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The grape samples were obtained in collaboration with ADVID, which maintains the collection 

of Tinta Roriz clones, from Quinta do Cavernelho (Sogrape S.A.), Vila Real, and Quinta de S. 

Luiz (Sogevinus Fine Wine S.A.), Tabuaço, both in Portugal. 

 

The standard analytical determinations used to calibrate the correlation models were performed 

by André Lemos, within the framework of his PhD thesis. 
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Resumo 

 

No presente trabalho, foram avaliados trinta clones distintos da casta Tinta Roriz / 

Tempranillo, da espécie Vitis vinífera L., que haviam sido posteriormente selecionados num 

trabalho de melhoramento desta casta, através de selecção clonal, levado a cabo pela 

PORVID, e posteriormente pela ADVID. 

Amostras de uvas correspondentes a videiras com os diferentes genótipos, foram colhidas em 

dois campos experimentais, situados na Região Demarcada do Douro (RDD), uma das mais 

antigas e mais relevantes a nível mundial, aquando da vindima para vinificação. As duas 

vinhas mencionadas situam-se na Quinta do Cavernelho (Cima Corgo), e Quinta de São Luiz 

(Baixo Corgo), de forma a avaliar o desempenho destes genótipos em duas sub-regiões 

distintas. Adicionalmente, os campos experimentais foram plantados com seis réplicas (de 5-6 

videiras) de cada clone, seguindo uma distribuição latinizada, de forma a acomodar nos 

resultados a variabilidade decorrente de diferentes condições existentes dentro da mesma 

vinha. 

Das amostras de uvas recolhidas, (60 bagos por amostra) foram produzidos homogeneizados, 

retiradas películas, e alguns dos bagos foram liofilizados, de forma a realizar extracções para 

a avaliação dos conteúdos em fitoquímicos, e actividade antioxidante de cada clone. No que 

diz respeito aos homogeneizados, foram avaliados o °Brix, pH, e acidez titulável, ao passo 

que os extractos obtidos foram analisados tendo em vista os seus conteúdos em: flavonoides, 

fenóis totais, Ortho-difenóis, taninos e antocianinas, tendo a sua actividade antioxidante sido 

avaliada através de duas metodologias distintas, o ABTS, e DPPH, (ambas baseadas na 

avaliação da capacidade dos extractos para reduzir um radical estável. 

Concomitantemente, foram registados espectros de Infravermelho para os homogeneizados 

obtidos, e para películas de uva, com recurso a um instrumento FTIR-ATR, que permite a 

obtenção de espectros para este tipo de matrizes sem qualquer preparação das amostras. Estes 

espectros foram obtidos com o propósito de desenvolver uma metodologia para a avaliação 

dos diferentes clones somente através da aquisição do seu espectro, para vir, por exemplo a 

ser utilizada nas próximas campanhas deste programa de melhoramento varietal. 
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Para esse efeito, foram testados diferentes tratamentos espectrais (subtracção de linha de base, 

selecção de intervalos, utilização de derivadas), de forma a obter vários conjuntos de dados 

para serem aplicados em métodos de análise multivariada. Para produzir os modelos de 

avaliação de conteúdos / discriminação, foi utilizado o método de regressão PLS (Partial 

Least Squares), e também o PLS-DA (PLS-Discriminant Analysis), para realizar 

classificações das amostras. Em ambos os casos foi utilizado um método de validação cruzada 

(CV), como método de validação. 

Verificou-se que existem grandes diferenças entre os diferentes campos experimentais, assim 

como diferenças assinaláveis entre réplicas dentro de cada campo. Assim, as amostras 

distinguem-se claramente, no que diz respeito à sua origem, mas não é possível associar 

amostras do mesmo clone plantado nos dois campos distintos. Os resultados espectroscópicos 

permitem também separar as amostras relativamente à sua origem, sendo também passíveis de 

ser utilizadas para a avaliação dos seus conteúdos, não o sendo, no entanto, para a 

discriminação directa entre clones, devido às suas diferenças intrínsecas já mencionadas. 

 

  

Palavras-chave: Espetroscopia de Infravermelho; Clone; Vinho; Tinta Roriz; PLS-R 
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Abstract 

 

Several grapevine varieties have been subjected to clonal selection, aiming to their 

improvement, to allow the availability of good quality vegetal materials, regarding specific 

traits. Thus, one of the most important grape varieties worldwide, Tempranillo, has been 

subjected to clonal selection, since the late 1970’, in an effort started by PORVID, aiming to 

the improvement of this variety, a work sustained in the last few years by ADVID, which 

manages two trial fields where 30 previously selected clones were installed. These trial fields, 

which were established in 2012, in commercial vineyards, are placed in the Douro Demarked 

Region (DDR), one of the oldest and more relevant geographical indications, located both in 

the sub-region Cima Corgo, a steep slope and low altitude, and in the sub-region of the Baixo 

Corgo, a flat area at high altitude.  

In the present work, these clones have been thoroughly assessed, respecting their traits of 

interest and biochemical contents. To study these clones, 60 grapes were collected from each 

sample, and both grape skins and homogenates have been evaluated. In a first stage, these 

materials were assessed respecting their analytical parameters and phytochemical contents, 

resorting to conventional standard and colorimetric methods. Furthermore, extracts from these 

materials were also assessed respecting antioxidant activity, through two distinct assays 

(DPPH and ABTS), which rely on the capacity of the extracts to reduce a stable radical. 

Concomitantly, spectroscopical means, namely FTIR, were used to develop a fast and simple 

methodology, resorting to multivariate statistical approaches, allowing the assessment of 

clones, solely by spectral acquisition. For this purpose, PLS (Partial Least Squares) 

regressions were used, as well as PLS-DA (PLS-Discriminant Analysis), while both grape 

homogenates and grape skins have been assessed. In a first stage, the best spectral treatments, 

as well as the optimal intervals, for these tasks have been evaluated (baseline subtraction, 

normalization, 1st derivative). The different data sets obtained from these treatments were 

subsequently assessed regarding their suitability to produce prediction models, either 

concerning the discrimination between the samples, or for the prediction of analytic 

parameters allowing the evaluation of the clones. The quality of the models retrieved was 
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evaluated resorting to CV (Cross-Validation) procedures, and comparison between 

experimental and predicted values. 

Concerning the evaluation of the clones, it has been observed, that, since the differences 

arising between sites are greater that those due to the genotype, the comparison between clone 

performances must be undertaken for each site. Similar observations have been made 

regarding the use of spectroscopical data to discriminate the samples, showing that the 

scpectroscopical data actually reflects the samples’ contents.  Moreover, spectroscopical data 

can be applied for the assessment of distinct analytical parameters of clones from the same 

grape variety, while different spectral treatments can be preferable for distinct parameters. 

Therefore, while the spectroscopical approaches do not allow to differentiate the distinct 

clones directly, due to their variability within a trial site, they do allow the prediction of 

analytical parameters, which could be applied in normal evaluation models, such as EBLUPS, 

to assist clone selection. 

 

Keywords: Infrared Spectroscopy; Clone; Wine; Tempranillo; PLS-R
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1. Introduction 

1.1 - 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 fruit produced, grape, being directed to the 

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

reaching 30 billion € worldwide. Curiously, in 2016, the world wine trade decreased by 1.2% 

in terms of volume (104 mhl), though continuing its increase in terms of value to 29 bn EUR 

(+2% compared with 2015). In this sense, even though the total volume of wine sold has been 

rather stable in the last years (101-104 mhl (million hectolitres)), the revenue represented by 

the volume of sales has increased continuously, which reflects that added value that this sector 

has created in their products, in the last few years (Fig. 1) (OIV, 2017a; OIV, 2017b). 

 

Figure 1 - Evolution of wine trade in volume and value in the 21st century, reproduced from (OIV, 2017a). 

 One of the greatest risks that threatens viticulture nowadays, besides the climate 

changes, lies on the usage of a small number of grape varieties, which occurs mainly in the 

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

consumers, such as Cabernet Sauvignon, seems to represent an effective marketing strategy, 

while some varieties are grown in so many countries that are presently referred to as 

‘international varieties’ (Schamel, 2001). 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 area, while 50% of the total area is planted with 33 varieties, 
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representing a ridiculously small diversity. For instance, around 5% of the world vine area is 

panted with Cabernet-Sauvignon (340 000 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 / Tinta Roriz (231 000 ha) 

(Table 1). 

 

Table 1 - Main ‘Vitis’ varieties distribution worldwide in 2016, according to OIV (OIV, 2017c). 

 

Variety  Surface (ha) Destination 

Kyoho1  365 000  Table  

Cabernet-Sauvignon  340 000  Wine  

Sultanina  300 000  Table, dried and wine  

Merlot  266 000  Wine  

Tempranillo  231 000  Wine  

Airen  218 000  Wine and Brandy  

Chardonnay  211 000  Wine  

Syrah  190 000  Wine  

Grenache Noir (Granacha tinta)  163 000  Wine  

Red Globe  160 000  Table  

Sauvignon Blanc  121 000  Wine  

Pinot Noir / Blauer burgunder  115 000  Wine  

Trebbiano Toscano / Ugni blanc  111 000  Wine and Brandy  

1OIV estimates based on China's Agriculture Press data on Grape varieties. 

 

 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 corresponding to a Concord-like cross (Vitis vinifera 

× Vitis labrusca) (Table 1) (VIVC, 2017a; OIV, 2017c). Moreover, occupying the third 
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position in the overall ranking, is Sultanina, in a position that is justified by the multi-purpose 

nature of this variety, which is suitable for both direct consumption and wine making, its 

relevance being mainly due to the potential of this variety to produce dry grape, while 

presenting no relevance in which respects to winemaking (VIVC, 2017b, OIV, 2017c). 

 
Figure 2 - Implantation area of ‘Kyoho’, the most widely grown grape variety worldwide, reproduced from 

(OIV, 2017c). 

 

 Nevertheless, even if the global trend is to plant a reduced number of varieties in large 

areas, which ultimately facilitates harvesting but will also lead to a loss of this species 

diversity in a short-term period, there are countries which are profiting from their intrinsic 

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

suitable for winemaking, around 500 (Pomerici, 2015), 75 % of the total vineyard area is 

occupied with 80 of these varieties, while Portugal, with 269 recognised varieties (CNVV, 

2017) is the second, harvesting around 30 distinct varieties in the same percentage of vineyard 

area (OIV, 2017c). 

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

within the Vitis genus - comprising an astonishing number of 79 species (TPL, 2017), 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 for winemaking and as table grape, 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. 

Actually, in the present European viticulture model, mostly directed for winemaking, it is 
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used a grafting technique, where the productive vegetative material, from ‘Vitis vinifera’ 

varieties, is grafted to a rootstock resistant to the Phylloxera insect, while there are a plethora 

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

variety to be harvested, most of them resulting from hybrids including Vitis vinifera, Vitis 

Rupestris, and often Vitis Riparia, which is also suitable for the production of table grape 

(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. 

 

 1.1.1 Importance of Tempranillo / Tinta Roriz among the Vitis vinifera varieties 

worldwide  

 

 In the Old World, only Vitis vinifera varieties are authorized for winemaking, while 

the present work aims to the improvement of one of these varieties, Tinta Roriz / Tempranillo, 

a red variety exclusively directed for winemaking. Consequently, Vitis vinifera is by far the 

most economically important Vitis species and accounts for most commercial grape plantings. 

Actually, concerning grape varieties diversity, in 2013, Kym Anderson wrote that very few 

wine grape varieties in commercial vineyards were not from the Vitis vinifera species, while 

the exceptions accounted for just under 1.5% of the total global area in their database in 2010, 

representing a slight increase from 1.3% observed in 2000, with more than half being found in 

Brazil, and one-sixth in the United States (Kym, 2013). However, caution has to be made 

regarding those observations, since Kyoho, the most widely grown grape variety nowadays - 

and not a pure Vitis vinifera - is not even mentioned in that work, while it is also true that the 

global scenario has suffered important changes in the last few years, whereas the results 

presented in that work still mirror the dominance of the Vitis vinifera varieties worldwide 

(Fig. 3) (Anderson, 2013).   

 Regarding Europe, often associated with the Vitis vinifera species, the most ancient 

testimonies of grapevine cultivation in Italy date back to the ninth century BC (Di Vora and 

Castelletti, 1995), while in Spain, the Phoenician influence during the first part of the last 

millennium BC seems to have been preponderant in the establishment and development of 

viticulture and viniculture (Nuñez, 1989). In France, another historical contender concerning 
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winemaking, the rise of viticulture seems to have occurred simultaneously to the foundation 

of Marseille in 600 BC by the Greek Phocaeans (Brun, 2001), showing their influence in the 

introduction of this crop. 

 Nonetheless, it is not easy to point if these antient viticultural practices referred to 

Vitis vinifera, since morphological criteria for the identification of archaeological remains 

assigned to this species are highly incomplete. Furthermore, the ancient texts mentioning 

various cultivated grapevines are not enough descriptive as to characterize ancient varieties. 

Hopefully, shape characterization of cultivated varieties combined with genetic data will 

allow a better understanding of the changes occurred during domestication, ultimately leading 

to the identification of ancestral forms of current cultivars, based on the analysis of 

archaeological grape seeds, thus allowing to shed some light on this Vitis vinifera 

identification issue (Grassi, 2003; Arroyo-Garcia, 2006; Terral, 2010). 

 Concerning this species, Vitis vinifera, the fruits produced are berries, with or without 

seeds, containing a large amount of sugar (15 to 25%), with roughly equal amounts of glucose 

and fructose and residual quantities of sucrose. Since the fruits from this species are intended 

for winemaking, the remarkable quantity of sugar is essential, since these sugars will turn into 

alcohol, which, besides representing the spirit of wine, is also its most important preservative. 

Regarding the potential for winemaking, besides the sugar quantities to produce the necessary 

quantities, of alcohol, the fruits contain tartaric acid and malic acid in considerable 

concentrations, which contribute to the freshness and organoleptic properties of wine (OIV, 

2001). 

 Regarding pigmentation, grapes are generally classified as either black (including red 

and purple) or white (including yellow and green), while the red varieties possess 

anthocyanins, which are the pigments contributing for the final colour of wine. Presently, it is 

well established that the white varieties resulted from the mutation of corresponding red 

varieties, since a regulatory gene, VvMYBA1, which could activate anthocyanin biosynthesis, 

was recently shown not to be transcribed in white berries due to the presence of a 

retrotransposon in the promoter (Walker, 2007). The red varieties correspond to the majority 

of the vineyard area, having experienced a noticeable increase in the beginning of the present 

Century (Fig. 3). 
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Figure 3 – Evolution of red and white varieties’ shares in global vineyard area between 2000 and 2010 (%), 

adapted from (Anderson, 2013). 

 

 In which respects to the countries contributing with the Vitis vinifera varieties 

corresponding to the greatest vineyard areas, after France, with 36 %, the next most important 

country of origin is Spain, accounting for 26% of the world’s area in 2010, down from 28% in 

2000. It must be noticed that the share assigned to the French varieties is mainly due to the 

New World producers, displaying a preference for well-known varieties, which leads 

Cabernet-Sauvignon to occupy 5 % of the global vineyard (OIV, 2017c). However, in terms 

of number of varieties, Portugal appears to have a large share, (Anderson, 2013), being 

second, after Italy, which can claim the more than 3% of the world’s wine grape varieties in 

terms of bearing area. In the case of Portugal, the second position in this raking seems to be 

related to a particularly detailed reporting system, which, by 2010, have captured many of its 

varieties that are planted to a small fraction of 1% of its total plantings (Anderson, 2013), 

while, presently, there are already 269 autochthonous officially recognised Portuguese Grape 

varieties, from which, 262 are considered to be able for wine production (CNVV, 2017). 

 Furthermore, two Iberian varieties occupy the 5th and the 6th positions, within the most 

planted grape varieties worldwide, which correspond to Tempranillo and Airén, respectively 

(Table 1). If in the first case, this position is due to the global implantation and importance of 
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Tempranillo, in the latter case, the large area devoted to Airén is due to its strong implantation 

in Spain, which presents the largest area worldwide devoted to vine (Fig. 4, (OIV, 2017c)). 

 

 

 
Figure 4 - Implantation area of the two Iberian Varieties among the 10 most widely grown ‘Vitis Vinifera’ 

varieties wordwide. Tinta Roriz / Tempranillo (top), and Arién (bottom), reproduced from (OIV, 2017c). 

 

 Furthermore, Tempranillo, which was ranked as the 19th most planted variety in 1990, 

has been the Vitis vinifera variety knowing the largest expansion in the last decades, 

representing, by far, the variety with the greatest increase of the plantation area, in the first 

decade of the present Century, lying even in front of well-known varieties such as Syrah, 

Cabernet-Sauvignon and Merlot (Fig. 5) (Anderson, 2013). 
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Figure 5 - World’s fastest-expanding winegrape varieties, 2000 to 2010 (ha), reproduced from (Anderson, 

2013). 

 

 

Figure 6 - World’s top 35 varieties in 2010, compared with 1990 and 2000 (ha), reproduced from (Anderson, 

2013). 

 

 Therefore, it can be pointed that this variety represents the most important Iberian 

grape variety worldwide, as well as its origin region, the Iberian Peninsula, being the second 

most planted grape variety in Spain, after Airén (Airén 22%, Tempranillo 21 %, (OIV, 

2017c), with the prospect of supplanting shortly the area corresponding to this variety, 

accompanying the global and local trend to replace white varieties by red varieties (Figs 3, 5 

and 6). Moreover, in Portugal, which is the country with the greatest percentage or 
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agricultural area devoted to grapevine (Anderson, 2013), and the 11th greatest wine producer 

worldwide in 2016 (OIV, 2017b,c), Tempranillo, locally known as Tinta Roriz or Aragonez  

(Portuguese official list code PRT52603, syn. Tempranillo, Aragonez, Tinta Roriz),  

represents the most harvested grape variety, corresponding to 9.0 % of the total vineyard area 

(18,133 ha), which is remarkable, given the richness in distinct grape varieties displayed by 

this country (Table 2). Furthermore, Tinta Roriz represents one of the main recommended 

varieties in the most important red wine Portuguese appellations such as Porto and Douro, 

amongst several other Geographical Indications. 

 

Table 2 – Most important grape varieties grown in Portugal (IVV, 2016). 

 

Variety Colour area (ha) % 

Aragonez / Tinta Roriz / Tempranillo R 18 133.00 9.0% 

Touriga Franca   R 15 407.00 8.0% 

Fernão Pires / Maria Gomes   W 12 979.00 6.0% 

Castelão / João de Santarém / Periquita R 13 172.00 7.0% 

Touriga Nacional   R 12 394.00 6.0% 

Trincadeira / Tinta Amarela / Trincadeira Preta R 10 700.00 5.0% 

Baga   R 7 105.00 4.0% 

Síria / Roupeiro / Códega   W 6 649.00 3.0% 

Arinto / Pedernã   W 6 106.00 3.0% 

Syrah / Shiraz   R 5 849.00 3.0% 

Loureiro   W 5 493.00 3.0% 

Alicante Bouschet   R 5 441.00 3.0% 

Tinta Barroca   R 5 254.00 3.0% 

Vinhão / Sousão   R 4 264.00 2.0% 

Alvarinho   W 3 261.00 2.0% 

Malvasia Fina / Boal   W 3 037.00 2.0% 

Jaen / Mencia   R 2 615.00 1.0% 

Rufete / Tinta Pinheira   R 2 852.00 1.0% 

Marufo / Mourisco Roxo   R 2 769.00 1.0% 

Malvasia Rei   W 2 612.00 1.0% 

Caladoc   R 2 598.00 1.0% 

Cabernet Sauvignon   R 2 492.00 1.0% 

Rabigato   W 2 211.00 1.0% 

Antão Vaz   W 1 945.00 1.0% 

Trajadura / Treixadura   W 1 680.00 1.0% 

Azal   W 1 508.00 1.0% 

Alfrocheiro / Tinta Bastardinha   R 1 425.00 1.0% 

Malvasia Preta   R 1 342.00 1.0% 

Bical / Borrado das Moscas   W 1 093.00 1.0% 

Viosinho   W 1 191.00 1.0% 

Diagalves   W 1 098.00 1.0% 

Tinta Carvalha   R 1 115.00 1.0% 

Moscatel Galego B / Muscat à Petits Grains W 1 120.00 1.0% 

Alicante B   W 1 089.00 1.0% 
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Actually, in Portugal, there is a noticeable number of 34 varieties corresponding to 

1,0 (%) or greater shares of vineyard area, with no variety corresponding to more than 9,0 %, 

furthermore, an unbalanced distribution between red and white varieties is observable, with 

the first 10 corresponding to 7 red varieties, and 3 varieties, while the first two positions are 

occupied by red varieties, namely, Tempranillo, and Touriga Franca, an autochthonous 

Portuguese variety with origin in Douro (CNVV, 2017). 

Finally, it must be mentioned that the specific grape varieties used for wine making 

exert a noticeable effect on the final price of the resulting product, this fact being either due to 

their impact on the final quality of wine, or to the augmented sales resulting from the 

indication of well-known varieties in the wine label, which represents a widely used 

marketing strategy in the New World producers. Therefore, since we are dealing with one of 

the most important agro-industrial sectors worldwide, corresponding to an annual volume of 

sales of almost 30 bn €, the selection and improvement of the best Vitis vinifera varieties for 

winemaking arise as a prominent issue, due to their economic relevance for this important 

sector (Schamer, 2001). 

 

1.2 - Varietal improvement processes 

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

essential to guarantee the success of vineyards, concerning, not only the sustainability of new 

plantings, but also to ensure regular and high yields, besides ensuring the desired quality level 

of the wine produced. For instance, the poor quality of the available plant material, respecting 

their genetic fitness and health status, has been identified as one of the major constrains for 

the performance of the Portuguese viticulture in the 20th century. In order to overcome this 

situation, a selection work has been conducted in this country since the late 1970’s. This 

program led to the establishment of an important database comprising several thousand 

genotypes corresponding to more than 60 native Iberian grapevine varieties, which 

represented a source of information to steer varieties’ selection towards economically relevant 

goals for the wine industry for the following decades. This work was started by the informal 

National Network for Grapevine Selection and provided results in several different directions, 

corresponding to distinct goals, such as the development of a novel, more reliable, 

methodology for selecting grapevine varieties, evaluation of full intra-varietal variability of 
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ancestral varieties thus retrieving high genetic gains, assessment of real effect of three 

grapevine leafroll virus on varietal performance and, least but not the last, and discovery of 

previously undescribed grapevine varieties, which perhaps constitutes one of the most 

remarkable goals (Costa, 2014; Gonçalves, 2013). 

 These 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. This fact, led to a quantitative and qualitative improvement of wine 

production, therefore, enhancing the competitiveness of the Portuguese viticulture, in 

response to an increasingly demanding market. Moreover, in the last update to this list, 

occurred in 2016, dozens of clones from six distinct grape varieties have been certified as 

propagation material for winemaking dedicated vineyards, which shows that these efforts are 

continuous and are paying-off (CNVV, 2017). Therefore, the case study from this nation, 

which has been pointed as an example regarding the protection of its Vitis vinifera 

biodiversity, shows that the process of identification, preservation of intra-varietal diversity, 

and ultimately, varietal improvement resorting to this genetic background, is very important 

for the winery sector, possibly representing the key to its sustainability at long-term. 

 Moreover, it is worth to mentioned that, since the optimal clones of a variety in a 

given country may not be suitable, or as good, in another region, and the New World 

producer counties rely mostly on foreign varieties, a great deal of effort has been putted by 

those nations on the (re)improvement of the European varieties, with the view of selecting the 

most interesting vegetative material for their edaphoclimatic conditions. For instance, UC 

Davis, in the United Sates, has been conducting clonal selecting 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), in this case, mostly developing its work 

with vegetative material from European varieties, which in some cases is obtained from UC 

Davis (Wolpert, 2017). Also in the Old World, in many of the most important producer 

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 Rauscedo (Vivai Cooperativi Rauscedo, in 
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Italy), while these entities have been recognised for contributing significantly to the clonal 

diversity in California (Wolpert, 2017; Tassie, 2010). 

 

 1.2.1 Selection criteria and evaluation methodologies 

 

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

many years (perhaps centuries) ago, when the producers empirically selected the best looking 

and most productive plants to use their shoots for grafting other vines. This process is 

nowadays formally called ‘massal selection’, still being residually applied worldwide, while 

most of the clones that nowadays feed the clonal selection programs, at some point, have been 

probably selected resorting to such process, thus pulling through to the present. Generally 

speaking, in this selection process, local selections are made from old vineyards of proven 

performance and quality, by observing vines for desirable characteristics, such as vigour and 

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

health and sanitary status, thus tracking the absence of diseases (Reynier, 2004; Tassie, 2010). 

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, allowing a good performance year after year (Reynier, 2004). 

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

varieties is clonal selection. In a vineyard, genetic differences between plants from the same 

variety may be originated from mutations, which occasionally occur during the events of the 

cell division process, resulting in a distinct genotype. Subsequently, any bud arising from 

mutant cells will develop a shoot carrying those cells, while it is obvious that the shoot will be 

rejected for propagation, if presenting noticeable debilitating changes. Nevertheless, some 

variants have been selected as being useful, which occurs naturally during massal selection, 

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

of Pinot Noir (Tassie, 2010; Walker 2007). 

 Concerning the process of clonal selection, it is divided in four main steps: sanitary 

selection, disease elimination, genetic selection and clonal comparison, or clonal evaluation 

(Tassie, 2010). Furthermore, the process of clonal evaluation is further divided in three 

additional steps: viticultural analyses, which include the evaluation of growth and yield 
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components, besides rot susceptibility; wine analysis, comprising the evaluation of chemical 

data, such as alcohol, colour, polyphenolic contents, and other relevant parameters; and 

finally, sensory evaluation (Wolpert, 2017). In some cases, the data corresponding to 

analytical parameters of wine, can be also replaced by analytical measures of fruit 

composition, such as °Brix, pH, titratable acidity and colour. 

 In this process, of clonal selection, in the first step, which refers to sanitary selection, 

there is a careful choice of healthy propagation material, mainly regarding the presence of 

symptoms of Leafroll viruses, considered the most detrimental regarding yield losses. 

Subsequently, in the stage of disease elimination, which is rather interesting when the 

vegetative material comes from abroad, a heat treatment is used to eliminate the viruses, and 

other potential plagues that may being disseminate by the material, thus compromising the 

material recovered for vegetative propagation.  Subsequently, the parameters which are often 

used in the stage of productivity evaluation comprise: fertility indexes, (such as number of 

bunches/number of buds and number of bunches / number of shoots); yield (kg/plant), bunch 

weight (kg/bunch), volume of grape must (mL/ner of berries), weight of berries (g/ ner of 

berries). To evaluate the oenological potential of the clones, which is assessed either through 

the grapes, or in wine, several parameters can be taken into account, such as Soluble solids 

(ºBrix), titratable acidity (tartaric acid, g/L), pH, colour, specific organic acids (tartaric /malic 

acid), phenolic contents, anthocyanins and TN, amongst other parameter which may be of 

special relevance for certain grape varieties (ex. terpenes in the Muscat varieties) (Gonçalves, 

2013, Wolpert, 2017). 

 Nevertheless, even though the productive and qualitative performance 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 with the site where its evaluation has been 

undertaken (Gonçalves, 2013). Therefore, for a selection of clones to be representative, it has 

to be conducted with resort to agricultural practices appropriate 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 col. used a resolvable row-column experimental design, latinized by 

column, in their clonal selection works (Costa, 2014). 
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 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 to retrieve concrete classification parameters. One of the most important 

methods to evaluate the efficiency of selection, is computed broad-sense heritability, which 

reflects the adaptation of the clones to the terrain where they have been harvested (Gonçalves, 

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, which can be obtained through the mixed model equations. Moreover, an analysis of 

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

site and due to the genotype performance, in the final phenotypic response of a clone (Costa, 

2014; and references therein). 

 For instance, regarding the variety under study in the present work, Tempranillo / 

Tinta Roriz underwent clonal selection during the 1980’s – 1990’s, meant to increase its 

productivity both in Portugal and Spain, ultimately resulting in several certified, 

commercially available clones, which have been posteriorly reported as providing average to 

below-average quality wines associated with high yields. Therefore, a new selection from 257 

available genotypes has been conducted, focusing on quality and using EBLUPS of genotypic 

effects of different traits, expecting that the decrease in yield would lead to gain in berry 

concentration, thus, improving quality (Graça, 2014). In order to improve performance, 

regarding sensitivity of the clones to environmental factors, a new experimental stage was 

started a few years ago, comprising the 30 genotypes resulting from this selection, planted in 

three distinct trial sites, in Northern Portugal, this project being presently in progress, and 

having supplied the samples for the development of the present work. This case shows that, 

sometimes, it is necessary one step backward, to subsequently walk several steps in the right 

direction, when it comes to improvement, while special caution has to be placed when the 

parameters to be accounted in the selection process are chosen (IVV, 2017). 

 

1.2.2 The genetic bottleneck drawback 

 

The effects of the diminution of the Vitis vinifera genetic pool are mainly observable 

regarding the usage of distinct varieties worldwide, with the present plantation trend leading 
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to the narrowing of the diversity in the new vineyards to a few ‘international’ varieties. 

Actually, from the 10,000 presently known grape varieties worldwide, a small number of 35 

of them accounts for 66 % of the total vineyard area, thus, many local varieties may be lost, 

since their commercial potential is ignored, which is reducing severely the grapevine genetic 

diversity. For instance, there is an increasing dominance of French varieties in the New 

World’s vineyards, sharing 67% of the surface in 2010, representing an increase from value of 

53 % in 2000, resulting in an increase from 20% to 27% in the Old World’s vineyards, while 

in Portugal it was also observed an increase of the utilization of these varieties in the same 

period (Fig. 7) (Anderson, 2013). Furthermore, concerning this latter country, though 

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

example for their maintenance, 55 % of the total vineyard surface in planted with solely 26 

varieties, 15 of them red, which correspond to 38 % of total area, three international varieties 

being included in this set, while regarding the 11 white varieties (17% of area), all of them are 

Portuguese (Table 2) (Anderson Kym, 2013; IVV, 2016). 

 

 
Figure 7 - Shares of French varieties in national vineyard areas, 2000 and 2010 (%), reproduced from 

(Anderson, 2013). 

 

The genetic bottleneck arising from this global situation represents a critical 

problem, compromising viticulture, as the wide 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 of the genetic flexibility, and, thus, leading to an 

irreversible erosion of the grapevine biodiversity, which seriously endangers resilience and 
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security of this species’ genetic resources. In this sense, in order to tackle this issue, the 

so-called ‘genetic erosion’, several policy and regulation initiatives have been taken under the 

updated EC Biodiversity Strategy 2020 (European Commission, 2011), which targets the 

issue of biodiversity loss, not only in this sector, addressing the requirement to conserve EU 

agricultural genetic biodiversity as one of its main targets, while it has, two years later, 

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

838, 2013). 

Concerning the improvement of grape varieties through clonal selection, some 

considerations have to be made, regarding the benefits as well as the cautions to be made, 

since, if one hand the selection of the best clones may be fundamental to improve some 

varieties, making it profitable, and thus contributing for the maintenance of the inter varietal 

diversity, in the other hand, the initial intra-varietal diversity has also to be kept, in order to 

secure the possibility of remaking the selection process aiming to different characteristics, or 

as an adaptation process to new environmental conditions, new consumer demands, or 

responding to new plagues. In this sense, it is of the most importance that the ampelographic 

fields are planted, not only with several identified and characterized varieties, but also 

keeping the maximum number of clones available of each variety (IVV, 2017). 

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

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

posteriorly observed that above a certain productivity level, the anthocyanin contents of the 

grapes were lower, affecting their quality for vinification. Therefore, some of the previously 

‘unselected’ clones have been recalled by the producers, being planted instead of the more 

productive clones. Fortunately, in Portugal, a great deal of effort is being directed to the 

maintenance of the inter intra-varietal diversity of its autochthonous and most important grape 

varieties, with 50,000 genotypes from 250 grape varieties being actively kept. For instance, 

solely regarding Alvarinho, the 15th more planted grape variety (Table 1), presenting special 

relevance for the production of Vinho Verde, 530 distinct genotypes are maintained (IVV, 

2017). Furthermore, it has been strongly recommended that the fractions of the newly planted 

vineyards should be mono-varietal, but polyclonal, while the viticultors should preferably 

seek certified polyclonal materials (CPM), offered by some nurseries (Dias, 2008; 

SUBVIDUR, 2016; CNVV, 2017). 
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1.3 - Infrared Spectroscopy and applications 

 

There are several distinct spectroscopical techniques available, each one taking 

advantage of a specific physical property, and being often suitable for a specific purpose. 

Among this plethora of existing methods, are the so-called vibrational techniques, which take 

advantage of the fundamental vibrational modes, which are related to the molecular bonds, to 

retrieve information from a sample. Each molecule displays several distinct vibrational modes 

(3N-6 modes for a non-linear molecule, N being the number of atoms), which display 

different frequencies, depending on the weight of the atoms involved and the strength of the 

bonds (single, double, triple, etc.), besides the participation of the molecules in H-bonds. 

Moreover, the frequencies associated to the distinct molecular vibrations fall within the 

Infrared range, in the electromagnetic spectrum (Fig. 8), absorbing the incident radiation 

whenever its frequency matches the frequency of vibration. Therefore, in classical Infrared 

(IR) spectroscopy, within the MIR (Medium-InfraRed) range, a sample is scanned throughout 

all the wavelengths within this interval, and the frequencies where radiation was absorbed 

registered, resulting in an absorption spectrum, which is specific from a molecule, since it will 

correspond to their intrinsic molecular vibrations (Griffiths, 2007). The intensity of the peaks 

depends on the dipolar moment of the functional groups involved, therefore, those bonds 

connecting atoms with opposite charges (e.g. C-O / C=O) will originate strong signs, while, 

on the opposite side, groups with weak dipole (e.g. C—C / C=C) give rise to less intense 

peaks (Teixeira-Dias, 1986). 

 

Figure 8 – Representation of the Electromagnetic spectrum, reproduced from (FOSS, 2017). 



 

 

18 

 

 Since this technique relies on radiation absorption, its main constraints are related to 

this phenomenon, for instance, normal glass strongly absorbs Infrared radiation, the optics of 

the instruments being constructed with salts (such as Kbr), while also the air is a strong IR 

absorbent due to the quantities of CO2 and water vapour that contains. Actually, this capacity 

of water to absorved IR radiation has represented the major limitation of this technique during 

several decades, limiting its applications regarding biological samples. Finally, since the IR 

beam had to pass through the sample in the traditional IR experimental setup, there was the 

risk of all radiation being absorbed, giving rise to the so-called saturation problem 

(Teixeira-Dias, 1986). 

 NIR (Near-Infrared range), besides representing a different spectral interval (Fig. 8), 

represents also another Infrared experiment, which is widely used, in both research and 

industry. The radiation in this interval presents the advantage of being more penetrating (up to 

3 / 4 mm inside a sample), and more stable, which contributes to reproducibility. Furthermore, 

there are far less interferences within this spectral region.  In this case, higher order 

transitions of the fundamental vibrational modes (overtones) are registered, thus leading to 

peaks which frequencies are multiples of the corresponding fundamental modes, consequently 

falling within the NIR (Near-Infrared range 4000-14000 cm-1). The major disadvantage of this 

experiment lies on the fact that, since the peaks observed correspond to overtones or 

combination modes, they are not directly relatable to specific functional groups. Furthermore, 

for each vibrational level the transition probability diminishes by a 10-fold order, which 

means that, for instance, a fundamental mode with a frequency of 3500 cm-1 (MIR) will give 

rise to a first overtone (3500 × 2) at 7000 cm-1 (NIR) with ten times less intensity than the 

peak at 3500 cm-1. 

 

1.3.1 The FTIR experiment 

 

 One of the most important technological advances to transform IR into a reliable, fast, 

and simple technique, was the incorporation of the interferometer (Fig. 9), giving rise to the 

FTIR (Fourier Transform-IR) era. In this experimental setup, instead of registering the 

absorption at each individual wavelength, it is measured the position of a moving mirror 

throughout the time vs. the intensity of radiation detected. Subsequently, in order to use this 
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raw data, the so-called interferogram, a Fourier transformation is undertaken to convert 

intensity as a function of time, into a spectrum (intensity as a function of energy / frequency) 

(Griffiths, 2007).  

 
Figure 9 – Schematic representation of a Michelson Interferometer. 

 

This approach represents the most used IR experiment nowadays, comprising several 

advantages respecting traditional IR, while most of its success arises from the "multiplex 

advantage’ which refers to the simultaneous collection of information concerning all 

frequencies, improving both speed and signal-to-noise ratio (Teixeira-Dias, 1986). Another 

recognised benefit of this technique is the dramatic increase of sensitivity, due to the higher 

sensitivity of the optical throughput (Jacquinot advantage) and the detectors used in this 

continuous method, ultimately resulting in much lower noise levels, moreover, these 

instruments employ a laser as an internal wavelength calibration standard, which allows them 

to be self-calibrated (Connes advantage) (Griffiths, 2007). Finally, the fast acquisition times 

achieved enable the acquisition of multiple scans, in order to reduce the random measurement 

noise to any desired level, increasing the number of scans to be averaged in the final 

spectrum. 

In the last years, it has been also introduced the Attenuated Total Reflection (ATR) 

technique, which has taken the potential of this technique even further. This approach relies in 

an accessory, possessing a crystal, made of diamond or a synthetic material, where the sample 

is deposited, while solely an evanescent wave formed at its surface, which is further reflected, 

interacts with the sample (Fig. 10). This experimental setup creates the capability to analyse 

biological samples, or even aqueous solutions, and completely avoids the issue of saturation, 
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besides allowing to registrate the spectrum of virtually any matrix (Griffiths, 2007). 

Therefore, FTIR represents a powerful technique, mainly when applied with resort to this 

accessory, which dismisses any kind of sample preparation, for instance, allowing the 

assessment of wine or must, besides any individual part of grape, including the skin, where 

anthocyanins are concentrated. Currently, this technique drew attention of researchers from 

various scientific areas, and some industrial sectors, such as wineries, being regarded as a 

simple, prompt, non-polluting and non-destructive technique, suitable for several purposes, 

providing rapid analysis data for better decision making in food and agriculture production 

processes. Finally, this technique dismisses the use of hazardous chemicals or consumables 

and requires small quantities of samples, besides representing a non-destructive, fast and 

reliable technique (Machado, 2017). 

 

 

Figure 10 – Representation of the ATR experimental setup, reproduced from (Azom, 2017). 

 

1.3.2 Coupling with multivariate analysis 

 

In order to analyse and explore the large amount of data recovered by the 

spectroscopical methods, distinct Multivariate Analysis statistical approaches are used to 

relate these results with previously collected data resorting to standard analytical procedures. 

Since the infrared peaks correspond to specific functional groups, each peak comprising 

several distinct contributions from different molecules, these statistical mining tools enable us 

to take advantage of the differences between spectra, which reflect the distinct compositions 
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of each clone. Therefore, the usage of FTIR, along with multivariate statistical methods, 

allows, not only relating the spectra of distinct samples with chemical contents, but also its 

differentiation. For this purpose, spectral intervals corresponding to functional groups of 

interest have to be selected, in order to achieve sturdy predictive models, with a physical 

basis. This process can be conducted, not only through the analysis of the VIP´s (Variable 

Importance of Projection) or the regression Coefficients retrieved by some approaches, but 

also accounting with the visible Infrared peaks in the spectra. Thus, for distinct traits, or 

distinct compositional characteristics, specific intervals are isolated, according to the 

compositional differences possibly observed, which is sometimes done automatically (Hirsch, 

2007). In the opposite direction, models for the prediction of a characteristic such as 

maturation, can be also obtained empirically, with the weight of each wavenumber for the 

prediction possibly retrieving important information, respecting specific contents that might 

be subsequently related with the specific trait. 

 These predicting models are generally developed with resort to the PLS-R (Partial 

Least Square-Regression) approach, besides PLS-DA (PLS-Discriminant Analysis). This 

method offers a plethora of advantages, respecting the classical Principal Components (PC’s), 

which is mainly due to the algorithm used, in which the Factors (similar to PC’s), and the 

response, are iteratively reproduced, till a minimal error between both is found. In the case of 

PLS-R, the variability described by the latent variables extracted, in the form of Factors, is 

directed to the response intended, allowing their further use for quantitative prediction 

purposes (Wold, 2001). 

 When the models are envisaged for discrimination between samples, the multivariate 

analysis can be divided in two steps, initially, preliminary tests are undertaken, resorting to 

PLS-R, and assuming the distinct classifications as Dependent Variable, with the purpose of 

assessing the most interesting intervals for the discrimination, according to the traits of 

interest, resorting either to the normal spectra, or the 1st or second derivative. Furthermore, in 

PLS-R, also the regression coefficients extracted for weighing each independent variable 

represent an indication of the most important spectral intervals for a specific determination, 

being thus considered for the subsequent evaluation of each interval’s preponderance in the 

final discrimination models.  In a second stage, PLS-R is applied to the data, setting the 

distinct samples as Dependent Variable, in order to reduce the data to Factors suitable to be 

used for prediction, since these are obtained without a priori training with the classification of 
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the samples, concerning the traits of interest, being thus suitable for the classification of 

unknown samples. 

In order to assess the quality of the models retrieved from the PLS and PLS-DA 

approaches, a Cross Validation (CV) procedure is generally applied, resorting to the 

Leave-One-Out (LOO) approach. In this method, an observation is excluded from the training 

set, and the prediction model produced is used to classify this observation, in an iterative 

procedure, which is repeated until every sample has been excluded from the training set at 

least once. This procedure can be either used to classify, or to predict a quantitative parameter 

for the sample excluded, being routinely used in most of the PLS-R procedures to evaluate he 

optimal number of Factors for the prediction intended. The errors presented, in the case of 

DA, are expressed as percentage (%) of misclassified samples in the CV process, while 

concerning quantities, it is the RMSCV (Root Mean Square of Cross-Validation), an average 

of the errors observed for the samples excluded in the LOO, that accounts for the quality of 

the models produced.  Furthermore, the error values observed in the tests undertaken for 

each number of factors allow to scrutinize the occurrence of over-fitting, which would 

ultimately lead to prediction models excessively attached to the training set, unable to classify 

observations outside the set of samples used for calibration (Wold, 2001). 

 This kind of methodology, which allows the obtainment of reliable models – after 

proper calibration and validation procedures are undertaken, is rapidly becoming an important 

assess, since the models produced are suitable for the simultaneous measurement of several 

analytical parameters, once proper models are established for each one of the parameters to 

analyse, allowing the assessment of these characteristics solely through the acquisition of 

spectra, thus, enabling real-time decision making. 

 Furthermore, there are currently other interesting multivariate analysis approaches 

available, such as Neural Networks. Nonetheless, both in industry and Academia, the PLS-R 

represents the most widely used methodology, which creates the advantage of a certain 

standardization, with the comparison of results obtain for distinct applications, resorting to 

this methodology, being feasible. 
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1.3.3 FTIR application in the winery industry 

 

One of the main reasons for the application of FTIR for the process of clonal 

selection intended in the present work, besides the aforementioned advantages of this 

technology, lays on the fact that this kind of instruments is rapidly becoming into a standard 

instrument in wineries, and wine related laboratories, with multiple applications, thus granting 

the availability of this technique to be applied by viticultors and winemakers around the 

world. This is happening, because some of the most important FTIR constructors already 

offer calibrated instruments, concerning the most important parameters for winemaking, 

creating a scale phenomenon, with the instruments becoming cheaper because more FTIR 

devices are being sold, and sales increasing because this kind of instruments are cheaper. 

Additionally, the introduction of auto-samplers with the capacity for several samples, 

allowing to analyse several samples in a single day without a dedicated operator, also 

represents nowadays an important advantage of this technology (FOSS, 2017). 

 Furthermore, an important advantage of this approaches is the fact that, once the 

calibration models are developed and inserted in the software, one single spectrum will allow 

all analyses to be performed simultaneously, since once the spectrum is acquired, the data 

collected can be simultaneously used by different models to predict the values of distinct 

parameters, avoiding the performance of the different chemical / physical analyses for the 

same sample (Thermo, 2016). Regarding these built-in models, used for the prediction of the 

parameters, most of the methodologies applied by the industry use PLS-R based statistics. 

However, the calibrations are developed with a limited number of samples, and often these 

instruments must be recalibrated with samples from the region where the instrument is 

intended to be used, or for the analysis of additional parameters, while some companies also 

offer the possibility of maintenance, including calibrations update, as provision of services 

(FOSS, 2017b; Hirsch, 2007). 

 Nowadays there are several available FTIR instruments designed and properly 

calibrated to be readily used by the winery industry. For instance, Thermo-Scientific offers a 

range of FTIR based instruments, working within the NIR range (4000-10000 cm-1), with the 

ability to exclude the less favourable spectral regions for each evaluation model, possessing a 

simplified interface for end-user calibration, while the company claims that this apparatus is 

suitable to analyse the contents in ethanol, total sugars, sugar free extract, total acids, volatile 
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acids, pH and °Brix, besides physical properties such as density, with noticeable interest for 

winemaking (Hirsch, 2007). Furthermore, also Bruker, mostly known for spectroscopical 

instruments, produces an ATR-MIR based apparatus dedicated to wine analysis (Bruker, 

2017). 

 Another company, FOSS, recognised as a reference concerning the application of 

FTIR technology for food analysis and quality control, also applies this technique using the 

MIR range, when it comes to evaluate winery and oenological parameters (FOSS, 2017). 

Nowadays, this company claims that its most advanced FTIR analyser allows the evaluation 

of dozens of parameters, relevant for winery, in must (30), must under fermentation (8), and 

finished wine (23), while some of these are evaluated resorting to an integrated UV-Vis 

module, showing to potential of FTIR to be used in tandem with other techniques. These 

parameters include specific contents, physical parameters, and even replicate the results of 

analytic techniques, such as the Folin-Ciocalteau (FOSS, 2017b). In this case, the suitability 

to analyse these distinct matrices is clearly stated, while in many cases it is dubious if the 

integrated calibrated models have been specifically developed for wine, or any other related 

matrix, which represents an issue, since monitoring rapidly the fermentation process (wine to 

must) represents one of the most important perspectives, concerning the applicability of this 

technology for winemaking. 

Furthermore, the recent applicability of this technique for the measurement of both 

free and total SO2 is rather impressive, with this measurement being undertaken by 

simultaneously scanning both the liquid wine sample and SO2 in the gas evaporated from the 

sample (FOSS, 2017. Moreover, several other applications, intended for this industry have 

been in development in the last few years. Recently Marc Dubernet, in collaboration with 

wine producers from the South West of France has undertaken a study to examine the 

potential application of FTIR to predict the aromatic and tannin quality of white and red grape 

varieties on arrival at the winery or five days before harvest. The calibration developed, with 

results from three harvests (2009 – 2011), resulted in a model that is now being used by 

wineries to select grapes for appropriate processing. This technology also presents potential 

for viticulture, for instance, is being presently developed a prediction model to evaluate total 

nutritive nitrogen and potassium in leaves (FOSS, 2017). 
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1.4 – Objectives 

 

The ultimate goal of the present work relies on the obtainment of models to evaluate 

samples from distinct genotypes, planted in distinct trial sites, resorting solely to FTIR 

spectroscopy, with the view of creating an asset for the work of varietal improvement through 

clonal selection. In this case, the work was developed for Tempranillo / Tinta Roriz, one of 

the most important Vitis vinifera varieties worldwide. For this purpose, 30 clones of this 

variety were planted in two distinct trial sites, and evaluated, concerning their oenological 

potential. Concomitantly, FTIR spectra have been registered for both the skins and the 

homogenates of these samples, with the view of creating correlations, resorting to multivariate 

analyses approaches, to produce such prediction models of evaluation through spectroscopical 

approaches.  With this view, distinct goals are envisaged, in order to fulfil the requirements 

to achieve the final objective, namely: 

- Assessment of the best experimental setup to register reliable spectra of the homogenised 

samples and grape skins. 

-Selection of the best spectral pre-treatments to correlate spectral data with the analytical 

parameters, also, selection of the optimal spectral windows within each treatment. 

- Evaluation of the performance, and optimal numbers of Factors, for the distinct sets of data 

to be used for the purpose of evaluating analytical parameters. 

Through the achievement of these separated goals, it will be possible to evaluate the 

suitability of spectroscopical approaches for the development of straightforward tools to assist 

the process of clonal selection. Furthermore, it will be retrieved relevant know-how, 

concerning the best sampling, spectroscopical pre-treatments and spectral windows, for the 

development of such evaluation models, as well as the quality levels of prediction that might 

be achieved. 

The achievement of these goals would allow, for instance, an untrained technician to perform 

all the analysis presently undertaken, for the harvests of the next years, thus, allowing in a 

rapid and straightforward manner, the acquisition of large amounts of data, which would 

certainly represent an impressive asset to this effort of varietal improvement, not only 

concerning Tinta Roriz, but also other varieties, once proper evaluation models are developed 

for each one. 
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2. Materials and Methods 

 

Thirty Tempranillo / Tinta Roriz clones were previously selected from a database of 

257 genotypes available, by taking several quality parameters into account namely °Brix, 

tritable acidity, pH and content in (poly)phenols and anthocyanins, resorting to empirical best 

linear unbiased predictors (EBLUPS) of genotypic effects, which were applied to data 

collected over a period of 3 to 5 years. Data on yield and quality along with the collection 

dates, were analysed and exploited through spatial mixed models for data analysis 

(Gonçalves, 2013). 

In the present study, these 30 selected genotypes have been assessed through 

standard analytical methods using both grape homogenate and skins, from samples collected 

in the 2015 harvest. The parameters evaluated, to assess the oenological potential of the 

distinct clones, comprise: °Brix, pH, titratable acidity, total phenolic contents, 

Ortho-diphenols, flavonoids, anthocyanins, tannins, and antioxidant activity. The evaluation 

of the antioxidant capacity of the (poly)phenolic extracts was conducted in vitro using 

appropriate biochemical assays (DPPH, ABTS), which monitor the capacity of the extracted 

compounds to neutralize the free radical DPPH• in a lipophilic media (DPPH), and ABTS•+ 

preferentially in a hydrophilic media (ABTS). The use of both techniques, will allow to shed 

some light on the main mechanisms of action, related with the antioxidant activity, for each 

clone, providing valuable information for the final evaluation of the most promising clones. 

These matrices have been concomitantly assessed through spectroscopical means, 

namely, with resort to an instrument possessing a FTIR-ATR, which allowed the acquisition 

of the spectra of both homogenates and grape skins. Multivariate analysis approaches (PLS-R 

/PLS-DA) have been applied to the spectral data, regarding the implementation of a simple 

procedure for the assessment of distinct clones from this grape variety, respecting several 

characteristics, through spectroscopic techniques. 

The present work was developed in collaboration with ADVID, which is presently 

managing this collection of clones, and sector companies (Sogrape Wines S.A. and Sogevinus 

Fine Wines S.A.), which own the trial fields, and kindly allowed the collection of samples, 

also providing all the necessary assistance. 
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2.1 - Sampling 

 

In 2012, the 30 clones selected were installed in two fields in the Demarked Douro 

Region (DDR) indicated in Figure 11: one located in the sub-region Cima Corgo, a steep 

slope and low altitude (Quinta de S. Luiz, Tabuaço, 194 m), and the other located in the 

sub-region of the Baixo Corgo, a flat area at high altitude (Quinta do Cavernelho, Vila Real, 

471 m). Both fields are installed in commercial vineyards of the mentioned regions. Each of 

the 30 clones was replicated six times, each replica comprising 5-6 plants, and was distributed 

randomly, according to a row-column design, latinized by column (Costa, 2014). 

 

 

 
Figure 11 - Graphical representation of the DDR, and its sub-regions, indication the location of the two trial 

fields. Quinta do Cavernelho, Vila Real - blue; and Quinta de São Luiz, Tabuaço - red. Adapted from (Costa, 

2014b). 

 

 Concerning the trial field installed in Quinta do Cavernelho, Vila Real, the clonal 

propagation vegetative material has been grafted in the 1103P rootstock (Cousins, 2005), 

following a row-column design (latinized by columns), and a scheme of 30 clones x 6 

repetitions for each clone, with 5-6 vines per replicate. Each of the thirty clones is designed 

by 4-digit number, (often preceded by ‘RZ’ when they are mentioned, referring to Tinta 

Roriz) (Costa, 2014). In Figure 12, it is displayed the layout of the experiment, as well as an 
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aerial view image, indicating the replicates scheme. The number of the genotype is referred in 

each position where 5-6 vines of this clone are planted (Fig. 12). 

 

 

 
Figure 12 - Experimental design of the trial site at Quinta do Cavernelho: each 4-digit number represents a plot 

of 5 to 6 plants of the same genotype, each one of the 30 genotypes being replicated in all 6 blocks. Numbers on 

top are for vine row and numbers left and right are for vine posts, which are indicated in the vineyard, 

reproduced from (Graça, 2014). 
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In the trial at Quinta de São Luiz, in Tabuaço, the propagation material has been 

grafted in Rootstock R99, preferentially used in that place due to the roughness and dryness of 

the terrain. A row column latinized design has been used in the distribution of the clones, 

similarly to the scheme implemented in the trial at Quinta do Cavernelho, while the same 

experimental design has been also applied (30 Clones x 6 repetitions (each with 5-6 vines)) 

(Fig. 13). 

 

 

 

Figure 13 – Experimental design of the trial site at Quinta de São Luiz: each 4-digit number represents a plot of 

5 to 6 plants of the same genotype, each one of the 30 genotypes being replicated in all 6 blocks. Aerial view of 

the trial site at Quinta de S. Luiz, Tabuaço, indicating the blocks corresponding to the 6 trial repetitions. Each 

block contains one repetition of each clone (picture kindly provided by ADVID).  

 

 For the samples’ obtainment, 60 berries, which has been observed to be the optimal 

number in previous research works (Costa, 2014), were collected in each replicate, throughout 

the 6 vines. Furthermore, to be used as control, 5 samples of 60 berries were collected from 

random vines from the same variety in the border of the trial. 
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2.2 - Analytical Methods 

 

2.2.1 Spectral acquisition 

The Infrared spectra have been 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. The spectra have been collected in the interval 400-4000 cm-1, 

with a resolution of 4 cm-1, 64 accumulations being registered for each spectrum. 

For the collection of the FTIR-ATR spectra of the skins, freshly removed pieces of 

cuticle have been washed with distilled water and left to dry for 1-2 hours. Skin pieces from 

five distinct grapes have been evaluated for each sample, each piece being sequentially placed 

on the ATR crystal, folded, and the accessory tip placed on the top of the sample and closed, 

its Infrared spectrum being subsequently measured. Cautions have been made in order to 

ensure that it was always the outside layer of the skin that was placed in contact with the 

surface of ATR the crystal, to increase reproducibility. With this experimental setup, the 

evanescent field probes a depth of approximately 1.0 µm. The three spectra presenting the 

greatest similarities were chosen to represent the sample. For the homogenates, each sample 

has been placed directly on the ATR baseplate by pipetting a small drop. For each sample, 

three homogenates have been obtained, and the absorption was measured once for each 

homogenate. 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. 

For the spectra of the skins, a baseline subtraction resorting to 4th order polynomials, 

and 100 iterations for convergence, has been performed using the Omnic (Omnic Version 

9.2.28 (Thermo Fisher Scientific Inc., Lisbon)) software package, integrated in the apparatus 

(Machado, 2017b). 
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2.2.2 Multivariate statistical analysis  

 

 All the spectra were exported from the FTIR instrument in the «.csv» format, to be 

used in the multivariate statistical analyses, which were undertaken with resort to the software 

package OriginPro 9.1 (OriginLab, Northampton, USA). All the PLS Regressions were 

carried resorting to the Wold’s iteration, and the maximum number of Factors extracted has 

been set to 15. This approach (PLS-R) presents the advantage of taking the response into 

account, by developing an iterative procedure, where the response is predicted and 

concomitantly used to reproduce the Factors, this process occurring till the minimum error 

between the experimental data and the response predicted by the model is achieved (Wold, 

2001). In the multivariate analyses presently undertaken, the independent Variables (Infrared 

absorption, derivative value at each wavenumber, or analytical parameters) have been always 

standardized. The spectral pre-treatments, include mean normalization of all spectra, 

including those to which the baseline have been previously subtracted (skins). Both the 

normalized spectra and the 1st derivative of these data were considered, since this procedure 

allows to overcome spectral artefacts, such as baseline drifts, which may remain after the 

previous spectral treatments, besides displaying better performance in previous works, 

respecting the usage of the spectra (De Luca, 2011; Machado, 2017; Gouvinhas 2017). 

 Preliminary tests were undertaken, resorting to PLS-R, assuming the distinct sites 

(Quinta do Cavernelho and Quinta de S. Luiz) as Dependent Variable. This step was 

undertaken using the full spectral windows considered, with the purpose of assessing the most 

interesting intervals reflecting the differences between both sets of samples, resorting to either 

the normal spectra, or the 1st derivatives. This process was repeated setting ‘clone’ as the 

Dependent Variable’, and was conducted, not only through the analysis of the VIP´s (Variable 

Importance Plots), but also accounting with the visible Infrared peaks in the spectra. 

 PLS-R has been also applied to produce models for the prediction of the analytical 

parameters that allow to evaluate the clones, which were concomitantly assessed within the 

frame of the present work. Therefore, the spectral data (spectra and 1st derivative) obtained 

were correlated with all the contents assessed, in the case of the homogenates, while in the 

case of skins no tests were undertaken regarding the prediction of pH, TA and °Brix. The 

optimal number of Factors considered in each case have been selected through a CV process. 
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The quality of the models obtained was assessed through the comparison between the actual 

analytical values, and the values predicted for each sample by the PLS-R models produced.  

 Since the PLS-R resulting arrangement may be used as a linear classifier or 

dimensionality reduction prior to classification, this approach has been applied in order to 

reduce data (which may result from spectroscopy or from standard analytical procedures) to 

Factors that were used in Partial Least Squares-Discriminant Analysis (PLS-DA), thus 

applying the so-called Factor Discriminant Analysis (FDA), a supervised statistical method 

used to find a linear combination of structures, which characterize or separate classes of 

observations. In the PLS regressions undertaken solely for data reduction to extract Factors to 

be applied in the PLS-DA, the difference between samples has been set as Dependent 

Variable, to avoid the a priori introduction of information, concerning the traits of interest, 

which would compromise the reliability of the results obtained. Since the number of Factors 

extracted varies between distinct regressions, the scores of the first five Factors have been 

always used as input data set in PLS-DA, allowing a straight comparison between the 

discriminations resorting to the distinct spectral treatments and analytical parameters 

(Machado, 2017; Gouvinhas, 2017). 

 For the quality assessment of the models retrieved from PLS and PLS-DA, Cross 

Validation (CV) was applied, resorting to the Leave-One-Out (LOO) approach. In this 

method, an observation is excluded from the training set, and the prediction model produced 

is used to classify this observation, in an iterative procedure, which is repeated until every 

sample has been excluded from the training set at least once. The errors presented are 

expressed as percentage (%) of misclassified samples in the CV process. This procedure can 

be either used to classify a sample, or to predict a quantitative parameter for the sample 

excluded. In the latter case, the RMSCV (Root Mean Square of Cross-Validation), an average 

of the errors observed for the samples excluded in the LOO, accounts for the quality of the 

models produced (Wold, 2001).  

 

2.2.3 Standard determinations 

 

The measures of pH, °Brix, and titratable acidity were undertaken directly in the 

homogenates. For each sample, 3 replicates of 5 grapes each (3 × 5 grapes), were separated 
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and weighted, resulting in the obtainment of 3 distinct homogenates (5 grapes each), for each 

sample, so the measures were obtained with triplicate values, thus presenting statistical 

meaning. 

 

Homogenization 

The homogenates were obtained with an IKA Ultra-Turrax T25, using an S 25N - 18G 

dispersion element. The grapes were left to defrost at room temperature before processing. 

 

pH 

The pH values were measured using a pH-meter (Jenway 3305, Felsted, UK).  

 

Brix 

°Brix was measured with a standard optical refractometer. 

Titratable Acidity (TA)    

TA was determined by titrating around 1.0 g. of the homogenate with a NaOH solution [0,1], 

until a pH of 8.2 was reached. The weighted mass of homogenate and NaOH volume were 

used to calculate tritatable acidity, which is expressed as gram equivalents of tartaric acid / kg 

of grape fresh weight (g TAC / 100 kg fw) (Garner). 

 

 For the evaluation of phytochemical contents and antioxidant activity, three 

methanolic extracts were obtained, using lyophilized grapes, for each sample. Samples were 

weighted before and after lyophilization, and the water loss of each sample has been 

registered, so the final results could be expressed as fresh weight (fw). 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). Then, samples were vortexed and phenolic compounds were extracted by 

agitation at room temperature (RT) for 30 min, being centrifuged afterwards at 5000 rpm for 5 

min, at 4 °C (Sigma-2-16 K; Sigma, Steinheim, Germany), and the supernatant was collected. 

This procedure was repeated three times and the final volume was made up to 5.0 mL. Three 

extracts were obtained for each sample. The final results regarding the analyses of the grape 

samples are presented in terms of grape fresh weight (fw). 
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Total Phenolics content 

The content of total phenolic compounds of the extracts was determined using 

Folin-Ciocalteu reagent, with gallic acid as standard according to the method previously 

described (Barros, 2012). Briefly, one millilitre of diluted samples was mixed with 500 µL of 

Folin-Ciocalteu reagent, 2.0 mL of 7.5% sodium carbonate solution (w/v), and 6.5 mL of 

water. The mixture was shaken gently and, after 30 min of reaction at 70 ºC, the absorbance 

was measured at 750 nm. The quantitates were adapted to the use of microplates, maintaining 

their ratios. The content of total phenolics was expressed as milligrams of gallic acid 

equivalents per gram of grape fresh weight (mg GAE /g fw). 

Ortho-diphenols content 

The content of ortho-diphenols was assessed as previously described by Mateos et al. 

(Mateos, 2001). One millilitre of 5.0% Sodium Molibdate (w/v) in 50.0% hydromethanol 

(v/v) was added to 4.0 mL of the diluted sample or gallic acid. After 15 min., the absorbance 

was measured by 370 nm.  The quantitates were adapted to the use of microplates, 

maintaining their ratios. The content of ortho-diphenols was expressed as mg of gallic acid 

equivalents per gram of grape (mg GAE /g fw). 

Flavonoids content 

Flavonoids content was determined by the colorimetric assay described by Zhishen et al. 

(Zhishen, 1999). Briefly, 0.5 mL of diluted sample was mixed with 150 μL of 0.50 M 

NaNO2. After 5 min, 150 μL of 0.75 M AlCl3 were added. The mixture was stirred and 

allowed to react for 6 min. Afterwards, 1.0 mL of 1.00 M NaOH was added and the 

absorbance was measured at 510 nm. The quantitates were adapted to the use of microplates, 

maintaining their ratios. The results were expressed as milligrams of catechin per gram of 

grape (mg CTE/g fw). 

Antioxidant activity  

The free radical scavenging activity was determined by DPPH and ABTS methods adapted to 

microscale, according to the procedure described by Mena et al. (Mena, 2011), and further 

adapted by Queiroz and collaborators (2017), by measuring the variation in absorbance at 520 

nm after 15 min of reaction of the phenolic compounds with DPPH•, adding 190 μL of the 
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DPPH solution (8.87 mM) to 10 μL the sample, and at 734 nm after 30 min for ABTS•+ 

(20.00 mM), mixing 188 μL of ABTS and 12 μL of the sample (Queiroz et al., 2017). The 

results on the radical scavenging capacity were expressed as mmol of Trolox equivalent per 

gram of grape (mmol TAEC/g). 

Anthocyanins 

The total anthocyanin contents were assessed using a pH differential method. Absorbance was 

measured at 520 and 700 nm in microplates, at two distinct pH values, 1.0 and 4.5, 

corresponding to coloured and colourless solutions, respectively, with 520 nm corresponding 

to the absorbance of anthocyanins, and 700 nm to the background absorbance, which was 

subtracted. The total anthocyanins’ content was expressed as equivalent to a quantity of 

malvidin 3-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), corresponding to the final quantity of 

mg of malvidin glucoside equivalents per gram of grapes (mg MVE / g) (Lee, 2009). 

Tannins 

The tannin quantities were assessed using the MCT (methyl cellulose precipitable tannin) 

assay. Briefly, the quantities of total phenolics are measured at 280 nm, and afterwards, these 

contents are precipitated with methyl cellulose. The phenolics are measured in the supernatant 

after the precipitation procedure, and the difference will correspond the quantity of tannin, 

which strongly absorb to methyl cellulose, being thus precipitated. Epicatechin was use as the 

standard, and therefore the results are relative to the quantity of epicatechin precipitated in an 

equivalent experiment, being expressed as milligrams of epicatechin equivalents per gram of 

grape (mg ECE / g fw) (Dambergs, 2012). 

All the measures undertaken in microplates were performed using 96-well micro plates, and a 

Multiscan FC microplate reader (Thermo-Fisher Scientific, Oporto, Portugal). 

All the results are presented as mean values ± standard deviation (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 

means were considered different at p < 0.05. 
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3. Results and Discussion 

 

In the present work, it has been evaluated the suitability of spectroscopical 

approaches to be used for the development of tools to assist clonal selection, as well as the 

best approaches to achieve that purpose. To achieve this goal, 30 clones of Tempranillo / 

Tinta Roriz, planted in two distinct sites have been evaluated through standard methodologies, 

and FTIR spectra registered for samples of homogenates and grape skins, to be applied in 

tandem with multivariate analysis, which will ultimately be applied to develop such models. 

 

3.1 – Analytical results 

 

Concerning the characterization of the grape homogenates obtained, three 

physico-chemical parameters have been evaluated, namely, °Brix, pH and TA, representing 

features with relevance for the winemaking process, and thus, reflecting the potential of the 

distinct clones for this purpose. Regarding °Brix, which refers to total soluble solids, previous 

research work, developed for Tempranillo, revealed a correlation with (R2=0.98) between the 

sum of the glucose + fructose quantities and °Brix, and thus, this measure will be assumed as 

corresponding to the sugar contents throughout the present work (Esteban, 2002). In Figure 

14, the °Brix values obtained for the distinct clones, in the two sites, are presented. In Quinta 

do Cavernelho (Cv.), clone 3311 presented the lowest value, while the highest °Brix’s were 

obtained for clones 633 and 8207, with significant differences being only observed between 

these two clones and the former (Fig. 14(A)). Regarding the values obtained for the samples 

of Quinta de São Luiz (SL), clone 4110 displayed the lowest °Brix (<20.0), being 

significantly lower than the majority of the clones, while the highest values were observed for 

clones 129 and 8020, besides the control sample, however, caution has to be made, regarding 

the latter, since the provenience of this propagation material is unknown. It must be also 

pointed that both the lowest value, as well as the highest (excluding the control sample), have 

been found in SL, which reflects the higher variability observed in this site, presenting the 

only sample bellow 20.0 °Bx (4110), while clone 8020 presented the value of 24.6 °Bx, 

which represents the overall maximum regarding the distinct clones in both sites (Fig. 14). 
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Figure 14 – °Brix of the distinct clones in each of the trial sites. Quinta do Cavernelho (A) and Quinta de S. Luiz 

(B). 

In which respects to the comparison between the two sites, there are significant 

differences between the mean values, with SL displaying higher average (23.32 ± 1.00) 

respecting Cv- (22.71 ± 0.80), even though the level of significance for this comparison is the 

lowest, which is due the variability between the distinct clones in each site, which is greater in 

SL, probably due to the harsher conditions (Table 3). Moreover, it must be pointed that the 

location of the trial sites, in two distinct Douro sub-regions (Cv.- Baixo Corgo, and SL – 

Cima Corgo) is the reason for the higher °Brix values observed in SL, since Cima Corgo is 

warmer and dryer than the Baixo Corgo sub-region, where Cv. is placed. 
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Table 3 – Mean values and significant differences between the two trial sites for the parameters assessed. 

aParameter bUnits 
Quinta do 

Cavernelho 

Quinta de S. 

Luiz 

eSignificance 

level 

°Brix c(g suc. / 100 g) d22.71 ± 0.80 23.32 ± 1.00 * 

pH  4.06 ± 0.08 4.12 ± 0.08 ** 

Titratable acidity (TA) (g TAC / kg) 5.00 ± 0.50 3.66 ± 0.30 *** 

Flavonoids (FL) (mg CTE/g) 3.885 ± 0.350 4.594 ± 0.490 *** 

Total Phenolics (TP) (mg GAE /g) 6.922 ± 1.570 8.212 ± 2.370 * 

Ortho-diphenols (O-dph) (mg GAE /g) 7.757 ± 2.100 8.811 ± 1.350 * 

Tannins (TN) (mg ECE / g) 5.793 ± 0.630 7.020 ± 0.990 *** 

Anthocyanins (AC) (mg MVE / g) 1.281 ± 0.110 1.205 ± 0.010 * 

ABTS (mmol TEAC /g) 0.0617 ± 0.0070 0.0683 ± 0.0070 *** 

DPPH (mmol TEAC /g) 0.0853 ± 0.0150 0.0835 ± 0.0110 - 
aThe abbreviatures used in this table, concerning the parameters designations, will be used throughout all this section.   
bAll the units refer to fresh weight of sample. 
cBrix (°Bx) refers to Total soluble Solids, while in grapes it is normally referred as g sucrose / 100 g, since this content is the 

dominant solid. 
dValues are presented as Mean ± Standard Deviation. 
eThe Tukey test was used to evaluate significant differences between values. F Values below 0.05 reject the null hypothesis 

that the means from the two sites are not different between them. F < 0.05, *; F < 0.01, **; F < 0.001, ***. 

 

 

 Comparing the results obtained with those registered in previous works conducted for 

the same variety, a good agreement is found, with the plethora of available works regarding 

Tempranillo, pointing to values between 19.4-25.2 °Bx for this variety, at harvest time, while 

these works have been conducted in distinct sites, at several vintages, and include the 

assessment of some variables, such as irrigation regime, therefore, representing the variability 

of this parameter in a large extent (Esteban, 1999; Navarro, 2008; Intrigliolo, 2009; Revilla, 

2009; Uriarte, 2016). Finally, when the values obtained in the present work are compared to 

those observed in the work developed by ADVID in the 2014 vintage, for these clones, in 

same trial sites, the values obtained in both vineyards are very similar: average of 21.08, 

ranging from 16.83-23.50 °Bx, in SL, and an average of 21.56, with a variation between 

19.17-23.37 °Bx being registered for the Cv. samples, while in this case the samples from Cv. 

present slightly higher values, which can be due to the harvest dates in each one of the sites 

(Costa, 2014). 

Another crucial technological parameter, concerning the potential of Vitis vinifera 

grapes intended for winemaking, is represented by pH. Normally, high pH values are related 

to low contents in organic acids, which present an impact on the organoleptic characteristics 
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of wine, while the pH, by itself, also displays an important role, in which respects to wine 

stabilization. Firstly, the anhydrous sulfurous acid, widely used for wine stabilization, is 

mainly present in its antiseptic forms at low pH’s (pH<3.6), while this feature also displays a 

role concerning the colour of the anthocyanins, the main pigments present in wine, 

responsible for its tonalities. Therefore, the pH values have been evaluated for all the 

homogenates, the results being displayed in Figure 15. 

 

Figure 15 – pH of the distinct clones in each of the two trial sites. Quinta do Cavernelho (A) and Quinta de S. 

Luiz (B). 

 

Concerning the values obtained for these parameters, a remarkable variability in both 

sites can be observed, with several distinct sub-groups being retrieved from the statistical 

analyses. For instance, in Cv. (Fig. 15 (A)), even though the lowest value was observed for 

1513, there are no significant differences between this clone, and many of the other clones, 
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while also clone 4105, presenting the highest value, is not significantly different from several 

other clones. In this site, the pH’s observed ranged from 3.85-4.18, while most of the samples 

presented pH’s above 4.00, which are reflected in the mean value observed of 4.06 ± 0.10. 

Slight higher values were observed for SL (4.12 ± 0.10), corresponding to a significant 

difference, which can be justified by the edaphoclimatic differences between the two regions. 

Actually, the highest value was observed for clone 3408, in this site (4.30), while only three 

samples presented pH values bellow 4.00, clones 3507 and 4110, the latter presenting the 

lowest value for this site, of 3.94, still above the lowest pH value observed in CV., of 3.85. 

The pH values observed in the present work are relatively high, when compared to 

the values available in literature for Tempranillo, which indicate pH values between 3.0-3.9, 

while they are rather comparable to the values indicated by Uriarte and Col. (2016), of 

3.8-3.9, in non-irrigated vines of this variety, in Spanish Extremadura, a warm and dry region  

(Esteban, 1999; Revilla 2009; Uriarte, 2016). Furthermore, the data collected by ADVID for 

the presently studied clones, in the same trial sites, also displayed high values for these 

samples, retrieved in the 2014 campaign: mean of 3.89, ranging from 3.70-4.05, in SL, and a 

mean value of 4.08, ranging from 3.82-4.22, in Cv., which inverts the order observed in the 

present work between sites, where SL displayed higher values (Costa, 2014). This can be 

justified in the same way as the differences in °Brix, while Esteban and Col. have already 

pointed a positive correlation between Brix and pH in this variety, with (R2=0.91) for 

non-irrigated vines (Esteban, 2002). 

The lack of acidity represents one of the limitations that has been pointed to 

Tempranillo, while one of the main purposes of the clonal selection efforts that have been 

conducted in the last recent years, lies on the improvement of this feature (Costa, 2014). 

Tritatable acidity (TA) reflects the total contents in organic acids of grapes, thus allowing the 

assessment of the ability of the distinct clones to improve this characteristic in this variety. In 

this sense, the homogenates have been assessed concerning TA, being observed that the 

samples from Cv. display higher values, respecting SL (Fig. 16). The highest value was 

observed for clone 4305 (6.41 (g TA/kg)), at Cv, where an average of 5.00 ± 0.5 (g TA/kg) 

has been registered regarding this feature, much higher than the value of 3.66 ± 0.3 (g TA/kg) 

obtained for SL, with this difference being highly significant (Table 3). Actually, the highest 

value observed in SL is not much higher than the lowest value registered for Cv. (4.33 vs. 

4.31, respectively), while the absolute minimum regarding this feature, 3.07 (g TAC/kg) for 
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clone 3306, was registered for SL. These differences reflect the distinct condition where the 

trial sites have been installed, and thus, special attention has to be paid to those clones 

presenting a good performance in harsher conditions, such as clones 4005, 4110 and 8904, 

which present values above 4.00 in SL. 

 

 

Figure 16 –Titratable acidity (TA) of the distinct clones in each of the trial sites. Quinta do Cavernelho (A) and 

Quinta de S. Luiz (B). 

 

From the comparison of these values with the results obtained for the same clones, in 

the work developed by ADVID, in the 2014 vintage, the same trend is observed, with the Cv. 

samples displaying higher average TA respecting SL (3.260 vs. 4.068 (TAC, g/L), for SL and 
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Cv., respectively), while the magnitude of the results is also in good agreement with the 

presently observed ones, though these results have been expressed as weight per weight of 

grape (w/w), instead of weight per volume of must (w/v) (Costa, 2014). Moreover, in the 

available literature, there are reports of TA between 3.0-9.1 (TAC, g/L) for this variety, while 

the highest values have been observed for experiments with irrigation, with non-irrigated 

vineyards displaying values of TA ranging from 3.3-4.8 (TAC, g/L), which are in good 

agreement with the values registered in the present work, for the distinct clones, in the two 

trial sites (Esteban, 1999; Intrigliolo, 2009; Revilla, 2009; Uriarte, 2016). 

To assess the potential of the distinct clones, several distinct phytochemical contents 

have been also assessed, besides the anti-radical activity, which reflects the antioxidant 

capacity of the fruits, and therefore, of the musts produced. Concerning contents related to the 

phenolic maturation, the quantities of flavonoids (FL), total phenols (TP) and 

Ortho-diphenols (O-dph) have been evaluated. In which respects to the contents in FL 

observed for the two sites, SL presents higher values, with an average of 4.594 ± 0.49 (mg 

CTE/g), which is significantly higher than the value of 3.885 ± 0.35 (mg CTE/g) obtained for 

Cv., while the highest value has been observed for clone 3408 in SL (5.974 (mg CTE/g)), 

being significantly higher than most of the samples in the same site. On the other side, in Cv., 

few significant differences exist, besides the difference between the sample with the highest 

value, clone 129 (4.612 (mg CTE/g)) and the ten clones with the lowest values (Fig. 17, Table 

3). Curiously, the distinct clones seem to follow the same trend in the distinct sites, 

concerning this content, while clones 107 and 3902 represent the exception, presenting much 

worst performance in SL (Fig. 17). 
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Figure 17 – Results obtained concerning the contents in flavonoids, for the distinct clones in each of the trial 

sites. Quinta do Cavernelho (A) and Quinta de S. Luiz (B). 

 

 

In which respects to TP, large variabilities have been observed in both sites, even 

though significant differences are still observed between the average values of both sites, 

though at the lowest level of significance, with SL presenting higher TP contents (8.212 ± 

2.37 vs. 6.922 ± 1.57 (mg GAE /g)). In Cv. the lowest value has been observed for clone 

4305, while the clones with the lowest values in SL have been 4505 and 3915, the latter 

presenting the lowest absolute value 3.622 (mg GAE /g)). Curiously, the highest value has 

been also observed in SL, for clone 3408 (12.640 (mg GAE /g)), while the highest value in 
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Cv., 10.105 (mg GAE /g), has been obtained for clone 4101. Also, in SL, a greater variability 

is observed, being reflected in the higher standard deviation observed, respecting Cv. (Table 

3). These observations reflect the disparity between the trends observed for the distinct clones 

in the two sites (Fig. 17).  

 

Figure 18 – Results obtained concerning the contents in Total Phenols, for the distinct clones in each of the trial 

sites. Quinta do Cavernelho (A) and Quinta de S. Luiz (B). 

 

The values obtained, concerning TP, are slightly higher than the values pointed by 

Esteban and Col. (2001) for the same variety, ranging from 3.27-5.12 (mg GAE /g) for 
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samples without irrigation, and 3.09-6.65 (mg GAE /g) for samples with irrigation, the latter 

values being similar to the ones observed in the present work, mainly regarding Cv. (Table 3, 

Fig. 18) (Esteban, 2001). Because of the importance of phenolic contents, as a technological 

parameter with relevance for the wine quality, there are presently several published works, 

reporting total phenolic contents of Tempranillo, and many other varieties, but unfortunately, 

many distinct measurements are used, which renders the comparison between values obtained 

in distinct works very difficult. For instance, Navarro (2008), and Uriarte (2016), have 

published results concerning the total phenolic contents in Tempranillo, though the latter 

publish it as TPP (Total Phenolic Potential), and the former as TPI (Total Phenolic Index), 

which makes these works unsuitable for a comparison with the results presently obtained, as 

well as with the results presented by Esteban and Col. (Esteban, 2001; Navarro, 2008; Uriarte, 

2016). 

If concerning TP, a greater variability was observed in SL, in which respects to the 

O-dph contents, a greater dispersion is observed for the Cv. samples, which is observed, not 

only in the mean values and standard deviations observed for each one of the sites (7.757 ± 

2.10 vs. 8.811 ± 1.35 (mg GAE /g) for Cv. and SL, respectively), but also on the standard 

deviation bars plotted in the graphical representation of these data (Table 3, Fig. 19). 

Moreover, in Cv., the highest value has been observed for clone 4505, and the lowest for 

clone 8207 (12.550 vs. 4.960 (mg GAE /g)), while in SL, the frontier values were registered 

for clones 3408 and 4305 (12.359 vs. 7.275 (mg GAE /g), once again, showing the grater 

variability in Cv., which presents the highest absolute value concerning this parameter. 

Nevertheless, since the bottom values observed for Cv. are much lower than the lowest SL 

values, the latter site presents a higher average, with the lowest level of significance, due to 

the dispersion of the results (Table 3, Fig. 19). 
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Figure 19 – Results obtained concerning the contents in Ortho-diphenols, for the distinct clones in each of the 

trial sites. Quinta do Cavernelho (A) and Quinta de S. Luiz (B). 

 

 

Finally, concerning these specific contents, TP, FL, and O-dph, it is worth to mention 

that a similar profile between the distinct clones have been found only concerning FL, while 

for TP, a greater variability has been found in SL, whereas a greater imbalance between the 

contents of O-dph of the distinct clones have been observed in Cv., this fact showing that, 

even though no data have been found in the literature concerning the contents in FL and 

O-dph of this variety, allowing a direct comparison, while the results for TP are always 

difficult to compare due to the units used, these methods represent valuable screening 

approaches, which allow to compare the performances of the distinct clones (Figs. 17, 18 and 

19). 



 

 

48 

 

Concerning TN contents, with a major importance for wine quality, it has been 

observed a similar trend to the data registered for TP, with the samples from SL presenting 

higher contents, with significant difference, and a greater variability (5.793 ± 0.63 vs. 7.020 ± 

0.99 (mg ECE / g), for Cv. and SL, respectively). For this content, clone 3408 presents the 

highest value in both sites, presenting the maximum value of 9.482 (mg ECE / g) in SL, and 

the value of 7.235 (mg ECE / g) in Cv., slightly higher than the value of 7.143 (mg ECE / g) 

registered for clone 3705 in the same site, where the lowest value was observed for clone 

3915 (4.827 (mg ECE / g)). In SL, the lowest value was 5.481 (mg ECE / g), registered for 

clone 3801, while in this site, only five samples display values bellow 6.000 (mg ECE / g), a 

mark that is surpassed only by ten clones in Cv. These differences are due to the distinct 

conditions in the trial sites, while the best performance of clone 3408, highlighted in the harsh 

conditions of SL, shows that the genotype also plays a preponderant role concerning the 

tannin contents. 

Furthermore, comparing the values registered with the results obtained by other 

authors for the same variety, these are much higher than the results observed by Esteban and 

Col., which proposed values between 0.7519 and 2.7533 (mg ECE / g) for Tempranillo, in 

trials with and without irrigation, while the TP quantities presently observed have been also 

higher than those presented in that work, though the differences were much smaller respecting 

those observed for TN (Fig. 20) (Esteban, 2001). Finally, the results presently obtained are in 

the same order of magnitude of the quantity of 4.31 (mg/mL) observed by Navarro and Col., 

even if the value pointed by this author is expressed as weight per volume (w/v) of must, 

instead of weight per weight of grape (w/w), as in the present work (Navarro, 2008). 
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Figure 20 – Results obtained concerning the contents in TN, for the distinct clones in each of the trial sites. 

Quinta do Cavernelho (A) and Quinta de S. Luiz (B). 

 

 Even though the samples from SL presented higher quantities of the phytochemical 

contents assessed, anthocyanins, which are an important component of wine, being 

responsible for its colour, represented the exception, with Cv. presenting a higher average, 

which is significantly different from the mean value observed for SL (1.281 ± 0.11 vs. 1.205 ± 

0.01 (mg MVE / 100g) (Table 3)). Besides, the difference in the standard deviations (10 × 

higher in SL), are also reflected in the dispersion of the results observed for this site, with a 
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greater variability between clones and higher standard deviations being observed in SL, while 

in Cv. the clones seem to display a greater stability throughout the trial field (Fig. 21). 

 

 

Figure 21 – Results obtained concerning the contents in Total Anthocyanins, for the distinct clones in each of 

the trial sites. Quinta do Cavernelho (A) and Quinta de S. Luiz (B). 

 

This heterogeneity pointed to SL, is reflected in the fact that both the highest and the 

lowest values, concerning all samples analysed, have been observed in this site, where clone 
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3311 presented the value of 1.000 (mg MVE / 100g), while the maximum value of 1.542 (mg 

MVE / 100g) was obtained for clone 8020 in the same site. On the other side, in Cv., the 

values ranged from 1.057 to 1.481 (mg MVE / 100g) registered for clones 717 and 4505, 

respectively, representing a smaller interval, while there are only significant differences 

between the latter sample, and samples 717 and 4005. Moreover, clone 717 also displays a 

poor performance in SL, belonging to the same sub-group as clone 3311, the sample with the 

lowest content of anthocyanins (Fig. 21). 

The phytochemical contents assessed are secondary metabolites, associated with the 

plant response to both biotic and abiotic stresses, and thus, the higher contents observed in SL 

can be related to the harsher conditions of Cima Corgo, alongside the orographic 

characteristics, since this vine is installed at a steep slope. Nevertheless, the fact that the 

anthocyanin contents follow an opposite trend, respecting the other phytochemical contents 

assessed, can be justified at the light of the better health status of the vineyard in Cv., since, if 

in one hand, the phytochemical contents constitute a response to stress, on the other, if the 

aggression is not that severe, the immunological system of the plant will be best fitted for an 

adequate preventive protection, which ultimately results in a greater synthesis of anthocyanins 

(Conde, 2007). Furthermore, this observation is supported by the results published by Esteban 

et al, where greater AC contents have been registered for irrigated Tempranillo vineyards 

(1.39-2.94 (mg MVE / 100g)) respecting non-irrigated, 1.38-2.16 (mg MVE / 100g)), the 

same trend being observed concerning TP contents (Esteban, 2001). The results of Esteban 

(2001), presented higher values respecting the quantities of anthocyanins presently observed, 

the same being observed in the work of Revilla and Col., 0.539-2.027 (mg MVE / 100g), 

while in this case the variability is greater, with the results being obtained through the sum of 

the quantities of the eight most abundant anthocyanins determined by HPLC, the final results 

presenting bottom values below the threshold reported in the present work (Table 3) (Revilla, 

2009). 

In order to evaluate the antioxidant potential of the homogenates, the anti-radical 

activity has been evaluated through two similar, but complementary, colorimetric methods, 

DPPH and ABTS. Concerning the former, DPPH, no significant difference has been observed 

between the mean values obtained for the two sites (0.0853 ± 0.015 vs. 0.0835 ± 0.011 (mmol 

TEAC /g), for Cv. and SL, respectively), while regarding ABTS, SL presented a significantly 

higher average, respecting Cv. (0.0617 ± 0.007 vs. 0.0683 ± 0.007 (mmol TEAC /g), for Cv 
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and SL, respectively) (Table 3; Figs 22 and 23). If in the latter case it is reasonable that the SL 

samples present higher anti-radical activity against ABTS, due to the greater quantities of 

phytochemical contents, in the former, the proximity between the average values obtained 

with the DPPH assay, alongside the variability between the distinct clones, in each site, 

concerning this parameter, justify the lack of significant differences between sites (Fig. 22). 

 

Figure 22 – Results obtained concerning antioxidant activity, measured though the DPPH assay, for the distinct 

clones in each of the trial sites. Quinta do Cavernelho (A) and Quinta de S. Luiz (B). 
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Fig. 23 – Results obtained concerning antioxidant activity, measures through the ABTS assay, for the distinct 

clones in each of the trial sites. Quinta do Cavernelho (A) and Quinta de S. Luiz (B). 

 

Concerning Cv., clone 4101 presented the highest values in both assays, with the 

value of 0.1064 (mmol TEAC /g) representing the highest value obtained through the DPPH 

assay, among all samples. In the same site, clones 3801 and 8207 presented the absolute 

lowest values for the ABTS and DPPH assays, respectively (Figs. 22 and 23). In SL, clone 

3902 presented the highest value for DPPH, while clones 4010 and 8904 also presented high 

values, belonging to the same sub-group, on the other side, clone 717 displayed the lowest 

value in this site. Concerning ABTS, clone 129, in SL, presented the highest value among all 
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samples, 0.0689 (mmol TEAC /g), while the lowest value in that site was observed for clone 

3911, 0.0549 (mmol TEAC /g), being slightly higher than the value of 0.0511 (mmol TEAC 

/g), corresponding to the lowest DPPH value registered for clone 3801 in Cv. Moreover, 

concerning these assays, besides the facts that clone 4101, in Cv., presented the highest values 

in both the DPPH and ABTS assays, while the samples presenting the lowest values were 

both from Cv., it is difficult to find a parallel between the performance of the distinct clones 

in the distinct assays. Nevertheless, some samples, such as clones 107, 3807, and 8207 in Cv., 

and clones 1513, 3911, and 3915 in SL, displayed low values of anti-radical activities in both 

methods (Figs 22 and 23). 

Finally, concerning the differences observed for the anti-radical activity of most of 

the clones, when assessed through the distinct assays, these can be assigned to the distinct 

specific constituents of each clone, since each one of these stable radicals is preferentially 

supressed by anti-radical compounds with distinct natures (e.g. hydrophilic vs. hydrophobic). 

 

 

3.1.1 Correlations between parameters 

 

The possible correlations existing between the variables (parameters) evaluated, 

either physico-chemical, or regarding specific contents and anti-radical activity, have been 

assessed for the complete data set containing all samples, as well as for each one of the 

separate sites, in order to verify the influence of site in the correlation between the 

biochemical parameters evaluated for the distinct clones. In the assessment undertaken 

resorting to the complete data set, several correlations have been observed between all 

parameters, most of them positive, with a few exceptions to be pointed. These include TP and 

anthocyanins, which are not correlated, and FL, which, though being correlated with all 

parameters, do not present a significant correlation with the anthocyanin contents and 

anti-radical activity measured by the DPPH assay, which can be due to different trends, 

concerning these parameters, in the distinct sites. Also, TA is negatively correlated with all 

the parameter evaluated (Table 4). 
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Table 4 – Pearson correlations between the distinct parameters, for the full set of analytical data (370 samples). 

The values corresponding to significant correlations (p<0.05) are displayed in red. 

 

 
°Brix pH TA FL TP O-dph TN ABTS DPPH AC 

°Brix - 0,4274 -0,5578 0,3218 0,1170 0,2342 0,2015 0,3320 0,1796 0,5035 

pH 0,4274 - -0,4697 0,2595 0,1340 0,2332 0,2882 0,2801 0,1365 0,1032 

TA -0,5578 -0,4697 - -0,5455 -0,3085 -0,2931 -0,4671 -0,4618 -0,1024 -0,1454 

FL 0,3218 0,2595 -0,5455 - 0,3926 0,2976 0,6908 0,5204 0,0933 0,0810 

TP 0,1170 0,1340 -0,3085 0,3926 - 0,3833 0,3291 0,5155 0,2353 0,0540 

O-dph 0,2342 0,2332 -0,2931 0,2976 0,3833 - 0,2529 0,4634 0,3602 0,1634 

TN 0,2015 0,2882 -0,4671 0,6908 0,3291 0,2529 - 0,5578 0,2516 0,1204 

ABTS 0,3320 0,2801 -0,4618 0,5204 0,5155 0,4634 0,5578 - 0,4310 0,2042 

DPPH 0,1796 0,1365 -0,1024 0,0933 0,2353 0,3602 0,2516 0,4310 - 0,2730 

AC 0,5035 0,1032 -0,1454 0,0810 0,0540 0,1634 0,1204 0,2042 0,2730 - 

 

Concerning the correlations presenting the highest values, these include: FL * TN 

(R2=0.6908); FL * ABTS (R2= 0.5204); ABTS * TN (R2=0.5578); ABTS * TP (R2=0.5155); 

TA * °Brix (R2=-0.5578); and TA * FL (R2=-0.5455), while some variables are involved in 

several of these correlations corresponding to high R2 values. For instance, TA, though being 

negatively correlated with all the parameters assessed, presents two of the highest correlation 

values, with °Brix and FL, while the latter parameter also presents high correlation values 

with TN and the anti-radical activity against ABTS, which are also correlated between them. 

Regarding ABTS, this parameter is also correlated with TP, and thus, it can be pointed that 

the contents responsible for this activity are mainly TP, TN and FL. The correlation between 

TN and FL is justified by the fact that the monomeric precursors of TN are essentially 

flavonoids (Conde, 2007), while the high correlations observed for TA (ºBrix and FL) seem to 

be mainly due to the ripening process, which entails a decrease of acidity, alongside an 

increase of the °Brix and phytochemical contents. 

The latter fact is supported by the work of Esteban and Col., which assessed 

correlations between some analytical parameters during the ripening process of Tempranillo, 

having observed a significant correlation (R2=-0.9519 or -0.9704, for irrigated and 

non-irrigated vineyards, respectively) between °Brix and TA, much greater than the presently 

reported value (R2=-0.5578), while in the latter case all samples were full-ripe, and the 

differences arise only from the distinct maturation status of each clone in the same date 

(Esteban, 2002). 
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Comparing these observations with the results obtained for the same assessment 

undertaken for the Cv. samples, some differences concerning the correlations observed, can 

be immediately discerned (Table 5). For instance, in this case, the contents in anthocyanins 

are significantly correlated with FL and TP. The antiradical activity measured by DPPH is not 

correlated with the FL contents, as previously observed, while, in this site, is also not 

correlated with pH. Moreover, FL, which was positively correlated with O-dph, for the full 

data set, is negatively correlated in the Cv. samples, though the correlation value is very low, 

and not significant. In this case, the highest R2 values are higher than those registered for the 

full data set and were observed for: °Brix * TA (R2=-0.7238); °Brix * AC (R2=0.7316) and TP 

* ABTS (R2=0.6526). The first two correlations seem to be due to the ripening degree of the 

distinct clones, which agrees with published results, since, besides the °Brix * TA case, 

significant correlations have been found between °Brix and AC during ripening (R2=-0.9490 

or -0.9198, for irrigated and non-irrigated vineyards, respectively) (Esteban, 2002). Finally, 

the correlation observed between TP and ABTS shows that the total quantities in phenolic 

contents, instead of a specific group of compounds, are the main responsible for the radical 

scavenging activity measured by ABTS (Table 5). 

Table 5 – Pearson correlations between the distinct parameters, regarding the results obtained for the trial site in 

Quinta do Cavernelho (185 samples). The values corresponding to significant correlations (p<0.05) are 

displayed in red. 

 
°Brix pH TA FL TP O-dph TN ABTS DPPH AC 

°Brix - 0,3922 -0,7238 0,4303 0,2511 0,2331 0,3159 0,3535 0,2176 0,7316 

pH 0,3922 - -0,4297 0,1733 0,2268 0,2285 0,2088 0,2295 0,0110 0,2749 

TA -0,7238 -0,4297 - -0,4641 -0,3810 -0,1694 -0,4152 -0,4317 -0,2283 -0,5293 

FL 0,4303 0,1733 -0,4641 - 0,2689 -0,0304 0,6517 0,3440 -0,0079 0,4910 

TP 0,2511 0,2268 -0,3810 0,2689 - 0,3563 0,4456 0,6526 0,3830 0,3119 

O-dph 0,2331 0,2285 -0,1694 -0,0304 0,3563 - 0,2152 0,4647 0,4391 0,3156 

TN 0,3159 0,2088 -0,4152 0,6517 0,4456 0,2152 - 0,4886 0,3733 0,4631 

ABTS 0,3535 0,2295 -0,4317 0,3440 0,6526 0,4647 0,4886 - 0,6244 0,4121 

DPPH 0,2176 0,0110 -0,2283 -0,0079 0,3830 0,4391 0,3733 0,6244 - 0,2888 

AC 0,7316 0,2749 -0,5293 0,4910 0,3119 0,3156 0,4631 0,4121 0,2888 - 

 

When the assessment of the correlations between variables is made for the SL 

samples separately, some contrasts with the previous analyses can be regarded, such as the 

positive and significant correlation between FL and DPPH, and the absence of the correlations 

between AC and both FL and TP, which were not observed in Cv. Moreover, the correlations 
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between pH * DPPH and FL * O-dph, are now significant and positive. Concerning TA, 

which was previously significantly correlated with all the other parameters, with negative 

values, maintains the same trend, whenever the correlations are significant, while in SL it is 

not correlated with four parameters (FL, TP, TN and DPPH) (Table 6). 

 

Table 6 - Pearson correlations between the distinct parameters, regarding the results obtained for the trial site in 

Quinta de S. Luiz (185 samples). The values corresponding to significant correlations (p<0.05) are displayed in 

red. 

 
°Brix pH TA FL TP O-dph TN ABTS DPPH AC 

°Brix - 0,4057 -0,4413 0,1222 -0,0641 0,1467 -0,0145 0,2310 0,1699 0,3709 

pH 0,4057 - -0,4980 0,1403 -0,0281 0,1385 0,1925 0,2065 0,3248 0,0480 

TA -0,4413 -0,4980 - -0,0665 0,0843 -0,1786 0,0154 -0,2559 -0,1426 -0,1574 

FL 0,1222 0,1403 -0,0665 - 0,3148 0,5469 0,5479 0,4988 0,3209 -0,0298 

TP -0,0641 -0,0281 0,0843 0,3148 - 0,3812 0,1176 0,3546 0,1786 -0,0357 

O-dph 0,1467 0,1385 -0,1786 0,5469 0,3812 - 0,1143 0,3933 0,2862 0,0545 

TN -0,0145 0,1925 0,0154 0,5479 0,1176 0,1143 - 0,4835 0,2915 0,0771 

ABTS 0,2310 0,2065 -0,2559 0,4988 0,3546 0,3933 0,4835 - 0,3238 0,1671 

DPPH 0,1699 0,3248 -0,1426 0,3209 0,1786 0,2862 0,2915 0,3238 - 0,2352 

AC 0,3709 0,0480 -0,1574 -0,0298 -0,0357 0,0545 0,0771 0,1671 0,2352 - 

 

Curiously, in this case, one of the highest correlations (R2=0.5469) is observed 

between FL* O-dph, which was not significant in Cv. while the highest value in SL 

(R2=0.5479), was found for FL * TN. A high coefficient has been also determined for this 

latter correlation in Cv. R2=0.6517), while in this case it was not among the highest R2 values, 

since, in this site, the correlation values retrieved were tendentiously higher respecting SL and 

the full data set, for which the highest correlation value (R2=0.6908) was determined for this 

correlation FL * TN. Furthermore, in SL, the other highest correlation coefficients correspond 

to °Brix * TA (R2=-0.4413) and pH * TA (R2=-0.4980), being clearly related to the ripening 

process in the distinct clones, which is reinforced by the correlations already described for 

these variables during the maturation process in Tempranillo (R2=-0.8869 or -0.9340, for 

irrigated and non-irrigated vineyards, respectively), obtained resorting to logarithmic 

functions. Finally, the correlation between °Brix * pH, also pointed by Esteban and Col., is 

observed in the full data set (R2=0.4274), as well as in each of the separate sites, (R2=0.3922, 

for Cv.) and (R2=0.4057, for SL), though not representing one of the highest coefficients in 

any case (Esteban, 2002). Therefore, it can be stated that, besides the consolidated FL * TN 

correlation, the most important correlations are those related to the maturation process, while 
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there are other correlations between the distinct phytochemical parameters, though these can 

vary with site (Tables 4, 5, and 6 (Esteban, 2002)). 

To assess the influence of the distinct factors on the analytical parameters evaluated, 

a Multivariate ANOVA has been undertaken, to weight the influence of genotype and site on 

the distinct parameters, besides assessing the possible effect of the interaction between these 

factors on these variables. It has been observed that both ‘clone’ and ‘site’ factors, display a 

significant effect on all the parameters assessed, while the only exceptions are represented by 

°Brix and TA, for which the interaction ‘clone × site’, has no significant effect, which, once 

again, is probably due to the relevance of the maturation stage for these parameters, 

displaying a greater influence than geographical origin or genotype (Table 7). 
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Table 7 – Resumed table showing the effects of “clone”, “trial site” and ‘’site * clone” interaction on the 

parameters assessed on the complete set of data. Bonferroni statistics have been applied. Sig. values 

corresponding to non-significant effects are displayed in blue. 

Origin 

Type III 

Sum of 

Squares 

df 
Mean 

Square 
Z aSig. 

Site 

Brix 27.111 1 27.111 15.833 .000 

pH .312 1 .312 36.174 .000 

TA 167.098 1 167.098 417.224 .000 

Flav 46.382 1 46.382 270.213 .000 

TP 151.985 1 151.985 156.360 .000 

O-dph 102.668 1 102.668 70.292 .000 

TN 133.816 1 133.816 188.462 .000 

ABTS .004 1 .004 74.333 .000 

DPPH .000 1 .000 4.869 .028 

AC .542 1 .542 19.613 .000 

Clone 

Brix 229.341 31 7.398 4.320 .000 

pH 1.549 31 .050 5.797 .000 

TA 40.488 31 1.306 3.261 .000 

Flav 48.727 31 1.572 9.157 .000 

TP 816.430 31 26.336 27.095 .000 

O-dph 442.849 31 14.285 9.781 .000 

TN 157.683 31 5.087 7.164 .000 

ABTS .008 31 .000 5.395 .000 

DPPH .023 31 .001 8.999 .000 

AC 3.380 31 .109 3.948 .000 

Site * 

Clone 

Brix 58.565 29 2.019 1.179 .246 

pH .746 29 .026 2.985 .000 

AT 12.496 29 .431 1.076 .365 

Flav 16.067 29 .554 3.228 .000 

TA 630.707 29 21.749 22.375 .000 

O-dph 659.265 29 22.733 15.564 .000 

TN 90.752 29 3.129 4.407 .000 

ABTS .009 29 .000 6.283 .000 

DPPH .039 29 .001 16.226 .000 

AC 1.402 29 .048 1.751 .011 

 

aValues of (sig <0.05) reject the null hypotesis that the factor has no significant effects on the corresponding variable. 

  



 

 

60 

 

3.2 - Spectral assignments 

 

3.2.1 Grape homogenate 

 

Concerning the spectroscopical analysis undertaken for the homogenates, resorting 

to FTIR, the typical spectrum observed is displayed in Figure 24. In this spectrum it is visible 

a very broad peak from 400-935 cm-1 (A), which can be readily assigned to water librational 

modes, according to bibliography, and supported by the spectrum registered for water 

presented in Figure 25 (Elton, 2016). 

 

Figure 24 – Representative FTIR spectrum obtained for grape homogenate. Spectral intervals which are 

discussed in the text are indicated by capital letters. 
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Figure 25 – FTIR spectra registered for deionized water, grape homogenate, and a 50/50 glucose-fructose 

aqueous solution with the final sugar concentration of 25 % (w/v). Absorption intensities are normalized to the 

water peak at 1638 cm-1. 

 

In the following interval, with several medium intensity peaks, from 950-1170 

cm-1 (B), the dominating vibrational mode is (C-O) stretching, related to a functional group 

that is present in several distinct biological molecules, such as proteins, lipids, secondary 

metabolites and sugars (simple and polymeric), while in this case the greatest contribution can 

be clearly assigned to the monomeric sugars from the homogenate, as observed in the spectra 

presented in Figure 25. Besides, in this interval, also the presence of peaks related to the 

presence of cellulose from the skin has to be considered (Nogales-Bueno, 2017; Liu, 2017). 

In interval (C), from 1210-1500 cm-1, several overlapped weak intensity peaks, 

which shape resembles three broad peaks, can be seen. In this spectra window, distinct IR 

active modes can be found, among these, several modes with the simultaneous occurrence of 

(C-O) and (C-C) stretching, coupled to (CH) and (OH) in plane deformations, arise, while 

these functional groups are present in a plethora of biological molecules. Nonetheless, in the 

present case, the spectrum collected for the solution with 25 % sugar (glucose and fructose), 

clearly shows that the greatest contribution for this interval arise from these contents, while 
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the remaining IR absorption observed might be either due to proteins or polyphenols (Figs. 24 

and 25). 

Finally, concerning the so-called low frequency region (LF, <1800 cm-1), it can be 

found a medium intensity peak, centred at 1638 cm-1 (D), which is due to the scissoring 

vibrational modes from water, an assignment that is supported by the water spectrum 

presented in Figure 25, where this peak has been used to normalize the intensities of both the 

homogenate and the 25 % sugar solution, so this comparison could be undertaken (Auer, 

2008). 

In the spectral region above 2500 cm-1, often denoted as high frequency (HF) region, 

where solely very weak overtones (OT), and stretching modes between H and other elements 

(e.g. C, O, N, or S) are found, two main spectral features were registered, a set of two weak 

broad peaks (E), and a strong peak (F), with very broad appearance (Fig. 24). The two weak 

peaks visible in the interval from 2800-2970 cm-1 (E), correspond to the (C-H) stretching 

modes, mainly from sugars, as shown in Figure 25, while the very broad peak 3000-3700 cm-1 

(F) is assigned to the (O-H) stretching modes of the water molecules. Moreover, outside these 

intervals there is a weak feature, related to OT, around 2650cm-1. Since the IR intensities are 

defined by the 1st derivative of the molecular dipole moment, the stretching motion of 

functional groups presenting a strong dipole moment lead to strong IR absorptions, and thus, 

the (O-H) stretching modes always correspond to strong IR features, as it was observed in the 

LF region for the (C-O) modes, which were the strongest, if we take the ratio between sugars 

and water into account (Figs. 24 and 25). On the other side, this feature is also very broad, due 

to the (O…(H-O)) H-bond interactions occurring between neighbouring water molecules, as 

well as other chemical systems containing (O-H) groups (Teixeira-Dias,1986; Auer, 2008). 

Finally, it can be observed, through the analysis of Figure 25, that the (O-H) 

stretching peak of the 25 % sugar solution is more intense than the same peak registered for 

either water or the homogenate. Since these spectra were normalized to peak D, from water, 

while the homogenate and the sugar solution present the same intensity regarding spectral 

feature A, it can be realistic pointed that this difference, concerning peak F, is real. Therefore, 

as the sugar contents of the solution are similar to those of the homogenate, this difference can 

be justified by a more ordered net structure of the water molecules in the 25 % sugar solution, 
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while in the homogenate such order might be disrupted by the presence of other compounds 

(Figs. 24 and 25) (Elton, 2016).  

 

3.2.2 Grape Skins 

 

In order to proper evaluate and assign the spectra registered for grape skins (Fig. 26), 

it is necessary to account with the specific constituents of this tissue. Fortunately, in a work 

developed by Mendes and Col. (2013), the chemical composition and the structural features of 

macromolecular components from the skins of a Portuguese Vitis vinifera red variety, Touriga 

Nacional, have been thoroughly assessed. The results of chemical analyses revealed that the 

main constituents, for this variety, were: cellulose (20.8%), hemicelluloses (12.5%), proteins 

(18.8%) tannins (13.8%), and extractives soluble in dichloromethane (5.0%) (Mendes, 2013). 

Moreover, cellulose of grape skins is typical cellulose I polymorph, which represents one of 

the most extensively studied types of cellulose (Fan, 2012). Concerning the water-soluble 

compounds (26.4%), these are composed mainly of monomeric sugars (glucose and fructose), 

besides a complex mixture of hemicelluloses, the most abundant being pectin and acetylated 

glucomannan (Mendes, 2013). 

 

Figure 26 – Representative FTIR spectra from grape skins, raw (A) and baseline subtracted (B) spectra are 

shown. Spectral intervals which are discussed in the text are indicated. 
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 The analysis of the typical spectrum obtained for the grape skins in the present work, 

immediately reveals five distinct spectral intervals, as well as the broad feature due to the 

residual water, below 850 cm-1. This feature, along with other (non-vibrational) contributions 

to the spectra, which originated random baselines, led to the necessity of subtracting these 

baseline intensities, which has been undertaken resorting to the same conditions in all skin’s 

spectra (Fig. 26 (A)). Concerning the actual peaks corresponding to vibrational modes, 

representing the data recovered by this technique to be explored, in the A interval, below 850 

cm-1, there are two medium intensity peaks, at 774 and 818 cm-1, which can be tentatively 

assigned to ring ‘breezing’ modes of polymeric sugars, and out-of-plane vibrations of (OH) 

groups bonded to these rings, respectively, according to the work of Synytsya and Col., while 

this work has been developed for pectins (Synytsya, 2003). The broad feature throughout all 

this interval is originated by the (OH) out-of-plane deformations, while he functional groups 

(OH) originating this feature, are mainly those from water, with the (OH) groups from 

cellulose also contributing to its intensity (He, 2017). 

In interval B (930-1171 cm-1), which is dominated by a very strong peak centred 

around 1040 cm-1, the dominant mode is C-O stretching, while it is visible that this peak 

results from distinct contributions, due to its shape. These contributions arise from (C-O) 

groups mainly from polymeric sugars, such as cellulose, resembling the spectral feature 

displayed in the spectra of cellulose and hemi-cellulose, in the same interval (Fan, 2012). 

Moreover, among the distinct (C-O) groups found in this interval, it is also present a weak 

intensity peak corresponding to the (C-O-C) stretching mode in polysaccharides, from the 

glycosidic bond or the monomeric ring, which in the present case is found at 1150 cm-1 (Fig. 

26(B)) (Synytsya, 2003; Liu, 2017). 

The region between, 1200 and 1500 cm-1, in this kind of biological systems, is 

normally dominated by several vibrational modes with components of (C-O) and (C-C) 

stretching, besides (CH) and (OH) in plane deformations, which are coupled to the stretching 

motions. In Figure 26 (C), corresponding to this interval, four peaks can be discerned, at 

1262, 1311, 1344 and 1440 cm-1. The first can be assigned to in-plane (CH2) bending, 

according to a work developed for pectins (Synytsya, 2003), while the two following peaks, at 

1311 and 1344 cm-1, can be assigned to (CH2)wagging, being probably related to the cellulose 

contents (Liu, 2017). The peak at 1440 cm-1 can be assigned to (C=C) stretching modes of 
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aromatic rings, which present several well-characterised in-plane deformations corresponding 

to this kind of motion (Wilson, 1934), while this peak has been previously assigned to this 

kind of deformations in grape skins’ spectra, being related to the phenolic compounds present 

in this tissue (Nogales-Bueno, 2017). 

In the spectral window between 1500-1800 cm-1, designated as interval D, three 

spectral features are observed, a weak intensity peak at 1518 cm-1, and a medium intensity 

peak at 1606 cm-1, presenting a shoulder at 1732 cm-1 (Fig. 26(D)). The weak peak, at 1518 

cm-1, can be assigned to (C=C) stretching modes of aromatic rings, therefore, since the 

aromatic rings present in grape skin correspond mainly to phenolic systems, this peak, 

alongside the peak at 1440 cm-1, can be useful for the establishment of correlations between 

these spectra and the contents regarding phytochemical compounds. 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 (Nogales-Bueno, 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, since, 

in the first case, the electronic delocalisation throughout the (COO-) group, leads to two 

equivalent (C=O) bonds, corresponding to weaker oscillators than (C=O) in an ester group, 

which presents a larger force constant, due to the greater electronic density, and thus, a higher 

frequency (Teixeira-Dias, 1986). In previous works, this peak has been assigned to polyesters, 

pectins, and cutin, in grape skin spectra (Nogales-Bueno, 2017), while it is also feasible that 

some of its intensity may arise from phenolic systems, such as ortho-diphenols, benzopyran 

derivatives, or esterified phenolic acids. 

In the HF region, besides the weak OT related feature around 2650 cm-1, two 

intervals can be discerned, the first (E, 2800-3000 cm-1) presenting two medium intensity 

peaks, at 2849 and 2918 cm-1, corresponding to the symmetric and anti-symmetric (C-H) 

stretching modes, respectively, while both features can be assigned to waxes, cutin, and lipids, 

which are present in the skins (Fig. 26(E)) (Nogales-Bueno, 2017). The second, interval F 

(3000-1800 cm-1), presents a very broad spectral feature, centred at around 3300 cm-1, is 

assigned to the (O-H) stretching modes (Fig. 26(F)), presenting this shape due to the H-bond 

interactions, while in grape skins this broad peak is mainly due to the contents in 

polysaccharides, which represent some of the most important constituents of this tissue, and 

cutin, besides the water adsorbed (Nogales-Bueno, 2017). 
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3.2.3 The Pruine issue 

 

While the main purpose of this work was the development of models to evaluate these 

clones solely through their Infrared spectra, it has been observed that, in some cases, a distinct 

set of IR peaks appeared in the skins’ spectra, which intensities were rather variable between 

distinct samples, pointing to an environmental cause. These strong spectral features have been 

assigned to pruine waxes, according to available bibliography, while some authors have 

previously published similar spectral characteristics, for grapes and other vegetal matrices, as 

well as for isolated waxes (Rastogi, 2014; Nogales-Bueno, 2017). 

 

 

Fig. 27 – Representing spectra, showing three grape skin spectra affected by pruine; slightly affected skin 

spectrum (A), and two spectra dramatically affected by pruine, strongly affected “B”, and mostly dominated by 

pruine (B). Regions corresponding to strong pruine peaks are shadowed. 

 

Concerning these peaks, with variable intensity, related to the presences of waxes, 

the first two, sharp peaks at 719 and 730 cm-1, can be assigned to (CH2)rocking modes, while 

the two peaks at 1462 and 1472 cm-1 are related to (CH2)scissoring modes of the same 

aliphatic chains. The broader medium intensity peak, at 1172 cm-1, is due to the (COC) 

stretching mode, probably corresponding to ester linkages, while the peak at 1732 cm-1, also 
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corresponding to esters, which was previously a shoulder, appears as a peak in the 

contaminated spectra (Fig. 27). 

Curiously, the spectra with visible pruine peaks present a spectral feature between 

1670-1750 cm-1, in the (C=O) stretching region, where four distinct frequencies can be 

discerned, at 1687, 1695, 1712, and 1732 cm-1, the latter peak being the most intense in the 

medium contaminated spectrum, while in the highly contaminated spectrum, the peak at 1687 

cm-1 displays the greatest intensity among this set (Fig. 27). Moreover, the peak at 1606 cm-1, 

related to the carboxylate groups in the skin spectra, also loses intensity with increasing 

contamination, which can be related to the previous observation, since the decrease in the 

intensity of the peak at 1732 cm-1 may be related to the loss of the contribution from this peak 

(Figs. 26 and 27). The existence of this set is probably due to the heterogeneity of the systems 

containing ester groups, where the compounds present in the wax are included, presenting the 

lowest frequencies of this group, since the peaks at 1687 and 1695 cm-1 are the ones that 

increase the most alongside the other peaks related to the waxes (Fig. 27) (Rastogi 2014, 

Nogales-Bueno, 2017). 

Furthermore, in the HF region, there are two peaks, at the exact same frequency as 

observed in al skin spectra, at 2849 and 2918 cm-1, which intensity increases dramatically in 

those spectra affected by the presence of pruine (Figs. 26 (E), 32 and 33), corresponding to 

symmetric and anti-symmetric (C-H) stretching modes, respectively, while such spectral 

features have been already observed and assigned to the presence of waxes (Nogales-Bueno, 

2017). 
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Fig. 28 – Representing spectra, showing five grape skin spectra strongly affected by pruine, which were 

compared to the instrument’s spectral library to retrieve the similarities with specific compounds. 

 

Additionally, in order to ascertain the specific compounds that can be present in this 

wax-layer, the so-called pruine, five spectra highly contaminated with the peaks 

corresponding to this layer, which are presented in Figure 28, have been compared to the 

spectra contained in the spectral library of the FTIR instrument, with the results concerning 

the first five compounds related to each spectra being presented in Table 8. These include 

ethyl triacontanoate and polyethylene, which are identified for all the spectra, while 

hexacontane, pentacosane, nonacosane, tritriacontane, tritricosane, and tetratriacontane, are 

referred for more than one spectrum, always with high percentages of match (>85 %, Table 

8). It has to be pointed that in the ATR experiment, the evanescent wave probes only 1-2 µm 

into the sample, and therefore, the presence of such a wax layer, can lead its constituents to 

dominate the spectra. These long-chain esters and alkanes, which have been related to the 

spectra of these highly contaminated skins, are not surprising, since these represent the kind 

of compounds that are expected to be present in these wax layers (Casado, 1999). 
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Table 8 – Percentage of match with the first five compounds retrieved from the spectral library of the 

instrument, for each one of the spectra presented in Figure 28. 

aSpectra 
bCompound 1 

c(match %) 
Compound 2 Compound 3 Compound 4 Compound 5 

pruine 1 
Ethyl 

triacontanoate 

(95.3%) 

Polyethylene 

(99.5 %) 

Hexacontane 

(88.1 %) 

Tritriacontane 

(87.9 %) 

Pentacosane 

(87.6 %) 

pruine 2 
Ethyl 

triacontanoate 

(95.3%) 

Polyethylene 

(91.3 %) 

Pentacosane 

(88.7 %) 

Tritricosane 

(88.4 %) 

Tetratriacontane 

(88.0 %) 

pruine 3 
Ethyl 

triacontanoate 

(95.3%) 

Polyethylene 

(92.7 %) 

Nonacosane 

(87. 4 %) 

Hexatriacontane 

(85.9 %) 

Tetratriacontane 

(84.9 %) 

pruine 4 
Ethyl 

triacontanoate 

(95.3%) 

Polyethylene 

(91.8 %) 

Hexacontane 

(89.9 %) 

Pentacosane 

(89.9 %) 

Tritriacontane 

(88.9 %) 

pruine 5 
Ethyl 

triacontanoate 

(95.3%) 

Polyethylene 

(91.8 %) 

Tritriacontane 

(88.5 %) 

Nonacosane 

(87.4 %) 

Pentacosane 

(87.0 %) 

aRefers to the spectra that are presented in Figure 28. 

bCompounds which have been identified by the spectral library, through the similarities with the spectrum analysed through 

the comparison process. The number refers to the position of the compound in the similarity ranking. 
cPercentage of match between the spectrum registered and the spectra contained in the spectral library for the compound 

identified. 

 

Finally, while the occasional presence of these features on the spectra has been fully 

understood, the correlation between external biotic and abiotic stresses, and the presence of a 

pruine wax layer in the grapes’ surface is well known, thus, these well-defined IR peaks can 

be used as a measure to evaluate the stress exposure of a vineyard, once the correlations 

between the pruine quantities, and summer stress, evaluated through concrete parameters, are 

established. These can include hydric, thermal, and radiative stresses – assessed in the form of 

foliar potential, chlorophyll levels and synthetic apparatus viability (photosynthesis level). 

Furthermore, these responses can be divergent among distinct grape varieties, since they 

present different susceptibilities to environmental stress (Jenks, 1999). 
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3.3 - Multivariate analyses 

 

3.3.1 Interval selection 

 

For spectra of the homogenates, the intervals 750-900 and 2650-3850 cm-1 have been 

considered in the multivariate analyses, while for the skins, the intervals selected were 

450-1900 and 2600-3700 cm-1, since these spectral ranges correspond to the fundamental 

vibrational modes of interest, besides some visible OT in the second interval mentioned. 

Furthermore, below 750 cm-1, the homogenates spectra are strongly affected by water. For the 

1st derivative, the spectral intervals were kept in both cases, to produce a reliable performance 

comparison between both treatments (mean normalization vs. 1st derivative after 

normalization) (De Luca, 2011).  

 Moreover, due to the pruine issue, a new set of data was produced, regarding the grape 

skins, for both the spectra and the 1st derivatives, with the previously selected spectral 

windows of 450-1900 and 2600-3700 cm-1 being further divided into smaller intervals, in 

order to completely exclude all the spectral features that may be affected by the presence of 

pruine at the surface of the skins. The intervals included in the new data sets were 450-713, 

740-1456, 1500-1675, 1775-1900 cm-1 and, concerning the second region, 2600-2805 and 

2980-3700 cm-1 (Rastogi, 2014; Nogales-Bueno, 2017). The data sets corresponding to this 

second interval selection will be referred as “Int. 2” throughout this section.  

 

3.3.2 Discriminant analysis 

 

Since the FTIR spectra reflect the distinct constitutions of the samples, a PLS-R 

analysis has been conducted, assuming ‘site’ as dependent variable, resorting to the analytical 

parameters assessed, in order to compare such discrimination with the results obtained 

through the same procedure using the spectral data, the results being presented in Figure 29. A 

tendential discrimination can be observed between the Cv. and SL samples, with Factor 1 

(accounting for 36.0 % of variability) separating the samples from the distinct sites, with few 

exceptions being observed, while concerning Factor 2 (15.2 %), most of the Cv. samples 

display positive scores, alongside solely six SL samples, since all the other display negative 
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scores (Fig. 29). Concerning the most important variables for this discrimination, assessed 

through the Variable Importance Projection (VIP), it can be observed that TA represents the 

most important parameter, reflecting the significant differences observed, with the Cv. 

samples displaying higher values (Table 3). Moreover, also FL and TN are important for the 

discrimination between sites, while there are differences between the mean value of these 

parameters, at the highest significance level, with the SL samples presenting higher average 

values for these contents, which are correlated between themselves (Fig. 29, Tables 3 and 4). 

 

 

Fig. 29 – Plot of the scores of Factor 1 vs. Factor 2, for the PLS-R regression undertaken for analytical 

parameters. The VIP plot displaying the weight of each parameter is included. The red slashed line at 0.8 marks 

the value above which the variables are considered to be important. 

 

The same procedure has been undertaken using the spectral data, either the 

normalised spectra, or the 1st derivative, the intervals 750-900 and 2650-3850 cm-1 being used 

in the case of the homogenates, as displayed in Figure 30 B and D. 
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Fig. 30 – Plot of the scores of Factor 1 vs. Factor 2, for the PLS-R regression undertaken with the spectral data 

(A), and 1st derivatives (C), registered for the homogenates. The Variance explained by each Factor is indicated. 

The VIP plots displaying the weight of each interval are included (B,D). The red slashed line at 0.8 marks the 

value above which the variables are considered to be important. 

 

The analysis resorting to the normalised spectra displays a clear separation between 

the samples from the sites, which is due to F1 (62.8 %), separating Cv. samples to negative 

scores, and SL samples to positives scores, while a few SL samples display negative scores 

concerning F1. On the opposite side, two Cv. samples present positive F1 scores, though 

being away of the SL samples, which present higher F1 scores in the quadrant corresponding 

to positive F2 (12.9%). The most important intervals for the discrimination are clearly defined 

in the VIP, corresponding to 820-950 cm-1 and 1550-1670 cm-1 in the LF, while 2970-3130 

and 3300-3620 cm-1, are the most preponderant intervals in HF region (Fig. 30B). 

When the PLS-regression is undertaken with the 1st derivative of the spectra (Fig. 

30C, D), the separation observed is exclusively due to F1 (30.2 %), even though the 

variability described by this Factor is lower than the variability observed for F1 when the 

spectra where used (Fig. 30), while in this case the separation between sites is the clearest 
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(Figs. 29 and 30). In this case, all the Cv. samples present positive scores concerning F1, with 

no exceptions, while only three SL samples are present in this moiety, though being separated 

from the Cv. samples by F2 (11.4%), presenting higher negative scores (Fig 30C). whenever 

data corresponding to 1st derivatives of spectra are used, the VIP plots are rather difficult to 

interpret, nevertheless, a sharp peak at 1180 cm-1, alongside the 1370-1830 cm-1 interval, 

seem to be most important regions in LF. In HF, the interval 3120-3350 cm-1, besides the rest 

of the region above 3400 cm-1, constitute the most important intervals for the discrimination 

(Fig. 30D). Concerning the intervals mentioned, no correlation is possible to uncover between 

these and specific contents, while the most important intervals are always on the edge of (OH) 

related peaks, which might be related to the water contents, besides other constituents, or their 

influence on water dynamics. In both cases (Fig 30A, C), the separation observed between the 

samples of the distinct sites is greater than the distance observed when the PLS-R was 

undertaken with analytical results (Fig. 29). 

Since the grape skins were also analysed resorting to spectroscopical means, the 

resulting data have been used in a similar PLS-R. As observed for the data collected for the 

homogenates, both the use of the normalised spectra, as well as the use of the 1st derivative, 

allows a clear separation between the samples from the two sites (Fig. 31A, C). In this case, 

the variabilities explained by F1 are closer (36.8 and 31.8 %, for the spectra and the 1st 

derivative, respectively), respecting those observed for the homogenates’ spectra (Fig. 30). 

When the spectra are used for the discrimination, the Cv. and SL samples are separated for 

negative and positive scores, respectively, while there are some exceptions, which include 

outliers completely fart apart from their corresponding group (Fig. 30A). When the 1st 

derivative treatment is used, the separation is clearer, respecting the use for the spectra, with 

all the samples being separated though F1, according to its site, while there are only two 

exceptions, one in each side Fig. (31C). 
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Fig. 31 – Plot of the scores of Factor 1 vs. Factor 2, for the PLS-R regression undertaken with the spectral data 

(A), and 1st derivatives (C), registered for grape skins. The Variance explained by each Factor is indicated. The 

VIP plots displaying the weight of each interval are included (B,D). The red slashed line at 0.8 marks the value 

above which the variables are considered to be important. 

 

Concerning the most important intervals for the discrimination, when the spectra are 

used, two features are observed, at ~780 and ~830 cm-1, in the VIP, corresponding to the 

peaks at 774 and 818 cm-1, which are due to ring ‘breezing’ modes of polysaccharides (Fig. 

26). Besides, also the 1315-1415 and 1500-1630 cm-1 intervals display relevance for the 

discrimination, representing the most important ones in LF. The relevance of these intervals is 

due to the spectral peaks at 1344, 1518 and 1606 cm-1, the latter two corresponding to 

phenolic contents (1518 cm-1), and the carboxylate anion (1606 cm-1), which can be present in 

several distinct biological molecules (Fig. 26). In HF, two well-identified intervals can be 

observed, at 2600-2820 and 3100-3500 cm-1, the first being related to the presence of weak 

OT’s, and the latter to the (OH) stretching (Figs. 26 and 31B). For the PLS-R undertaken with 

the 1st derivative, some features of the VIP plot also reveal some of the most important 

intervals, these include a sharp peak at ~1225 cm-1, and the 1515-1650 cm-1 interval in LF, 
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while in HF, two intervals can be noticed, due to their importance for the discrimination, at 

3020-3260 and 3290-3440 cm-1. Most of the intervals indicated, when the 1st derivative is 

used, can be related to the regions observed for the spectra, with two exceptions if the HF 

region, namely, the interval related to (OH) stretching was substituted by the edge of this 

peak, 3020-3260 cm-1, while the OT related region lost its importance (Fig. 31B, D). 

The differences observed between samples from the two trial sites, regarding the 

analytical parameters, are greater than the difference between distinct clones in the same trial 

site. This can be observed through the comparison of the mean values from each site, 

regarding the distinct parameters, which are always significantly different, exception made to 

the DPPH assay (Table 3), which ultimately leads to the separation of the samples between 

the two sites in all the discrimination, since the contents of the samples are reflected in their 

spectra (Figs. 29-31). 

Nevertheless, since the purpose of the present work relies on the evaluation of the 

distinct clones, in order to evaluate their performance, thus assisting the clonal selection 

process, distinct discriminant analysis (DA) approaches have been used to differentiate the 

samples according to clone or site. This methodology was applied using the analytical data, 

the reduced analytical data, or the reduced spectral data, these analyses being undertaken for 

the complete data set comprising all the samples, as well as for each one of the separate sites 

(Table 9). This kind of approach allows to discriminate the samples into distinct categories, 

resorting to the values they present concerning distinct variables, while these can be analytical 

parameters, or scores from Factors extracted in previous PLS-R’s, which was the approach 

used for the DA’s with spectral data, since the wavenumbers correspond to thousands of 

variables that cannot be directly applied in DA, due to its dimension (Wold, 2001). 
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Table 9 – Classification results from PLS-DA analyses undertaken with the analytical parameters, including the 

comparison between the use of data, and the reduced data resorting to PLS-R. 

Data set used for 

discrimination 

Dependent 

Variable for 

discrimination 

aNF 

bPercentage of error in PLS-DA (%) 

Calibration CV 

cComplete analytical data 

(two sites) 

Site - 7.8 7.3 

Clone - 55.8 74.4 
d5 Factors 

(Total data) 

Site 
5 

9.5 10.3 

Clone 78.6 86.1 
e5 Factors (Cavernelho) Clone 7 37.8 55.0 
e5 Factors (S. Luiz) Clone 9 45.0 61.1 

 

aNumber of Factors extracted in the PLS-R regression undertaken to reduce the spectral data, which was defined resorting to 

a Cross Validation CV-LOO procedure. 

bPercentage of erroneous classifications of the samples in the PLS-DA procedure, for the calibration set, and in the Cross 

Validation (CV) test. 
cComplete data set corresponding to the total of 360 samples from the two trial sites (2 sites x 30 clones x 6 repetitions). 
dData set corresponding the scores of the first 5 Factors retrieved from a PLS-R regression for data reduction of the complete 

data set, which was undertaken so this result can be compared to the DA’s undertaken for each site. 

eIn this case, since the number of observations for each sample (6) is smaller than the number of variables (10), it is not 

possible to directly undertake a PLS-DA using all the analytical data. Each data set corresponds to 180 samples from the 

same trial site (30 clones x 6 repetitions). 

 

In the discriminant analysis performed with the analytical parameters and the 

samples from both sites, the geographical origin of the samples can be successful discerned, 

with 7.3 and 10.3 % of erroneous classifications, in CV, being retrieved for the use of all 

parameters assessed or these data reduced to 5 Factors, respectively, whereas the distinct 

clones cannot, presenting 74.4 and 86.1 % of error in CV, since no association is possible to 

make between two samples from the same clone planted in distinct vineyards, due to the 

differences in the constitution of the samples (Table 3). Furthermore, when a similar 

procedure is undertaken for each of the sites, the error rates are still very high, 55.0 and 61.1 

% of erroneous classification for Cv. and SL, respectively, which is probably due to the 

variability between the six distinct replicates in each vineyard, as it can be observed by the 

analysis of the results and their dispersion (Figs. 15-23). 

The same approach has been applied to the spectral data, to assess the feasibility of 

their use to differentiate the samples according to clone or site (Table 10). The results were 

very similar to those obtained for the discrimination with the analytical parameters, with the 

discrimination between sites being very successful, reaching percentages of error, in CV, as 

low as 1.9 %, when the 1st derivative of the skin spectra is used, while the use of homogenates 

also led to percentages of erroneous classifications of 2.4 % in CV, also using the 1st 
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derivative. Concerning the results obtained for the discrimination between clones, the error 

rates were higher than those obtained using the analytical parameters for this purpose, always 

displaying percentages of error above 80 %, independently from the spectral data set used 

(Table 10). The reasons for this failure are probably the same that were pointed regarding the 

use of analytical data for this purpose. 

 

Table 10 – Classification results from PLS-DA analyses undertaken with spectral data of the samples from both 

trial sites. 

aData set used for 

discrimination 

bNF Dependent 

Variable for 

discrimination 

cPercentage of error in PLS-DA (%) 

Calibration CV 

dHD 7 
Site 2.2 2.4 

Clone 81.1 89.7 

HS 12 
Site 8.7 8.7 

Clone 83.3 91.9 

SD 11 
Site 1.6 1.9 

Clone 84.4 91.7 

SS 7 
Site 7.6 8.1 

Clone 82.5 88.9 

 

aData set corresponding the scores of the first 5 Factors retrieved from a PLS-R regression for data reduction of the complete 

data set corresponding to the total of 360 samples from the two trial sites (2 sites x 30 clones x 6 repetitions). 
bNumber of Factors extracted in the PLS-R regression undertaken to reduce the spectral data, which was defined resorting to 

a Cross Validation (CV) procedure. 
cPercentage of erroneous classifications of the samples in the PLS-DA procedure, for the calibration set, and in the CV-LOO 

test. 
dThe two capital letters stand for the sample, and for the spectral treatment. (HD – Homogenate 1st Derivative; HS 

-Homogenate Spectra; SD – Skin 1st Derivative; SS -Skin Spectra). 

 

 

Since the major differences between the distinct samples seem to be mostly related to 

site, DA’s have been undertaken for the separate spectral data of the distinct sites, the results 

being presented in (Table 11). In Cv., the best result was observed for the use of the skins’ 1st 

derivative, though the error percentage of 44.4 increased to 66.2 % in CV, which is clearly 

insufficient to assume an effective discrimination between clones through this approach. In 

SL, similar results were observed, with a percentage of error of 62.8 % being retrieved from 

the CV procedure, while the use of the homogenates’ spectra conducted to this result (Table 

11). 
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Table 11 – Classification results from PLS-DA undertaken with spectral data of samples from each trial site, to 

discriminate samples according to clone. 

 

aSite 
bData set used for 

discrimination 
cNF 

dPercentage of error in PLS-DA (%) 

Calibration CV 

 Cavernelho 
HD 11 56.7 74.4 

HS 6 75.6 88.9 

 S. Luiz 
HD 15 43.9 68.3 

HS 15 43.3 62.8 

 Cavernelho 
SD 12 44.4 62.2 

SS - - - 

 S. Luiz 
SD 1 91.1 95.0 

SS 15 64.4 77.2 
 

aComplete data set corresponding to the 180 samples from each site (30 clones x 6 repetitions) has been used to classify the samples 

according to site. 
dData set corresponding to the scores of the first 5 Factors retrieved from a PLS-R regression for data reduction of the complete data set. The 

two capital letters stand for the sample, and for the spectral treatment. (HD – Homogenate 1st Derivative; HS -Homogenate Spectra; SD – 

Skin 1st Derivative; SS -Skin Spectra) 
cNumber of Factors extracted in the PLS-R regression undertaken to reduce the spectral data, which was defined resorting to a Cross 

Validation (CV) procedure. 
dPercentage of erroneous classifications of the samples in the PLS-DA procedure, for the calibration set, and in the CV-LOO test. 

 

This trend, of an effective differentiation respecting trial site, but failure to 

discriminate clones, observed for the analytical parameters, was reproduced by the 

spectroscopical approaches, with all the distinct data sets corresponding to spectral data 

allowing the differentiation between sites, but none allowing the discrimination of the distinct 

clones. In some way, this fact shows that the spectroscopical data is reflecting the 

composition of the distinct samples, which is different between the distinct sites, and presents 

a large variability concerning the six replicates of each clone in each site (Figs. 15-23, Table 

3). 

 

3.3.2 Prediction of parameters for Clonal Evaluation 

 

PLS-R represents a multivariate method, where an iterative-regression approach is 

undertaken for a dependent variable, thus allowing the extraction of Factors directed to the 

prediction of a given analytical parameter (variable), the model produced allowing the 

prediction of this parameter though the spectra. In the present work such approach was 

applied to the spectra of the homogenates or grape skins, to evaluate the possibility of 

predicting relevant parameters solely resorting to the spectra and define the best approaches to 
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do so. Table 12, displays the results obtained from the regressions undertaken for the 

prediction of the contents assessed in the present work, using the spectra of the homogenates 

from both sites. 

 

Table 12 – Performance of the PLS-R models developed for the prediction of the analytical parameters, using 

spectral data acquired for the homogenates. 

aAnalytical 

Parameters 

Grape Homogenates 

Spectra 1st Derivative 
bNF cRMSCV dR2 NF RMSCV R2 

°Brix 14 0.2855 0.99 2 0.3045 0.96 

pH 10 0.5385 0.95 7 0.6458 0.99 

TA 11 0.3634 0.98 6 0.4840 0.99 

FL 10 0.9977 0.89 5 0.8534 0.96 

TP 2 0.9977 0.34 - - - 

O-dph 2 0.9656 0.42 5 0.9810 0.95 

TN 9 0.6374 0.91 5 0.7900 0.97 

AC 7 0.9015 0.70 6 0.8941 0.98 

DPPH - - - - - - 

ABTS 2 0.9671 0.43 1 0.9678 0.87 

 

aParameters 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. 
bOptimal number of Factors for the PLS-R regression, determined by CV, and used for prediction. 
cRoot Mean Square error of Cross Validation (CV). 
dExtracted form the Pearson correlation between the experimental and the predicted values. 

 

For the prediction of °Brix, pH and TA, in the first case, the best result was obtained 

using the normalised spectra, leading to R2 of 0.99, while concerning pH and TA, the use of 

the 1st derivative retrieved better results, with R2 of 0.99 being observed, in both cases, 

between the experimental and predicted values (Table 12). Tendentiously, the regressions 

undertaken for the normalised spectra are achieved with a greater number of Factors, 

respecting the use of the 1st derivative, for instance, the optimal correlation for °Brix was 

achieved with 14 Factors, while for pH and TA, 7 and 6 Factors, respectively, were used 

(Table 12). Moreover, since the VIP plots corresponding to regression with 1st derivatives are 

generally very diffuse, while the use of the spectra also displayed a good performance for the 

prediction of pH and TA, the VIP’s presented to explore the most important intervals for these 

predictions, correspond to the regressions develop with the spectra (Fig. 32). 
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Fig. 32 – VIP (Variable Importance Projection) plots corresponding to the best PLS-R regression for the 

prediction of °Brix, pH and Tritatable acidity, which were obtained using the normalised spectra of the 

homogenate. The red slashed line at 0.8 marks the value above which the variables are considered to be 

important. 

 

For the prediction of °Brix, the most important interval is 960-1170 cm-1, 

corresponding to the (C-O) stretching, which is mainly dominated by sugars, as expected 

(Figs. 25 and 32). Also, in the LF region, the two VIP peaks at 1500-1625 and 1650-1740 

cm-1, reflect the importance of these intervals for the determination of °Brix. In the HF region, 

the intervals 2900-2950 and 3550-3700 cm-1, present relevant importance, while the former 

seems to be less preponderant for this determination (Fig. 32). For TA, the VIP corresponding 

to the regression with the spectra, which retrieved an R2=0.98 for prediction, shows that two 

main intervals are preponderant in LF, 830-940 and 1540-1730 cm-1, while in the HF there are 

also two intervals to be pointed, 2850-3100 and 3250-3630 cm-1, though these are less 

important, respecting the spectral windows pointed in LF, according to the VIP values. Figure 
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32 also displays the VIP’s for the prediction of pH, for the regression using the spectra 

(R2=0.95), revealing that the intervals 790-890 and 1550-1600 cm-1, present greater 

preponderance for this prediction, while, in the HF, the intervals 3030-3250 and 3500-3650 

cm-1 are the most relevant, whereas the latter seems to have limited weight in this regression 

(Fig. 32). 

Through the evaluation of these intervals, which have been pointed as being relevant 

for these determinations, it can be pointed that the VIP plots from the regressions for °Brix 

and pH present similar profiles, while the interval corresponding to (C-O) stretching, 

preponderant for the evaluation of sugars, has been replaced by the 780-890 cm-1 interval in 

pH, corresponding to the edge of the wide peak related to the librational modes of water. 

Furthermore, also the two features at 1550 and 1600 cm-1, in the VIP plot of the pH 

regression, resemble those observed in the VIP extracted for Brixº, while these regions 

represent the edges of the peak corresponding to the bending modes of water (Figs. 25 and 

32). Furthermore, these similarities are in good agreement with the correlation observed 

between these parameters (R2=0.4274), which is significant, and thus, the same spectra 

components are being explored for both determinations (Table 4). Nevertheless, in the 

regression undertaken for pH, the HF region displays greater importance respecting °Brix, 

while in the former, the first interval, related to the (OH) peak edges (3030-3250 cm-1), seems 

to represent the most important for this determination (Fig. 32). 

Concerning the determination of TA, the first peak observed in the VIP is very 

similar to the one observed in the VIP plot for pH, related to water, while, for this 

determination (TA), the interval related to the (OH) bending modes (1540-1730 cm-1) is the 

most important. This is probably because the concentrations of organic acids, which are 

responsible for this parameter, are reflected in the ratios between the intensity of the peaks 

corresponding to water and to the acids, this fact reflected in the importance given to the 

former intervals for this determination (Fig. 32). Finally, regarding the regressions developed 

for the determination of TA, the HF region is much less important, than it was for the 

determination of pH (Fig. 34). 

In which respects to the regressions developed for the prediction of the 

phytochemical content’s in the homogenates, the use of the 1st derivative performed much 

better than the use of the normalised spectra, allowing the development of good quality 

prediction models for FL (R2=0.89), O-dph (R2=0.95), TN (R2=0.97), and AC (R2=0.98), 
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always resorting to 5 Factors, exception made to the latter regression (AC), where the use of 6 

Factors led to the best result. Nevertheless, the use of the 1st derivative failed to provide a 

regression concerning TP, while the model obtained for this prediction, using the spectra, led 

to a poor prediction (R2=0.34), resorting to 2 Factors. Moreover, the use of the latter approach 

led to lower R2 for the prediction of FL and TN (0.89 and 0.91, respectively), respecting the 

use of the 1st derivative, while for O-dph and AC, the regressions undertaken led to unsuitable 

prediction models (R2=0.42 and 0.70, respectively), which clearly shows that the use of the 1st 

derivative represents the best approach for the production of prediction models for these 

contents, resorting to grape homogenates. It has to be mentioned that both approaches failed 

to provide a prediction model for TP, and thus, the application of spectroscopical approaches 

resorting to grape homogenates seems to be unsuitable for measuring this parameter (Table 

12). 

Moreover, because of the importance of the AC contents as a technological 

parameter to evaluate the grapes’ potential for vinification, some works have been already 

developed with the view of producing AC assessment models using spectroscopical tools, 

mostly resorting to NIR-hyperspectral methodologies. For instance, Chen and col. (2015), 

developed models for the evaluation of the AC content during maturation in grapes, obtaining 

good results (R2=0.97 and 0.98, for the use of the spectra and the 1st derivative, respectively), 

nevertheless, in that work, the regressions have been obtained with 15 and 13 Factors, 

resulting in R2 for external validations sets of 0.81 and 0.51 for the use of the spectra, and the 

derivative, respectively, which points to the occurrence of over-fitting, in the proposed 

models, especially when the 1st derivative is used (Chen, 2015). Additionally, also Janik and 

col. (2007) developed a similar work, where the use of artificial neural networks (ANN) 

coupled to NIR-hyperspectral imaging, was assessed to evaluate AC contents in red grape 

homogenates, while PLS-R was mostly used for the reduction of data to be applied in the 

ANN approaches. Nonetheless, PLS-R has been also directly applied for the production of 

prediction models, resulting in R2=0.89, between experiment and predicted AC values, which 

is comparable to the values presently observed for the same regression (Janik, 2007). 

Concerning the most preponderant spectral intervals for these determinations, though 

the use of the 1st derivative provides rather scattered VIP plots, some intervals can be denoted, 

regarding the evaluation of the distinct contents resorting to this spectroscopical approach 
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(Fig. 33). For instance, for the prediction of AC, two sharp peaks at 1260 and 1885 cm-1 can 

be pointed in LF, besides the interval between 1380-1600 cm-1, while in HF, all the region, 

exception made to the intervals 3130-3250 and 3420-3500 cm-1, seems to be preponderant 

(Fig. 33). 

 

 

 

Fig. 33 – VIP plots corresponding to the best PLS-R regression for the prediction of Ortho-diphenols, TN, 

Anthocyanins and ABTS, which were obtained using the 1st derivatives of the homogenate spectra. The red 

slashed line at 0.8 marks the value above which the variables are considered to be important. 

 

Successful prediction models have been also developed for the evaluation of the 

contents in O-dph an TN, while concerning these regressions, different spectral windows have 

been explored, for instance, in LF, the interval below 1300 cm-1, as well as 1890-1900 cm-1, 

and a sharp peak around 1800 cm-1, were the most important for the prediction of  O-dph, 

while for the prediction of TN, the interval below 1000 cm-1 and between 1500-1770 cm-1 
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were the most relevant. These facts show that the weak peaks visible below 1000 cm-1, on the 

left side of the (C-O) stretching peaks from sugars, are related to TN, and that peaks 

corresponding to in-plane ring (C=C) deformations, visible in the skin spectra (1500-1550 

cm-1), may be also relevant in the homogenates (Figs. 26). In the HF region, the intervals 

2650-3110 and 3220-3400 cm-1, were the most important for the O-dph prediction, while for 

TN, the intervals 3000-3150 and 3350-3450 cm-1, were the most relevant, appearing to be 

more important than the LF region, in the latter case. Curiously, the interval between 

3200-3400 cm-1, corresponding to the top of the (OH) stretching peak, or at least some part of 

it, displays relevant importance for all the regressions developed with resort to the 1st 

derivative (Fig. 33). 

For the prediction of anti-radical activity, both the use either the spectra or the 1st 

derivative failed to provide a prediction model for DPPH, while concerning ABTS, the use of 

the 1st derivative allowed the obtainment of a prediction model with adequate quality for its 

evaluation (R2=0.87), using solely 1 Factor, which excludes all the chances of over-fitting. In 

the same case, the use of the spectra, retrieved a prediction model with R2=0.43, being clearly 

inadequate (Table 12). The most important spectral features for this prediction are a sharp 

peak at around 1175 cm-1, and the 960-1100 and 1450-1700 cm-1 intervals, once again 

containing the 1518 cm-1 peak, corresponding to in-plane ring (C=C) deformations of 

phenolics, while in the HF, a sharp peak around 2700 cm-1, and the interval between 

3150-3380 cm-1 arise as the most important intervals (Fig. 33). 

The spectra registered for the grape skins, all well as their 1st derivative, have been 

also applied to develop such calibration models, with the view of assessing the contents of the 

distinct clones solely though the spectra of their samples’ skin, avoiding any kind of 

processing. In this case, the regressions were developed only for the phytochemical contents, 

since the analytical parameters °Brix, TA, and pH are strongly dependent of the water 

quantity, thus being unrealistic to development models for their prediction through the skins’ 

spectra. On the opposite side, as the anti-radical activities depend directly on the 

phytochemical contents, while some of them are mostly present in the skins, regressions 

regarding their evaluation have been developed resorting to the skins’ spectra. The results of 

these regressions are presented in Table 13. 
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Table 13 – Performance of the PLS-R models developed for the prediction of the analytical parameters, using 

spectral data acquired for the grape skins. 

aAnalytical 

Parameters 

Grape Skins 

Spectra 1st Derivative 
bNF cRMSCV dR2 NF RMSCV R2 

FL 7 0.8739 0.75 11 0.7960 0.99 

TP 1 1.0010 0.32 1 0.9980 0.38 

O-dph 7 0.9494 0.66 3 0.9663 0.66 

TN 2 0.8677 0.61 1 0.8580 0.59 

AC 1 1.0030 0.33 8 0.9008 0.92 

DPPH - - - - - - 

ABTS 1 0.9914 0.35 1 0.98332 0.41 

 

aParameters 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. 
bOptimal number of Factors for the PLS-R regression, determined by CV, and used for prediction. 
cRoot Mean Square error of Cross Validation (CV). 
dExtracted from the Pearson correlation between the experimental and the predicted values. 

 

 

As observed for the regressions undertaken with the spectral data registered for the 

homogenates, the use of the 1st derivative led to the best prediction models, even though 

presenting poorer quality than those produced for the homogenate, exception made for FL, for 

which the best model was obtained resorting to the skins’ 1st derivative (Tables 12 and 13). 

The use of the 1st derivative also allowed the obtainment of a quality model for the prediction 

of AC (R2=0.92), which is not surprising, since, in this variety, which is not a teinturier, these 

compounds are exclusively present in the skins. Nevertheless, this prediction model is still 

inferior to the model produced for the homogenates, displaying lower R2 (0.92 vs. 0.98), and 

higher error (0.9008 vs. 0.8941) (Tables 12 and 13). Even with the 1st derivative presenting 

the best performance, this approach failed to produce good quality models for the prediction 

of TP, O-dph, TN and ABTS, concerning the use of the skins for this purpose, while for 

DPPH, no regression was produced, either using the spectra or the 1st derivative (Fig. 8). 

Comparing the results obtained in the present work, with those published by Zhang 

and Col. (2017), which used NIR hyperspectral for the prediction of AC and TN in grape 

skins (Zhang, 2017), similar results have been obtained concerning AC quantification, with 

the regression resulting in R2=0.85, resorting to 10 Factors, when PLS-R was used. If in this 

case a slightly better model has been obtained concerning AC, for TN, the R2=0.83, between 

experimental and predicted TN values corresponds to a better prediction model, respecting the 

values presently obtained for grape skins, while the use of the homogenates led to better 
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results (R2=0.91 and 0.97, for the spectra and the 1st derivative, respectively), which can be 

related to the fact that appreciable amounts of tannins are contained in the seeds. For instance, 

in a research work of Kyraleou and Col., Diffuse Reflectance Infrared Fourier Transform 

(DRIFT) spectroscopy, within the MIR range, has been applied to evaluate the condensed 

tannin contents in grape seeds, retrieving an R2=0.99 for this determination, when the 2nd 

derivative was used. Furthermore, the most important intervals for this regression have been 

950-1670 cm-1, in LF, and 2125 cm-1, which are comparable to those presently observed for 

the evaluation of TN, 1150-1620 cm-1, in the LF, and concerning the HF, 2600-2800 and 

3130-3580 cm-1, which were retrieved from the correlations developed for the homogenates 

(Fig. 33) (Kyraleou, 2015). 

Since one of the issues observed, concerning the use of the skins’ spectra, was the 

presence of peaks related to pruine waxes, presenting variable intensities, the VIP’s resulting 

from the regressions developed for the spectra collected for the skins, have been plotted and 

analysed, to evaluate the possible interference of these regions in the regressions developed 

for skins. These results are displayed in Figure 34, where the spectral regions potentially 

affected by this issue are indicated in red. 
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Figure 34 – VIP plots corresponding to the PLS-R regressions for the prediction of phytochemical contents, 

which were obtained with resort to skin spectra without the removal of spectral intervals affected by pruine. The 

red slashed line at 0.8 marks the value above which the variables are considered to be important. PCI, in red, 

stands for Pruine Contaminated Intervals. 
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The evaluation of these plots clearly shows that, in most cases, the intervals affected 

by the pruine peaks are accounted in the regressions. For instance, in FL, there are 

contaminated intervals displaying relevance for the prediction model, such as the peak around 

1170 cm-1, in LF, and the interval between 2840 cm-1, in the HF. Nevertheless, though being 

relevant, these are not the most important intervals, since the regions between 1360-1420 and 

1500-1610 cm-1, in HL, the latter including the peaks corresponding to in-plane ring (C=C) 

deformations, besides the 2600-2800 and 3150-3350 cm-1 intervals in HF, display greater 

importance. Furthermore, the use of the 1st derivative, in this case, led to the best prediction 

model (R2=0.99), surpassing the value of 0.96, obtained for the homogenates (Tables 12 and 

13), showing that the use of the 1st derivative can represent a good approach to overcome the 

distresses caused by the presence of pruine in the skins. 

Moreover, this observation is supported by the improvement observed for the AC 

prediction model through the use of the 1st derivative (R2=0.33 and 0.92, for the use of the 

spectra and the derivative, respectively), transforming a poor regression into a suitable 

prediction model. On the other side, it must be mentioned that the AC regression does not 

correspond to one of the most affected cases, since only the interval 1475-1600 cm-1 presents 

some contamination, namely, in the first (around 1495 cm-1), from the two peaks that are 

observable in this interval. Additionally, the peak around 475 cm-1, as well as the features at 

775-850 cm-1, besides the intervals 1040-1140 and 1310-1360 cm-1 are also relevant in the LF 

region, while the intervals 2600-2680 and 3050-3750 cm-1 are also found to be important in 

HF, which diminishes the importance of the interval presenting contamination. In this case, 

besides the OT region, in HF, all the (OH) stretching interval is preponderant for the 

regression, as observed for the regressions of other constituents, representing the most 

important interval for the determination of AC (Fig. 34). 

For the prediction of O-dph, both the use of the spectra and the 1st derivative 

presented similar results (R2=0.66), while, in this case, solely a peak at around 720 cm-1 has 

been observed to display some importance, amongst the contaminated regions, with the 

interval 820-860 cm-1, being shown to represent, by far, the most important interval for the 

prediction of this content. Furthermore, also the intervals 915-950 cm-1, in LF, as well as 

2600-2650 and 3000-3140 cm-1, in the HF, have been shown to be relevant, while being much 

less important than the first interval mentioned (820-860 cm-1), which corresponds to very 
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weak peaks in the spectra, though these are undoubtedly directly related to the O-dph contents 

(Fig. 26). Moreover, in this case, the HF region is less important than the trend observed for 

all the other regressions (Fig. 34). TN also represents a case where few differences can be 

observed between the treatments (R2=0.61 and 0.59, using the spectra or the 1st derivative, 

respectively), while the contamination of the most important intervals is very limited. 

Namely, the most important interval, in LF, is 1150-1620 cm-1, which is slightly affected by 

pruine contaminated regions, whereas the two peaks at 1385 and 1570 cm-1, in this interval, 

are clearly the dominating features, concerning the importance of LF. Moreover, in the HF, 

the intervals 2600-2800 and 3130-3580 cm-1, present a remarkable importance for the 

regression, which limits the preponderance of the contaminated LF interval (Fig. 34). 

The most affected regressions, concerning the presence of pruine peaks, were those 

developed for ABTS, where both the use of the spectra, and the 1st derivative, failed to 

provide a good quality prediction model, presenting similar results (R2=0.35 in both cases), 

while the interval 1660-1740 cm-1, affected by pruine, is amongst the most important intervals 

for the regression resorting to the spectra (Fig. 34). This interval is dominated by (C=O) 

stretching modes from ester and carboxylic groups, including carboxylates, therefore, while 

containing the peaks corresponding the waxes long chain ester, includes also the contributions 

from phenolic acids, and other biological molecules containing a carboxylic moiety, which 

are the main groups responsible for the scavenging of free radicals, such as ABTS. 

Nevertheless, the intervals 960-1080 and 1470-1610 cm-1 presented higher importance in the 

LF, the latter containing the peaks corresponding to in-plane ring (C=C) deformations (Fig. 

26). In HF, the interval 2600-2660 cm-1 presented similar preponderance respecting the 

contaminated interval found in LF, while the 3090-3520 cm-1 interval seem to be the most 

important interval for the determination of the ABTS activity. Additionally, it must be 

mentioned that although the models obtained for the regressions using the grape skins’ spectra 

led to poor results, in the case of the homogenates the use of the spectra also led to a poor 

prediction model, while the use of the 1st derivative allowed the obtainment of a good quality 

regression (R2=0.87) (Tables 12 and 13). 

Finally, concerning TP, the pruine affected intervals display no relevant importance 

for the regression, exception made to a discrete peak around 1170 cm-1, while the most 

important intervals are 1350-1420 and 1490-1630 cm-1, in LF. In the HF, the most important 

intervals, in this case, are 2600-2800 and 3150-3550 cm-1, which fully agree with those 
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observed for the prediction of FL (Fig. 34). Nevertheless, for the prediction of TP, no suitable 

model was achieved, though the regressions have been developed, since these resulted in very 

poor prediction models (Tables 12 and 13). Moreover, it is worth to mention that the VIP’s 

extracted from the regressions display similar profiles, the most important intervals being the 

region corresponding to in-plane ring (C=C) deformations in LH, and the intervals 

corresponding to OT and (OH) stretching, concerning HF (Fig. 34). 

Therefore, since the pruine issue is affecting the prediction models, additional 

regressions have been conducted to weight the influence of the contaminated intervals, for 

both the spectra and the 1st derivative, excluding the regions affected by pruine, the results 

being presented in Table 14. Comparing the data resulting from these tests, with the results 

presented in Table 13, it can be immediately noticed an improvement of the models developed 

for the prediction of TN, reaching R2=0.96, when the 1st derivative is used, which is slightly 

lower than the best model, developed for the homogenates, which resulted in an R2=0.97, 

between experimental and predicted values, besides a lower error (0.7900 vs. 0.8151, for the 

homogenates and skins, respectively), when the 1st derivative is used (Tables 12 and 14). 

Also, the use of this interval (Int. 2) led to a performance improvement, when the skins’ 

normalised spectra were used, from R2=0.61 to 0.81 (Tables 13 and 14). Furthermore, the use 

of Int. 2 also led to best regression, concerning the prediction of TP, though this model is still 

very limited (R2=0.53), being thus unsuitable to be used as an analytical approach. (Table 14). 

 

  



 

91 

 

Table 14 – Performance of the PLS-R models developed for the prediction of the analytical parameters, using 

spectral data acquired from the grape skins, excluding the intervals affected by pruine. 

 

aAnalytical 

Parameters 

Grape Skins (Interval 2) 

Spectra 1st Derivative 
bNF cRMSCV dR2 NF RMSCV R2 

FL 7 0.8400 0.75 3 0.7773 0.81 

TP 4 0.9941 0.53 1 0.9938 0.36 

O-dph 7 0.9433 0.65 3 0.9416 0.67 

TN 12 0.8493 0.81 7 0.8151 0.96 

AC 1 0.9994 0.35 3 0.8613 0.70 

DPPH - - - - - - 

ABTS 1 0.9890 0.35 1 0.9784 0.40 

 
aParameters 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. 
bOptimal number of Factors for the PLS-R regression, determined by CV, and used for prediction. 
cRoot Mean Square error of Cross Validation (CV). 
dExtracted form the Pearson correlation between the experimental and the predicted values. 

 

 On the other side, the use of Int. 2, seems to have worsen the result obtained for the 

prediction of FL, when the 1st derivative of the skins’ spectra was used, the R2 between 

experimental and predicted values descending from 0.99 to 0.81, when Int. 2 was used, while 

in the latter case, only 3 Factors are being used, which, alongside a lower RMSCV (0.7773 vs. 

0.7960), may point to the occurrence of over-fitting when the original interval was used, 

leading to a regression achieved with 11 Factors (Table 13). Moreover, also similar R2, 

between predicted and experimental values, have been observed for the spectra, using the 

original interval and Int. 2 (R2=0.75 in both cases), while the latter led to lower RMSCV error 

(0.8400 vs. 0.8739), resorting to the same number of Factors (7), which points to a better 

quality of the model produced with Int. 2, in this case (Tables 13 and 14). Since the best R2 

between experimental and predicted values, for TP and FL, were observed for the grape skins, 

the former using the 1st derivative and the later to Int. 2 of spectra, the VIP’s for these 

regressions are presented in Figure 35. 
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Figure 35 – VIP plots corresponding to the best PLS-R regression for the prediction of Flavonoids and Total 

Phenolics, which were obtained with resort to the 1st derivative of the skin spectra (FL) and the normalized skin 

spectra (Interval 2) for TP. The red slashed line at 0.8 marks the value above which the variables are considered 

to be important. 

 

From the analysis of the VIP plot of the regression developed for FL, it can be 

pointed that the most relevant intervals for this regression are 1360-1470 and 1510-1620 cm-1, 

which are very similar to those observed in Figure 34, when the spectra were used, while, in 

LF, there are two additional features to be pointed due to its importance, a sharp peak around 

1710 cm-1, and the interval 1770-1900 cm-1, which corresponds to the (C=O) stretching, 

representing a structural feature occurring in many flavonoid derivatives (Fig. 35). In the HF 

region, the first interval to be pointed is 2600-2780 cm-1, once again very similar to the 

interval pointed in the regressions with the spectra, while the region 3530-3700 is also 

important for this determination, when the 1st derivative is used (Figs. 34 and 35). Concerning 

the VIP plot resulting from the TP regression, the most important intervals to be pointed 

include all the frequencies below 720 cm-1, as well as the intervals 1150-1280 cm-1 and 

1530-1590 cm-1, the latter being similar to a relevant interval in the regression undertaken 

with the original spectra, also containing the peaks corresponding to in-plane ring (C=C) 

deformations in phenolics, while, in HF, the two intervals to be pointed 2600-2780 and 

3200-3520 cm-1, are also very similar to the intervals noticed in the regression undertaken 

without excluding the pruine contaminated intervals (Figs. 34 and 35). 
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The quality of the model developed for the quantification of FL, regarding R2, is 

comparable to the value of R2=0.90 published in the work developed by Silva (2014), using 

the 900-1800 cm-1 interval of the spectra, for the assessment of this parameter in dessert 

wines.  Moreover, in that work, it was obtained an R2=0.87 for the prediction of TP contents, 

higher than the correlations observed in the present work, using the same approach, while a 

successful regression has been developed for the evaluation of DPPH (R2=0.75), whereas in 

the present work, no regression has been obtained regarding this parameter, which might be 

due to the untrendy dispersion of the results obtained for each clone in the distinct sites (Fig. 

22). Nonetheless, the work of Silva and Col. was developed for a distinct matrix (Silva, 

2014). Furthermore, in which respects to the application of these methodologies for other 

winery-related matrices, in the work of Kyraelou (2015), using DRIFT-MIR spectroscopy to 

analyse grape seeds, it was observed an R2=0.97 for the prediction of TP, resorting to the 2nd 

derivative of the 1177-1560 cm-1 region, which partially coincides with the most important 

intervals presently observed (1150-1280 cm-1 and 1530-1590 cm-1), while in this case, it was 

observed a pruine contamination between these intervals, which has been excluded in the best 

regression (Figs. 34 and 35) (Kyraleou, 2015). 

Concerning the specific parameters evaluated, the normalised spectra of the 

homogenates led to the best prediction models for °Brix, pH and TA, while their 1st 

derivatives produced the best models to predict the contents in Ortho-diphenols, 

anthocyanins, TN, and the antioxidant activity measured though the ABTS assay. The spectra 

of the grape skins allow to obtain the best results for the prediction of flavonoids, when their 

1st derivatives are used, and the normalised spectra of grape skin, with the removal of pruine 

affected zones, led to the most successful, though limited, prediction model for total phenolic 

contents. Moreover, in which respects to the most important intervals, in the case of the 

homogenates, the edges of the (OH) related peaks have been shown to be very important for 

the regressions, while for the determination of phytochemical contents, the region 1500-1600 

cm-1, where peaks corresponding to in-plane ring (C=C) deformations are found, also played 

an important role. The latter region was also one of the most relevant intervals, when the skins 

were analysed, while the (OH) stretching peak was also preponderant in almost all cases 

(Figs. 32-35). 
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4. Conclusions and Future Perspectives 

 

Globally, regarding the output of this work, it can be elated that: 

- Since the differences arising from site are greater that those respecting genotype, the 

comparison between clone performances has to be undertaken for each site. 

- Spectroscopical approaches, resorting to FTIR-ATR, can be applied for the analysis of a 

plethora of analytical parameters of clones from the same grape variety, while different 

spectroscopical treatments can be preferable for distinct parameters. 

- Important relations have been observed between the most important intervals, concerning 

the evaluation of the distinct parameters, and the peaks related to the contents evaluated, 

supporting the feasibility of this methodology, besides displaying its physical sustenance. 

- While the spectroscopical means do not allow to differentiate the distinct clones, due to their 

variability within a trial site, they do allow the prediction of analytical parameters, which 

could be applied in normal evaluation models, such as EBLUPS, to assist clone selection. 

 

Regarding the future perspectives of this work, the validation of the presently produced 

models, as well as their expansion, to produce generalized models, represents the question 

with greater relevance, thus the following goals should be pursued: 

 

- Validation of the presently developed regression models with samples which were not used 

in the development of the calibration (validation with external set). 

- Expansion of the presently used data sets, through the introduction of data from additional 

harvests, so the models produced could account with the ‘year factor’, in order to be reliably 

used in the next harvests.   

- Introduction of data from distinct geographical origins (for instance, one new trial field with 

the 30 clones assessed has been recently planted in Douro Superior), which would hopefully 
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allow the prediction models to accommodate the large differences concerning samples from 

distinct sites that have been observed, leading to generalized prediction models. 

- Once reliable models are properly developed, this methodology will allow the expansion of 

this study for several other genotypes, due to its simplicity and rapidness, while there are 257 

distinct genotypes od Tempranillo maintained in Portugal. 

- Sensorial evaluation of the wines produced by the distinct clones; while several parameters 

have been assessed, and thus, the oenological potential of the grapes evaluated, since this 

variety is intended for wine production, the final sensorial features of wine produced with 

grape from the most prominent clones should be analysed. 
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