was ranked as the 5th most planted 

variety in 2015 with 231 000 ha of vineyard area (OIV, 2017a), representing the Vitis vinifera 

cultivar knowing the largest expansion in the last decades, and presenting the greatest increase 

of cultivation area in the first decade of the present Century, lying in front of well-known 

varieties such as 'Syrah', 'Cabernet-Sauvignon' and 'Merlot' (Anderson, 2013).  
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 This variety, from Spain, is currently worldwide spread, being cultivated in 

approximately 17 countries, however, the countries of the Iberian Peninsula are the most 

important contributors for its cultivation area, Spain being responsible for 88% (203 247 ha) of 

world cultivation of this variety, followed by Portugal with 7.8% (18 119 ha), while Argentina, 

with 2.7% (6 188 ha), represents the largest producer of this variety outside the Peninsula. It is 

also possible to find this variety under cultivation in other countries such as Australia, Chile, 

USA, or even South Africa, among others (OIV, 2017a, 2018). 

 Concerning the most important 'Tempranillo' producer countries, this variety 

represented 21% of the total vineyard area in Spain, in 2015, being the red variety with greatest 

expression (MAPA, 2016). Moreover, in Portugal, 'Tempranillo', locally known as 'Tinta Roriz' 

or 'Aragonez', represents the most harvested grape variety, corresponding to around 11 % of the 

total vineyard area, which is remarkable, given the richness in distinct grape varieties displayed 

by this country. Furthermore, it represents one of the most important varieties for some of the 

main wine Portuguese appellations, such as Porto and Douro (IVV, 2018).  

 Therefore, it is natural that these countries have given special attention to this variety in 

their clonal selection programs. The clonal selection of 'Tempranillo' in Spain began with a 

work developed by Centro de Investigación y Desarrollo Tecnológico Agroalimentario (CIDA) 

and resulted in the certification of 8 clones of this variety in 1990 (RJ-24, RJ-26, RJ-43, RJ-51, 

RJ-67, RJ-75, RJ-78, RJ-79) (García, 2014; Ibáñez et al., 2015). Since that period, several 

private and public entities have contributed to the improvement of 'Tempranillo', such as 

Bodegas Roda, which selected a family of clones (Familia Roda 107) with the purpose of 

producing wines with specific characteristics. Besides, also Instituto Tecnológico Agrario de 

Castilla y León (ITACYL), and Viveros Provedo, contributed to the development of clonal 

selection programs of this variety in the 90's (Yuste et al., 2006; Ibáñez et al., 2015). Concerning 

the results of the work developed by ITACYL, 13 clones of the Tempranillo variety were 

selected and certified (CL16, CL32, CL98, CL117, CL179, CL242, CL261, CL271, CL280, 

CL292, CL306, CL311, CL326) (Rubio and Yuste, 2009; Ibáñez et al., 2015). Regarding 

Viveros Provedo, 9 clones were selected in that period, while 17 new clones of this variety were 

certified in 2011, by Vitis Navarra (VN-QUALITAS 01, VN-QUALITAS 02, VN-QUALITAS 

03, VN-QUALITAS 04, VN-QUALITAS 05, VN-QUALITAS 10, VN-QUALITAS 11, VN-

QUALITAS 21, VN-QUALITAS 30, VN-QUALITAS 31, VN-QUALITAS 32, VN-

QUALITAS 33, VN-QUALITAS 40, VN-QUALITAS 41, VN-QUALITAS 42, VN-
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QUALITAS 50, VN-QUALITAS 69) (García, 2014). Currently, despite the fact that 49 

'Tempranillo' clones have been already certified till 2013, representing the grape variety with 

the second greatest number of available clones in Spain, several programs are under 

development, in order to provide a greater diversity of clones allowing the fulfillment of the 

growers requirements (Ibáñez et al., 2015). 

 In Portugal, the process of clonal selection began in the 80's and was essentially aimed 

to increase the productivity, ensuring quality plant material and simultaneously protecting the 

typicity (Bohm, 2017). The efforts resulted in the certification of 12 clones with the designation 

of Aragonez T, (106 JBP PT, 110 JBP PT, 111 JBP PT, 114 JBP PT, 117 JBP PT, 54 EAN PT, 

55 EAN PT, 56 EAN PT, 57 EAN PT, 58 EAN PT, 59 EAN PT and 60 EAN PT) (DGAV, 

2017b).  

 In the last decade, PORVID and Association for the Development of Douro Viticulture 

(ADVID), initiated a new process of clonal selection, oriented essentially for quality, instead 

of productivity. The selection was performed resorting to a total of 255 available genotypes, 

while 30 clones were further selected, based on the ranking of the empirical best linear unbiased 

predictors (EBLUPs) of genotypic effects, obtained for each trait (Graça et al., 2014). These 

genotypes are planted in distinct trial sites, in order to improve performance, regarding 

sensitivity of the clones to environmental factors (Graça et al., 2014; Costa et al., 2015). 

 Nevertheless, while Spain and Portugal have been continuously committed to the 

improvement of this variety, several entities from other countries have also played an important 

role till the present, such as ENTAV, which certified 3 clones (770, 771, 776), two of which 

are widely disseminated (770 and 776), or VCR, which has proposed the clones (VCR224, 

VCR379, VCR472, VCR478) to homologation (VCR, 2011; ENTAV-INRA, 2019). 

 Regardless the variety under the process of clonal selection, in addition to the provision 

of healthy propagation material for industries and growers, it is important that the clonal 

selection process could support the development of improved varieties, while preserving the 

intra-varietal genetic diversity (Rühl et al., 2004). 

 

1.2.3. Global warming: adaptation to a changing climate 

 Climate change represents the ‘hot topic’ of the present, with many scientists trying to 

find solutions to mitigate its impacts on the agricultural sector. The global warming is defined 

as the increase in average temperature on the planet (atmospheric and ocean temperatures), with 
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the greenhouse gases, such as water vapor, carbon dioxide, methane, and ozone, representing 

the main contributors for this temperature increase (Venkataramanan and Smitha, 2011; IPCC, 

2018). At the global level, this temperature increase is already a reality and, if no opportune 

measures are taken, there is a risk of drastic changes occurring at all levels, such as sea level 

rise, changes in rain patterns leading to floods or severe droughts, salinization of fresh water, 

and new diseases or agricultural pests, among others (Tate, 2001; Venkataramanan and Smitha, 

2011). 

 Viticulture, among other crops, is thus exposed to these climatic changes, being affected 

in several aspects, which can go from the grapevine phenology to the composition of grapes, or 

even to the winemaking processes (Mira de Orduña, 2010). Therefore, as a consequence of 

global warming, plants like vine will be exposed to water shortage and high salinity, increasing 

the sugar content and pH of grapes, and decreasing acidity, thus affecting the composition of 

wines, and consequently, the respective oenological processes for their production (Coombe, 

1987; Van Leeuwen et al., 2004; Schultz, 2010). 

 Regarding the distribution of the wine production regions worldwide, the consequences 

of climate change will be noticeable, namely, in the displacement of the regions considered 

premium, which are recognized as world references in the cultivation of noble grape varieties, 

and may become unsuitable for viticulture. On the other hand, regions where viticulture has 

presently less expression, could arise as recognised producers, due to the increase of their wine 

quality. Besides, variations in the chemical composition of grapes, and consequently on the 

wine quality, or increase of insects and possible transmitted diseases and pests affecting vine, 

could be also observed in the future, due to global warming (Mozell and Thach, 2014). 

 The use of models, such as forecasts of the phenological cycle and grape maturation, in 

a near future, is supporting the prediction of the consequences of global warming for viticulture 

(Webb et al., 2007; Duchêne et al., 2010; Fila et al., 2014). For instance, according to the 

empirical model used by Barnuud and collaborators in Australia, the differences observed in 

the ripening dates between warm and cold regions will be unbalanced, these changes being 

greater in cold regions and resulting in early ripening, which will ultimately affect the grape 

quality (Barnuud et al., 2014). However, that type of studies are strongly dependent on location, 

with some authors predicting a yield increase in the Douro region, in Portugal, using statistical 

methods (Santos et al., 2011), while other study predict a slight yield decrease in California 

(Lobell et al., 2006).  
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 Moreover, other forecasting models have been widely used for other prospects, for 

instance, in the evaluation of varieties’ adaptability to future changes, such as in the study 

developed by Fraga and collaborators, which evaluated the adaptability of several Portuguese 

varieties, through 17 models. In this study, it has been observed that, although these cultivars 

have good adaptive characteristics, growing in a wide range of thermal conditions, high 

temperatures will lead to a trend towards other European regions, such as southern Spain, Italy 

(coastal regions), southern France, Greece, among others, which will present better growth 

conditions for these Portuguese varieties, respecting their original regions (Fraga et al., 2016).  

 The increase in temperature, over the last few years, has been shown to influence the 

quality of grapes and wine, in several studies, with negative effects on grape acidity, due to the 

rapid degradation of malic acid, being observed (Rienth et al., 2016), increased sugars contents 

(Neethling et al., 2012; Pastore et al., 2017), besides an effect on the anthocyanins accumulation 

(Spayd et al., 2002; Sadras and Moran, 2012; Movahed et al., 2016; Arrizabalaga et al., 2018), 

which sometimes results in rapid and intensive ripening, and consequent early harvesting, 

without reaching the most appropriate phenolic maturation (Webb et al., 2011; Hannah et al., 

2013; Palliotti et al., 2013). 

 Therefore, several adaptation / mitigation measures, either at short or long term, have 

been suggested, such as the choice of varieties well-adapted to the type of climate (Sadras and 

Petrie, 2011; Hannah et al., 2013), changes in the cultural practices and during the winemaking 

process (Duchêne and Schneider, 2005; Keller, 2010; Duchêne et al., 2014). Also, there are 

changes in the production methods, or new practices, specifically intended to the mitigation of 

summer stress, such as the application of foliar protectants on the vine in order to reduce the 

internal temperature (Conde et al., 2016), shading of vines (Greer et al., 2011) or controlled 

irrigation (Flexas et al., 2010). 

 Other strategies for the adaptation to climate change, and perhaps some of the most 

promising at long term, can be based on the exploitation of the inter and intra-varietal genetic 

diversity, the so-called genetic plasticity, in the search for the best genotypes to cope with a 

changing climate (Puig-Pujol et al., 2016). The autochthonous grape varieties display a 

remarkable genetic pool, which, in addition to the typicity conferred to the wines, can enhance 

the capacity of adaptation to completely distinct environments, or climatic changes in their 

regions of origin (Alcalde-Eon et al., 2014).  
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 Therefore, clonal selection can be regarded as a useful tool due to the possibility to select 

one or more genotypes from a variety that are well-adapted to a particular climate, allowing the 

maintenance of the typical varieties grown in a particular terroir, without the necessity to 

change the previously legislation in the growing areas, including parcels with registered 

appellations of origin (Koundouras et al., 2008; Forneck et al., 2009; Ibáñez et al., 2015; 

Duchêne, 2016;). Therefore, in a context of temperature increase, the possibility of selecting 

clones with the capacity to maintain their characteristics, or presenting late maturation, will 

represent a practical and sustainable adaptability measure (Arrizabalaga et al., 2018). Moreover, 

due to the characteristics of resistance to abiotic stresses provided by the wide range of 

rootstocks, the distinct combinations between rootstocks and scion may themselves represent 

an important measure of adaptation at medium-term, with plant materials with distinct 

genotypes presenting differentiated performances according to the rootstock used (Duchêne, 

2016). 

 Since the world wine production is based on a narrow range of varieties, such as 

'Cabernet Sauvignon', 'Chardonnay', 'Merlot' and 'Pinot-Noir' (Renouf et al., 2010; OIV, 2017a), 

the choice of varieties such as 'Tempranillo' or 'Touriga Nacional', among others, which 

originate wines of recognized quality, can attenuate the effect of climatic changes due to their 

plasticity / adaptability to thrive in different temperature conditions (Fraga et al., 2016). In this 

sense, it must be pointed that the viability of some of the most presently used grape varieties, 

such as 'Tempranillo', has been achieved resorting to long processes of clonal selection. 

Therefore, these processes are also very important for the maintenance of the inter-varietal 

variability, since they allow the use of certain varieties to be feasible, concerning the 

quality/yield ratio in distinct environments, thus representing an additional adaptability measure 

for the producers. For instance, 'Touriga Nacional', has been largely abandoned in the 1970’s 

due to its low productivity, while, after undergoing a thorough process of clonal selection, it is 

presently one of the most important Portuguese varieties, with its quality for winemaking being 

recognized worldwide (Martins and Gonçalves, 2015; Mayson, 2018). 

 Summarizing, ensuring the conservation and evaluation of the wide intra-varietal 

genetic diversity, found essentially in the ancient varieties, will represent an important asset to 

face climatic challenges, concerning the adaptation of vine to an undeniably changing climate 

(Martins and Gonçalves, 2015; Ugaglia and Peres, 2017). 
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1.2.4. Conclusions and future remarks 

 The Vitis vinifera species comprises a wide range of varieties, with some of them being 

preferentially cultivated, since they allow the production of recognized quality wines displaying 

characteristics appreciated by the consumers, therefore presenting greater expression in the 

worldwide vineyards. However, the global trend towards the cultivation of a limited number of 

‘noble’ grape varieties, should be counterbalanced in order to protect the biodiversity of this 

species. 

 The basis of clonal selection is the intra-varietal diversity, which is more easily found 

in old vineyards from countries of the Old World, due to centuries of grape harvesting, with 

several autochthonous grape varieties being presently known and characterized. The process of 

clonal selection for varietal improvement represents an undeniable reality, which has 

contributed to the improvement of many varieties, some of which having suffered almost 

irreversible damages with previously applied methodologies, such as ‘mass selection’. 

Nowadays, the clonal selection is more focused on the quality, in detriment of yield, meeting 

this way the consumer demands and global market trends. Nevertheless, with the possible 

genetic bottleneck arising as result of the clonal selection processes, this tool should 

concomitantly aim to the maintenance of the genetic diversity initially found in the prospection 

undertaken in old vineyards, thus avoiding genetic erosion. 

 Furthermore, the maintenance of intra-varietal diversity will allow the exploitation of 

the genetic pool to find genotypes that may be more suitable to new environmental challenges, 

or even resistant to diseases that may arise with these changes. In a context of global warming, 

the possibility to take advantage of the clonal selection process, in order to select late ripening 

clones, will allow the maintenance of the traditional grape varieties in regions of strong 

tradition, thus avoiding their replacement by varieties more tolerant to summer stress, or even 

the breeding of new tolerant varieties. In this sense, clonal selection may play a crucial role, 

since the possibility of selecting clones adapted to adverse conditions, simultaneously satisfying 

the consumer demands, represents an important asset for the protection of appellations, which 

are strongly dependent on their autochthonous grape varieties, especially in the Old World. 

 Summarizing, clonal selection represents an indispensable tool for varietal 

improvement, as well as for the recovery of varieties with less expression or knowing a 

cultivation area decline, while, in our opinion, this process should follow some assumptions, in 

order to be continuously successful, namely: 
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- Preservation of the intra-varietal diversity, representative of a certain variety, resulting from 

the prospection performed in old vineyards; 

- To use genetic tools for the rigorous and unequivocal identification of genotypes and varieties; 

- To take advantage of the rootstocks’ diversity, through the combination of rootstock × scion 

(clone), in order to increase the plasticity of adaptation to new terroirs, being thus necessary to 

evaluate the clones selected from a certain site, in distinct edaphoclimatic conditions, with the 

distinct rootstocks allowing the assurance of a greater adaptability; 

- To ensure that the nurseries should preserve a set of distinct clones from a given variety, which 

should be provided to the growers for cultivation as a mixture of clones instead a single clone, 

in order to ensure environmental stability, with well-known implications in agronomic and/or 

oenological characteristics. 
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1.3. Thesis main objectives 

The 'Tinta Roriz' clonal selection process carried out in Portugal by ADVID and PORVID, is 

nowadays oriented for quality instead of yield, focusing on the selection of clones with higher 

quality parameters and environmental stability. The overall objective of this Doctoral Thesis is 

to contribute to the 'Tinta Roriz' clonal selection process currently in progress, being the main 

specific objectives: 

- to provide to the responsible entities (ADVID and PORVID) an in-depth characterization of 

the thirty grape clones from the two sub-regions of Douro (Baixo Corgo and Cima Corgo), 

namely, to evaluate thoroughly  the clones during two seasons (2015 and 2016), in respect to 

the oenological traits of interest, phytochemical content and antiradical activity by conventional 

methods (sub-chapter 2.1); 

- to evaluate the wine made with a set of ten proposed clones (displaying appropriate contents 

in soluble solids, titratable acidity, total phenols and anthocyanins associated with a stable 

behavior) and wine made with a set of remaining twenty clones, in terms of oenological 

parameters, phytochemical content, antiradical activity and organoleptic features. Moreover, to 

evaluate the ten distinct grape clones in terms of oenological potential parameters, 

phytochemical content and antiradical activity, also by conventional methods, excepted for 

anthocyanins content (HPLC-DAD) (sub-chapter 2.2); 

- to evaluate, (for clones of interest), the expression levels of genes (UbiCF, OMT, F3H, MybA, 

MybB, MybC, MybD, Myb5A) involved in the anthocyanin biosynthetic pathway via 

quantitative real-time PCR (qRT-PCR). (This component was performed on Instituto de 

Biotecnologia Vegetal (Universidad Politécnica de Cartagena, Spain) and the results are 

promising, however, since the identification of anthocyanins by HPLC-DAD-ESI-MSn was 

only possible near the deadline for the thesis delivery (resorting an external laboratory), this 

component is not yet written, lacking to perform all the results analysis and to write it. Due to 

this, it is not present in the Thesis). 

-to develop a Fourier Transform Infrared spectroscopy (FTIR) novel tool, in order to validate a 

fast and simple methodology, resorting to multivariate statistical approaches, allowing the 

assessment of clones, solely by spectral acquisition. For this purpose, resorting to Attenuated 

Total Reflectance - Mid-Infrared (ATR-MIR) spectroscopy in combination with multivariate 

statistical analysis methods, proper calibration models will be developed to relate data arising 
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from conventional methods with the Infrared spectra of the matrices, producing predicting 

models for their subsequent assessment by spectroscopic means (chapter 3). 



 

 

 

 

 

 

 

 

 

 

CHAPTER 2: 'Tempranillo' grape clones and wines evaluation 
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2.1. 'Tempranillo' grape clones evaluation: oenological parameters, 

phytochemical content and antiradical activity 

 

Adapted from:  

Lemos, A.M., Machado, N., Egea-Cortines, M., Barros, A.I. 2020. Assessment of 

quality parameters and phytochemical content of thirty 'Tempranillo' grape clones for 

varietal improvement in two distinct sub-regions of Douro. Scientia Horticulturae. 262, 

109096.  https://doi.org/10.1016/j.scienta.2019.109096 

André Lemos contribution: sample collections, laboratorial work, data analysis and manuscript 

writing 

 

Abstract 

Genetic improvement in grapevine (Vitis vinifera L.) is performed mainly through 

clonal selection processes. This procedure takes advantage of the intra-varietal genetic 

variability existing in ancient varieties. It focuses on the selection of the most promising 

genotypes for certain quantitative characteristics, such as yield, soluble solids content, acidity, 

anthocyanins, tannins, among others, always preserving the intra-varietal diversity. In the 

present work, we evaluated the performance of 30 clones of  'Tempranillo' grape in two distinct 

trial sites at the Douro Demarcated Region (DDR), Cavernelho and São Luiz, during two 

consecutive years, measuring phytochemical content and oenological potential parameters. 

Significant differences between clones related to phytochemical content and antiradical 

activity, were observed in the Cavernelho and São Luiz fields, besides some oenological 

parameters in São Luiz. Among years, significant differences for clones, in total phenols and 

antiradical activity by the DPPH method were observed in both fields. In São Luiz, such 

differences were also found for the contents in anthocyanins, flavonoids and ortho-diphenols. 

Concerning the differences between samples from the same clone in the two fields, the greatest 

number of significant differences was observed for the anthocyanins content in 2016.  

A set of ten 'Tempranillo' grape clones displayed behavioral stability associated with 

appropriate values of soluble solids, titratable acidity and phytochemical content. 

Keywords: Clonal selection, Wine, Douro Demarcated Region, Environmental conditions, 

Oenological parameters, Phytochemical content. 
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2.1.1. Introduction 

Grape intended for winemaking, Vitis vinifera L, represents one of the most important 

crops worldwide. Amongst the grape varieties used for wine is Tempranillo. This variety, 

originary from Spain, corresponds to a total area of 231 000 hectares (ha) in 2015, representing 

the fifth most cultivated in the world (OIV, 2017a). It is grown in both the New and Old World, 

with major expression in Spain (203 247 ha), Portugal (18 119 ha) and Argentina (6 188 ha) 

(OIV, 2018). The economical relevance, as well as the presence of 'Tempranillo' at distinct 

terroirs, led to the development of several improvement and adaptation measures, including 

clonal selection (Carcamo et al., 2010; Ibáñez et al., 2015). 

Clonal selection procedures for V. vinifera L., were firstly developed in Germany, in 

the second half of the 19th century, resulting mainly in plant material free from viruses and other 

diseases (Schöffling and Stellmach, 1993). This process takes advantage of the intra-varietal 

genetic variability resulting from spontaneous mutations occurring over the years in ancient 

varieties. It selects the most promising genotypes for certain quantitative traits such as yield, 

soluble solids, acidity, anthocyanins, tannins, among others (Gonçalves and Martins, 2012). 

Presently, clonal selection represents a powerful and sophisticated tool, allowing the selection 

and preservation of the intra-varietal genetic diversity of several varieties. It contributes to the 

supply of clonal material with different characteristics, besides increasing the adaptation 

potential in a context of climate change (Rühl et al., 2004). Essentially, the clonal selection 

process begins with a rigorous selection of healthy vines from old vineyards in different regions, 

to gather a set of individuals with representative variability, which are subsequent grown in 

comparable experimental field trials. This step results in a selection of genotypes that are 

subsequently evaluated in different environmental contexts, in order to compare the interaction 

of these genotypes with distinct environments (G × E). Clones presenting good environmental 

stability, maintaining a homogeneous performance in distinct harvests and sites will be selected 

for further use (Martins and Gonçalves, 2015; OIV, 2017b). 

In this sense, the study of the adaptability of a variety to new terroirs is fundamental to 

ascertain the possible impact of the cultivation region on the characteristics of that variety. For 

instance, Costa and collaborators studied the adaptability of French grape varieties 'Alicante 

Bouschet', 'Cabernet Sauvignon', 'Merlot', 'Pinot Noir' and 'Syrah' to two distinct Portuguese 

terroirs (Douro and Dão regions). By comparative analysis of two varieties traditionally grown 

in these regions ('Touriga Nacional' and 'Tinta Roriz') found a good level of adaptation of the 

French varieties to terroir conditions. However, the effect of the region showed an influence 
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on the oenological parameters of the varieties. Indeed, some French grape varieties, like 'Merlot' 

or 'Pinot Noir' cultivated in Dão region presented a higher estimated alcohol degree than in 

Douro region. 'Touriga Nacional' and 'Tinta Roriz' presented significant differences between 

cultivation regions in the estimated alcohol degree, pH and titratable acidity. The variety 

Touriga Nacional showed higher estimated alcohol degree and pH and lower titratable acidity 

in the Douro region compared to the Dão region, while the variety Tinta Roriz presented a 

higher pH value and lower values of estimated alcohol degree and titratable acidity in the Douro 

region (E. Costa et al., 2015). The impact of the cultivation region on the varieties in terms of 

oenological parameters and phytochemical content was also demonstrated in the study carried 

out with the variety Syrah in regions with different altitudes in Brazil. The variety Syrah 

cultivated at an altitude of 1100 m presented higher values of malic and succinic acids in the 

must, as well as, higher content of condensed tannins and anthocyanins in the skin. Cultivated 

at low altitude (350 m) it presented higher levels of tartaric and citric acid in must, and tannins 

in seeds (de Oliveira et al., 2019). 

Presently, several countries are developing clonal selection programs of a large number 

of varieties including 'Tempranillo'. The improvement of this variety in Spain, started through 

the Centro de Investigación y Desarrollo Tecnológico Agroalimentario (CIDA), in the 1980's 

(Renedo et al., 1995), with the certification of 8 clones (RJ-24, RJ-26, RJ-43, RJ-51, RJ-67, RJ-

75, RJ-78, RJ-79) (García, 2014; Ibáñez et al., 2015). The distinct clonal selection programs 

carried in Spain, until 2013, allowed the obtainment of 49 certified clones of 'Tempranillo', 

making this variety the second,  in terms of number of certified clones, in that country (Ibáñez 

et al., 2015). Clonal selection of  'Tempranillo' (syn. Tinta Roriz; Aragonez) started in the 

1980’s in Portugal. The Portuguese efforts resulted in twelve certified clones of 'Tempranillo', 

namely, 106 JBP PT, 110 JBP PT, 111 JBP PT, 114 JBP PT, 117 JBP PT, 54 EAN PT, 55 EAN 

PT, 56 EAN PT, 57 EAN PT, 58 EAN PT, 59 EAN PT e 60 EAN PT, all with Portuguese 

origin. Several others are presently undergoing evaluation and certification processes (DGAV, 

2017). 

In Portugal, a new selection from 255 available 'Tempranillo'  genotypes was conducted 

a few years ago, focused on quality.  Using the EBLUPs (Empirical Best Linear Unbiased 

Predictors) methodology of genotypic effects, with the expectation that a decrease in yield 

would led to gain in berry concentration, thus improving quality. This effort was conducted by 

the Portuguese Association for Grapevine Diversity (PORVID) and Association for the 

Development of Douro Viticulture (ADVID), and resulted in the selection of 30 genotypes, 
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subsequently grown in two distinct trial sites at the DDR (Douro Demarcated Region), 

Cavernelho and São Luiz (Graça et al., 2014).  

The aim of the present work, was to evaluate the performance of these 30 clones in both 

fields, during two consecutive years, concerning phytochemical content and oenological 

potential parameters, thus contributing to the improvement of this variety, and availability of 

quality polyclonal vegetative materials, through the evaluation of the most stable and well-

adapted clones. 

 

2.1.2. Materials and methods 

 

 2.1.2.1. Reagents and standards 

Methanol for analysis (>99.9%), sodium hydroxide (≥ 98%), Folin-Ciocalteu’s reagent, 

sodium acetate 3-hydrate (>99%) and glacial acetic acid (>99%), were purchased from Panreac 

(Panreac Química S.L.U., Barcelona, Spain). Sodium nitrate (>99%), sodium carbonate (>99%) 

and aluminum chloride (>99%), were purchased from Merck (Merck, Darmstadt, Germany). 

Potassium chloride (≥ 99%) and methyl cellulose (viscosity: 1.500 cP) were purchased from 

Sigma-Aldrich (St. Louis, USA). Sodium molybdate (99.5%) was purchased from Chem-Lab 

(Chem-Lab N.V., Zedelgem, Belgium). The 2,2-azino-bis(3-ethylbenzothiazoline-6-sulphonic 

acid) diammonium salt (ABTS•+), potassium persulfate (>99.9%), and 2,2-diphenyl-1-

picrylhydrazyl radical (DPPH•), were obtained from Sigma-Aldrich (Steinheim, Germany). 

Hydrochloric acid (~37%) was obtained from Honeywell, Fluka, (Germany), and ammonium 

sulphate (≥ 99.5%) was purchased from Merck KGaA (Darmstadt, Germany). Standards: (+)-

Catechin hydrate (≥ 98%) and (-)-Epicatechin (≥ 90%) were purchased from Sigma-Aldrich 

(St. Louis, USA); 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) was 

purchased from Fluka Chemika (Neu-Ulm, Switzerland), the 3,4,5-trihydroxybenzoic acid 

(gallic acid, >99%) was purchased from Panreac (Panreac Química S.L.U., Barcelona, Spain).  

The ultrapure water was obtained using a Millipore water purification system (Arioso, Human 

Corporation, Seoul, Republic of Korea). 

 

 2.1.2.2. Sampling 

In 2012, vines from the 30 selected 'Tempranillo' clones were grafted in two fields in 

the Douro Demarcated Region (DDR), one located in the sub-region Cima Corgo, a steep slope 

and low altitude (Quinta de São Luiz, Tabuaço, 194 m), and the other located in the sub-region 
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of the Baixo Corgo, a flat area at high altitude (Quinta do Cavernelho, Vila Real, 471 m). Both 

fields are inside commercial vineyards. Each of the 30 clones was replicated six times, each 

replica comprising 5-6 vines, and were distributed randomly, according to a row-column 

design, latinized by column (P. Costa et al., 2015). In the trial field in Quinta do Cavernelho, 

the clonal propagation vegetative material has been grafted in the 1103P rootstock, and in the 

field installed in Quinta de São Luiz, the propagation material has been grafted on rootstock 

R99, corresponding to the most suitable rootstocks for each terrain. The DDR comprehends the 

sub-regions Baixo Corgo, Cima Corgo and Douro Superior and its soils are mainly of schist 

origin, with a high degree of stoniness at surface and along their profile. They have an useful 

soil profile of less than 50 cm over more than half of the total area. The deepest and most fertile 

soils are found in the Baixo Corgo sub-region (Figueiredo, 2015). Comparing the two studied 

sub-regions, the Baixo Corgo has a higher average annual rainfall, relatively lower summer 

temperatures than the other sub-region, showing a humid and mesothermal climate. It has a 

strong water deficiency in summer and low concentration of thermal efficiency in the warm 

season. The Cima Corgo sub-region has a dry humid and mesothermal climate, with moderate 

excess water in winter and moderate concentration of thermal efficiency in the warm season 

(IVDP, 2012). 

Grapes samples: Sixty berries were collected in each replicate, from the 6 vines, during 

the 2015 and 2016 seasons, at the harvest dates determined by the wineries. After the collection, 

the samples were kept at -80°C. A portion of the grapes was lyophilized, grounded to a fine 

powder, and stored protected from light, at room temperature, until analysis. 

 

2.1.2.3. Quality parameters of homogenates 

The grapes were defrozen at room temperature before processing, and the homogenates 

were obtained with an IKA Ultra-Turrax T25, using an S 25N - 18G dispersion element. The 

pH values were measured using a pH-meter (Jenway 3305, Felsted, UK). Soluble solids - SS 

(°Brix) were measured with a digital refractometer (Pocket, Atago, Japan). Titratable acidity 

(TA) was determined by titrating around 1.0 g of sample, mixed with 8.0 mL of water, with a 

sodium hydroxide solution 0.1N, until a pH of 8.2 was reached, and the results were expressed 

as gram equivalents of tartaric acid per kilogram of grape fresh weight (g TAE kg-1 FW) (Garner 

et al., 2008). All the experiments were performed in triplicate (n=3) for each sample. 
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 2.1.2.4. Extraction procedure 

For the evaluation of phytochemical contents and antioxidant activity, three  

hydro-methanolic extracts were obtained for each sample, using lyophilized grapes. Samples 

were weighted before and after lyophilization, and the water losses registered. For the 

obtainment of each extract, 40 mg of lyophilized grape were mixed with 1.5 mL of 

methanol/distilled water (70:30, v/v) acidified with 0.1% of hydrochloric acid. Then, samples 

were vortexed and phenolic compounds were extracted by agitation at room temperature for 30 

min, being centrifuged at 2291g for 15 min, at 4°C (Sigma-2-16 K; Sigma, Steinheim, 

Germany), and the supernatant collected. This procedure was repeated four times, and the final 

volume made up to 10 millilitres (mL) in a volumetric flask. After complete extraction, the 

hydro-methanolic extracts were filtered through 0.2-μm regenerated cellulose filters 

(OlimPeak, Teknokroma). The final results are presented in terms of grape fresh weight (FW). 

 

 2.1.2.5. Phenolic composition 

The assays for the assessment of total phenols content, ortho-diphenols, and flavonoids, 

were performed according to the procedure previously described (Gouvinhas et al., 2018), using 

96-well microplates (370 µL, Nunc, Roskilde, Denmark) and a Multiskan FC microplate reader 

(Thermo Fisher Scientific). For the assessment of total phenols, 20 μL of sample and 100 μL 

of Folin–Ciocalteu reagent (ten-fold dilution in water) were mixed and vortexed. 80 μL of 

sodium carbonate (7.5%) were added, and the mixture was vortexed again. The reaction was 

incubated in an oven at 45 ºC, during 30 min. Absorbance was recorded at 750 nm. Results 

were expressed as mg of gallic acid equivalents per gram of fresh weight (mg GAE g-1 FW). 

The ortho-diphenols content was evaluated by adding 40 μL of sodium molybdate (50 g L-1) to 

160 μL of the sample, and the absorbance was measured at 375 nm after 15 min at room 

temperature. The results were expressed as mg GAE g-1 FW. For the assessment of flavonoids 

content, 24 μL of sample were mixed with 28 μL of sodium nitrite (50 g L-1), 28 μL of 

aluminium chloride (100 g L−1) were added, and the mixture was vortexed. After 6 min at room 

temperature, 120 μL of sodium hydroxide (1.0 M) were added to the mixture. The absorbance 

was immediately recorded at 510 nm and the results were expressed as mg of catechin 

equivalents per gram of fresh weight (mg CE g-1 FW). Total monomeric anthocyanin content 

was assessed using a pH differential method (Lee et al., 2008). Absorbance was measured at 

520 and 700 nm in cuvettes (1.0 cm optical path length) using a SpectronicTM HeliosTM 

Gamma UV-Vis Spectrophotometer (Thermo Fisher Scientific), at two distinct pH values (pH 
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1.0 buffer, potassium chloride 0.025M, and pH 4.5 buffer, sodium acetate 0.4M). For each 

assay, 80 µL of sample were added to 1.0 mL of buffer. The total anthocyanins content was 

expressed as equivalents of malvidin-3-O-glucoside, accounting with the molar extinction 

coefficient (28.000 L cm-1 mol-1) and molecular weight of this compound (493.2 g mol-1). The 

results were expressed as mg of malvidin-3-O-glucoside equivalents per gram of fresh weight 

(mg MVE g-1 FW). The tannin quantities were assessed using the methyl cellulose precipitable 

tannin assay (Dambergs et al., 2012). The method was performed for a final volume of 2.0 mL, 

adding 200 µL of sample to 600 µL of 0.04% methyl cellulose solution, and, after 3 min, 400 

µL of saturated ammonium sulphate solution, while the final volume was adjusted to 2.0 mL 

with water. Control samples were obtained by the same procedure, with the methyl cellulose 

solution being substituted by water. After 10 min at room temperature, the samples were 

centrifuged at 9167g, for 5 min, at 22°C. Then, both samples were measured at 280 nm in a 

quartz cuvette (1.0 cm optical path length) using a SpectronicTM HeliosTM Gamma UV-Vis 

Spectrophotometer (Thermo Fisher Scientific). The difference in absorbance registered 

between control and methyl cellulose containing samples, corresponds to the quantity of 

tannins. Epicatechin was used as standard, and the results were expressed as milligrams of 

epicatechin equivalents per gram of fresh weight (mg ECE g-1 FW).  

All the experiments were performed in triplicate (n=3) for each sample. 

 

 2.1.2.6. Antioxidant activity by ABTS and DPPH 

The free radical scavenging activity was determined through the ABTS and DPPH 

spectrophotometric methods, based on the procedure previously described (Gouvinhas et al., 

2018), with minor modifications, using 96-well microplates (370uL, Nunc, Roskilde, Denmark) 

and a Multiskan FC microplate reader (Thermo Fisher Scientific). 

The ABTS•+ radical was prepared by mixing ABTS stock solution (7.0 mM in water) 

with 2.42 mM potassium persulfate, and, after 12-16 h, the ABTS working solution was 

prepared by the dilution of the ABTS•+ radical solution in 20 mM sodium acetate buffer (pH 

4.5) to an absorbance of 0.70 ± 0.02 at 734 nm (in 1.0 cm optical path length). The radical 

scavenging activity was measured though the variation in absorbance, at 734 nm, of a mixture 

of 188 μL of ABTS working solution and 12 μL of extract, after 30 min. 

The DPPH working solution was prepared by the dilution of the DPPH• radical (8.87 

mM in methanol) in a solution of methanol : water (70:30, v,v), till the obtainment of a solution 

with an absorbance of 1.00 ± 0.01 at 520 nm (1.0 cm optical path length). The radical 
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scavenging activity was assessed through the measure of the variation in absorbance, at 520 

nm, of a mixture of 190 μL of the DPPH working solution with 10 μL of extract, after 30 min 

of reaction. 

In both the ABTS and DPPH assays, the results were expressed as µmol Trolox 

equivalents per gram of fresh weight (µmol TE g-1 FW). All the experiments were performed 

in triplicate (n=3) for each sample. 

 

 2.1.2.7. Statistical analysis 

All the results are presented as mean values for the six field replicates (n=6), each 

replicate being analysed in triplicate, corresponding to three laboratorial samples (n=3). All the 

data were subjected to analysis of variance (ANOVA) and a multiple range test (Tukey’s test), 

using IBM SPSS statistics 21.0 software (SPSS Inc., Chicago, IL, USA). Differences between 

mean values were considered significantly different for p < 0.05. 

Cluster analysis was performed using the software package OriginPro 9.1 (OriginLab, 

Northampton, MA). Cluster analysis was applied to the average analytical values, which were 

used to obtain hierarchical associations, as standardised data, employing Euclidean distance 

and Ward’s method as dissimilarity measure and amalgamation rule, respectively. Groups of 

samples presenting Euclidean distances larger than 3.0, in the dendrogram, were considered as 

distinct Clusters, and the centers of the clusters observed have been used as initial centers for 

the K-means cluster analysis. Principal components analysis (PCA) was carried out using the 

analytical data as variables, resorting to average values, and without solution rotation. The final 

clusters observed are plotted using the scores obtained for PC1 and PC2, for each sample. 

 

2.1.3. Results 

The data corresponding to the oenological potential quality parameters of the 30 clones, 

in the Cavernelho and São Luiz fields, are presented in Table 2.1.1 and 2.1.2, respectively, 

where it can be immediately observed that some clones present the same trend, regarding one 

or more parameters, in both years.  

 

 

 

 

 



 
 

58

Table 2.1.1. Oenological potential parameters of 30 'Tempranillo' grape clones for the samples from the Cavernelho field (mean value, n=6).  

Mean values (n=6). Different letters within the same column indicate significant differences p < 0.05; Level of significance: *, ** and *** indicates significance at p < 0.05, 
p < 0.01 and p < 0.001 respectively, among years, according to Tukey’s test; n.s: indicates no significant difference. 

Clone 

Soluble solids 
(ºBrix) 

pH Titratable Acidity 
(g TAE Kg-1 FW) 

Anthocyanins 
(mg MVE g-1 FW) 

Tannins 
(mg ECE g-1 FW) 

2015 2016 sig. 2015 2016 sig. 2015 2016 sig. 2015 2016 sig. 2015 2016 sig. 

RZ01 22.3 ab 22.1 ab n.s 4.12 cdef 4.18 a n.s 5.12 ab 4.46 a n.s 1.25 ab 1.18 abc n.s 5.60 abcde 5.50 ab n.s 
RZ02 23.1 ab 23.6 ab n.s 4.06 bcdef 4.26 a n.s 4.57 a 4.50 a n.s 1.34 ab 1.15 abc n.s 6.66 cde 6.61 bc n.s 
RZ03 23.6 b 23.2 ab n.s 3.94 abc 4.09 a n.s 4.69 ab 4.53 a n.s 1.37 ab 1.22 bc n.s 5.86 abcde 5.53 ab n.s 
RZ04 21.5 ab 21.5 ab n.s 3.93 ab 4.11 a n.s 5.58 ab 4.62 a n.s 1.06 a 1.10 abc n.s 5.25 abc 5.39 ab n.s 
RZ05 23.1 ab 22.3 ab n.s 3.85 a 4.14 a ** 4.60 ab 5.01 a n.s 1.34 ab 1.19 abc n.s 5.19 abc 4.60 a n.s 
RZ06 22.6 ab 22.8 ab n.s 4.01 abcdef 4.15 a n.s 5.06 ab 4.67 a n.s 1.34 ab 1.13 abc n.s 5.87 abcde 5.31 ab n.s 
RZ07 23.6 ab 23.0 ab n.s 4.06 bcdef 4.18 a n.s 4.45 a 4.62 a n.s 1.39 ab 1.21 bc n.s 5.76 abcde 4.66 a n.s 
RZ08 20.5 a 20.6 a n.s 3.96 abcd 4.11 a n.s 5.24 ab 5.35 a n.s 1.19 ab 0.87 a n.s 6.15 abcde 5.12 ab n.s 
RZ09 22.6 ab 22.1 ab n.s 4.11 bcdef 4.25 a n.s 4.59 a 4.49 a n.s 1.42 ab 1.40 c n.s 7.23 e 7.54 c n.s 
RZ10 21.8 ab 22.6 ab n.s 4.09 bcdef 4.12 a n.s 5.72 ab 4.90 a n.s 1.22 ab 1.23 bc n.s 5.63 abc 5.84 ab n.s 
RZ11 23.2 ab 22.9 ab n.s 4.08 bcdef 4.32 a * 4.56 a 4.33 a n.s 1.33 ab 1.16 abc n.s 7.14 de 5.85 abc n.s 
RZ12 22.3 ab 22.2 ab n.s 4.00 abcdef 4.17 a n.s 5.09 ab 4.90 a n.s 1.15 ab 1.15 abc n.s 6.12 abcde 5.21 ab n.s 
RZ13 23.6 ab 23.2 ab n.s 3.99 abcde 4.16 a n.s 5.15 ab 4.85 a n.s 1.38 ab 1.15 abc n.s 6.18 abcde 5.02 ab n.s 
RZ14 23.0 ab 22.6 ab n.s 4.01 abcdef 4.22 a n.s 5.11 ab 4.61 a n.s 1.25 ab 1.18 abc n.s 5.14 abcde 5.27 ab n.s 
RZ15 23.4 ab 23.4 ab n.s 4.10 bcdef 4.22 a n.s 4.31 a 3.96 a n.s 1.46 ab 1.26 bc n.s 5.81 abcde 5.76 ab n.s 
RZ16 22.5 ab 22.8 ab n.s 3.98 abcde 4.18 a n.s 5.04 ab 4.46 a n.s 1.24 ab 1.14 abc n.s 5.82 abcde 5.99 abc n.s 
RZ17 23.0 ab 22.6 ab n.s 4.09 bcdef 4.22 a n.s 5.43 ab 4.10 a n.s 1.27 ab 1.22 bc n.s 4.79 a 5.13 ab n.s 
RZ18 21.8 ab 21.6 ab n.s 4.02 abcdef 4.08 a n.s 5.60 ab 4.84 a n.s 1.06 ab 1.10 abc n.s 5.02 abc 5.02 ab n.s 
RZ19 23.1 ab 22.3 ab n.s 4.16 ef 4.23 a n.s 4.80 ab 4.15 a n.s 1.20 ab 1.26 bc n.s 4.85 ab 5.02 ab n.s 
RZ20 22.8 ab 22.4 ab n.s 4.15 def 4.22 a n.s 4.77 ab 4.34 a n.s 1.13 ab 1.21 bc n.s 5.13 abc 5.36 ab n.s 
RZ21 22.5 ab 22.3 ab n.s 4.10 bcdef 4.15 a n.s 5.13 ab 4.50 a n.s 1.17 ab 1.14 abc n.s 6.58 bcde 6.54 bc n.s 
RZ22 22.6 ab 22.3 ab n.s 4.18 f 4.27 a n.s 4.69 ab 4.13 a n.s 1.14 ab 1.09 abc n.s 5.32 abc 5.49 ab n.s 
RZ23 22.0 ab 21.2 ab n.s 4.10 bcdef 4.19 a n.s 5.30 ab 4.68 a n.s 1.33 ab 1.17 abc n.s 6.46 abcde 5.59 ab n.s 
RZ24 21.2 ab 21.5 ab n.s 4.13 def 4.19 a n.s 6.41 b 5.29 a n.s 1.22 ab 1.08 abc n.s 5.42 abcd 4.94 ab n.s 
RZ25 22.8 ab 22.7 ab n.s 4.10 bcdef 4.22 a n.s 5.13 ab 4.42 a n.s 1.40 ab 1.30 bc n.s 6.03 abcde 5.51 ab n.s 
RZ26 24.2 b 24.0 b n.s 4.03 abcdef 4.19 a n.s 4.89 ab 4.29 a n.s 1.48 b 1.23 bc n.s 5.66 abcde 5.02 ab n.s 
RZ27 22.9 ab 22.5 ab n.s 4.08 bcdef 4.20 a n.s 5.21 ab 4.32 a n.s 1.34 ab 1.18 abc n.s 5.45 abcd 6.02 abc n.s 
RZ28 23.4 ab 23.4 ab n.s 4.12 bcdef 4.21 a n.s 4.98 ab 4.38 a n.s 1.45 ab 1.30 bc n.s 6.51 abcde 5.93 abc n.s 
RZ29 23.8 b 22.8 ab n.s 4.11 bcdef 4.23 a n.s 4.72 ab 3.96 a n.s 1.29 ab 1.00 ab n.s 4.97 abc 5.36 ab n.s 
RZ30 22.9 ab 22.9 ab n.s 4.07 bcdef 4.09 a n.s 5.10 ab 4.80 a n.s 1.25 ab 1.10 abc n.s 5.66 abcde 5.27 ab n.s 
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Table 2.1.2. Oenological potential parameters of 30 'Tempranillo' grape clones for the samples from the São Luiz field (mean value, n=6).  

Mean values (n=6). Different letters within the same column indicate significant differences p < 0.05; Level of significance: *, ** and *** indicates significance at p < 0.05, 
p < 0.01 and p < 0.001 respectively, among years, according to Tukey’s test; n.s: indicates no significant difference. 

 

Clone 

Soluble solids  
(ºBrix) 

pH Titratable Acidity 
(g TAE Kg-1 FW) 

Anthocyanins 
(mg MVE g-1 FW) 

Tannins 
(mg ECE g-1 FW) 

2015 2016 sig. 2015 2016 sig. 2015 2016 sig. 2015 2016 sig. 2015 2016 sig. 

RZ01 23.6 b 21.3 b n.s 4.19 bcd 4.05 def n.s 3.41 ab 3.77 ab n.s 1.07 abc 1.05 hijk n.s 6.68 abcdefg 6.48 abcde n.s 
RZ02 24.5 b 23.8 b n.s 4.17 bcd 4.03 cdef n.s 3.40 ab 3.88 abc n.s 1.22 abc 0.68 abcd *** 7.62 bcdefghi 6.42 abcde n.s 
RZ03 23.8 b 22.4 b n.s 4.07 abc 3.88 abcd n.s 3.39 ab 4.06 abcdef n.s 1.11 abc 0.68 abcd *** 6.30 abcde 5.65 abcd n.s 
RZ04 23.8 b 22.2 b n.s 4.08 abcd 3.97 abcdef n.s 3.94 bc 3.96 abcd n.s 1.01 a 0.65 abcd *** 6.96 abcdefgh 5.90 abcd n.s 
RZ05 24.4 b 22.1 b n.s 4.00 ab 3.90 abcd n.s 3.94 bc 4.24 abcdefg n.s 1.12 abc 0.78 cdef *** 5.75 ab 5.47 abcd n.s 
RZ06 22.9 b 22.3 b n.s 4.01 ab 3.88 abcd n.s 3.72 abc 4.27 abcdefg n.s 1.17 abc 0.74 bcdef *** 6.75 abcdefg 5.79 abcd n.s 
RZ07 23.6 b 22.8 b n.s 4.20 bcd 4.07 def n.s 3.07 a 3.59 a n.s 1.15 abc 0.72 abcde *** 6.15 abcde 5.53 abcd n.s 
RZ08 22.0 ab 21.6 b n.s 4.19 bcd 4.13 ef n.s 3.39 ab 4.01 abcde n.s 1.00 a 0.67 abcd ** 6.85 abcdefgh 6.40 abcde n.s 
RZ09 23.8 b 22.0 b n.s 4.30 d 4.16 f n.s 3.56 abc 4.14 abcdef n.s 1.38 cd 0.81 defg *** 9.48 i 7.95 e n.s 
RZ10 22.5 ab 22.0 b n.s 3.98 ab 3.98 abcdef n.s 3.98 bc 4.43 bcdefg n.s 1.07 abc 0.77 cdef ** 6.64 abcdef 5.29 ab n.s 
RZ11 23.7 b 22.3 b n.s 4.14 abcd 4.05 def n.s 3.41 ab 4.03 abcdef n.s 1.21 abc 0.78 cdef *** 6.08 abcd 6.02 abcd n.s 
RZ12 23.2 b 21.8 b n.s 4.12 abcd 3.95 abcde n.s 3.89 abc 4.85 ghi *** 1.26 abcd 0.76 bcdef *** 5.48 a 4.96 a n.s 
RZ13 24.4 b 22.4 b n.s 4.07 abc 3.83 abc * 3.88 abc 4.67 efgh ** 1.38 cd 0.85 defgh *** 5.90 abc 5.80 abcd n.s 
RZ14 23.0 b 22.2 b n.s 4.17 bcd 4.01 bcdef n.s 3.58 abc 4.19 abcdefg n.s 1.24 abcd 0.74 bcdef *** 5.88 abc 5.72 abcd n.s 
RZ15 23.6 b 22.6 b n.s 4.19 bcd 4.01 bcdef n.s 3.52 abc 4.12 abcdef n.s 1.27 abcd 0.79 cdef *** 5.68 ab 5.32 abc n.s 
RZ16 22.6 ab 21.5 b n.s 4.12 abcd 3.98 abcdef n.s 3.82 abc 4.53 cdefg n.s 1.18 abc 0.78 cdef *** 6.81 abcdefg 6.41 abcde n.s 
RZ17 22.5 ab 22.4 b n.s 4.07 abc 3.95 abcdef n.s 3.77 abc 4.49 cdefg n.s 1.20 abc 0.82 defg *** 6.08 abcd 6.45 abcde n.s 
RZ18 22.5 ab 21.7 b n.s 4.02 ab 3.82 ab n.s 4.00 bc 4.71 fgh n.s 1.22 abc 0.94 fghi * 6.81 abcdefg 6.19 abcd n.s 
RZ19 23.7 b 22.5 b n.s 4.14 abcd 4.01 bcdef n.s 3.40 ab 4.45 bcdefg ** 1.27 abcd 0.60 abc *** 6.60 abcdef 6.08 abcd n.s 
RZ20 24.5 b 23.2 b n.s 4.16 abcd 4.07 def n.s 3.79 abc 4.36 bcdefg n.s 1.20 abc 0.56 ab *** 6.72 abcdefg 5.60 abcd n.s 
RZ21 22.9 b 21.8 b n.s 4.08 abcd 4.02 bcdef n.s 4.02 bc 4.65 defgh n.s 1.05 ab 0.52 a *** 8.06 efghi 6.85 bcde n.s 
RZ22 22.9 b 22.4 b n.s 4.08 abcd 3.99 abcdef n.s 3.39 ab 4.31 bcdefg * 1.24 abcd 0.75 bcdef *** 7.32 abcdefgh 6.07 abcd n.s 
RZ23 19.9 a 16.7 a ** 3.94 a 3.80 a n.s 4.33 c 5.46 i *** 1.04 ab 0.68 abcd *** 7.46 bcdefgh 7.04 cde n.s 
RZ24 22.4 ab 22.7 b n.s 4.13 abcd 4.04 def n.s 3.88 abc 4.56 cdefg n.s 1.27 abcd 0.93 efghi ** 7.34 abcdefgh 7.17 de n.s 
RZ25 23.3 b 23.8 b n.s 4.11 abcd 4.06 def n.s 3.61 abc 4.38 bcdefg n.s 1.35 bcd 1.19 jk n.s 7.01 abcdefgh 6.36 abcde n.s 
RZ26 23.9 b 23.6 b n.s 4.02 ab 3.95 abcde n.s 3.83 abc 4.72 fgh * 1.21 abc 1.11 ijk n.s 7.72 cdefghi 6.26 abcde n.s 
RZ27 22.9 b 23.1 b n.s 4.15 abcd 3.98 abcdef n.s 3.25 ab 4.34 bcdefg *** 1.17 abc 1.13 ijk n.s 8.61 ghi 6.34 abcde ** 
RZ28 24.6 b 23.7 b n.s 4.18 bcd 4.03 bcdef n.s 3.61 abc 4.34 bcdefg n.s 1.54 d 1.21 k ** 8.41 fghi 6.45 abcde n.s 
RZ29 23.8 b 23.0 b n.s 4.27 cd 3.99 abcdef *** 3.26 ab 4.30 bcdefg ** 1.22 abc 1.05 hijk n.s 7.96 defghi 6.06 abcd n.s 
RZ30 23.0 b 22.3 b n.s 4.14 abcd 3.97 abcdef n.s 4.11 bc 5.30 hi *** 1.28 abcd 1.00 ghij * 8.80 hi 6.68 bcde * 
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An important parameter for vinification is the soluble solids - SS (ºBrix) content, which 

ranged between 20.5 to 24.2 in 2015 and 20.6 to 24.0 in 2016, for Cavernelho field. In the case 

of São Luiz field, it ranged between 19.9 to 24.6 in 2015 and 16.7 to 23.8 in 2016. In Cavernelho 

field (Table 2.1.1) the clone RZ08 displayed the lowest values of SS in both years and no 

significative differences were observed between 2015 and 2016 for all clones, respecting this 

parameter. In the opposite side, clone RZ26 presented the highest value of SS in both years. In 

São Luiz field (Table 2.1.2), the clone RZ23 presented the lowest values of SS in both years, 

with significative differences between years, while clone RZ28 in 2015 and both clones RZ02 

and RZ25  in 2016, displayed the highest SS values. 

The values of pH obtained in Cavernelho field ranged from 3.85 to 4.18 in 2015 and 

4.08 to 4.32 in 2016, as well as in São Luiz field, that ranged between 3.94 to 4.30 in 2015 and 

3.80 to 4.16 in 2016. The clone RZ05 displayed the lowest pH value, in 2015, while clones 

RZ22 and RZ11 presented the highest values in 2015 and 2016, respectively (Table 2.1.1). In 

São Luiz field the clones RZ23 and RZ09 displayed the lowest and the highest values in both 

years, respectively (Table 2.1.2).  

Titratable acidity (TA) ranged between 4.31 to 6.41 g TAE Kg-1 FW in 2015 and 3.96 

to 5.35 g TAE Kg-1 FW in 2016 for Cavernelho field and 3.07 to 4.33 g TAE Kg-1 FW in 2015 

and 3.59 to 5.46 g TAE Kg-1 FW in 2016 for São Luiz field. In Cavernelho field larger 

differences were observed between clones in the year 2015. Concerning 2016, no significant 

differences were observed for TA. Clone RZ15 presented the lowest values of TA in both years, 

and clones RZ24, in 2015, and RZ08, in 2016, the highest (Table 2.1.1). The clone RZ23 

displayed the highest values of TA in both years, contrasting with clone RZ07, which presented 

the lowest TA value in the same period (Table 2.1.2). 

The anthocyanins content ranged between 1.06 to 1.48 mg MVE g-1 FW, in 2015 and 

0.87 to 1.40 mg MVE g-1 FW, in 2016 for Cavernelho field, while in the case of São Luiz field, 

they ranged between 1.00 to 1.54 mg MVE g-1 FW and 0.52 to 1.21 mg MVE g-1 FW, in 2015 

and 2016, respectively. Anthocyanin content of the different clones was stable between years 

in Cavernelho field (Table 2.1.1) however, in each year, significative differences were found 

between clones. For instance, in 2015, clones RZ04 and RZ26 presented the lowest and highest 

values, respectively, while in 2016 the lowest value corresponded to clone RZ08, and the 

highest to RZ09. In São Luiz field (Table 2.1.2), the clone RZ28 displayed the highest 

anthocyanins concentration in both years, on the contrary, clone RZ08, in 2015, and clone 

RZ21, in 2016, displayed the lowest anthocyanins contents. This indicates that while 
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anthocyanin may vary, it has a strong genetic component. Still observing Tables 2.1.1 and 2.1.2, 

the tannins concentration in Cavernelho field ranged between 4.79 to 7.23 mg ECE g-1 FW and 

4.60 to 7.54 mg ECE g-1 FW in 2015 and 2016, respectively, while in São Luiz field the 

concentration ranged between 5.48 to 9.48 mg ECE g-1 FW and 4.96 to 7.95 mg ECE g-1 FW, 

for the same period. The clone RZ09 can be immediately highlighted, as it presented the highest 

values of tannins in both years and fields.  

The data corresponding to the phytochemical content and antiradical activity of the 30 

clones, in the Cavernelho and São Luiz fields, are presented in Table 2.1.3 and 2.1.4, 

respectively. The values of phenols obtained in Cavernelho field ranged from 4.25 to 10.10 mg 

GAE g-1 FW in 2015 and 4.88 to 10.04 mg GAE g-1 FW in 2016, as well as, in São Luiz field, 

were ranged between 3.62 to 12.64 mg GAE g-1 FW in 2015 and 5.13 to 8.61 mg GAE g-1 FW 

in 2016. Phenols showed great variability, with clones RZ21 and RZ09 displaying the highest 

concentrations in 2015 and 2016 respectively, for Cavernelho field (Table 2.1.3) and the same 

clone, RZ09, in São Luiz field, displayed the highest concentration in 2015, while the clone 

RZ02 displayed the highest concentration in 2016 (Table 2.1.4). 

The flavonoids concentration ranged between 3.26 to 4.61 mg CE g-1 FW in 2015 and 

3.33 to 4.52 mg CE g-1 FW in 2016 for Cavernelho field and 3.91 to 5.97 mg CE g-1 FW in 

2015 and 3.09 to 5.12 mg CE g-1 FW in 2016 for São Luiz field. The clone RZ09 is in evidence 

again, by having the highest concentration of flavonoids in the years 2015 and 2016 in São Luiz 

and Cavernelho, respectively. In the opposite side, clones like RZ22 and RZ29 in Cavernelho 

field and RZ24 and RZ12 in São Luiz, presented the lowest values (Tables 2.1.3, 2.1.4).  

The ortho-diphenols concentration in the Cavernelho field ranged between 4.96 to 12.55 

mg GAE g-1 FW in 2015 and 5.02 to 11.59 mg GAE g-1 FW in 2016, with the clones RZ26 and 

RZ22 displaying the highest values in 2015 and 2016, respectively (Table 2.1.3). Concerning 

to São Luiz field, the concentration ranged between 7.27 to 12.36 mg GAE g-1 FW in 2015 and 

4.90 to 12.25 mg GAE g-1 FW in 2016, being the highest concentration obtained for clones 

RZ09 in 2015 and RZ07 in 2016 (Table 2.1.4).  

The values of antiradical activity measured by ABTS ranged between 51.17 to 80.17 

μmol TE g-1 FW, in 2015, and 50.00 to 76.67 μmol TE g-1 FW in 2016 for Cavernelho field, 

highlighting the clone RZ21 with the highest concentration in both years (Table 2.1.3), while 

in São Luiz field, they ranged between 54.83 to 86.83 μmol TE g-1 FW in 2015 and 54.17 to 

76.17 μmol TE g-1 FW in 2016, with the clones RZ02 and RZ09 displaying the highest 

concentrations for the same period (Table 2.1.4).  
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Table 2.1.3. Phytochemical content and antiradical activity parameters of 30 'Tempranillo' grape clones for the samples from the Cavernelho 
field (mean value, n=6).  

Mean values (n=6). Different letters within the same column indicate significant differences p < 0.05; Level of significance: *, ** and *** indicates significance at p < 0.05, 
p < 0.01 and p < 0.001 respectively, among years, according to Tukey’s test; n.s: indicates no significant difference. 

Clone 

Total Phenols 
(mg GAE g-1 FW) 

Flavonoids 
(mg CE g-1 FW) 

Ortho-diphenols 
(mg GAE g-1 FW) 

ABTS 
(μmol TE g-1 FW) 

DPPH 
(μmol TE g-1 FW) 

2015 2016 sig. 2015 2016 sig. 2015 2016 sig. 2015 2016 sig. 2015 2016 sig. 

RZ01 6.35 bcdefgh 4.88 a n.s 4.18 abcde 4.20 abc n.s 5.12 ab 5.02 a n.s 54.50 ab 55.33 abc n.s 50.96 ab 56.67 ab n.s 
RZ02 7.38 defghi 6.74 abcdef n.s 4.61 e 4.35 bc n.s 6.52 abcde 8.93 efghi n.s 60.17 abc 73.17 def n.s 71.49 cde 78.33 defghi n.s 
RZ03 6.97 cdefghi 6.30 abcd n.s 4.32 bcde 3.94 abc n.s 6.87 abcdef 6.34 abcd n.s 57.83 abc 67.67 bcdef n.s 82.25 defghij 80.67 fghij n.s 
RZ04 6.35 bcdefgh 7.14 bcdefg n.s 3.79 abcde 3.72 abc n.s 7.30 abcdef 5.63 ab n.s 63.33 abc 63.83 abcdef n.s 78.39 defgh 82.50 ghij n.s 
RZ05 7.28 defghi 6.63 abcde n.s 3.68 abcd 3.65 abc n.s 5.10 ab 7.47 abcdefg n.s 63.00 abc 57.67 abc n.s 87.07 defghijkl 78.50 defghi n.s 
RZ06 8.76 ijk 6.73 abcdef n.s 3.83 abcde 3.59 ab n.s 5.24 ab 6.26 abcd n.s 65.50 abcd 58.00 abc n.s 103.04 kl 82.67 hij * 
RZ07 8.13 ghijk 7.33 cdefg n.s 3.63 abcd 4.18 abc n.s 7.62 abcdef 10.55 ij * 67.67 bcd 54.83 abc n.s 104.28 kl 61.67 abc *** 
RZ08 8.95 ijk 7.85 defg n.s 3.90 abcde 3.71 abc n.s 8.36 abcdefg 8.27 cdefghi n.s 66.50 bcd 55.83 abc n.s 103.81 kl 64.83 abcdef *** 
RZ09 7.30 defghi 10.04 h *** 4.51 de 4.52 c n.s 7.71 abcdef 8.56 cdefghi n.s 64.00 abc 76.17 ef n.s 78.62 defgh 80.67 fghij n.s 
RZ10 5.68 abcdef 8.90 gh *** 3.73 abcde 3.93 abc n.s 6.16 abc 8.85 efghi * 53.67 ab 64.17 abcdef n.s 75.68 cdefg 70.17 bcdefgh n.s 
RZ11 5.79 abcdef 9.14 gh *** 4.08 abcde 3.86 abc n.s 6.42 abcd 8.43 cdefghi n.s 57.33 abc 62.00 abcde n.s 89.33 defghijkl 69.67 abcdefgh * 
RZ12 5.54 abcd 5.94 abcd n.s 3.64 abcd 3.96 abc n.s 6.68 abcde 9.15 efghij n.s 51.17 a 58.50 abc n.s 88.51 defghijkl 63.83 abcde *** 
RZ13 5.62 abcde 6.05 abcd n.s 3.98 abcde 3.77 abc n.s 7.06 abcdef 7.20 abcdefg n.s 54.33 ab 58.67 abc n.s 97.04 hijkl 63.17 abcde *** 
RZ14 5.09 abc 5.77 abc n.s 3.79 abcde 3.84 abc n.s 7.77 abcdef 6.99 abcdefg n.s 62.17 abc 57.33 abc n.s 72.54 cdef 65.00 abcdef n.s 
RZ15 5.15 abc 5.96 abcd n.s 4.10 abcde 3.82 abc n.s 10.14 fgh 7.31 abcdefg * 70.00 cd 62.50 abcdef n.s 93.69 ghijkl 73.83 cdefgh * 
RZ16 4.93 abc 5.24 ab n.s 4.04 abcde 3.82 abc n.s 10.15 fgh 6.31 abcd ** 66.83 bcd 56.50 abc n.s 100.14 ijkl 72.00 bcdefgh *** 
RZ17 4.68 ab 6.00 abcd n.s 3.50 ab 3.82 abc n.s 7.16 abcdef 6.67 abcde n.s 58.40 abc 68.67 cdef n.s 91.94 eghijkl 62.67 abcd *** 
RZ18 4.79 ab 5.63 abc n.s 3.31 a 3.48 ab n.s 6.03 abc 6.88 abcdef n.s 55.50 abc 61.50 abcd n.s 91.84 efghijkl 56.33 ab *** 
RZ19 7.65 efghij 6.16 abcd n.s 3.59 abc 3.38 a n.s 7.61 abcdef 9.29 fghij n.s 67.17 bcd 61.83 abcd n.s 80.28 defghi 53.33 a *** 
RZ20 8.40 hijk 6.48 abcde n.s 3.57 abc 3.54 ab n.s 8.42 bcdefg 10.20 hij n.s 70.50 cd 65.33 bcdef n.s 93.37 ghijkl 66.17 abcdefg *** 
RZ21 10.10 k 7.53 cdefg *** 3.79 abcde 3.97 abc n.s 9.79 defgh 10.14 hij n.s 80.17 d 76.67 f n.s 106.43 l 83.67 hij ** 
RZ22 7.73 fghij 8.38 efgh n.s 3.26 a 3.78 abc n.s 11.54 gh 11.59 j n.s 65.00 abc 50.00 a n.s 91.95e ghijkl 76.50 cdefghi n.s 
RZ23 9.68 jk 8.85 gh n.s 3.55 abc 3.61 ab n.s 11.58 gh 9.40 ghij n.s 69.67 cd 54.17 ab * 100.88 jkl 82.83 hij n.s 
RZ24 4.25 a 7.93 defg *** 3.53 abc 3.53 ab n.s 7.11 abcdef 7.15 abcdefg n.s 52.67 ab 56.67 abc n.s 71.21 bcd 78.17 defghi n.s 
RZ25 6.05 abcdefg 8.95 gh *** 3.78 abcde 3.54 ab n.s 9.41 cdefgh 9.08 efghi n.s 59.17 abc 60.00 abcd n.s 86.67 defghijkl 92.50 ij n.s 
RZ26 8.32 hijk 8.40 efgh n.s 3.61 abcd 3.52 ab n.s 12.55 h 8.74 defghi ** 58.00 abc 56.83 abc n.s 85.07 defghijk 95.17 j n.s 
RZ27 7.31 defghi 8.71 fgh n.s 3.85 abcde 3.74 abc n.s 9.66 defgh 6.74 abcde n.s 61.50 abc 62.50 abcdef n.s 92.08 fghijkl 68.33 abcdefgh *** 
RZ28 8.24 hijk 8.85 gh n.s 4.31 bcde 3.72 abc n.s 9.90 efgh 7.86 bcdefgh n.s 66.17 abcd 64.67 bcdef n.s 102.11 jkl 76.00 cdefgh *** 
RZ29 6.38 bcdefgh 7.56 cdefg n.s 4.43 cde 3.33 a ** 4.96 a 8.65 defghi ** 53.17 ab 56.83 abc n.s 47.85 a 76.67 cdefghi *** 
RZ30 6.64 bcdefgh 7.88 defg n.s 4.30 bcde 3.38 a * 5.26 ab 6.06 abc n.s 59.17 abc 58.67 abc n.s 56.75 abc 79.33 efghij ** 
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Table 2.1.4. Phytochemical content and antiradical activity parameters of 30 'Tempranillo' grape clones for the samples from the São Luiz field 
(mean value, n=6).  

Mean values (n=6). Different letters within the same column indicate significant differences p < 0.05; Level of significance: *, ** and *** indicates significance at p < 0.05, 
p < 0.01 and p < 0.001 respectively, among years, according to Tukey’s test; n.s: indicates no significant difference. 

Clone 

Total Phenols 
(mg GAE g-1 FW) 

Flavonoids 
(mg CE g-1 FW) 

Ortho-diphenols 
(mg GAE g-1 FW) 

ABTS 
(μmol TE g-1 FW) 

DPPH 
(μmol TE g-1 FW) 

2015 2016 sig. 2015 2016 sig. 2015 2016 sig. 2015 2016 sig. 2015 2016 sig. 

RZ01 7.68 cde 8.41 efg n.s 4.08 abcd 3.50 abcd n.s 8.35 abcde 5.97 abc n.s 72.33 bcdef 65.00 abcd n.s 79.98 abcd 88.50 fgh n.s 
RZ02 10.50 fgh 8.61 g n.s 5.17 fghi 3.89 abcdefg *** 10.30 fghi 8.00 cd n.s 86.83 f 70.33 cd *** 93.71 de 61.67 ab *** 
RZ03 10.64 fgh 7.33 bcdefg *** 5.19 ghi 3.28 ab *** 9.63 defgh 6.43 abcd *** 75.83 bcdef 61.00 abc ** 86.05 bcde 62.00 ab *** 
RZ04 9.62 efg 5.58 ab *** 4.73 abcdefgh 3.65 abcde *** 9.72 defgh 5.00 ab *** 69.00 abcde 59.83 abc n.s 68.01 abc 64.00 abc n.s 
RZ05 8.88 efg 5.13 a *** 4.82 abcdefgh 3.36 abc *** 9.15 bcdefg 6.21 abc ** 61.17 abc 57.00 ab n.s 62.34 a 73.50 abcde n.s 
RZ06 9.15 efg 5.57 ab *** 5.00 defgh 3.45 abc *** 11.49 ij 4.90 a *** 69.17 abcde 59.67 abc n.s 79.87 abcd 84.00 efgh n.s 
RZ07 8.87 efg 6.73 abcdefg n.s 4.64 abcdefgh 3.47 abc *** 10.93 hij 12.25 f n.s 68.83 abcde 62.50 abc n.s 80.23 abcd 64.00 abc n.s 
RZ08 9.38 efg 7.48 bcdefg n.s 5.01 efgh 3.82 abcdef *** 10.40 ghi 8.95 de n.s 70.17 abcde 66.17 abcd n.s 79.66 abcd 71.50 abcde n.s 
RZ09 12.64 h 8.00 cdefg *** 5.97 i 3.90 abcdefg *** 12.36 j 6.49 abcd *** 80.67 ef 76.17 d n.s 100.66 e 91.00 ghi n.s 
RZ10 10.24 fg 6.47 abcdef *** 5.53 hi 3.12 a *** 10.01 efghi 7.17 abcd * 63.33 abcd 60.33 abc n.s 87.63 cde 88.00 fgh n.s 
RZ11 7.58 cde 8.11 defg n.s 4.47 abcdefg 3.39 abc *** 9.48 cdefgh 6.79 abcd * 70.00 abcde 69.33 bcd n.s 93.62 de 104.17 i n.s 
RZ12 7.68 cde 6.32 abcd n.s 4.09 abcd 3.09 a ** 8.89 abcdefg 6.28 abc * 67.83 abcde 64.67 abcd n.s 93.15 de 95.67 hi n.s 
RZ13 10.54 fgh 7.28 bcdefg *** 4.36 abcdefg 4.56 fghij n.s 8.95 abcdefg 6.29 abc * 75.00 bcdef 64.67 abcd n.s 85.96 bcde 61.00 a *** 
RZ14 8.62 def 6.95 abcdefg n.s 4.17 abcde 4.22 cdefghi n.s 8.98 abcdefg 6.91 abcd n.s 66.00 abcde 62.17 abc n.s 86.64 bcde 61.00 a *** 
RZ15 6.33 bcd 8.47 fg n.s 3.91 ab 4.00 bcdefgh n.s 9.02 abcdefg 6.79 abcd n.s 61.00 ab 60.83 abc n.s 101.19 e 67.50 abcd *** 
RZ16 4.28 ab 8.07 defg *** 4.55 abcdefg 4.49 efghij n.s 8.19 abcd 5.85 abc *** 54.83 a 67.83 bcd n.s 67.08 ab 79.17 defg n.s 
RZ17 3.62 a 7.34 bcdefg *** 4.26 abcdef 4.53 efghij n.s 7.45 ab 5.87 abc n.s 55.67 a 67.17 bcd n.s 69.54 abc 80.83 defg n.s 
RZ18 7.93 de 7.32 bcdefg n.s 4.21 abcde 4.45 efghij n.s 7.74 abc 10.76 ef *** 70.33 abcde 61.00 abc n.s 79.01 abcd 62.50 ab n.s 
RZ19 7.69 cde 7.28 bcdefg n.s 4.42 abcdefg 4.55 fghij n.s 8.09 abcd 7.49 bcd n.s 67.00 abcde 66.83 abcd n.s 83.92 bcde 74.50 abcdef n.s 
RZ20 6.55 bcd 6.61 abcdefg n.s 4.49 abcdefg 4.40 efghij n.s 8.66 abcdef 7.07 abcd n.s 61.33 abc 62.50 abc n.s 100.89 e 68.83 abcd *** 
RZ21 8.55 def 7.62 bcdefg n.s 4.83 bcdefgh 5.12 j n.s 7.64 ab 7.45 abcd n.s 71.00 abcdef 69.33 bcd n.s 70.48 abc 77.67 cdefg n.s 
RZ22 9.47 efg 5.59 ab *** 4.16 abcde 4.36 defghij n.s 8.10 abcd 8.11 cd n.s 74.83 bcdef 60.67 abc n.s 75.45 abcd 75.83 bcdef n.s 
RZ23 11.03 gh 6.35 abcd *** 4.16 abc 4.92 ij n.s 7.62 ab 7.58 cd n.s 60.33 ab 64.83 abcd n.s 79.19 abcd 78.00 cdefg n.s 
RZ24 10.68 fgh 7.15 abcdefg *** 3.91 a 5.01 ij ** 7.27 a 8.16 cd n.s 59.83 ab 63.33 abcd n.s 81.92 abcde 67.50 abcd n.s 
RZ25 10.32 fg 7.00 abcdefg *** 3.98 abc 4.90 ij n.s 7.83 abc 7.42 abcd n.s 62.67 abcd 58.17 abc n.s 87.32 bcde 84.67 efgh n.s 
RZ26 3.63 a 6.36 abcde *** 4.25 abcde 5.06 ij n.s 7.64 ab 7.35 abcd n.s 62.83 abcd 61.67 abc n.s 70.11 abc 88.33 fgh * 
RZ27 4.67 ab 7.29 bcdefg ** 4.83 cdefgh 4.82 hij n.s 8.17 abcd 7.01 abcd n.s 77.33 cdef 60.83 abc n.s 88.10 cde 95.17 hi n.s 
RZ28 4.53 ab 6.67 abcdefg * 4.92 defgh 4.59 fghij n.s 8.77 abcdefg 7.57 cd n.s 78.67 def 56.83 ab *** 85.88 bcde 95.17 hi n.s 
RZ29 5.41 abc 5.98 abc n.s 4.64 abcdefgh 4.19 cdefghi n.s 8.04 abcd 6.80 abcd n.s 68.67 abcde 54.17 a n.s 92.70 de 90.67 ghi n.s 
RZ30 7.82 de 6.26 abcd n.s 5.00 defgh 4.74 ghij n.s 8.31 abcde 8.26 cde n.s 64.00 abcd 57.50 abc n.s 101.02 e 76.83 cdefg *** 
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In the case of the antiradical activity measured by DPPH, the values ranged between 

47.85 to 106.43 μmol TE g-1 FW in 2015 and 53.33 to 95.17 μmol TE g-1 FW in 2016 for 

Cavernelho field (Table 2.1.3) and 62.34 to 101.19 μmol TE g-1 FW in 2015 and 61.00 to 104.17 

μmol TE g-1 FW in 2016 for São Luiz field (Table 2.1.4). The clones RZ21 and RZ26 displayed 

the highest concentration in Cavernelho field for 2015 and 2016, respectively, while the clones 

RZ15 in 2015 and RZ11 in 2016 present the highest concentration in the São Luiz field (Tables 

2.1.3, 2.1.4). The differences between both fields, concerning the parameters assessed, are 

presented in Tables 2.1.5 and 2.1.6. Overall the different parameters analysed could be 

classified into two groups, those that were mostly similar and those that showed significant 

variations. In the first group, SS, pH, tannins and ABTS were in most cases stable. The second 

group, showing high levels of variation included anthocyanins, total phenols and DPPH.  

 

Table 2.1.5. Significant differences, concerning oenological potential parameters of 30 
'Tempranillo' grape clones, between Cavernelho and São Luiz fields, for each clone and year. 

Level of significance: *, ** and *** indicates significance at p < 0.05, p < 0.01 and p < 0.001 respectively, among 
fields, according to Tukey’s test; n.s: indicates no significant difference. CV: Cavernelho; SL: São Luiz. 

Clone 

Soluble solids 
(ºBrix) 

pH 
Titratable acidity 

(g TAE Kg-1 FW) 
Anthocyanins 

(mg MVE g-1 FW) 
Tannins 

(mg ECE g-1 FW) 

CV×SL 
ʹ15 

CV×SL 
ʹ16 

CV×SL 
ʹ15 

CV×SL 
ʹ16 

CV×SL 
ʹ15 

CV×SL 
ʹ16 

CV×SL 
ʹ15 

CV×SL 
ʹ16 

CV×SL 
ʹ15 

CV×SL 
ʹ16 

RZ01 n.s n.s n.s n.s *** n.s n.s n.s n.s n.s 
RZ02 n.s n.s n.s n.s n.s n.s n.s *** n.s n.s 
RZ03 n.s n.s n.s n.s * n.s n.s *** n.s n.s 
RZ04 n.s n.s n.s n.s *** n.s n.s *** n.s n.s 
RZ05 n.s n.s n.s n.s n.s n.s n.s *** n.s n.s 
RZ06 n.s n.s n.s * * n.s n.s *** n.s n.s 
RZ07 n.s n.s n.s n.s * n.s n.s *** n.s n.s 
RZ08 n.s n.s * n.s *** n.s n.s n.s n.s n.s 
RZ09 n.s n.s n.s n.s n.s n.s n.s *** *** n.s 
RZ10 n.s n.s n.s n.s *** n.s n.s *** n.s n.s 
RZ11 n.s n.s n.s * n.s n.s n.s *** n.s n.s 
RZ12 n.s n.s n.s n.s n.s n.s n.s *** n.s n.s 
RZ13 n.s n.s n.s *** * n.s n.s * n.s n.s 
RZ14 n.s n.s n.s n.s ** n.s n.s *** n.s n.s 
RZ15 n.s n.s n.s n.s n.s n.s n.s *** n.s n.s 
RZ16 n.s n.s n.s n.s n.s n.s n.s *** n.s n.s 
RZ17 n.s n.s n.s ** * n.s n.s *** n.s n.s 
RZ18 n.s n.s n.s ** * n.s n.s n.s n.s n.s 
RZ19 n.s n.s n.s n.s n.s n.s n.s *** n.s n.s 
RZ20 n.s n.s n.s n.s n.s n.s n.s *** n.s n.s 
RZ21 n.s n.s n.s n.s n.s n.s n.s *** n.s n.s 
RZ22 n.s n.s n.s *** n.s n.s n.s ** * n.s 
RZ23 n.s *** n.s *** n.s n.s n.s *** n.s n.s 
RZ24 n.s n.s n.s n.s *** n.s n.s n.s * *** 
RZ25 n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s 
RZ26 n.s n.s n.s * n.s n.s n.s n.s * n.s 
RZ27 n.s n.s n.s n.s ** n.s n.s n.s *** n.s 
RZ28 n.s n.s n.s n.s n.s n.s n.s n.s * n.s 
RZ29 n.s n.s n.s * n.s n.s n.s n.s *** n.s 
RZ30 n.s n.s n.s n.s n.s n.s n.s n.s *** n.s 
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Table 2.1.6. Significant differences, concerning phytochemical content and antiradical activity 
parameters of 30 'Tempranillo' grape clones, between Cavernelho and São Luiz fields, for each 
clone and year. 

Level of significance: *, ** and *** indicates significance at p < 0.05, p < 0.01 and p < 0.001 respectively, among 
fields, according to Tukey’s test; n.s: indicates no significant difference. CV: Cavernelho; SL: São Luiz. 

 

 

 

 

 

 

 

 

 

 

 

 

Clone 

Total Phenols 
(mg GAE g-1 FW) 

Flavonoids 
(mg CE g-1 FW) 

Ortho-diphenols 
(mg GAE g-1 FW) 

ABTS 
(μmol TE g-1 FW) 

DPPH 
(μmol TE g-1 FW) 

CV×SL 
ʹ15 

CV×SL 
ʹ16 

CV×SL 
ʹ15 

CV×SL 
ʹ16 

CV×SL 
ʹ15 

CV×SL 
ʹ16 

CV×SL 
ʹ15 

CV×SL 
ʹ16 

CV×SL 
ʹ15 

CV×SL 
ʹ16 

RZ01 n.s *** n.s n.s *** n.s ** n.s *** *** 
RZ02 *** n.s n.s n.s *** n.s *** n.s * ** 
RZ03 *** n.s n.s n.s * n.s ** n.s n.s *** 
RZ04 *** n.s * n.s n.s n.s n.s n.s n.s *** 
RZ05 n.s n.s ** n.s *** n.s n.s n.s ** n.s 
RZ06 n.s n.s ** n.s *** n.s n.s n.s * n.s 
RZ07 n.s n.s * n.s *** n.s n.s n.s ** n.s 
RZ08 n.s n.s ** n.s n.s n.s n.s n.s ** n.s 
RZ09 *** n.s *** n.s *** n.s ** n.s * n.s 
RZ10 *** ** *** * *** n.s n.s n.s n.s ** 
RZ11 n.s n.s n.s n.s ** n.s n.s n.s n.s *** 
RZ12 n.s n.s n.s * n.s * ** n.s n.s *** 
RZ13 *** n.s n.s n.s n.s n.s *** n.s n.s n.s 
RZ14 *** n.s n.s n.s n.s n.s n.s n.s n.s n.s 
RZ15 n.s ** n.s n.s n.s n.s n.s n.s n.s n.s 
RZ16 n.s *** n.s n.s n.s n.s n.s n.s *** n.s 
RZ17 n.s n.s n.s n.s n.s n.s n.s n.s * ** 
RZ18 *** n.s * n.s n.s *** n.s n.s n.s n.s 
RZ19 n.s n.s n.s ** n.s n.s n.s n.s n.s *** 
RZ20 n.s n.s * n.s n.s *** n.s n.s n.s n.s 
RZ21 n.s n.s ** ** n.s ** n.s n.s *** n.s 
RZ22 n.s *** n.s n.s *** *** n.s n.s n.s n.s 
RZ23 n.s *** n.s *** *** n.s n.s n.s * n.s 
RZ24 *** n.s n.s *** n.s n.s n.s n.s n.s n.s 
RZ25 *** n.s n.s *** n.s n.s n.s n.s n.s n.s 
RZ26 *** * n.s *** *** n.s n.s n.s n.s n.s 
RZ27 *** n.s * * n.s n.s n.s n.s n.s *** 
RZ28 *** * n.s n.s n.s n.s n.s n.s n.s ** 
RZ29 n.s n.s n.s n.s * n.s n.s n.s *** n.s 
RZ30 n.s n.s n.s *** * n.s n.s n.s *** n.s 
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The results from the cluster analysis of the 30 'Tempranillo' grape clones, undertaken 

for the samples from Cavernelho and São Luiz fields, in both years, are presented in Figure 

2.1.1. Using all the analytical parameters, six clusters were identified, namely, cluster 1 with 

22 clones, cluster 2 and 3 with 17 clones each one, cluster 4 (the smallest one) with 15 clones, 

cluster 5 comprising 22 clones, and cluster 6 with 27 clones (the largest one). Furthermore, it 

can be pointed that clusters 1, 3 and 4 were mainly composed of samples from Cavernelho, 

while clusters 2, 5 and 6 were mostly composed of samples from São Luiz.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1.1. K-Means Cluster plots of 30 'Tempranillo' grape clones for the samples from 
Cavernelho (CV) and São Luiz (SL) fields, in the years 2015 and 2016. 
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2.1.4. Discussion 

The data obtained in this study for the 'Tempranillo' clones through the different 

parameters analysed, showed a remarkable range of values, being in agreement or close to the 

results obtained in the same variety by several authors. For instance, regarding the SS contents, 

the values are in agreement with those found in the literature (22.77 and 23.91 in two 

consecutive years (Pérez-Navarro et al., 2019), 24.70 (Portu et al., 2017) and 14.58 (Freire et 

al., 2017)) (Tables 2.1.1, 2.1.2). Although the range of pH values are higher than the ones 

obtained for the Tempranillo variety, with pH values of 3.65 (Pérez-Navarro et al., 2019) and 

3.44 (Gutiérrez-Gamboa et al., 2019), in another study, a pH value of 4.02 was obtained (Freire 

et al., 2017), comparable to the ones observed in this study (Tables 2.1.1, 2.1.2). Moreover, the 

range of values for TA, anthocyanins, tannins and total phenols are in agreement with values 

that were found for this same variety, such as 4.6 g TAE L-1 (Martínez-Moreno et al., 2019), 

9.9 g TAE Kg-1 (Freire et al., 2017), 0.95 mg MVE g-1 FW (Pérez-Navarro et al., 2019), 0.80 

mg MVE g-1 FW (Talaverano et al., 2016), 0.55 mg MVE g-1 FW (Ryan and Revilla, 2003), 

6.16 mg ECE g-1 of grape (Carrera et al., 2012) and 9.82 mg GAE g-1 of sample (Freire et al., 

2017), respectively (Tables 2.1.1-2.1.4).  

The flavonoids values were higher than found in 'Cabernet Sauvignon' (1.75 mg CE g-1 

FW), but close the value found by the same authors in the 'Royalty' (3.06 mg CE g-1 FW) (Liang 

et al., 2014). The antiradical activity measured by ABTS, was higher than in other varieties, 

such as 'Cabernet Sauvignon' (2.14 μmol TE g-1 FW) or 'Merlot' (2.06 μmol TE g-1 FW) (Burin 

et al., 2014). However, for the DPPH, the range of values are similar to the values found in 

clones of 'Merlot' (79.74 μmol TE g-1 FW) and 'Cabernet Franc' (80.48 μmol TE g-1 FW) 

(Pantelić et al., 2016) (Tables 2.1.3, 2.1.4). 

Concerning the differences between both fields (Tables 2.1.5, 2.1.6), only clone RZ23, 

in 2016, presented significant differences between fields for SS content. Regarding pH, in 2015, 

clone RZ08 displayed significant differences between fields, while in 2016 several clones 

presented significant differences (RZ06, RZ11, RZ13, RZ17, RZ18, RZ22, RZ23, RZ26 and 

RZ29) (Table 2.1.5). This greater number of significant differences observed in 2016 season, 

resulted from a decrease in pH values from 2015 for almost all the clones from the São Luiz 

field (except clone RZ10, which kept the pH value). Simultaneously, there was an increase of 

pH values in all clones of Cavernelho field, which led to significant differences between the 

above mentioned clones, since these effects have been more pronounced in those same clones 

(Tables 2.1.1, 2.1.2, 2.1.5). 
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In the case of the anthocyanins content in the year 2016, significant differences were 

observed for most of the clones, which was mainly due to the results from São Luiz (Tables 

2.1.2, 2.1.5). Probably, this decrease resulted from the high temperatures that were felt in this 

year, associated to the location of the own field (on slope). The decrease in the content of 

anthocyanins in most of the genotypes, could be the result of lower synthesis (Spayd et al., 

2002). With the exception of 5 clones, all the others were strongly affected, displaying a 

significant decrease in the concentration of anthocyanins between the years 2015 and 2016 

(Table 2.1.2). This indicates that the variability in anthocyanins has a genetic component as 

some clones are resistant to changes in environmental conditions. Tannin concentrations were 

significantly different between fields for clone RZ09, despite presenting the highest values in 

both years and fields (Tables 2.1.1, 2.1.2, 2.1.5).  

The results obtained for the distinct clones for total phenols, flavonoids and ortho-

diphenols clearly showed that the clones were significantly affected by site, especially clone 

RZ10, which presents significant differences regarding all these parameters (Table 2.1.6). In 

the opposite direction, concerning the same parameters, no significant differences were 

observed for clone RZ17. Nevertheless, this clone, alongside clones RZ01 and RZ02, were the 

only ones presenting significant differences in both years and fields of antioxidant activity 

measured by DPPH (Table 2.1.6).  

These results demonstrate that the high variability observed within distinct 'Tempranillo' 

clones, along with the behavior of these genotypes in distinct environments, allows the use of 

clones with different oenological potentials, in a specific terroir, to be applied as an alternative 

adaptation measure, aiming to the optimization of the performance concerning specific traits. 

For instance, different agricultural practices have been applied, in the last years, with relative 

success, to optimize the oenological potential of 'Tempranillo' grapes, such as the basal leaf 

removal at prebloom (Diago et al., 2012), application of methyl jasmonate (Portu et al., 2015), 

and different irrigation regimes (Esteban et al., 2001, 2002; Intrigliolo and Castel, 2009; Uriarte 

et al., 2016). In some of these studies, the treatments led to an increase in TA average (3.8 to 

4.4 g L-1) (Uriarte et al., 2016) and distinct soluble solids increases in successive harvests (21.8 

to 26.8, 21.1 to 25.8 and 22.9 to 25.5) (Diago et al., 2012), besides the increase in 23 % of 

anthocyanin content (1.08 to 1.33 mg g-1) (Portu et al., 2015), among others. Analysing these 

results, and as these values are within, or close to, the range of concentrations determined for 

the set of 30 clones in both sites, it can point the potential of clonal selection as a reliable 
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alternative to obtain greater gains concerning SS, TA, or phenolic composition, without 

resorting to additional agricultural practices. 

The cluster analysis undertaken with 10 analytical parameters revealed that cluster 1 

was exclusively composed of clones grown in Cavernelho. Besides that, similarities were found 

for clones RZ01, RZ04, RZ14, RZ18, RZ24 and RZ30 between the years 2015 and 2016 (Figure 

2.1.1). Cluster 2 was mainly composed of clones grown in São Luiz, in both years, besides 

clones grown in Cavernelho in 2015. Similarity was found for clone RZ05 between growing 

fields, in the year 2015. Regarding to cluster 3, this was mainly composed of clones grown in 

Cavernelho field in 2015. Similarity was observed for clone RZ15 grown in different fields in 

2015. It was also possible to verify similarities for clones grown in Cavernelho in different 

years (RZ25 and RZ26 ). Cluster 4 was mainly composed of clones grown in the Cavernelho 

field in 2016. Clone RZ17 in 2016 showed similarity between cultivation fields, while clone 

RZ19 showed similarity between years in Cavernelho field. In cluster 5, clone RZ23 showed 

similarity between years in the São Luiz field. This cluster, only comprised clones grown in the 

São Luiz field (21 clones for 2016 and 1 clone for 2015). The cluster 6 was the largest and 

comprised essentially clones cultivated in São Luiz field in the year 2015. Similarities were 

observed for clones RZ02, RZ09 and RZ21 grown in the São Luiz and Cavernelho fields 

between 2015 and 2016, respectively. In addition, for clone RZ09 was found similarity between 

cultivation sites in the year 2016, as well as similarity between years in São Luiz field (Figure 

2.1.1). 

Regarding the results obtained, it is possible to verify that certain clones, independently 

from displaying high or low concentrations for a given parameter, exhibited similar behavior 

over the years, in both sites, remaining in similar positions respecting the other clones. For 

instance, despite presenting one of the lowest SS content values in Cavernelho, and the lowest 

in São Luiz, clone RZ23 proved to be a stable clone, compared to the remaining clones, being 

present in the top positions for TA, in both sites and years (Tables 2.1.1, 2.1.2). Another 

example of behavioral stability, is clone RZ28, for which the SS and anthocyanin contents were 

always found among the highest concentrations. In contrast, clones such as RZ04 or RZ05, 

showed to be clones in which the environmental component likely overlaps the genotype. They 

are affected by the environmental component in SS, TA, total phenols, ortho-diphenols or 

ABTS. Values oscillated between the first and last positions, showing that these clones 

presented either higher or lower values, of a specific parameter, in the different sites and years 

(Tables 2.1.1-2.1.4). 
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Certain parameters, such as SS, TA, total phenols, and anthocyanin contents, play an 

important role in the production of quality wines, relating to the most relevant organoleptic 

characteristics. Highlighting this importance, which is associated with the objective of the 

present work, focused on the evaluation of the variability of the 30 clones, it has been possible 

to determine a set of genotypes that combine complementary features. Therefore, based on this 

assumption, clones RZ02, RZ09, RZ10, RZ13, RZ15, RZ23, RZ24, RZ25, RZ26 and RZ28, 

showed good behavioral stability over the years and sites, allowing to predict that these would 

represent suitable candidates for further selection processes. Their mixture would pave the way 

to the establishment polyclonal vegetative materials with stable performance regarding relevant 

parameters, such as SS, TA, total phenols and anthocyanins. 

 

2.1.5. Conclusions 

The analysis of the 30 'Tempranillo' grape clones in the two distinct environments, 

allowed to observe that certain clones such as RZ02, RZ09, RZ10, RZ13, RZ15, RZ23, RZ24, 

RZ25, RZ26 and RZ28, are in the forefront to be selected and further evaluated, due to their 

behavioral stability associated with appropriate values of soluble solids, titratable acidity, and 

phytochemical content. However, the trials must be extended for several consecutive years, and 

at different sites, so the set of clones proposed can be reliable concerning quality, independently 

from the edaphoclimatic conditions. 

Furthermore, the genetic variability displayed by the 30 'Tempranillo' clones, could, in 

the short/medium term, represent an important resource for a suitable response to a changing 

climate by selecting the most well-adapted clones to the new conditions. 
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2.2. 'Tempranillo' wines evaluation: oenological parameters, phytochemical 

content, antiradical activity and organoleptic features 

 

Adapted from:  

Lemos, A.M., Queiroz, M., Pissarra, J., Machado, N., Egea-Cortines, M., Barros, A.I. 

Assessment of quality parameters and organoleptic features of wines made with 

'Tempranillo' grape clones from the Douro Demarcated Region. To be submitted 

André Lemos contribution: sample collections, laboratorial work, data analysis and manuscript 

writing 

Abstract 

The Tempranillo variety, traditionally grown in the countries of the Iberian Peninsula, 

is nowadays widespread around the world. This variety that confers structure and satisfactory 

phenolic content to Portuguese and Spanish red wines, has been improved through the process 

of clonal selection. The quality parameters and sensory features of wines made with a set of ten 

'Tempranillo' grape clones, and the wines made with a set of twenty 'Tempranillo' grape clones 

from two sub-regions of Douro Demarcated Region, during the 2017 vintage were determined. 

Moreover, for the set of ten grape clones, the oenological potential parameters and 

phytochemical content were evaluated. The wines made with ten grape clones displayed 

significantly higher concentrations of tannins, total phenols, flavonoids, ortho-diphenols, total 

anthocyanins and antiradical activity by ABTS, than wines made with twenty grape clones in 

each field. Regarding the sensory analysis, no significant differences were observed between 

the two wines for any of the descriptors used, independently of analysis date. In São Luiz field, 

significant differences were found between grape clones for all the parameters, while in 

Cavernelho field, no significant differences were found between grape clones for pH, titratable 

acidity and total anthocyanins parameters. For the same grape clone grown in different fields, 

significant differences were observed in most of the parameters, except for the soluble solids, 

pH and total anthocyanins. The chemical analysis allowed to verify that the wines made with 

the set of ten grape clones are effectively richer in phenolic compounds than the wines made 

with the twenty grape clones, in agreement with the assumptions that were on the basis of this 

study. 

Keywords: Clonal selection, Tempranillo, Wine, Oenological parameters, Phytochemical 

content, Sensory analysis. 
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2.2.1. Introduction 

The Vitis vinifera species, has approximately 10000 grapevine varieties spread all over 

the world (OIV, 2017). Nowadays, the red variety Tempranillo, cultivated in several countries 

around the world, such as Spain and Portugal, is exclusively used for winemaking, producing 

fine and subtle wines (Jackson, 2014; OIV, 2017). The quality of wines is dependent on the 

chemical and phenolic composition of the grapes at harvest, besides, the ability to extract their 

constituents during the vinification processes (Niculescu et al., 2018). The phenolic 

compounds, which are bioactive secondary metabolites, contribute to the typicity, colour, 

flavour or astringency of wines (Oliveira et al., 2014; de Lorenzis et al., 2017), as well as, 

relevant properties, such as antioxidant activity (Fernández-Mar et al., 2012; Radovanovic et 

al., 2012). The genotype and genotype x environment interaction play an important role in the 

synthesis and accumulation of secondary metabolites in grapes (de Lorenzis et al., 2017). For 

instance, in the study performed in 'Cabernet Sauvignon' and 'Merlot' wines from four distinct 

regions in China, it was observed that the contents of phenolic compounds and antioxidant 

activities were affected by variety and environmental factors (Jiang and Zhang, 2012). Other 

study, performed with the same varieties (Cabernet Sauvignon and Merlot) cultivated at 

different altitudes in China (2282, 2435 and 2608 meters), showed that altitude and its climatic 

conditions have influence on the phenolic characteristics and antioxidant activity of wines 

produced. The results showed that total phenolic, total flavonoid, total anthocyanin content and 

antioxidant activity in the 'Cabernet Sauvignon' and 'Merlot' wines increased with altitude. 

Besides that, the tannins concentration in the 'Cabernet Sauvignon' wine also showed to be 

affected by altitude, presenting highest concentrations at highest altitudes (Jin et al., 2017). 

Thus, the evaluation of genotype x environment interaction, can be performed by cultivating 

grape varieties in different soils and environmental conditions during several years (Martins 

and Gonçalves, 2015; de Lorenzis et al., 2017). 

Taking advantage of the genotypic multiplicity, clonal selection aims to select the most 

environmentally stable clones, simultaneously with good oenological potential and good 

phenolic contents, which consequently lead to the production of high quality wines (Ibáñez et 

al., 2015). In the climate change context and its influence on the wine sector, several strategies 

have been taken to fight or mitigate some of these effects, which influence the yield and 

phenolic composition of grapes (Mira de Orduña, 2010). Some of the suggested strategies, point 

to the choose of varieties well-adapted to the climate type (Sadras and Petrie, 2011; Hannah et 

al., 2013; Moriondo et al., 2013) or in the introduction of new practices, such as the application 
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of solar protectants on the vine leaves in order to reduce the internal temperature (Conde et al., 

2016). However, the wide clonal diversity existing in grape varieties, represents an important 

resource to be explored, for instance, as response to high temperature conditions is possible to 

choose clones of late maturation or even to perform a clonal process towards to the selection of 

clones with that characteristics (van Leeuwen and Darriet, 2016; van Leeuwen and Destrac-

Irvine, 2017; Arrizabalaga et al., 2018).  

Over the last decades, several varieties of Vitis Vinifera L. have been submitted to the 

clonal selection process (Ibáñez et al., 2015; Martins and Gonçalves, 2015). Tempranillo 

variety, currently a target of clonal selection around the world, has seen in the last decades some 

of its clones certified for propagation, namely in Portugal and Spain (Ibáñez et al., 2015; 

DGAV, 2017). Actually, in Portugal, thirty 'Tempranillo' grape clones are under clonal 

selection process, conducted by the Portuguese Association for Grapevine Diversity (PORVID) 

and Association for the Development of Douro Viticulture (ADVID), in several trial sites 

located in distinct regions (Costa et al., 2015). In a previous study, the performance of those 30 

'Tempranillo' grapes clones was evaluated in two sub-regions of Douro Demarcated Region 

(DDR) during two consecutive years (2015 and 2016) regarding oenological potential 

parameters and phytochemical content. From those thirty clones, ten were identified due to their 

stability and values of soluble solids, titratable acidity, total phenols and anthocyanins content 

(Lemos et al., 2020). In this sense, the aim of the present work, was to evaluate the quality 

parameters and sensory features of wines made with those ten 'Tempranillo' grape clones, and 

the wines made with the twenty remaining 'Tempranillo' grape clones from the same two sub-

regions, during the 2017 vintage. Moreover, for the ten grape identified clones, the oenological 

potential parameters and phytochemical content were evaluated. 

 

2.2.2. Material and methods 

 

 2.2.2.1. Reagents and standards 

Glacial acetic acid (>99%), sodium hydroxide (≥ 98%), Folin-Ciocalteu’s reagent, 

sodium acetate 3-hydrate (>99%), methanol for analysis (99.9%) and acetonitrile (99.9%) of 

UHPLC gradient grade were purchased from Panreac (Panreac Química S.L.U., Barcelona, 

Spain). Sodium nitrate (>99%), aluminum chloride (>99%), and sodium carbonate (>99%) 

were purchased from Merck (Merck, Darmstadt, Germany). Sodium molybdate (99.5%) was 

purchased from Chem-Lab (Chem-Lab N.V., Zedelgem, Belgium), potassium chloride (≥ 99%) 
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and methyl cellulose (viscosity: 1.500 cP) were purchased from Sigma-Aldrich (St. Louis, 

USA). The compounds 2,2-diphenyl-1-picrylhydrazyl radical (DPPH•), 2,2-azino-bis(3-

ethylbenzothiazoline-6-sulphonic acid) diammonium salt (ABTS•+) and potassium persulfate, 

(>99.9%) were obtained from Sigma-Aldrich (Steinheim, Germany). Formic acid (>99%) was 

obtained from VWR International (Fontenay-sous-Bois, France), hydrochloric acid (≥37%) was 

obtained from Honeywell, Fluka, (Germany), ammonium sulphate (≥ 99.5%) was purchased 

from Merck KGaA (Darmstadt, Germany). The standards, 6-hydroxy-2,5,7,8-

tetramethylchroman-2-carboxylic acid (Trolox) was purchased from Fluka Chemika (Neu-

Ulm, Switzerland), the 3,4,5-trihydroxybenzoic acid (gallic acid, >99%) was purchased from 

Panreac (Panreac Química S.L.U., Barcelona, Spain), (+)-Catechin hydrate (≥ 98%) and (-)-

Epicatechin (≥ 90%) were purchased from Sigma-Aldrich (St. Louis, USA), the Malvidin-3-O-

glucoside chloride (≥ 95%) was obtained from Extrasynthese (Genay, France). Ultrapure water 

was obtained using a Millipore water purification system (Arioso, Human Corporation, Seoul, 

Republic of Korea). 

 

 2.2.2.2. Sampling 

Vines from the thirty 'Tempranillo' clones were grafted in two clonal trial fields in 2012, 

installed in two commercial vineyards in the Demarcated Douro Region (DDR). One is located 

in the sub-region Cima Corgo, a steep slope and low altitude (São Luiz field, Tabuaço, 194 m). 

The second one is located in the sub-region of the Baixo Corgo, a flat area at high altitude 

(Cavernelho field, Vila Real, 471 m). The clones were grafted in the 1103P and R99 rootstocks 

in Cavernelho and São Luiz fields respectively, and each clone was distributed randomly for 

six replicates, comprising each replicate 5-6 vines (Costa et al., 2015). All the samples were 

collected in the year 2017, at the harvest dates determined by the wineries. 

Grape samples: For the ten highlighted clones, from each replicate, sixty berries were 

collected throughout the 6 vines and immediately kept at -80°C. A portion of the grapes was 

lyophilized, grounded to a fine powder, and stored protected from light, at room temperature, 

until analysis. 

Microvinifications: Four microvinifications (without repetitions) were carried out 

according to a traditional red winemaking procedure with some modifications. In each 

vineyard, for the wines made with ten clones, 30 kilograms (Kg) of grapes were collected, 

namely, 3 kg per clone (500 grams per replicate × 6 replicates × 1 clone). For the wines made 

with twenty remaining clones, the same 30 Kg were collected, namely, 1.5 kg per clone (250 
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grams per replicate × 6 replicates × 1 clone). Resorting to a 30-liter (L) stainless steel tanks, 

two microvinifications by field were done, namely, a microvinification with a blend of ten grape 

clones and other microvinification with the blend of the remaining twenty grape clones. A 

sulfited solution (K2S2O5, 50 mg/L) was added before fermentation (without any yeast 

inoculation) and after fermentation (seven days), the wines were transferred to bottles of 5 L of 

capacity. When the malolactic fermentation was finished, a solution of K2S2O5 (100 mg/L) was 

added again and the wines were transferred and kept at 18 °C in bottles (75 cL) closed, until 

the analysis. All the steps were performed manually, except grape trituration, which was carried 

out with a grape destemmer and crusher. The musts were analysed from two portions collected 

in each microvinification vat, and the wines were analysed from three bottles, excepted for 

anthocyanins analysis (two bottles). 

 

 2.2.2.3. Quality parameters of grape homogenates, musts and wines 

The homogenates were obtained with an IKA Ultra-Turrax T25, using an S 25N - 18G 

dispersion element. Soluble solids - SS (°Brix) was measured with a digital refractometer 

(Pocket, Atago, Japan); The pH values were measured using a pH-meter (Jenway 3305, Felsted, 

UK); Titratable acidity (TA) was determined according the procedure previously described 

(Garner et al., 2005) with minor modifications, titrating around 1.0 g of the sample plus 8 mL 

of water with a NaOH solution 0.1N, until a pH of 8.2, and the results were expressed as gram 

equivalents of tartaric acid per kg of grape fresh weight (g TAE kg-1 FW).  The alcoholic 

strength was analysed by a certified external laboratory and the results were expressed as 

number of liters of ethanol contained in 100 liters of wine ('% vol.). 

 

 2.2.2.4. Polyphenolic extracts from grapes 

 Samples were weighted before and after lyophilization, and the water loss of each 

sample has been registered. For the obtainment of hydro-methanolic extracts, each sample was 

extracted in triplicate, using 40 mg of lyophilized grape mixed with 1.5 mL of 

methanol/distilled water (70:30, v/v) acidified with 0.1% of hydrochloric acid. Then, the 

mixture was stirred during 30 min at room temperature, being centrifuged afterwards at 2291g 

for 15 min, at 4 °C (Sigma-2-16 K; Sigma, Steinheim, Germany), and the supernatant was 

collected. This procedure was repeated four times and the final volume was made up to 10 

milliliters (mL) in a volumetric flask. After complete extraction, the methanolic extracts were 
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filtered through 0.2-μm regenerated cellulose filters (OlimPeak, Teknokroma). The final results 

are presented in fresh weight (FW). 

 

 2.2.2.5. Phenolic composition of grape extracts, musts and wines 

 The total phenols content, was determined using Folin-Ciocalteu reagent, based on to 

the method previously described (Lemos et al., 2020). For 20 µL of sample were added 100 µL 

of Folin-Ciocalteu reagent (previously dilute ten times with water) and 80 µL of sodium 

carbonate (7.5%). The reaction was incubated in an oven at 45 ºC, during 30 min. Absorbance 

was recorded at 750 nm. Results were expressed as mg of gallic acid equivalents per gram of 

fresh weight (mg GAE g-1 FW) and per Liter (mg GAE L-1). 

 The content of ortho-diphenols was evaluated by adding 40 μL of sodium molybdate 

(50 g L-1) at 160 μL of the sample appropriately diluted. Mixture was vortexed and after 15 min 

at room temperature, the absorbance was recorded at 375 nm (Lemos et al., 2020). The results 

were expressed as mg GAE g-1 FW and mg GAE L-1. 

 The flavonoids content was performed according to the method previously described 

(Lemos et al., 2020). 24 μL of sample was mixed with 28 μL of sodium nitrite (50 g L-1) and 

28 μL aluminium chloride (100 g L−1) was added and the mixture was vortexed. After 6 min at 

room temperature, 120 μL of sodium hydroxide (1M) was added to the mixture. The absorbance 

was immediately recorded at 510 nm and the results were expressed as mg of catechin 

equivalents per gram of fresh weight (mg CE g-1 FW) and per Liter (mg CE L-1).The assays 

previously mentioned were performed on microscale, using a 96-well microplates (370 µL, 

Nunc, Roskilde, Denmark) and a Multiskan FC microplate reader (Thermo Scientific, China).  

 Tannin quantities were measured using the methyl cellulose precipitable tannin assay 

(Dambergs et al., 2012). The method was performed for a final volume of 2 mL, adding 200 µL 

of undiluted sample (50 µL for wine) to 600 µL of 0.04% methyl cellulose solution. After 3 

min, 400 µL of saturated solution of ammonium sulphate was added and the final volume was 

adjusted until 2 mL with water. Control samples were obtained by the same procedure, with the 

methyl cellulose solution being substituted by water. After 10 min at room temperature, the 

samples were centrifuge at 9167g, for 5 min, at 22°C. Then, both samples were measured at 

280 nm with a quartz cuvette (1 cm optical path length) using a SpectronicTM HeliosTM 

Gamma UV-Vis Spectrophotometer (Thermo Fisher Scientific). The difference registered in 

absorbance from both samples, corresponds to the quantity of tannin, due to the precipitation 

the tannins- methyl cellulose complex, induced by the presence of satured solution of 
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ammonium sulphate. Epicatechin was use as the standard, and the results were expressed as mg 

of epicatechin equivalents per gram of fresh weight (mg ECE g-1 FW) and per Liter (mg ECE 

L-1). All the experiments were performed in triplicate for each sample. 

 

 2.2.2.6. Antioxidant activity by ABTS and DPPH 

 The ABTS and DPPH spectrophotometric methods, were performed based on the 

procedure previously described (Lemos et al., 2020). The ABTS method was carried out by 

measuring the variation in absorbance at 734 nm after 30 min of the phenolic compounds with 

ABTS•+, mixing 188 μL of ABTS work solution, and 12 μL of sample. The ABTS radical was 

prepared by mixing ABTS stock solution (7 mM in water) with 2.42 mM potassium persulfate, 

and after 12-16 h, the ABTS work solution was prepared by the dilution of the ABTS radical 

solution in 20 mM sodium acetate buffer (pH 4.5) to an absorbance of 0.70 ± 0.02 at 734 nm 

(in 1 cm optical path length). The DPPH method was performed by mixing 190 μL of the DPPH 

work solution with 10 μL of sample, and after 30 min of reaction of the phenolic compounds 

with DPPH•, the variation in absorbance at 520 nm was measured. The DPPH work solution 

was achieved by the dilution of the DPPH radical (8.87 mM in methanol) in a solution of 

methanol: water (70:30, v,v) and by the adjustment of  the absorbance at 1.00 ± 0.01 at 520 nm 

(in 1 cm optical path length). 

 The results of both methods were expressed as μmol Trolox equivalents per gram of 

fresh weight (μmol TE g-1 FW) and as mmol Trolox equivalents per Liter of must or wine 

(mmol TE L-1). Each sample was analysed in triplicate and all the experiments were performed 

on microscale, using a 96-well microplates (370 μL, Nunc, Roskilde, Denmark) and a 

Multiskan FC microplate reader (Thermo Scientific, China). 

 

 2.2.2.7. Chromatographic determination of anthocyanins 

 The anthocyanins profile of samples was performed by HPLC-DAD-ESI-MSn, 

according to the method previously described (Castillo-Muñoz et al., 2009), with some 

modifications. Chromatographic separation was carried out by a Thermo Finnigan Surveyor 

HPLC system with diode array detector (DAD), using a reverse phase column C18 (250 x 4.6 

mm, 5 µm particle size; ACE, Aberdeen, Scotland). The mobile phases used were solvent A 

(water/acetonitrile/formic acid (87:3:10, v/v/v)) and solvent B (water/acetonitrile/formic acid 

(40:50:10, v/v/v)). The flow rate was 0.5 mL/min at 20°C, the injection volume was 20 µL and 
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the linear gradient for solvent B was (0 min; 4%), (20; 20%), (35; 40%), (40; 60%), (45; 90%), 

(50; 90%), (51; 4%) and (61 min; 4%).   

 For identification, an Agilent HPLC 1100 series equipped with DAD and electrospray 

ionization mass spectrometry system (ESI-MSn) (Agilent, Waldbronn, Germany) was used, 

following the same conditions described above for anthocyanins separation, while for ESI-MSn, 

the following conditions were applied: positive ionization mode; capillary temperature and 

voltage, 350 ºC and 4500 V, respectively; nebulizer pressure and nitrogen flow rate, 65.0 psi 

and 11 L/min, respectively; ion trap using helium as the collision gas, with voltage ramping 

cycles from 0.3 to 2 V; full-scan mass, from 100 to 1500 m/z. The MSn was carried out in the 

automatic mode on the more abundant fragment ion in MS2. The chromatograms were analysed 

at 520 nm. Identification of monomeric anthocyanins was performed comparing the UV–Vis 

and MS/MS spectral data obtained, with those reported in literature (Núñez et al., 2004; 

Castillo-Muñoz et al., 2009; Pérez-Navarro et al., 2019a).  

 The total anthocyanins were quantified by the sum of monomeric anthocyanins and both 

were expressed as mg of malvidin-3-O-glucoside equivalents per gram of fresh weight (mg 

MVE g-1 FW) for grape extracts, and in mg of malvidin-3-O-glucoside equivalents per liter (mg 

MVE L-1) in case of musts and wines.  

 

 2.2.2.8. Sensory analysis of wines 

  The four wines were evaluated by 8 specialized panelists, twice, at the 5th and 9th months 

after the microvinifications. The samples were evaluated in a comparative way inside each field, 

(wine from 10 grape clones against wine from 20 grape clones), using the blind tasting system 

and a triangle test. The olfactory attributes (overall quality, black fruits, red fruits, floral, over-

ripening, wood, spices, vegetable and resin), gustatory attributes (acidity, astringency, structure, 

wine body, balance and persistence) were evaluated on an intensity scale of 1 (lower) at 5 

(higher) and the final grade for each wine was evaluated on scale 1 (lower) at 10 (higher). 

 

 2.2.2.9. Statistical analysis 

 All the results are presented as mean values, (n=6 for grape samples; n=2 for musts; n=3 

for wines (n=2, in case of anthocyanins); n=8 for sensory analysis of wines). All the data were 

subjected to analysis of variance (ANOVA) and a multiple range test (Tukey’s test), using IBM 

SPSS statistics 21.0 software (SPSS Inc., Chicago, IL, USA). Differences between mean values 

were considered significantly different at p < 0.05. 
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2.2.3. Results and Discussion 

 

 2.2.3.1. Oenological parameters, phytochemical content and antiradical activity of grapes 

 The 'Tempranillo' grape clones analysed in this study showed significant differences for 

all the ten parameters studied in the São Luiz field, while in the Cavernelho field, no significant 

differences were found between clones in parameters such as pH, titratable acidity (TA) and 

total anthocyanins (Tables 2.2.1-2.2.3).  

 The soluble solids (SS) values ranged between 20.8 to 24.2 for Cavernelho field, while 

in the São Luiz field, ranged between 20.7 to 25.2 (Table 2.2.1), being in agreement with those 

found in the literature for this variety (24.7 and 22.4 in different years) (Portu et al., 2017). The 

pH values obtained in Cavernelho field ranged from 4.05 to 4.19, in the case of São Luiz field, 

they ranged between 4.07 to 4.32 (Table 2.2.1), being slightly higher than the one obtained in 

the same variety, with pH value of 4.02 (Freire et al., 2017). The TA ranged between 4.72 to 

6.16 g TAE Kg-1 FW for Cavernelho field and 3.83 to 4.55 g TAE Kg-1 FW for São Luiz field 

(Table 2.2.1), being this values slightly lower than the one found for this same variety (9.9 g 

TAE Kg-1) (Freire et al., 2017). The tannins concentration in Cavernelho field ranged between 

4.49 to 7.43 mg ECE g-1 FW, while in São Luiz field ranged between 5.43 to 7.70 mg ECE g-1 

FW (Table 2.2.1),  in agreement with the value found in 'Tempranillo' (6.16 mg ECE g-1 of 

grape) (Carrera et al., 2012). 

 The total phenols values obtained in Cavernelho field ranged from 6.67 to 9.54 mg GAE 

g-1 FW and in São Luiz field, ranged between 7.90 to 11.56 mg GAE g-1 FW (Table 2.2.1), in 

accordance with the one found in this same variety, with a concentration of 9.82 mg GAE g-1 

of sample (Freire et al., 2017). The flavonoids concentration ranged between 3.68 to 4.54 mg 

CE g-1 FW for Cavernelho field and 4.23 to 5.02 mg CE g-1 FW for São Luiz field (Table 2.2.1). 

These values are higher than the ones found in other varieties, namely in 'Cabernet Sauvignon' 

(1.75 mg CE g-1 FW) and 'Royalty' (3.06 mg CE g-1 FW) (Liang et al., 2014). The ortho-

diphenols concentration ranged between 6.98 to 8.92 mg GAE g-1 FW and 5.84 to 9.51 mg 

GAE g-1 FW in Cavernelho and São Luiz fields, respectively (Table 2.2.1).
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Table 2.2.1. Oenological potential parameters, phytochemical content and antiradical activity of 10 'Tempranillo' grape clones for the samples 
from Cavernelho and São Luiz fields. 

Mean values (n=6); CV, Cavernelho; SL, São Luiz; Different letters within the same row indicate significant differences p < 0.05; Level of significance: *, ** and *** indicates 
significance at p < 0.05, p < 0.01 and p < 0.001 respectively, among fields, according to Tukey’s test; n.s: indicates no significant difference.

Parameters Field 

    Clones      

RZ02 RZ09 RZ10 RZ13 RZ15 RZ23 RZ24 RZ25 RZ26 RZ28 

Soluble solids 
(ºBrix) 

CV 22.6 ab 22.2 ab 22.1 ab 23.4 ab 23.4 ab 21.9 ab 20.8 a 22.4 ab 24.2 b 23.5 ab 
SL 24.1 b 24.1 b 24.8 b 24.5 b 25.2 b 20.7 a 23.4 b 24.8 b 25.0 b 25.2 b 
sig. n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s 

pH 
CV 4.06 a 4.16 a 4.09 a 4.05 a 4.09 a 4.10 a 4.07 a 4.06 a 4.08 a 4.19 a 
SL 4.11 ab 4.32 c 4.12 abc 4.08 ab 4.28 bc 4.07 a 4.17 abc 4.26 abc 4.10 ab 4.24 abc 
sig. n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s 

Titratable acidity 
(g TAE Kg-1 FW) 

CV 5.14 a 5.37 a 5.76 a 5.74 a 4.72 a 5.38 a 6.16 a 5.49 a 4.82 a 5.03 a 
SL 4.00 abc 3.83 a 4.08 abc 4.47 bc 3.74 a 4.55 c 3.86 a 3.89 ab 3.97 ab 3.85 a 
sig. n.s ** *** * n.s n.s *** *** n.s n.s 

Tannins 
(mg ECE g-1 FW) 

CV 6.12 bc 7.43 c 5.14 ab 5.10 ab 4.78 ab 5.52 ab 4.96 ab 4.92 ab 4.49 a 5.38 ab 
SL 6.71 abc 7.70 c 6.05 ab 7.28 bc 5.84 a 7.60 c 5.93 a 5.43 a 5.74 a 5.86 a 
sig. n.s n.s n.s *** n.s *** n.s n.s n.s n.s 

Total phenols 
(mg GAE g-1 FW) 

CV 8.44 abc 8.56 abc 7.94 abc 8.95 bc 9.54 c 6.67 a 6.68 a 7.40 ab 7.25 ab 8.69 abc 
SL 8.60 ab 8.20 ab 8.52 ab 9.81 bc 9.25 ab 7.90 a 8.65 ab 9.69 abc 11.41 c 11.56 c 
sig. n.s n.s n.s n.s n.s n.s n.s * *** *** 

Flavonoids 
(mg CE g-1 FW) 

CV 4.35 abc 4.54 c 3.68 a 3.95 abc 3.71 ab 4.12 abc 4.09 abc 4.25 abc 3.96 abc 4.50 bc 
SL 4.59 abc 5.02 c 4.25 ab 5.02 c 4.23 a 4.84 abc 4.66 abc 4.58 abc 4.93 abc 4.97 bc 
sig. n.s n.s n.s ** n.s n.s n.s n.s ** n.s 

Ortho-diphenols 
(mg GAE g-1 FW) 

CV 8.18 ab 8.92 b 7.48 ab 7.26 ab 7.81 ab 7.70 ab 6.98 a 7.46 ab 7.45 ab 7.59 ab 
SL 5.93 a 7.30 ab 6.57 a 6.74 a 5.84 a 6.20 a 8.88 c 8.97 c 9.51 c 8.71 bc 
sig. ** n.s n.s n.s * n.s * n.s * n.s 

ABTS 
(μmol TE g-1 FW) 

CV 60.17 abc 64.00 bcd 51.17 a 54.50 ab 51.50 a 53.00 ab 63.67 bcd 67.50 cd 68.67 cd 72.50 d 
SL 76.33 bc 80.67 c 71.17 abc 71.00 abc 61.67 a 69.50 ab 62.33 a 63.67 a 76.50 bc 68.83 ab 
sig. *** *** *** *** n.s *** n.s n.s n.s n.s 

DPPH 
(μmol TE g-1 FW) 

CV 76.33 ab 83.83 b 75.50 ab 76.33 ab 77.50 ab 66.17 a 74.17 ab 78.33 ab 77.00 ab 84.33 b 
SL 86.33 bc 95.83 c 92.17 bc 94.00 bc 95.33 c 61.67 a 80.50 b 84.33 bc 97.33 c 91.50 bc 
sig. n.s n.s * * * n.s n.s n.s ** n.s 
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Table 2.2.2. Monomeric and total anthocyanins content (mg MVE g-1 FW) of 10 'Tempranillo' grape clones for the samples from the Cavernelho 
field. 

Mean values (n=6); Different letters within the same row indicate significant differences p < 0.05, according to Tukey’s test. 
a Peak numbers used in Fig. 2.2.1: (1) De-gl (delphinidin-3-O-glucoside), (2) Cy-gl (cyanidin-3-O-glucoside), (3) Pet-gl (petunidin-3-O-glucoside), (4) Peo-gl (peonidin-3-O-
glucoside), (5) Mv-gl (malvidin-3-O-glucoside), (6) De-acgl (delphinidin-3-O-(6′′-acetyl)-glucoside), (7) Pet-acgl (petunidin-3-O-(6′′-acetyl)-glucoside), (8) De-cmgl 
(delphinidin-3-O-(6′′-p-coumaroyl)-glucoside), (9) Peo-acgl (peonidin-3-O-(6′′-acetyl)-glucoside), (10) Mv-acgl (malvidin-3-O-(6′′-acetyl)-glucoside), (11) Cy-cmgl (cyanidin-
3-O-(6′′-p-coumaroyl)-glucoside), (12) Pet-cmgl (petunidin-3-O-(6′′-p-coumaroyl)-glucoside), (13) Peo-c-cmgl (peonidin-3-O-(6′′-cis-p-coumaroyl)-glucoside), (14) Mv-c-
cmgl (malvidin-3-O-(6′′-cis-p-coumaroyl)-glucoside), (15) Peo-t-cmgl (peonidin-3-O-(6′′-trans-p-coumaroyl)-glucoside), (16) Mv-t-cmgl (malvidin-3-O-(6′′-trans-p-
coumaroyl)-glucoside). 
 

 

  Clones 

Peaka RT(min) Anthocyanin RZ02 RZ09 RZ10 RZ13 RZ15 RZ23 RZ24 RZ25 RZ26 RZ28 

1 12.45 De-gl 0.125 a 0.105 a 0.109 a 0.143 a 0.123 a 0.104 a 0.089 a 0.111 a 0.130 a 0.139 a 
2 15.93 Cy-gl 0.032 a 0.042 ab 0.037 ab 0.061 b 0.043 ab 0.029 a 0.027 a 0.039 ab 0.025 a 0.039 ab 
3 18.60 Pet-gl 0.132 a 0.107 a 0.110 a 0.140 a 0.123a 0.110 a 0.096 a 0.112 a 0.139 a 0.142 a 
4 22.52 Peo-gl 0.061 a 0.081 ab 0.057 a 0.112 b 0.067 ab 0.060 a 0.056 a 0.074 ab 0.049 a 0.073 ab 
5 24.67 Mv-gl 0.442 a 0.469 a 0.457 a 0.512 a 0.479 a 0.397 a 0.401 a 0.439 a 0.461 a 0.411 a 
6 27.13 De-acgl 0.007 ab 0.007 ab 0.007 ab 0.008 b 0.007 ab 0.005 a 0.004 a 0.005 a 0.007 ab 0.007 ab 
7 32.88 Pet-acgl 0.011 c 0.010 abc 0.010 abc 0.010 bc 0.010 abc 0.008 abc 0.008 ab 0.008 a 0.010 abc 0.010 abc 
8 35.84 De-cmgl 0.032 b 0.032 b 0.032 ab 0.031 ab 0.029 ab 0.026 ab 0.024 a 0.025 ab 0.027 ab 0.024 a 

9 36.18 Peo-acgl 0.004 abc 0.005 b 0.003 a 0.004 abc 0.003 ab 0.003 ab 0.004 abc 0.004 abc 0.004 abc 0.005 bc 

10 37.23 Mv-acgl 0.032 abc 0.036 c 0.033 abc 0.032 abc 0.034 bc 0.029 ab 0.029 ab 0.026 a 0.034 bc 0.028 ab 
11 38.84 Cy-cmgl 0.010 ab 0.012 b 0.007 a 0.010 ab 0.009 ab 0.008 ab 0.007 a 0.009 ab 0.007 a 0.009 ab 
12 39.85 Pet-cmgl 0.030 ab 0.031 b 0.029 ab 0.029 ab 0.030 ab 0.028 ab 0.024 ab 0.025 ab 0.026 ab 0.023 a 
13 40.39 Peo-c-cmgl 0.003 cd 0.003 d 0.002 ab 0.003 bcd 0.002 abc 0.002 abcd 0.002 abcd 0.002 abc 0.002 a 0.003 cd 
14 40.79 Mv-c-cmgl 0.024 ab 0.021 ab 0.018 a 0.019 ab 0.019 ab 0.021 ab 0.025 b 0.019 ab 0.021 ab 0.020 ab 
15 42.90 Peo-t-cmgl 0.018 ab 0.028 c 0.016 ab 0.023 bc 0.020 ab 0.020 ab 0.019 ab 0.020 ab 0.013 a 0.017 ab 
16 43.38 Mv-t-cmgl 0.127 ab 0.156 b 0.138 b 0.129 ab 0.139 b 0.144 b 0.145 b 0.135 b 0.129 ab 0.101 a 

 
 Total 

anthocyanins 
1.090 a 1.145 a 1.065 a 1.266 a 1.137 a 0.994 a 0.960 a 1.053 a 1.084 a 1.051 a 
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Table 2.2.3. Monomeric and total anthocyanins content (mg MVE g-1 FW) of 10 'Tempranillo' grape clones for the samples from the São Luiz 
field. 

Mean values (n=6); Different letters within the same row indicate significant differences p < 0.05, according to Tukey’s test.  
De-gl (delphinidin-3-O-glucoside), Cy-gl (cyanidin-3-O-glucoside), Pet-gl (petunidin-3-O-glucoside), Peo-gl (peonidin-3-O-glucoside), Mv-gl (malvidin-3-O-glucoside), De-
acgl (delphinidin-3-O-(6′′-acetyl)-glucoside), Pet-acgl (petunidin-3-O-(6′′-acetyl)-glucoside), De-cmgl (delphinidin-3-O-(6′′-p-coumaroyl)-glucoside), Peo-acgl (peonidin-3-O-
(6′′-acetyl)-glucoside), Mv-acgl (malvidin-3-O-(6′′-acetyl)-glucoside), Cy-cmgl (cyanidin-3-O-(6′′-p-coumaroyl)-glucoside), Pet-cmgl (petunidin-3-O-(6′′-p-coumaroyl)-
glucoside), Peo-c-cmgl (peonidin-3-O-(6′′-cis-p-coumaroyl)-glucoside), Mv-c-cmgl (malvidin-3-O-(6′′-cis-p-coumaroyl)-glucoside), Peo-t-cmgl (peonidin-3-O-(6′′-trans-p-
coumaroyl)-glucoside), Mv-t-cmgl (malvidin-3-O-(6′′-trans-p-coumaroyl)-glucoside). 

 Clones 

Anthocyanin RZ02 RZ09 RZ10 RZ13 RZ15 RZ23 RZ24 RZ25 RZ26 RZ28 

De-gl 0.112 b 0.107 ab 0.113 b 0.117 b 0.113 b 0.075 a 0.091 ab 0.094 ab 0.107 ab 0.111 ab 
Cy-gl 0.026 b 0.030 b 0.033 b 0.026 b 0.020 ab 0.012 a 0.025 ab 0.030 b 0.030 b 0.026 ab 
Pet-gl 0.123 ab 0.115 ab 0.124 ab 0.130 b 0.129 ab 0.091 a 0.101 ab 0.101 ab 0.118 ab 0.120 ab 
Peo-gl 0.044 ab 0.059 b 0.050 ab 0.050 ab 0.055 ab 0.035 a 0.045 ab 0.049 ab 0.044 ab 0.049 ab 
Mv-gl 0.491 b 0.494 b 0.512 b 0.465 ab 0.485 b 0.358 a 0.428 ab 0.406 ab 0.502 b 0.434 ab 
De-acgl 0.006 bc 0.006 bc 0.006 bc 0.006 c 0.006 bc 0.004 a 0.004 ab 0.006 bc 0.006 bc 0.006 c 
Pet-acgl 0.011 b 0.010 b 0.009 ab 0.010 ab 0.009 ab 0.008 a 0.009 ab 0.009 ab 0.010 ab 0.010 b 
De-cmgl 0.045 c 0.039 abc 0.038 abc 0.041 bc 0.036 ab 0.035 ab 0.033 a 0.034 ab 0.040 abc 0.037 abc 
Peo-acgl 0.003 bc 0.004 c 0.003 ab 0.003 ab 0.003 b 0.002 a 0.003 ab 0.003 ab 0.002 ab 0.003 ab 
Mv-acgl 0.039 ab 0.042 b 0.038 ab 0.037 ab 0.038 ab 0.032 a 0.032 a 0.032 a 0.038 ab 0.035 ab 
Cy-cmgl 0.009 ab 0.010 b 0.007 a 0.008 a 0.008 a 0.007 a 0.007 a 0.008 a 0.008 a 0.009 ab 
Pet-cmgl 0.042 c 0.038 abc 0.037 abc 0.038 abc 0.035 abc 0.035 abc 0.032 a 0.033 ab 0.039 bc 0.034 ab 
Peo-c-cmgl 0.002 bcd 0.003 d 0.002 ab 0.002 ab 0.002 abc 0.001 a 0.002 cd 0.002 abcd 0.001 ab 0.002 abc 
Mv-c-cmgl 0.028 bc 0.024 abc 0.020 a 0.019 a 0.020 a 0.021 ab 0.031 c 0.025 abc 0.023 ab 0.022 ab 
Peo-t-cmgl 0.018 a 0.025 b 0.017 a 0.017 a 0.019 a 0.015 a 0.016 a 0.016 a 0.016 a 0.016 a 
Mv-t-cmgl 0.196 b 0.197 b 0.187 ab 0.179 ab 0.179 ab 0.189 ab 0.164 ab 0.158 ab 0.187 ab 0.152 a 
Total 
anthocyanins 

1.195 b 1.203 b 1.196 b 1.148 ab 1.157 ab 0.920 a 1.023 ab 1.006 ab 1.171 ab 1.066 ab 
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 Concerning the antiradical activity measured by ABTS, the values ranged between 

51.17 to 72.50 μmol TE g-1 FW for Cavernelho field, while in São Luiz field, they ranged 

between 61.67 to 80.67 μmol TE g-1 FW, being higher than the reported in 'Cabernet Sauvignon' 

(2.14 μmol TE g-1 FW) and 'Merlot' (2.06 μmol TE g-1 FW) (Burin et al., 2014). In the case of 

the antiradical activity measured by DPPH, the values ranged between 66.17 to 84.33 μmol TE 

g-1 FW and 61.67 to 97.33 μmol TE g-1 FW for Cavernelho and São Luiz fields, respectively. 

These range of values are in agreement with the values found in clones of 'Merlot' (79.74 μmol 

TE g-1 FW) and 'Cabernet Franc' (80.48 μmol TE g-1 FW) (Pantelić et al., 2016) (Table 2.2.1).  

 The total anthocyanins content in Cavernelho and São Luiz fields (Tables 2.2.2, 2.2.3), 

ranged between 0.960 to 1.266 mg MVE g-1 FW and 0.920 to 1.203 mg MVE g-1 FW, 

respectively, being in agreement with the values found for 'Tempranillo' (0.950 and 0.980 mg 

MVE g-1 FW, in two years) (Pérez-Navarro et al., 2019b). Concerning the monomeric 

anthocyanins, sixteen anthocyanins were identified in all the grape clones irrespective of the 

growth site (Figures 2.2.1a, 2.2.1b). 

 

Figure 2.2.1. Anthocyanins chromatographic profile (520 nm) of 'Tempranillo' grapes from 
Cavernelho and São Luiz fields: (a) hydro-methanolic extract of grape clones from Cavernelho, 
(b) hydro-methanolic extract of grape clones from São Luiz. 

  

 The malvidin-3-O-glucoside displayed always the highest concentration and it values 

ranged between 0.397 to 0.512 mg MVE g-1 FW for Cavernelho field and 0.358 to 0.512 mg 

MVE g-1 FW for São Luiz field (Tables 2.2.2, 2.2.3), being in agreement with the values found 
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in 'Tempranillo', namely, 0.342 mg MVE g-1 FW (Portu et al., 2015) and 0.460 mg MVE g-1 

FW (Pérez-Álvarez et al., 2019) 

 In the Cavernelho field, some clones displayed the highest contents in more than one 

parameter, namely, the clone RZ09 in the content of tannins, flavonoids and ortho-diphenols 

and the clone RZ28 in pH and antiradical activity by the ABTS and DPPH methods. Some 

clones had the lowest contents in several parameters, such as RZ24 in terms of SS, ortho-

diphenols and total anthocyanins, RZ23 for total phenols and antiradical activity by DPPH and 

the clone RZ10 in terms of flavonoids and antiradical activity by ABTS. In addition, certain 

clones oscillated between high and low contents in some parameters, such as clones, RZ26 

which presented the highest SS and lowest concentration in tannins and the clone RZ13, 

showing the highest concentration in anthocyanins and the lowest value of pH (Tables 2.2.1-

2.2.3).  

 Regarding the results obtained for the same 10 clones in the São Luiz field (Tables 2.2.1, 

2.2.3), clones RZ28 and RZ09 displayed again, the greatest contents in several parameters. The 

clone RZ28 presented the highest value of SS and total phenols, while RZ09 displayed the 

highest value of pH, tannins, flavonoids, antiradical activity by ABTS and total anthocyanins. 

In the opposite side, despite presenting the highest value of TA, the clone RZ23 displayed the 

lowest content in SS, pH, total phenols, antiradical activity by DPPH and total anthocyanins.  

 Concerning the influence that the growth site had on the performance of the clones for 

the several parameters under study, significant differences were found (Tables 2.2.1, 2.2.4). 

These differences were more evident in parameters such as, TA, ortho-diphenols and antiradical 

activity by the ABTS and DPPH methods. However, no significant differences were observed 

between clones growing at both sites in terms of SS, pH and total anthocyanin contents. The 

clone RZ13 presented the highest number of significant differences, namely, in the contents of 

TA, tannins, flavonoids and antiradical activity by both methods. In contrast, clone RZ28 only 

displayed significant differences in relation to the total phenols content. These significant 

differences observed among the same clone showed the influence of the terroir on the 

quantitative traits and allowed to verify a slight tendency for the clones located in São Luiz 

field, to present higher contents in phenolic compounds, antiradical activity, or even higher SS 

and pH, in contrast with higher content in TA for clones grown in the Cavernelho field (Tables 

2.2.1, 2.2.4). 
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Table 2.2.4. Significant differences, concerning monomeric and total anthocyanins content of 10 'Tempranillo' grape clones, between 
Cavernelho and São Luiz fields, for each clone. 

Level of significance: *, ** and *** indicates significance at p < 0.05, p < 0.01 and p < 0.001 respectively, among fields, according to Tukey’s test; n.s: indicates no significant 
difference. De-gl (delphinidin-3-O-glucoside), Cy-gl (cyanidin-3-O-glucoside), Pet-gl (petunidin-3-O-glucoside), Peo-gl (peonidin-3-O-glucoside), Mv-gl (malvidin-3-O-
glucoside), De-acgl (delphinidin-3-O-(6′′-acetyl)-glucoside), Pet-acgl (petunidin-3-O-(6′′-acetyl)-glucoside), De-cmgl (delphinidin-3-O-(6′′-p-coumaroyl)-glucoside), Peo-acgl 
(peonidin-3-O-(6′′-acetyl)-glucoside), Mv-acgl (malvidin-3-O-(6′′-acetyl)-glucoside), Cy-cmgl (cyanidin-3-O-(6′′-p-coumaroyl)-glucoside), Pet-cmgl (petunidin-3-O-(6′′-p-
coumaroyl)-glucoside), Peo-c-cmgl (peonidin-3-O-(6′′-cis-p-coumaroyl)-glucoside), Mv-c-cmgl (malvidin-3-O-(6′′-cis-p-coumaroyl)-glucoside), Peo-t-cmgl (peonidin-3-O-
(6′′-trans-p-coumaroyl)-glucoside), Mv-t-cmgl (malvidin-3-O-(6′′-trans-p-coumaroyl)-glucoside). 
 
 

 

 Clones 

Anthocyanin RZ02 RZ09 RZ10 RZ13 RZ15 RZ23 RZ24 RZ25 RZ26 RZ28 

De-gl n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s 

Cy-gl n.s n.s n.s *** n.s n.s n.s n.s n.s n.s 

Pet-gl n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s 

Peo-gl n.s n.s n.s *** n.s n.s n.s n.s n.s n.s 

Mv-gl n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s 

De-acgl n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s 

Pet-acgl n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s 

De-cmgl *** n.s n.s * n.s * * * *** *** 

Peo-acgl n.s n.s n.s n.s n.s n.s * n.s ** ** 

Mv-acgl n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s 

Cy-cmgl n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s 

Pet-cmgl *** n.s n.s * n.s n.s n.s n.s *** *** 

Peo-c-cmgl n.s n.s n.s ** n.s ** n.s n.s n.s ** 

Mv-c-cmgl n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s 

Peo-t-cmgl n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s 

Mv-t-cmgl *** * ** ** n.s * n.s n.s *** ** 

Total 
anthocyanins 

n.s n.s n.s n.s n.s n.s n.s n.s n.s n.s 
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 The growth site showed also influence in the monomeric anthocyanin concentrations, 

being verified for all clones from Cavernelho field, a higher concentration in peonidin-3-O-

glucoside, although significant differences were only observed for clone RZ13 (Tables 2.2.2, 

2.2.3, 2.2.4). On the other hand, all the clones cultivated in São Luiz field, showed higher 

concentrations in delphinidin-3-O-(6′′-p-coumaroyl)-glucoside and in malvidin-3-O-(6′′-trans-

p-coumaroyl)-glucoside. Seven clones presented significant differences for these anthocyanins 

due to the growth site (Table 2.2.4), allowing to verify that the clones from São Luiz field, 

typically presented higher concentrations in these two anthocyanins (Tables 2.2.2, 2.2.3). In 

addition, malvidin-3-O-(6′′-trans-p-coumaroyl)-glucoside was the second anthocyanin with the 

highest concentration in all clones from São Luiz, while in Cavernelho, in some clones was the 

anthocyanin with the third (RZ02) and fourth (RZ13, RZ26, RZ28) highest concentration found 

(Tables 2.2.2, 2.2.3). 

 

 

 2.2.3.2. Oenological parameters, phytochemical content and antiradical activity of musts 

 and wines  

 The results for oenological parameters of musts and wines are shown in Table 2.2.5.  

 

Table 2.2.5. Oenological parameters of 'Tempranillo' musts at 2nd day post microvinification 
and 'Tempranillo' wines at the end of malolactic fermentation. 

Mean values (n=2 for musts and n=3 for wines); Different letters within the same column and for each set (musts; 
wines) indicate significant differences p < 0.05, according to Tukey’s test.  
MCV10 and MCV20, musts of the 10 and 20 grape clones from Cavernelho field, respectively; MSL10 and 
MSL20, musts of the 10 and 20 grape clones from São Luiz field, respectively; WCV10 and WCV20, wines made 
with 10 and 20 grape clones from Cavernelho field, respectively; WSL10 and WSL20, wines made with 10 and 
20 grape clones from São Luiz field, respectively. (-) not determined, (†) analysed by external laboratory. 
 

 Significant differences were found between all musts in terms of SS contents. The musts 

made with the ten grape clones and twenty grape clones from São Luiz field (MSL10 and 

 
Soluble solids 

(ºBrix) 
Alcoholic strength† 

('% vol.) pH 
Titratable acidity 

(g TAE Kg-1 FW) 

MCV10 22.7 b - 4.07 b 5.38 b 
MCV20 21.9 a - 4.05 a 5.27 b 
MSL10 25.8 d - 4.11 c 4.37 a 
MSL20 24.6 c -  4.09 bc 4.34 a 

WCV10 - 13.25 b 4.38 d 4.08 a 
WCV20 - 13.15 a 4.28 c  4.13 ab 
WSL10 - 14.94 d 4.19 b  4.23 ab 
WSL20 - 14.00 c 4.12 a 4.32 b 



 

92 
 

MSL20, respectively) displayed the highest contents in SS, while the musts made with the ten 

grape clones and twenty grape clones from Cavernelho field (MCV10 and MCV20, 

respectively) showed the highest TA contents (Table 2.2.5). The range of values obtained for 

SS are similar to those found in 'Tempranillo' (SS, 22.70 and 22.77), while the range of values 

for pH and TA are higher than the ones reported in the same variety (pH, 3.76 and 3.65; TA, 

4.29 and 3.66 g TAE L-1) (Pérez-Navarro et al., 2019a). The wine made with the ten grape 

clones from Cavernelho field (WCV10) and the wine made with ten grape clones from São Luiz 

field (WSL10) displayed a significantly higher alcoholic strength, significantly higher values 

of pH and a slightly lower TA values than the wine made with twenty grape clones from 

Cavernelho field (WCV20) and the wine made with twenty grape clones from São Luiz field 

(WSL20), respectively (Table 2.2.5). The range of values for alcoholic strength and pH are in 

agreement with the ones found in the literature for 'Tempranillo' wines (alcoholic strength, 

13.44% v/v, pH, 4.13 and 4.30), while the TA values are higher than the ones reported for the 

same variety (TA, 2.83 and 3.35 g TAE L-1) (Pérez-Navarro et al., 2019a). 

 The phytochemical content and antiradical activity of musts and wines are presented in 

Table 2.2.6, and the anthocyanins content of both are presented in Table 2.2.7. In Cavernelho 

field, the MCV10 displayed significantly higher concentrations than MCV20 for the majority 

of the parameters, except for the ortho-diphenols. In São Luiz field, the MSL10 displayed 

significantly higher concentrations than MSL20 for tannins, flavonoids, antiradical activity by 

ABTS and total anthocyanins, but a significantly lower value for ortho-diphenols. Significant 

differences were found between the four wines in each date of analysis in tannins concentration, 

total phenols, flavonoids, ortho-diphenols, total anthocyanins and antiradical activity by ABTS 

and DPPH. The exception was the antiradical activity by DPPH between WCV10 and WCV20 

at 9th month (Tables 2.2.6, 2.2.7). Moreover, of all wines, the WSL10 always displayed 

significantly higher values in terms of tannins, total phenols, flavonoids, ortho-diphenols, 

antiradical activity and total anthocyanins content than the remaining wines, regardless of the 

date of analysis (Tables 2.2.6, 2.2.7). Taking into account the results obtained for all wines, the 

tannins concentration ranged between 1309.97 to 2366.60 mg ECE L-1 at 5th month and 1272.80 

to 2153.63 mg ECE L-1 at 9th month, while the total phenols ranged between 1139.60 to 2143.07 

mg GAE L-1 at 5th month and 1025.58 to 2136.70 mg GAE L-1 at 9th month. The flavonoids 

content ranged between 641.87 to 1059.17 mg CE L-1 at 5th month and 606.41 to 1058.69 mg 

CE L-1 at 9th month. Concerning the ortho-diphenols concentration, the values ranged between 

1767.57 to 2615.07 mg GAE L-1 at 5th month and 1762.83 to 2530.51 mg GAE L-1 at 9th month.  
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Table 2.2.6. Phytochemical content and antiradical activity of 'Tempranillo' musts at 2nd day 
and 'Tempranillo' wines after 5th and 9th months post microvinification. 

Mean values (n=2 for musts and n=3 for wines); Different letters within the same column and for each set (musts; 
wines 5th; wines 9th) indicate significant differences p < 0.05; Level of significance: *, ** and *** indicates 
significance at p < 0.05, p < 0.01 and p < 0.001 respectively, according to Tukey’s test; n.s: indicates no significant 
difference. MCV10 and MCV20, musts of the 10 and 20 grape clones from Cavernelho field, respectively; MSL10 
and MSL20, musts of the 10 and 20 grape clones from São Luiz field, respectively; WCV10 and WCV20, wines 
made with 10 and 20 grape clones from Cavernelho field, respectively; WSL10 and WSL20, wines made with 10 
and 20 grape clones from São Luiz field, respectively. 
 

 

 The antiradical activity ranged between 17.38 to 25.46 mmol TE L-1 at 5th month and 

15.66 to 22.53 mmol TE L-1 at 9th month, for ABTS and 14.91 to 23.37 mmol TE L-1 at 5th 

month and 14.21 to 20.25 mmol TE L-1 at 9th month, for DPPH (Table 2.2.6). The total 

concentration of anthocyanins ranged between 137.36 to 187.39 mg MVE L-1 at 5th month and 

76.25 to 129.06 mg MVE L-1 at 9th month (Table 2.2.7). Similar values of tannins (1080 mg 

ECE L-1) and total phenols (1330 mg GAE L-1) were found in 'Tempranillo' wines (Pérez-

Navarro et al., 2019a). The flavonoids contents are similar to the range of values found in 

'Merlot' wines (660.6 to 1375.4 CE L-1) (Jiang and Zhang, 2012). 

 

Tannins 
(mg ECE L-1) 

Total 
phenols 
(mg GAE L-1) 

Flavonoids 
(mg CE L-1) 

Ortho-
diphenols 
(mg GAE L-1) 

ABTS 
(mmol TE L-1) 

DPPH 
(mmol TE L-1) 

MCV10 899.65 d 1974.05 c 555.70 b 2041.00 a 13.92 c 11.19 b 

MCV20 575.75 b 1358.20 a 457.65 a 1976.95 a 10.80 b 8.93 a 

MSL10 614.70 c 1804.55 b 712.55 c 2557.05 b 12.29 bc 9.38 a 

MSL20 446.55 a 1663.30 b 589.00 b 2813.45 c 8.91 a 8.02 a 

5th       

WCV10 1515.83 b 1559.77 b 759.17 b 2040.67 b 20.05 b 16.42 b 

WCV20 1309.97 a 1139.60 a 641.87 a 1767.57 a 17.38 a 14.91 a 

WSL10 2366.60 d 2143.07 d 1059.17 d 2615.07 d 25.46 d 23.37 d 

WSL20 2021.47 c 1747.23 c 886.30 c 2155.53 c 21.36 c 21.09 c 

9th        

WCV10 1442.12 b 1369.39 b 698.56 b 1847.68 b 17.04 b 15.31 a 

WCV20 1272.80 a 1025.58 a 606.41 a 1762.83 a 15.66 a 14.21 a 

WSL10 2153.63 d 2136.70 d 1058.69 d 2530.51 d 22.53 d 20.25 c 

WSL20 1848.61 c 1709.01 c 884.84 c 2112.32 c 18.86 c 18.19 b 

5th x 9th       

WCV10 *** *** *** *** *** n.s 

WCV20 * *** *** n.s *** n.s 

WSL10 *** n.s n.s *** *** *** 

WSL20 *** n.s n.s n.s *** *** 
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Table 2.2.7. Monomeric and total anthocyanins content (mg MVE L-1) of 'Tempranillo' musts and wines from Cavernelho and São Luiz fields. 

Mean values (n=2); Different letters within the same row for each set  (musts; wines 5th; wines 9th) indicate significant differences p < 0.05, according to Tukey’s test; Level of 
significance: *, ** and *** indicates significance at p < 0.05, p < 0.01 and p < 0.001 respectively, according to Tukey’s test; n.s: indicates no significant difference. 
MCV10 and MCV20, musts of the 10 and 20 grape clones from Cavernelho field, respectively; MSL10 and MSL20, musts of the 10 and 20 grape clones from São Luiz field, 
respectively; WCV10 and WCV20, wines made with 10 and 20 grape clones from Cavernelho field, respectively; WSL10 and WSL20, wines made with 10 and 20 grape clones 
from São Luiz field, respectively. De-gl (delphinidin-3-O-glucoside), Cy-gl (cyanidin-3-O-glucoside), Pet-gl (petunidin-3-O-glucoside), Peo-gl (peonidin-3-O-glucoside), Mv-
gl (malvidin-3-O-glucoside), De-acgl (delphinidin-3-O-(6′′-acetyl)-glucoside), Pet-acgl (petunidin-3-O-(6′′-acetyl)-glucoside), De-cmgl (delphinidin-3-O-(6′′-p-coumaroyl)-
glucoside), Peo-acgl (peonidin-3-O-(6′′-acetyl)-glucoside), Mv-acgl (malvidin-3-O-(6′′-acetyl)-glucoside), Cy-cmgl (cyanidin-3-O-(6′′-p-coumaroyl)-glucoside), Pet-cmgl 
(petunidin-3-O-(6′′-p-coumaroyl)-glucoside), Peo-c-cmgl (peonidin-3-O-(6′′-cis-p-coumaroyl)-glucoside), Mv-c-cmgl (malvidin-3-O-(6′′-cis-p-coumaroyl)-glucoside), Peo-t-
cmgl (peonidin-3-O-(6′′-trans-p-coumaroyl)-glucoside), Mv-t-cmgl (malvidin-3-O-(6′′-trans-p-coumaroyl)-glucoside).

 Musts Wines 

Sig. level (5th x 9th ) 5th month 9th month 
Anthocyanin MCV10 MCV20 MSL10 MSL20 WCV10 WCV20 WSL10 WSL20 WCV10 WCV20 WSL10 WSL20 WCV10 WCV20 WSL10 WSL20 

De-gl 24.63 d 19.97 b 22.84 c 7.28 a 5.22 c 3.58 a 6.27 d 3.93 b 3.45 c 1.69 a 3.81 d 2.77 b *** *** *** *** 

Cy-gl 0.93 a 0.81 a 3.99 c 2.24 b 0.30 c 0.29 b 0.32 d 0.16 a 0.24 d 0.13 a 0.19 c 0.15 b *** *** *** n.s 

Pet-gl 30.93 c 22.78 b 22.53 b 9.92 a 14.71 c 11.98 b 15.99 d 10.28 a 10.09 c 6.35 a 11.50 d 7.47 b *** *** *** *** 

Peo-gl 7.05 a 6.21 a 12.45 c 8.63 b 1.39 c 0.77 a 1.67 d 1.22 b 1.19 c 0.59 a 1.67 d 0.98 b *** *** n.s *** 

Mv-gl 163.98 d 127.16 c 115.99 b 89.62 a 113.17 c 100.22 b 122.85 d 92.17 a 77.07 c 55.63 a 82.29 d 65.60 b *** *** *** *** 

De-acgl 1.38 c 0.97 b 0.86 b 0.34 a 0.98 d 0.92 c 0.89 b 0.69 a 0.74 c 0.49 a 0.73 c 0.54 b *** *** *** *** 

Pet-acgl 1.84 d 1.35 c 1.19 b 0.56 a 1.67 d 1.61 c 1.34 b 1.05 a 0.63 c 0.39 a 0.75 d 0.53 b *** *** *** *** 

De-cmgl 2.31 d 1.78 c 1.59 b 0.38 a 1.62 b 1.72 c 2.20 d 1.39 a 0.90 c 0.62 a 1.34 d 0.82 b *** *** *** *** 

Peo-acgl 0.52 b 0.37 a 0.46 b 0.53 b 0.41 c 0.31 b 0.32 b 0.28 a 0.24 d 0.14 a 0.23 c 0.21 b *** *** *** *** 

Mv-acgl 10.23 d 8.10 a 9.73 c 9.10 b 8.07 b 7.62 a 10.88 d 9.37 c 5.81 b 4.32 a 9.30 d 7.27 c *** *** *** *** 

Cy-cmgl 1.06 b 0.75 a 1.41 c 0.88 a 1.01 b 0.76 a 1.70 d 1.10 c 0.60 b 0.28 a 1.28 d 0.73 c *** *** *** *** 

Pet-cmgl 2.83 c 2.11 b 2.30 b 0.95 a 1.80 a 1.83 a 2.72 b 1.78 a 1.08 b 0.69 a 1.74 d 1.14 c *** *** *** *** 

Peo-c-cmgl 0.10 b 0.06 a 0.10 b 0.05 a 0.09 b 0.06 a 0.09 b 0.06 a 0.03 b 0.02 a 0.04 d 0.03 c *** *** *** *** 

Mv-c-cmgl 0.77 c 0.69 b 0.99 d 0.63 a 0.62 a 0.66 b 0.95 d 0.69 c 0.25 b 0.19 a 0.37 d 0.30 c *** *** *** *** 

Peo-t-cmgl 1.85 b 1.26 a 1.77 b 1.12 a 1.11 c 0.91 b 1.23 d 0.77 a 0.64 c 0.27 a 0.80 d 0.48 b *** *** *** *** 

Mv-t-cmgl 17.25 b 14.44 a 19.97 c 13.49 a 10.68 b 10.14 a 17.97 d 12.42 c 7.07 b 4.45 a 13.02 d 8.74 c *** *** *** *** 

Total 
anthocyanins 

267.66 c 208.81 b 218.17 b 145.72 a 162.85 c 143.38 b 187.39 d 137.36 a 110.03 c 76.25 a 129.06 d 97.76 b *** *** *** *** 
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 The values obtained for antiradical activity by ABTS are slightly lower than the ones 

found in 'Cabernet Sauvignon' wines (29.12 to 52.67 mmol TE L-1) (Grijalva-Verdugo et al., 

2018), while the range of values obtained by DPPH are comparable to the one found in 

'Tempranillo' (syn. Cencibel) wine (14.5 mmol TE L-1) (Gallego et al., 2012) (Table 2.2.6). 

 The range of values obtained for total anthocyanins (Table 2.2.7) were lower than the 

values reported in the literature for 'Tempranillo' wines (275.62 and 381.93 mg MVE L-1) 

(Pérez-Navarro et al., 2019a), but similar to the one found in other study with the same wine 

variety (123.1 mg MVE L-1) (Gallego et al., 2012). However, the lower concentrations obtained 

in this work, are related to the low concentrations in monomeric anthocyanins (Table 2.2.7), 

which decrease during wine maturation and ageing, due to progressive transformation into more 

stable and complex pigments (Gutiérrez et al., 2005; Monagas et al., 2006; He et al., 2012). In 

this sense, it was reported for 'Tempranillo' (syn. Cencibel) wines that monomeric anthocyanins 

had a marked decrease at 3rd and 9th months after the fermentation process (Gutiérrez et al., 

2005). For instance, malvidin-3-O-glucoside, which initially (after alcoholic fermentation) had 

a concentration of 0.441 mg MVE L-1 only presented 0.363 mg MVE L-1 and 0.191 mg MVE 

L-1 at 3rd and 9th  months after the fermentation process, respectively (Gutiérrez et al., 2005). 

Therefore, in the present study, once the first analysis was performed only at 5th month, the low 

total anthocyanins content can be justified by the decrease in concentration of monomeric 

anthocyanins that occurred during this period. This can also be corroborated by a significant 

decrease in the concentration of monomeric anthocyanins between both analysis dates (5th and 

9th months), being reflected in the total anthocyanins concentration (Table 2.2.7).  

 Comparing the WCV10 with WCV20 and the WSL10 with WSL20, despite the date of 

analysis (5th or 9th month), the wines made with ten grape clones in each field, displayed always 

higher concentrations than wines made with twenty grape clones, with significantly different 

concentrations in tannins, total phenols, flavonoids, ortho-diphenols, total anthocyanins and 

antiradical activity by ABTS and DPPH, being the exception the DPPH value between the 

WCV10 and WCV20 at 9th month (Tables 2.2.6, 2.2.7).  

 Between the 5th and 9th months of analysis (Tables 2.2.6, 2.2.7), a significant decrease 

of concentration during that period was observed in tannins, total anthocyanins and antiradical 

activity by ABTS. Other parameters, such as total phenols and flavonoids, only the WCV10 

and WCV20 displayed a significant decrease between dates. In terms of ortho-diphenols the 

WCV10 and WSL10 displayed a significant decrease during that period, while in respect to 
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antiradical activity by DPPH only the wines from São Luiz (WSL10 and WSL20) presented a 

significant decrease between both dates of analysis. 

 A total of sixteen monomeric anthocyanins were identified in wines (Figures 2.2.2a-

2.2.2d). The monomeric anthocyanin present in highest concentration was malvidin-3-O-

glucoside, followed by malvidin-3-O-(6′′-trans-p-coumaroyl)-glucoside for both wines from 

São Luiz, while for both wines from Cavernelho, petunidin-3-O-glucoside displayed the second 

highest concentration (Table 2.2.7), highlighting again the influence of the growth site on the 

phenolic content of grapes and respective wines, namely on the concentration in specific 

anthocyanins. 

 

Figure 2.2.2. Anthocyanins chromatographic profile (520 nm) of 'Tempranillo' wines from 
Cavernelho and São Luiz fields: (a) wine made with 10 grape clones from Cavernelho, (b) wine 
made with 10 grape clones from São Luiz, (c) wine made with 20 grape clones from Cavernelho, 
(d) wine made with 20 grape clones from São Luiz. 
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 2.2.3.3. Sensory analysis of wines 

 The mean results for the sensory analysis of wines at 5th and 9th months are presented in 

Figure 2.2.3 and 2.2.4, respectively. The wines were evaluated in a comparative way (wine 

made with ten grape clones against wine made with twenty grape clones) in each field. No 

significant differences were observed between the two wines in Cavernelho (WCV10 vs 

WCV20) or São Luiz (WSL10 vs WSL20) fields, for any of the descriptors used, in any of the 

dates of analysis (Figures 2.2.3 and 2.2.4). 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2.3. Sensory analysis at 5th month of 'Tempranillo' wines from Cavernelho (a) and 
São Luiz (b) fields. (WCV10 and WCV20, wines made with 10 and 20 grape clones from Cavernelho, 
respectively; WSL10 and WSL20, wines made with 10 and 20 grape clones from São Luiz, respectively. Level of 
significance: *, ** and ***, next to descriptor, indicates significance between wines at p < 0.05, p < 0.01 and 
p < 0.001 respectively, according to Tukey’s test). 
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 However, it was possible to verify that in the sensory analysis at 5th month (Figure 2.2.3), 

WCV10 showed higher scores than WCV20 in descriptors like overall quality or spices (Figure 

2.2.3a). In opposite direction, WCV20 displayed higher scores in several descriptors, such as, 

black fruits, red fruits, over-ripening, vegetable, resin, acidity, astringency, structure, balance, 

persistence or final grade (Figure 2.2.3a). The WSL10 obtained higher scores than WSL20 in 

descriptors such as, overall quality, acidity, structure, balance and persistence, but lower scores 

in other descriptors, namely, black fruits, wood, over-ripening and astringency. Besides that, 

WSL10 was scored as the best wine in respect to final grade descriptor (Figure 2.2.3b). 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.2.4. Sensory analysis at 9th month of 'Tempranillo' wines from Cavernelho (a) and 
São Luiz (b) fields. (WCV10 and WCV20, wines made with 10 and 20 grape clones from Cavernelho, 
respectively; WSL10 and WSL20, wines made with 10 and 20 grape clones from São Luiz, respectively. Level of 
significance: *, ** and ***, next to descriptor, indicates significance between wines at p < 0.05, p < 0.01 and 
p < 0.001 respectively, according to Tukey’s test). 
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 The sensory analysis at 9th month (Figures 2.2.4a, 2.2.4b) showed a decrease in the 

scores of certain descriptors for the four wines, compared to the scores obtained in sensory 

analysis at 5th month (Figures 2.2.3a, 2.2.3b). This decrease was observed in several descriptors, 

such as, overall quality, red fruits, acidity, astringency, structure or balance. However, was also 

observed a scoring increase in descriptors like floral, wood or spices (Figures 2.2.3a, 2.2.3b, 

2.2.4a, 2.2.4b). Looking to the wines from Cavernelho field, WCV20 obtained the highest 

scores in the majority of the descriptors, except for over-ripening (Figure 2.2.4a). For the wines 

from São Luiz field, WSL10 displayed the highest scores in descriptors such as, overall quality, 

red fruits, over-ripening, acidity, astringency, structure, wine body, balance or persistence 

(Figure 2.2.4b). In terms of final grade, the scores also decreased between dates of analysis 

(Figures 2.2.3b, 2.2.4b), without changes between the highest scored wine (WSL10) and the 

lowest scored wine (WSL20) (Figure 2.2.4b).  

 However, the absence of significant differences between the wines for the sensory 

descriptors, did not allow to objectively ascertain which wine presented the best sensory 

features. 

 

2.2.4. Conclusions 

 The quality parameters and sensory features of wines made with a set of ten 

'Tempranillo' grape clones, and wines made with a set of twenty 'Tempranillo' grape clones 

from two sub-regions of Douro Demarcated Region, during the 2017 vintage were evaluated. 

Moreover, the oenological potential parameters and phytochemical content of the ten grape 

clones were also evaluated.  

 The wines made with ten grape clones displayed significantly higher contents of tannins, 

total phenols, flavonoids, ortho-diphenols, total anthocyanins and antiradical activity by ABTS, 

than wines made with twenty grape clones, in both fields. Although the sensory analysis has 

not been conclusive, the chemical analysis allowed to verify that the wines made with the ten 

grape clones, are effectively richer in phenolic compounds than the wines made with the twenty 

grape clones, in agreement with the assumptions that were on the basis of this study. 

 The analysis of the ten grape clones, showed differences between them in terms of 

oenological potential and phytochemical content, emphasizing the importance of the study 

genotype x environment interaction.  In different environments, the oenological potential and 

phytochemical content of each grape clone was affected, however, certain parameters such as, 

SS, pH and total anthocyanins were not significantly influenced by growth sites. The 
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concentration in monomeric anthocyanins, especially in malvidin-3-O-(6′′-trans-p-coumaroyl)-

glucoside, seems to be associated to the growth site, presenting significantly higher 

concentrations in most grape clones from São Luiz field, as well as, in the wines from the same 

field. 

 However, further trials and related microvinifications will be required in the future, at 

different sites and for longer periods, in order to ascertain clearly, if this set of  ten grape clones 

will always present higher oenological and phytochemical contents than the remaining twenty 

grape clones, producing this way, wines with higher quality. 
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Abstract 

 The present study evaluated the ability of Attenuated Total Reflectance – Mid-Infrared 

(ATR-MIR) spectroscopy combined with Partial Least Squares Discriminant Analysis (PLS-

DA) to discriminate the origin and harvest year of 'Tempranillo' grape clones and with Partial 

Least Squares (PLS) regressions to predict its contents in soluble solids (SS), pH and titratable 

acidity (TA). Normalized spectra of grape homogenates and normalized plus 1st Derivative 

spectra of grape skins allowed an overall percentage of correct classifications of 99.6% and 

96.7% in validation, according to origin, and 98.3 % and 90.0 % in validation, according to 

harvest year, respectively. The normalized spectra of grape homogenates allowed a calibration 

and validation determination coefficients (R2) of 0.92 and 0.90 for SS, 0.90 and 0.84 for pH, 

0.88 and 0.84 for TA, respectively.  

 The ATR-MIR combined with multivariate analysis showed to be an appropriate tool to 

assist the clonal selection process of 'Tempranillo'. 

Keywords: ATR-MIR spectroscopy, Tempranillo, Clones, Geographical origin discrimination, 

Oenological parameters prediction 

 

 

 

 



 

108 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

109 
 

3.1.1. Introduction 

 Currently, due to food adulterations worldwide, consumers have been paying close 

attention to the quality and authenticity of food products (Wadood et al., 2020). Thus, the 

demand for food products with guarantee of safety and quality associated with an unambiguous 

geographical origin has increased (Luykx and van Ruth, 2008; Esteki et al., 2018). The use of 

designations in food products proposed by the European Union such as protected designation 

of origin (PDO) or protected geographical identification (PGI), represents an indicator of 

authenticity, bringing benefits for both consumers and producers (European Commission, 

2012). In order to ascertain the geographical origin of food products, several analytical 

techniques have been developed and improved over the years. Some have greater acceptance, 

such as chromatographic techniques (High Performance Liquid Chromatography (HPLC) or 

Gas Chromatography, (GC)), spectrometric techniques (Isotope Ratio Mass Spectrometry 

(IRMS) or Inductively Coupled Plasma Mass Spectrometry (ICP-MS)), spectroscopic 

techniques (Near-Infrared (NIR), Mid-Infrared (MIR), Raman), among others (Luykx and van 

Ruth, 2008; Esteki et al., 2018; Wadood et al., 2020). Although some techniques are able to 

identify specific characteristics of a product as a result of influence from the place of origin, the 

spectroscopic techniques have been demonstrating its full potential, emerging as an effective, 

rapid, and non-destructive approach (Picque et al., 2010; Cozzolino, 2012, 2015; Esteki et al., 

2018; Wadood et al., 2020). In addition, the use of spectroscopic techniques associated  with 

multivariate analysis (chemometric analysis) have shown great success in several studies as in 

the wines authenticity, namely in terms of varieties and geographical origin (Liu et al., 2006, 

2008; Cozzolino et al., 2011; Martelo-Vidal et al., 2013; Mandrile et al., 2016; Magdas et al., 

2018). The combination of multivariate analysis with spectroscopic methods allows to 

scrutinize and interpret all the complex information that is generated by a single spectrum. 

These tools, such as Principal Component Analysis (PCA), Linear Discriminant Analysis 

(LDA), Cluster Analysis (CA), Partial Least Squares (PLS), among others, allow the use of 

spectroscopic methodologies by the food industry in routine analysis of grape and wines 

(Tzouros and Arvanitoyannis, 2001; Swanepoel et al., 2007; Picque et al., 2010; Cozzolino, 

2015). 

 MIR spectroscopy (4000 to 400 cm-1) has shown to be highly effective in the 

discrimination of wines from different origins. For instance, in a comparative study of MIR, 

NIR and Raman techniques combined with Partial Least Squares Discriminant Analysis (PLS-

DA), MIR was more efficient in wines discrimination from four Portuguese geographical 
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origins. The MIR values of correct predictions (87.7%) were higher than the values observed 

for NIR and Raman, with 60.4% and 60.8%, respectively (dos Santos et al., 2017). 

 Although MIR spectroscopy is widely used in studies related to wines, it has also 

displayed potential to discriminate grapes from distinct geographical origins. In this sense, 

resorting to the MIR along with Attenuated Total Reflectance (ATR) accessory in combination 

with PLS-DA, was possible to discriminate 'Chardonnay' grape samples from different 

geographical origins. In the two years of harvest (2014 and 2016) the overall values of correct 

predictions were 83% and 81% respectively (Gambetta et al., 2019). In another study, the use 

of MIR in combination with PLS-DA also allowed to discriminate 'Cabernet Franc' grape 

samples according to its place of origin, with a percentage of correct classification of 88% 

(Picque et al., 2010). 

 In addition to the potential demonstrated by MIR spectroscopy for the classification of 

wines or grapes regarding geographical origin, varieties, or even year of harvest, it also 

displayed good accuracy in predicting metabolite contents in grapes (Musingarabwi et al., 

2016). In the literature, some studies have shown the effectiveness of the MIR technique in this 

field, for instance, recently, through the spectral data of 'Chardonnay' grape samples obtained 

by ATR-MIR and analysed by PLS regressions, it was possible to predict the contents in soluble 

solids (SS) and titratable acidity (TA) (Gambetta et al., 2019). This potential observed for MIR 

has been reinforced by other works, where this technique allowed the prediction of SS and TA 

contents in 'Cabernet Franc' grape samples (Picque et al., 2010), as well as in the determination 

of SS, pH and TA in different grape varieties samples in South Africa (Swanepoel et al., 2007).  

 Therefore, the aim of this study was to evaluate the ability of ATR-MIR, in combination 

with appropriate multivariate analysis, to discriminate the origin and harvest year of 

'Tempranillo' grape clones from two sub-regions of Douro in two vintages and to predict 

oenological parameters of distinct grape clones from the same variety, namely soluble solids, 

pH and titratable acidity. 

 

3.1.2. Material and methods 

 3.1.2.1. Sampling 

 Grape samples from thirty 'Tempranillo' clones were collected during the seasons 2015 

and 2016 from two clonal trial fields, installed in two commercial vineyards in the Demarcated 

Douro Region (DDR), one located in the sub-region Cima Corgo, a steep slope and low altitude 

(São Luiz field, Tabuaço, 194 m), and the other located in the sub-region of the Baixo Corgo, a 
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flat area at high altitude (Cavernelho field, Vila Real, 471 m). The clones were grafted in 1103P 

and R99 rootstocks in Cavernelho and São Luiz fields, respectively, and each clone was 

distributed randomly for 6 replicates, each replicate comprising 5-6 vines. 

 Grape samples: A total of 720 samples were collected and analysed (30 clones × 6 field 

replicates × 2 fields × 2 years), each sample comprising sixty berries collected in a single 

replicate throughout 5-6 vines, at the harvest dates. After the collection, the samples were kept 

at -80°C, until analysis. 

 

 3.1.2.2. Oenological parameters of grape homogenates 

 For each sample, three distinct homogenates, each one obtained with five grape berries, 

were performed resorting to an IKA Ultra-Turrax T25, using an S 25N - 18G dispersion 

element. Titratable acidity (TA) was determined according to the procedure previously 

described (Garner et al., 2008), with minor modifications. Titration was performed using 

samples of roughly 1.0 g plus 8 mL of water with a NaOH solution 0.1N, until a pH of 8.2, and 

the results were expressed as gram equivalents of tartaric acid per kg of grape fresh weight (g 

TAE kg-1 FW). Soluble solids - SS (°Brix) were measured with a digital refractometer (Pocket, 

Atago, Japan). The pH values were measured using a pH-meter (Jenway 3305, Felsted, UK). 

All the experiments were performed in triplicate (n=3) for each sample. 

 

 3.1.2.3. Statistical analysis of oenological potential parameters 

 The results of SS, pH and TA by classic methods are presented as mean values ± 

standard deviation (n=180). All the data were subjected to analysis of variance (ANOVA) and 

a multiple range test (Tukey’s test), and differences between means were considered significant 

for a p < 0.05. The statistical analysis was undertaken using IBM SPSS statistics 21.0 software 

(SPSS Inc., Chicago, IL, USA). 

 

 3.1.2.4. ATR-MIR spectroscopic analysis 

 The Infrared spectra were registered in a Thermo Scientific Nicolet iS50 FTIR 

spectrometer, resorting to an ATR (Attenuated Total Reflectance) accessory with a diamond 

crystal. The instrument is controlled by the Omnic software package, version 9.2.28, from 

Thermo Fisher Scientific Inc. Spectra were collected in the interval 400-4000 cm-1, with a 

resolution of 4 cm-1, considering 64 accumulations for each spectrum. 
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 Homogenate spectra: a small drop of homogenate was placed directly on the ATR 

baseplate using a Pasteur pipette. For each sample, three homogenates of five grape berries each 

one were evaluated, and the absorption was measured once for each homogenate. 

 Skin spectra: freshly removed pieces of skins were washed with distilled water and left 

to dry for 2 hours. Skin pieces from five distinct grapes were evaluated for each sample and the 

three spectra presenting the greatest similarities were chosen to represent the sample. For the 

spectra of the skins, a baseline subtraction resorting to 4th order polynomials, and 100 iterations 

for convergence, was performed using the Omnic software package, integrated in the apparatus. 

After every sample, a new reference air background spectrum was registered to be subtracted 

from the final spectrum.  The ATR baseplate was carefully cleaned in situ by scrubbing with 

ethanol and dried with soft tissue between samples. All the spectra were recorded as absorption 

values at each data point, with a spacing of 0.48 cm-1. 

 

 3.1.2.5. Multivariate statistical analysis 

  Spectra were exported from the FTIR instrument in the «.csv» format, to be used in the 

multivariate statistical analyses, which were performed with the software package OriginPro 

9.1 (OriginLab, Northampton, USA). PLS regressions were carried resorting to the Wold’s 

iteration, and the maximum Number of Factors (NF) extracted was set to 15. Different spectral 

pre-treatments were used to improve the accuracy, namely, 1st derivative, mean normalization 

(absorption of each wavenumber divided by the mean absorption of spectrum) and 1st derivative 

after mean normalization.  

 PLS regression was applied to produce models for the prediction of the analytical 

parameters that allow to evaluate the clones. Therefore, the spectral data (1st derivative, 

normalized, normalized + 1st derivative) obtained were correlated with SS, pH and TA observed 

for the homogenates, while in the case of skins no tests were performed regarding the prediction 

of these parameters. The optimal NF considered in each case were selected through a Cross 

Validation (CV) process. The quality of the models obtained by PLS regressions was assessed 

through the Root Mean Square Error of Cross-Validation (RMSECV), an average of the errors 

observed for the samples excluded in the leave-one-out (LOO) procedure (Wold et al., 2001), 

and the determination coefficients of calibration (R2 Cal) and validation (R2 Val), which were 

extracted from the Pearson correlation between the experimental and the predicted values. 

 For the Partial Least Squares Discriminant Analysis (PLS-DA), previous PLS regressions 

were done to reduce the spectral data (1st derivative, normalized, normalized + 1st derivative) 
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of homogenates and skin grapes to a limited NF. The scores from those Factors obtained, were 

used as input data set in PLS-DA. For the quality assessment of the models retrieved from PLS-

DA, Cross-Validation was applied, resorting to LOO approach, the results being expressed in 

overall percentage (%) of correct classifications in calibration, CV and validation tests. 

 For both procedures (PLS and PLS-DA), from a total sampling of 720 samples analysed 

(30 clones × 6 field replicates × 2 fields × 2 years), two distinct sets of samples were randomly 

obtained. A set of 480 samples (30 clones × 4 field replicates × 2 fields × 2 years) for calibration 

test and a set of 240 samples (30 clones × 2 field replicates × 2 fields × 2 years) for validation 

test. After excluding the outliers by visual inspection of a PCA plot created for this purpose, 

the final sets defined displayed 477 and 240 samples for calibration and validation, respectively. 

 

3.1.3. Results and Discussion 

 3.1.3.1. Oenological parameters assessed by classic methods 

 The average results for the three oenological parameters evaluated, soluble solids (SS), 

pH and titratable acidity (TA), with relevance for the winemaking process, are presented in 

Table 3.1.1. 

 
Table 3.1.1. Soluble solids, pH and titratable acidity of 'Tempranillo' grape clones for the 
samples from Cavernelho and São Luiz fields, in the years 2015 and 2016. 

Mean values ± Standard deviation (n=180). Level of significance: *, ** and *** indicates significance at p < 0.05, 
p < 0.01 and p < 0.001 respectively, among years and sites, according to Tukey’s test; n.s: indicates no significant 
difference. 
 

  Inspecting the results, significant differences were observed between fields in 2015, 

regarding to SS contents. In contrast, in 2016, no significant differences were observed between 

fields. This was due to the decrease of the average SS content recorded from 2015 to 2016 in 

São Luiz field (23.27 ± 1.47 to 22.27 ± 1.67, respectively) as the average SS values in 

 
Oenological parameters 
 

Cavernelho  São Luiz  Significance 
level 

Soluble solids 
(°Brix) 

2015 22.72 ± 1.52 23.27 ± 1.47 ** 
2016 22.51 ± 1.52 22.27 ± 1.67 n.s 

Significance level n.s ***  

pH 
2015 4.06 ± 0.11 4.12 ± 0.12 *** 
2016 4.18 ± 0.12 3.98 ± 0.12 *** 

Significance level *** ***  

Titratable 
acidity 
(g TAE Kg-1 FW) 

2015 5.03 ± 0.86 3.67 ± 0.46 *** 
2016 4.55 ± 0.95 4.37 ± 0.49 n.s 

Significance level *** ***  
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Cavernelho field remained virtually unchanged between years (22.72 ± 1.52 and 22.51 ± 1.52 

in 2015 and 2016, respectively).  Regarding pH, significant differences were observed between 

fields and years. Average pH values were higher in the São Luiz field, than in Cavernelho field, 

in the year 2015 (4.12 ± 0.12 and 4.06 ± 0.11, respectively). However, in 2016, an inversion 

was observed, with higher average pH values in the Cavernelho field (4.18 ± 0.12) respecting 

São Luiz field (3.98 ± 0.12). The average TA values were higher in Cavernelho field than in 

São Luiz field, in both years (5.03 ± 0.86 and 3.67 ± 0.46 g TAE Kg-1 FW in 2015; 4.55 ± 0.95 

and 4.37 ± 0.49 g TAE Kg-1 FW in 2016, respectively), although significant differences between 

fields were only recorded in 2015. 

 The ranges of values obtained for SS and TA were similar to those found in the literature 

for the Tempranillo variety, while the range of pH values presently observed was higher than 

those reported on the same studies (SS, 23 ºBrix; TA, 4.8 g TAE L-1; pH, 3.8) (Talaverano et 

al., 2016), (SS, 22.77-23.91 ºBrix; TA, 3.66-4.50 g TAE L-1; pH, 3.60-3.65) (Pérez-Navarro et 

al., 2019). 

 

 3.1.3.2. Spectral assignments of homogenate and skin grapes 

 Concerning the spectroscopic analysis undertaken for the samples of 'Tempranillo' 

grape clones, resorting to FTIR, the representative spectra of homogenates and skins after the 

pre-treatments (normalized and 1st derivative) are displayed in Figure 3.1.1. The obtained 

spectra (Figure 3.1.1a, 3.1.1b) are in accordance with typical patterns previously reported for 

MIR spectra in grape homogenates (Musingarabwi et al., 2016; Gambetta et al., 2019) and grape 

skins (Murru et al., 2019). 

 Regarding the normalized spectra of grape homogenates (Figure 3.1.1a), in the region 

950-1500 cm-1, several peaks with distinct intensities were observed, related to sugars and 

organic acids (Shah et al., 2010; Cozzolino et al., 2012). This region has been previously 

designated as a fingerprint region, which, for instance, showed systematic variation according 

to the different stages of grape berry development in the work performed by Musingarabwi and 

collaborators (Musingarabwi et al., 2016). The interval from 950-1200 cm-1, is dominated by 

the vibrational modes (C–O) and (C–C) stretching, while in the interval between 1200-1500 

cm-1 the peaks are mainly assigned to the (–CH2), (C–C–H) and (H–C–O) deformations 

(Beullens et al., 2006; Shah et al., 2010). In the interval from 1550-1740 cm-1, a medium 

intensity peak was found, centred at 1638 cm-1, which is attributed to the scissoring vibrational 

modes from water (Musingarabwi et al., 2016). In the spectral region above 2500 cm-1, two 
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main spectral features were registered. A set of two weak peaks in the interval from 2800-2970 

cm-1 mainly related with sugars (Shah et al., 2010) and a strong and broad peak in the interval 

from 3000-3700 cm-1 assigned to the (O–H) stretching modes of the water molecules (Auer and 

Skinner, 2008). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1.1. Representative FTIR-MIR (ATR) normalized spectra (black line) and 1st 
derivative (gray line) from grape homogenates (a) and grape skins after baseline subtraction 
(b). 
 

 Concerning to the skins’ spectra, it is necessary to take the specific constituents into 

account, in order to perform the spectral assignment. According to Mendes and collaborators, 

the grape skins from the red variety Touriga Nacional are composed by cellulose (20.8%), 

proteins (18.8%), hemicelluloses (12.5%), aliphatic compounds, such as, wax, cutin (14%), 

tannins (13.8%), sugars (12.3%), and ash (7.8%) (Mendes et al., 2013). Additionally, for the 

skin spectra, the baseline was subtracted due to the contributions of residual water, below 850 

cm-1, along with other (non-vibrational) contributions that originated random baselines (Figure 

3.1.1b). In the region around 850 cm-1, three weak peaks were found, namely, at 775 cm-1, 816 

cm-1 and  866 cm-1, associated to C–H bending modes (Nicolescu et al., 2019). In the interval 

935-1175 cm-1, which was dominated by a very strong peak centred around 1026 cm-1, the 

dominant mode is (C–O) stretching, while it is visible that this peak results from distinct 
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contributions, due to its shape (Murru et al., 2019; Nicolescu et al., 2019). Moreover, among 

the distinct (C–O) groups found in this interval, a weak intensity peak at 1150 cm-1 was 

observed, corresponding to the (C–O–C) stretching mode in polysaccharides, from the 

glycosidic bond (Synytsya et al., 2003). The peak at 1262 cm-1 can be assigned to (C–H) 

bending from methylene and methyl groups (Nicolescu et al., 2019), while the peak 1440 cm-1 

can be assigned to (C=C) stretching modes of aromatic rings, with this kind of deformations 

being assigned to phenolic compounds present in the grape skins (Heredia-Guerrero et al., 2014; 

Nogales-Bueno et al., 2017). In the interval 1500-1800 cm-1 two peaks were observed (1606 

cm-1 and 1732 cm-1). Concerning the peak at 1606 cm-1, this can be assigned to the anti-

symmetric stretching of the carboxylate anion (COO-), mainly from pectins, due to the non-

esterified carboxylic groups displayed by its structure (Heredia-Guerrero et al., 2014; Nogales-

Bueno et al., 2017). The frequency of this mode is lower than the 1732 cm-1 observed for the 

shoulder, which corresponds to the (C=O) stretching of ester groups assigned to polyesters, 

pectins, and cutin (Heredia-Guerrero et al., 2014; Nogales-Bueno et al., 2017; Murru et al., 

2019). In the high frequency region, the two medium intensity peaks observed at 2850 cm-1 and 

2918 cm-1, corresponds to the symmetric and anti-symmetric (CH2) stretching modes, 

respectively (Nicolescu et al., 2019), and both can be associated to waxes, cutin, and lipids 

present in the skins (Heredia-Guerrero et al., 2014; Fasoli et al., 2016). The region 3000-3700 

cm-1, presented a very broad spectral feature, centred at around 3300 cm-1, assigned to the (O–

H) stretching modes. This broad band is mainly due to the contents in polysaccharides, besides 

residual water (Heredia-Guerrero et al., 2014; Nogales-Bueno et al., 2017) (Figure 3.1.1b).  

 Regarding the spectra intervals selected and considered in the multivariate analyses, 

both intervals 750-1900 cm-1 and 2650-3850 cm-1 were selected for the homogenates, while for 

the skins, the intervals selected were 450-1900 cm-1 and 2600-3700 cm-1. These spectral ranges 

correspond to the fundamental vibrational modes of interest, besides some visible overtones in 

the second interval mentioned. Furthermore, below 750 cm-1, the homogenates spectra are 

strongly affected by water. In the three pre-treatments (1st derivative; normalized; normalized 

+ 1st derivative), the spectral intervals were kept, to produce a reliable performance comparison 

between them. 

 

 3.1.3.3. PLS-DA for samples classification according to geographical origin and/or year 

 of harvest 

 The results of samples classification by PLS-DA are presented in Table 3.1.2.  
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Table 3.1.2. Classification results by PLS-DA, undertaken with analytical and spectral data of the samples from both sites and years. 

Data set 
Dependent 
Variable 

aCorrect classification (%) 

b,cAnalytical 
data 

 

 Calibration CV Validation 

Site 83.4 83.0 80.8 
Year 59.1 58.7 57.1 
Site*Year 63.5 61.8 61.7 

 
Dependent 
Variable 

1st Derivative Normalized Normalized + 1st Derivative 

dNF 
Correct classification (%) 

NF 
Correct classification (%) 

NF 
Correct classification (%) 

Calibration CV Validation Calibration CV Validation Calibration CV Validation 

cSpectral data 
(Homogenate) 

Site 8 99.6 99.6 98.3 15 99.8 99.4 99.6 8 99.4 99.2 98.8 
Year 8 94.5 93.9 95.4 15 98.3 98.1 98.3 8 94.5 94.1 95.0 

Site*Year 8 98.7 98.7 98.8 15 99.6 99.4 99.2 8 99.2 99.2 99.6 

cSpectral data 
(Skin) 

Site 8 97.5 97.3 98.8 8 95.8 95.4 96.7 9 96.9 96.4 96.7 
Year 8 85.3 84.7 89.2 8 74.6 74.6 79.2 9 86.0 85.3 90.0 
Site*Year 8 87.4 86.8 91.7 8 77.4 75.3 77.5 9 87.8 87.2 90.4 

a Percentage of overall correct classifications of the samples in the PLS-DA procedure, for the calibration set, Cross-Validation (CV) test and in the validation set. 
b Data set from the evaluation of the samples regarding to soluble solids, pH and titratable acidity by classical methods. 
c Data set corresponding to the total of 717 samples (477 and 240 samples used in calibration and validation test, respectively) from the two trial sites in two years.   
d Number of Factors extracted in the PLS regression undertaken to reduce the spectral data, which was defined resorting to a Cross-Validation procedure. 
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 In the discriminant analysis performed with the analytical data (SS, pH and TA), the 

geographical origin of the samples was fairly discerned, with 83.4 %, 83.0%  and 80.8% of 

overall correct classification in calibration, Cross-Validation (CV) and validation test, 

respectively. However, the same analytical data did not demonstrate to be sufficient to generate 

models capable to discriminate the samples according to the year of harvest, displaying low 

correct classification rates in calibration (59.1%) and validation (57.1%). In addition, when the 

same model is applied to differentiate the samples simultaneously by site and year of harvest 

(site * year), also low values of correct classification were obtained in calibration (63.5%), CV 

(61.8%) and validation (61.7%) (Table 3.1.2). These low values of correct classification showed 

that a clear separation of the samples regarding site and year of harvest was not possible, 

resorting to the analytical data, as verified in Figure 3.1.2a. 

 The same approach was applied to the spectral data, to assess the feasibility of their use 

to differentiate the samples according to site, year and site * year (Table 3.1.2). The results 

obtained for the discrimination with the spectral data from the homogenates showed that 

regardless the pre-treatment performed (1st derivative, normalized or normalized + 1st 

derivative) it is possible to discriminate the samples with good accuracy. Despite the different 

pre-treatments presented percentages of correct classification equal or higher than 94.5% 

(calibration), 93.9% (CV) and 95.4% (validation), the use of the normalized data led to better 

rates of correct classification in relation to geographical origin, year and site * year (Table 

3.1.2). Regarding the normalized spectral data from the homogenates, an overall percentage of 

correct classification of 99.8 % (calibration), 99.4% (CV) and 99.6% (validation) was obtained, 

in terms of geographical origin (Table 3.1.2), being higher than reported by other authors in 

similar studies performed with the varieties Chardonnay (81% and 83 %) (Gambetta et al., 

2019) and Cabernet Franc (88%) (Picque et al., 2010). The same pre-treatment showed the best 

results for samples’ discrimination according to year of harvest, with values of correct 

classification of 98.3%, 98.1% and 98.3%, in calibration, CV and validation, respectively. 

Furthermore, the use of the normalized spectral data of homogenates allowed the best 

differentiation of samples according to the origin and year of harvest, with values of correct 

classifications of 99.6%, 99.4% and 99.2% for calibration, CV and validation test, respectively 

(Table 3.1.2). In this sense, looking to the scores obtained for the discriminant canonical 

variables, four distinct groups were formed with a clear separation between them (Figure 

3.1.2b), these clusters corresponding to the samples from the Cavernelho and São Luiz fields in 

the years 2015 and 2016. 
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Figure 3.1.2. Canonical score plots for PLS-DA (origin * year), obtained from analytical data 
(a), normalized spectra of grape homogenates (b) and 1st derivative after normalized spectra of 
grape skins (c). The filled forms and empty forms represent the set of calibration and set of 
validation, respectively. 
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 Concerning the grape skin spectral data, a good capacity to discriminate samples 

according to geographical origin in all pre-treatments was found (Table 3.1.2). However, 

looking to the results obtained with the different pre-treatments for the three variables (site, 

year and site * year), the pre-treatment comprising normalization plus 1st Derivative, can be 

pointed as the pre-treatment that provided the best overall percentages of correct classifications. 

In this pre-treatment, values of correct classifications of 96.9% (calibration), 96.4% (CV) and 

96.7% (validation), were obtained for origin discrimination, 86.0% (calibration), 85.3% (CV), 

90.0% (validation), for year of harvest and 87.8% (calibration), 87.2% (CV), 90.4% 

(validation), for site * year (Table 3.1.2). 

 Overall, the correct classification rates obtained for the spectral data from skins were 

slightly lower than those obtained with the spectral data from homogenates (Table 3.1.2). That 

fact, for instance, can be also proven by the discrimination of samples in terms of site * year, 

where, despite the formation of four distinct groups observed using the spectral data from skins 

(Figure 3.1.2c), these were not so well defined as the clusters observed using the spectral data 

from homogenates (Figure 3.1.2b). However, similarly to the results obtained with the spectral 

data from homogenates, the use of the spectral data from skins also allowed to differentiate the 

samples according to the region of origin and year of harvest, besides the possibility to 

discriminate site * year, which is noteworthy, since the skin only represents a portion of the 

entire grape. 

 The possibility to discern the provenance and year of harvest through the homogenate 

and skin spectra using ATR-MIR, besides contributing to the improvement of the traceability 

process, in this particular case, also allows to ensure the authenticity of the 'Tempranillo' grape 

clones, thus safeguarding the importance of this variety in world viticulture. 

 

 3.1.3.4. PLS regressions for oenological parameters prediction 

 The results obtained with the PLS regressions using the spectra of the homogenates from 

both sites and years are presented in Table 3.1.3. The three spectral pre-treatments used (1st 

Derivative, Normalized and Normalized + 1st Derivative) led to good results for SS, pH and TA 

predictions. However, simultaneously attending to the Root Mean Square Error of Cross- 

Validation (RMSECV) and the calibration and validation determination coefficients (R2 Cal and 

R2 Val, respectively), the normalized pre-treatment can be pointed as the best for all the 

oenological parameters’ predictions (Table 3.1.3). 
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Table 3.1.3. Performance of the PLS-R models developed for the prediction of the oenological parameters, using spectral data acquired for the 
homogenates. 

aSpectral data 
(Homogenate) 

bOenological parameters 

1st Derivative Normalized Normalized + 1st Derivative 

cNF dRMSECV eR2 
Cal fR2 

Val NF RMSECV R2 
Cal R2 

Val NF RMSECV R2 
Cal R2 

Val 

Soluble solids 5 0.53 0.91 0.89 12 0.49 0.92 0.90 7 0.55 0.93 0.89 

pH 9 0.07 0.91 0.75 15 0.06 0.90 0.84 9 0.07 0.90 0.73 

Titratable acidity 8 0.47 0.86 0.75 14 0.37 0.88 0.84 8 0.48 0.85 0.74 
a Data set corresponding to the total of 717 samples (477 and 240 samples used in calibration and validation test, respectively) from the two trial sites in two years.   
b Parameters for which the evaluation models were developed, values were used in the regressions with the scale of magnitude corresponding to the units presented in Table 
3.1.1. 
c Number of Factors extracted in the PLS regression undertaken to reduce the spectral data, which was defined resorting to a Cross-Validation procedure. 
d Root Mean Square Error of Cross-Validation (values in the same units presented in Table 3.1.1). 
e Coefficient of determination of calibration, extracted from the Pearson correlation between the experimental and the predicted values. 
f Coefficient of determination of validation, extracted from the Pearson correlation between the experimental and the predicted values. 
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  In this sense, regarding to the SS prediction, a value of 0.49 °Brix for RMSECV was 

obtained along with calibration and validation determination coefficients of 0.92 and 0.90, 

respectively. These determination coefficients are in good agreement with the reported in grape 

berries from Aleatico variety using NIR spectroscopy (R2 Val=0.93, in Cross-Validation (CV)) 

(Bellincontro et al., 2011) and are slightly lower than the values obtained for commercial grape 

juices comprising different varieties (R2 Val=0.98, in CV) (Shah et al., 2010), or in grape must 

from several varieties (R2 Val=0.99) (Swanepoel et al., 2007) obtained by MIR spectroscopy. 

For pH prediction, calibration and validation determination coefficients of 0.90 and 0.84, 

respectively, were observed, being higher than the values reported by Shah and collaborators 

obtained for commercial grape juices (R2 Val=0.86, in CV) (Shah et al., 2010). Concerning the 

prediction of TA, the determination coefficients obtained were 0.88 for calibration and 0.84 for 

validation, while the value of RMSECV was 0.37 g TAE Kg-1 FW (Table 3.1.3). A higher 

determination coefficient for this parameter was observed in grape must in the literature (R2 

Val=0.96) (Swanepoel et al., 2007). 

 Tendentiously, the regressions undertaken for the normalized spectra were achieved 

with larger Numbers of Factors (NF), compared to the 1st derivative or 1st derivative after 

normalization. For instance, the optimal correlation for SS was achieved with 12 Factors, while 

for pH and TA, the best models were obtained using 15 and 14 Factors, respectively (Table 

3.1.3). Moreover, in order to explore the most important intervals for SS, pH and TA 

predictions, the Variable Importance Projection (VIP) plots corresponding to the best 

regressions developed with the spectra (normalized spectra) are showed in Figure 3.1.3. 

Nevertheless, since a large number of spectra has been used to produce the prediction models, 

large NF are required to describe all the variability, which could negatively affect the robustness 

of the models, while, in the present case, the determination coefficient observed for validation, 

which are very similar to those obtained for calibration, point that no overfitting is occurring.  

 For the SS prediction, four intervals can be highlighted in the VIP plot, namely 750-790 

cm-1, 960-1170 cm-1, 1520-1650 cm-1 and 3100-3440 cm-1. The interval 960-1170 cm-1, which 

was previously related with sugars (Beullens et al., 2006; Shah et al., 2010), presented the 

greatest contribution for SS determination, while the other three intervals also displayed 

importance for SS determination (Figure 3.1.3a). 
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Figure 3.1.3. Variable Importance Projection (VIP) plots corresponding to the best PLS regression for the prediction of soluble solids (a), pH (b) 
and titratable acidity (c), which were obtained using the normalized spectra of the homogenate. The gray dashed line at 0.8 marks the value above 
which the variables are important for the determination. 
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 The VIP plot for pH showed six main intervals (750-860 cm-1, 980-1140 cm-1, 1350-

1440 cm-1, 1530-1740 cm-1, 3060-3270 cm-1 and 3300-3600 cm-1) with high importance for pH 

evaluation (Figure 3.1.3b). However, the intervals corresponding to lower frequencies (750-

860 cm-1, 980-1140 cm-1, 1350-1440 cm-1 and 1530-1740 cm-1) seemed to display greater 

preponderance for this prediction (Figure 3.1.3b).   

 For TA, the VIP corresponding to the regression with the normalized spectra (Figure 

3.1.3c), showed that four main intervals were preponderant for its determination, namely, 750-

850 cm-1,  930-1170 cm-1, 1500-1740 cm-1 and 3090-3520 cm-1.  

 The high precision of the models developed for the prediction of the oenological 

contents using the grape homogenate spectra, demonstrated the feasibility of this approach to 

evaluate SS, pH and TA contents through a single spectrum ATR-MIR, even in samples as 

similar as distinct clones from the same variety. Furthermore, the use of this powerful tool of 

analysis, whether for speed of analysis or ease of use, is particularly important in the clonal 

selection process, since, in this process, dozens of clones (for each variety) are evaluated at 

distinct trial sites, over long periods of time, thus leading to the obtainment of thousands of 

samples to analyse. In this sense, even taking into account the higher initial costs associated 

with the use of ATR-MIR compared to the classic methods for the determination of SS, pH and 

TA in grape samples, this difference can be offset by the significant decrease in the analysis 

time per sample, which leads to a reduction of human resources’ needs (a single operator can 

analyse a large amount of samples in a shorter period of time, thus reducing the labour costs). 

Besides, such approach would allow increasing the competitiveness and profitability, as the 

availability of results in a shorter period of time will support the decision-making process in 

real time, allowing the producers to intervene and take decisions in a timely manner, supported 

on more extensive sampling. 

 

3.1.4. Conclusions 

 This study evaluated the ability of ATR-MIR combined with multivariate analysis, 

resorting to different spectral pre-treatments, to discriminate the origin and year of harvest, 

besides the prediction of relevant oenological parameters (soluble solids, pH and Titratable 

acidity) of 'Tempranillo' grape clones. ATR-MIR combined with PLS-DA demonstrated high 

efficiency to discriminate samples according to origin and year of harvest, the highest 

percentages of correct classification being obtained using the normalized spectra, in case of 

homogenates, and the normalized plus 1st Derivative spectra for skins. In addition, resorting to 
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ATR-MIR combined with PLS regressions analysis, models to predict the soluble solids, pH 

and titratable acidity have been developed, besides being properly validated, with the best 

performance being observed for the use of normalized spectra. 

 The results achieved in this study demonstrated the usefulness of ATR-MIR combined 

with multivariate analysis to assist the clonal selection process of 'Tempranillo', as an 

appropriate tool that allows, among others, faster and environmentally friendly analyses with 

equally reliable results. Moreover, the introduction of new data from future harvests and if 

possible, distinct geographical origins, will make the models even more robust and accurate. 
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General conclusions and future perspectives 

 

The Tempranillo variety plays an important role in viticulture worldwide, being 

in 2015, in the top five of the most cultivated varieties with Spain and Portugal as the 

main contributing countries for its cultivation area. The improvement of this variety, 

which has been made over the last decades in several countries, has been essential to its 

growth in the world market, meeting the demands of both producers and consumers. In 

this context, in which consumer are increasingly demanding for quality wines, the clonal 

selection process emerges as a tool that helps producers to achieve this goal, through the 

selection of clones with odd and desirable characteristics, thus producing higher quality 

wines. At the same time, the clonal selection process allows the conservation of intra-

varietal diversity from the several varieties, besides being an important resource for a 

suitable response to a climate change, which will bring new challenges for the wine 

sector. 

The evaluation of the 30 'Tempranillo' grape clones in different environments, 

Baixo Corgo (Cavernelho field) and Cima Corgo (São Luiz field) sub-regions, during a 

period of two years (2015 and 2016), allowed to verify that certain clones displayed 

environmental stability associated with appropriate values of soluble solids, titratable 

acidity and phytochemical content. In this sense, it was possible to propose a set of distinct 

'Tempranillo' grape clones (RZ02, RZ09, RZ10, RZ13, RZ15, RZ23, RZ24, RZ25, RZ26 

and RZ28), with complementary characteristics and stable performances, to be further 

assessed, potentially leading to the obtainment of polyclonal vegetative materials, which 

can optimize the oenological potential of this variety and ensure balanced maturations.  

The microvinifications performed in 2017 to a set of ten proposed 'Tempranillo' 

grape clones and to the remaining twenty 'Tempranillo' grape clones, allowed to verify 

that the set of ten grape clones arised as an interesting mixture with potential to produce 

superior wines. The wines made with the set of ten grape clones showed to be effectively 

richer in phenolic compounds than the wines made with the twenty grape clones in both 

sub-regions, displaying significantly higher contents of tannins, total phenols, flavonoids, 

ortho-diphenols, total anthocyanins and antiradical activity by ABTS. However, in the 

sensorial analysis no significant differences were observed between the two sets of wines 

in each field, due to the heterogeneity of the results obtained from the panel, thus not 

allowing to conclude if the set of wines made with the ten grape clones presented better 
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organoleptic features than the wines made with the twenty grape clones. In the same year, 

the analysis of the oenological and phytochemical parameters of the ten grape clones 

showed differences between them, emphasizing the importance of the study genotype x 

environment interaction.  In different environments, the oenological potential and 

phytochemical content of each grape clone was affected, however, certain parameters 

such as, SS, pH and total anthocyanins were not significantly influenced by growth 

regions. The concentration in monomeric anthocyanins, especially in malvidin-3-O-(6′′-

trans-p-coumaroyl)-glucoside, seemed to be associated to the growth site, presenting 

significantly higher concentrations in most grape clones from São Luiz field, as well as, 

in the wines from the same field. However, further trials and related microvinifications 

will be required in the future, at different sites and for longer periods, in order to ascertain 

clearly, if this set of  ten grape clones will always present higher oenological and 

phytochemical contents than the remaining twenty grape clones, producing this way, 

wines with higher quality. 

The development of spectroscopic tool demonstrated the usefulness of ATR-MIR 

combined with multivariate analysis to assist the clonal selection process of 'Tempranillo', 

as an appropriate tool that allows, among others, faster and environmentally friendly 

analyzes with equally reliable results. The ATR-MIR combined with PLS-DA 

demonstrated high efficiency to discriminate samples according to origin and year of 

harvest, the highest percentages of correct classification being obtained using the 

normalized spectra, in case of homogenates, and the normalized plus 1st Derivative 

spectra for skins. In addition, resorting to ATR-MIR combined with PLS regressions 

analysis, models to predict the soluble solids, pH and titratable acidity have been 

developed, besides being properly validated, with the best performance being observed 

for the use of normalized spectra. Moreover, the introduction of new data from future 

harvests and if possible, distinct geographical origins, will make the models even more 

robust and accurate. 

 As mentioned, this work focused on the 'Tempranillo' clonal selection in Portugal, 

which is nowadays oriented for quality. For this, a set of thirty distinct clones cultivated 

in two sub-regions (Baixo Corgo and Cima Corgo) were evaluated in terms of oenological 

parameters and phytochemical content during two consecutive years. In a third year, the 

quality of the wines made with a set of ten highlighted grape clones and the wines made 

with the remaining twenty grape clones were evaluated.  However, for effectiveness and 

reliability of the clonal selection process, it is necessary to evaluate the distinct clones 
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over several years (vintages) and in different environments in order to assess the 

environmental stability of the clones. Therefore, data from new vintages in both fields 

studied will be required, besides data from the same population of clones in different 

locations, as for instance, the fields currently existing in the Dão region and in Douro 

Superior sub-region. 
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