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Abstract


Free and glycosidically-bound aromatic characterization of 21 minority red grapevine varieties was carried out, along three consecutive vintages, using solid phase microextraction followed by gas chromatography-mass spectrometry methodology (SPME-GC-MS). The two main study aims were to evaluate the possibility of aromatically differentiated varieties based on their origin and to test the aromatic profile for being used as a chemotaxonomic tool. Based on the results obtained in this research, it would be also interesting to verify in future studies if this varietal diversity could translate into a diversification of quality products in the current globalized wine market. A volatile profile was established grouping aroma compounds into thirteen families: acids, alcohols, esters, C6 compounds, thiols, ketones, aldehydes, phenols, terpenes, C13-norisoprenoids, lactones, polycyclic aromatic hydrocarbons (PAHs), and sesquiterpenes. Significant differences were found among varieties for esters, phenols, terpenes, and total compounds in the free fraction and for alcohols, acids, C6 compounds, C13-norisoprenoids, terpenes, sesquiterpenes, and total compounds in the glycosidically-bound fraction. Subtle differentiation between different groups of varieties with common genetic origin was achieved by free aromatic profile (PCA) component analysis. Nevertheless, more in-depth studies are considered necessary to confirm the usefulness of the aromatic profile as a chemotaxonomic tool.
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1. Introduction


Despite the large number of Vitis vinifera L. varieties grown along the world, estimated at least 6.000 [1], for production or research objectives, only 33 of these varieties occupy 50 % of the total worldwide vineyard surface [2]. Spain is the biggest viticulture surface area country in the world, occupying approximately 13% of the surface, and is the third-biggest country in wine production [3]. However, only 10 varieties occupy 75% of the total surface of this country, with two of them, ‘Airén’ and ‘Tempranillo’, occupying around 43% of it. The remaining 25% of the vineyard surface is occupied by those named minority varieties [2]. Many of them are being characterized nowadays with the main aim of discovering their oenological potential and recovering diversity by means of including them in the corresponding vineyard register.



The diverse Spanish viticultural panorama includes 96 Protected Designation of Origin (PDOs) and 42 Protected Geographical Indication (PGIs). Galicia, located in the NW of the Iberian Peninsula, is highlighted by its special climatic conditions, given that Atlantic and Mediterranean currents influence the territory depending on the mountain slopes and/or the distance from the sea. It is also a wine-growing area with small plots, and with centuries-old vines, many of which can only be worked by hand. This translates into a high cost in production and in the resulting wine. Sharing borders with Portugal, Galicia also shares certain climatic conditions with it, as well as some wine grapevine varieties and viticultural areas and traditional practices with the neighbouring Portugal [4]. Vineyard in Galicia is characterized by a varietal richness, a mixture of allochthonous and autochthonous grapevine varieties, mainly established in the area with the monastic order’s arrival in the Middle Ages [5]. However, because of the phytosanitary vineyard damages occasioned in the nineteen century by the phylloxera (Daktulosphaira vitifoliae (Fitch)), powdery mildew (Uncinula necator (Burr.)) and downy mildew (Plasmopara vitícola (Berk. & Curtis) Berl. & de Toni), the broad varietal diversity has remained relegated for decades by few of the most productive allochthonous varieties, mainly ‘Palomino’ and ‘Garnacha Tintorera’, and even by direct producer hybrids, which had led to the production of common quality wines for several years [6]. This situation was not an extraordinary fact that only affected Galicia; contrary to this, the phylloxera almost eradicated the European viticulture and triggered the most drastic change in viticultural practices in the last two centuries [7].



In contrast to this, a change in trend has been observed from a few decades ago up to these days, looking for the study of local ancient cultivars trying to promote the recovery of geographical origin varieties as a differentiation mechanism [8,9].



Climate change, wine market globalization, and overwhelming phytosanitary threats are some of the challenges that viticulture could face these days, which apart from the direct incomes that are produced from wine, it has also other important indirect benefits in terms of landscape conformation and ecosystem services, acting as a key factor in the cultural, environmental, and socioeconomic sectors in traditional viticulturist countries such as Spain [10]. With respect to climate change, Droulia et al. [11] predicted impacts on the phenology of up to 40 days in regions such as northern Iberia, with its corresponding negative impact over the ripening period, which was also described by Duchêne [12], who refers to genetic variability, among other options, to face an earlier ripening or to maintain a better sugar/acidity ratio, as temperature increases triggered an important rise in sugar and pH content while there is an acidity decrease. Because of that, varieties with a higher tartaric/malic ratio would be better adapted to warmer climatic conditions. At the same time, this last study also highlighted the genetic and phenotypic diversity embraced by germplasm banks and existing clone collections, as a useful strategy to ameliorate these threats, using new or different existing genotypes for both rootstock and scion. This varietal richness could be also useful to promote the regional wine typicity leading to product diversification in markets [13], which should also be complemented with new vinification guides that lead to the elaboration of less alcoholic degree wines without compromising other wine characteristics such as texture or sensory properties, to satisfy new consumer and market demands [14]. This increase in value in that minority varieties, would be also the best way to protect them from extinction [15]. In this same research line, Bigard et al. [16] showed that sugarless phenotype reaches higher malic/tartaric acid, resulting a more balanced composition in the berry and in the corresponding wine, being a future solution to climate change.



In Galicia, from the 80’s decade onwards, a varietal recovery program has been promoted by the autonomous community in terms of recovering the Galician wines’ quality and typicity. As a result of this, the ‘Estación de Viticultura y Enología de Galicia’ (EVEGA) vineyard germplasm bank was established in 1985 with the main objectives of maintaining, protecting, and recovering the diverse grapevine resources [17]. From that moment up to these days, the characterization of the grapevine varietal diversity in the Galician vineyard became a priority in terms of evaluating their potential to produce quality wines [18].



The genetic diversity of the EVEGA vineyard germplasm bank has been largely studied through SSRs analysis; as well, its phenotypic diversity has also been explored through the ampelographic and ampelometry description [18,19,20,21]. Nowadays varietal description is being completed with chemical characterization based on the phenolic description, which has been conducted, up to this moment, in the red varieties [22]. Given that the active aromatic compounds composition is one of the main differential strategies to distinguish wines based on their variety, vinification procedures or origin [23], the aromatic characterization both in white and red grapevine varieties is also being developed [24]. Their basic ripening physicochemical parameters are also being described, as one of the main objectives to avoid the negative impact of climate change would be to maintain good acidity values at harvest with a good equilibrium among both main organic acids of the berry [25].



In this study, a deep aromatic composition characterization of 21 red grapevine varieties of traditional cultivation in Galicia, has been developed.



The main aims of this research were: (1) to evaluate if it is possible to aromatically differentiate them based on their origin, and (2) to test if their aromatic profile could be a useful chemotaxonomic tool for the differentiation and classification of grapevine varieties comparing their aromatic and genetic population classification.



Finally, a global discussion of the results obtained in this, and other similar research works will determine if this varietal biodiversity could provide tools for the viticulturist and oenologist to elaborate alternative high-quality wines by applying the best viticulture and elaboration procedures for each variety depending on their aromatic profiles.




2. Materials and Methods


2.1. Vegetal Material


Grapes from 21 red genotypes of Vitis vinifera L. from EVEGA germplasm bank: ‘Albarín Tinto’—VIVC code 277 [26], ‘Corbillón’—VIVC code 3612, ‘Espadeiro’—VIVC code 2107, ‘Evega 3′, ‘Evega 4′, ‘Evega 6′, ‘Ferrón’—VIVC code 7340, ‘Gran Negro’—VIVC code 5012, ‘Garnacha’—VIVC code 4980, ‘Híbrido’, ‘Mandón’—VIVC code 7326, ‘Mencía’—VIVC code 7623,‘Merenzao’—VIVC code 12668, ‘Moscatel de Hamburgo’—VIVC code 8226, ‘Mouratón’—VIVC code 8082, ‘Picapoll Negro’—VIVC code 9298, ‘Pan y Carne’—VIVC code 26281, ‘Pedral’—VIVC code 9078, ‘Tempranillo’—VIVC code 12350 and ‘Zamarrica’, were analyzed in three different vintages: 2015, 2016 and 2017. All varieties except for ‘Moscatel de Hamburgo’, which is a table grape, are wine grapes. ‘Híbrido’ is a direct producer hybrid that was used in the past for wine elaboration and varieties named ‘Evega 3, 4 and 6′ are not identified yet with any other variety already known [21]. Exceptionally ‘Xafardán’ was studied in 2019 and 2020 vintages as it entered later in the germplasm bank for being a new characterized variety.



Of the total varieties analyzed, ‘Espadeiro’, ‘Ferrón’, ‘Gran Negro’, ‘Mencía’, ‘Merenzao’, ‘Mouratón’, and ‘Pedral’ are included within the different PDO’ s of the community.



The experimental vineyard is in Ourense (42°21′34.5′′ N, 8°07′08.2′′ W, elevation 87 MAMSL), Galicia (Spain).



Vines are around 30 years old, grafted on 196-17C rootstock and trained into a vertical trellis. With a planting frame of 1.8 m between rows and 1.2 m within the row and faces East-West. Varieties are in duplicate plots, from 6 to 11 plants.



Grapes were weekly monitored from veraison to harvest. At ripening stage, around 20–23 °Brix and according to their health status, they were manually harvested. Approximately 500 berries were collected from the top, bottom, and central parts of the bunch. From those samples, 100 berries in duplicate were frozen at −20 °C until the aroma volatile compounds extraction. Two other aliquots of 100 berries were saved to obtain the corresponding must for the physicochemical parameter’s analysis.




2.2. Climatic Conditions


Meteorological conditions (mean, maximum and minimum temperature as well as rainfall) were registered by an automatic meteorological station (iMETOS, Pessl Instruments GmbH, Weiz, Austria) located in the same vineyard. Two climate indices related to thermal conditions, Heliothermal Index (HI) [27] and Cool Night index (CI) [28] were calculated.




2.3. Must Basic Chemical Composition


Analysis of the musts for the assessment of the oenological parameters was carried out as previously described by Díaz-Fernández et al. [24]. Two aliquots of 100 berries from the different varieties were crushed and obtained juices’ characteristics: TSS (°Brix), titratable acidity (g tartaric acidxL−1) and pH were determined by Fourier transform infrared spectrometry (FTIR, OENOFOSS ™, FOSS, Hilleroed, Denmark). Tartaric and malic acid (g·L−1) were determined by an autoanalyzer (LISA 2000, HYCEL DIAGNOSTICS, Massy, France). Two maturation indexes were estimated: Baragiola & Scuppli (MI-BS) and Cillis and Odifredi (MI-CO) [29] as well as the tartaric: malic acid relation.




2.4. Volatile Composition


2.4.1. Chemicals


Internal standards and referenced compounds were from Sigma-Aldrich (Steinheim, Germany). Pure water was obtained from a Mili-Q purification system (Milipore, Bedford, MA, USA). Dichloromethane, absolute ethanol, and methanol were purchased from Merck (Darmstadt, Germany).



Fibers used for volatile fractions analysis were Divinylbenzene/Carboxen/Polydimethylsiloxane (DVB/CAR/PDMS) of 2 cm 50/30 μm were purchased from Supelco, Bellefonte, PA, USA; C-18 cartridges (Hypersep Spe 1000 mg C-18) were from Thermo Scientific, Waltham, MA, USA and enzyme AR2000 from Rapidase, DSM food specialties, Seclin, France.



Compounds separation, identification and semi-quantification were carried out on a GC 7820 A gas chromatograph (Agilent Technologies, Santa Clara, CA, USA), with a ZB-Wax column (Phenomenex; 60 m 0.25 mm 0.25 m film thickness), coupled with a 5975 Series MSD, Agilent mass spectrometer detector.




2.4.2. Determination of Varietal Volatile Compounds (SPME-GC-MS)


Free and bound volatile compounds were determined according to the methodology described by Díaz-Fernández et al. [24].



Free volatile compounds were directly extracted from a 10 mL vial containing 5 mL of clear juice, 20 µL of each internal standard, 3-octanol (1 g·L−1 in ethanol) and 4-methyl-2-pentanol (10 mg·L−1 in ethanol), 1.5 g of NaCl and a magnetic stirrer. Vials were equilibrated at 60 °C for 2 min and 500 rpm in a water bath.



For the glycosidically bound fraction, volatile compounds were previously separated in a 1 g C-18 cartridge using 25 mL of clear juice diluted 1:1 with distilled water. Free volatiles were released with 10 mL of dichloromethane and water-soluble compounds were washed with 25 mL of distilled water. Finally, glycosidically bound compounds were released with 10 mL of methanol which evaporated afterwards, and the sample was reconstituted with 5 mL of citrate-phosphate buffered solution. A total of 200 µL of the enzyme AR 2000 was added and enzymatic hydrolysis was carried out for 16 h at 40 °C. Afterwards, the obtained extracts containing the hydrolyzed bound compounds were prepared in the same way as the sample of free compounds.



The extraction and desorption of free and released glycosidically bound compounds were carried out by Solid Phase Microextraction (SPME), using the previously conditioned fiber for 25 min at 60 °C and 500 rpm. Samples desorption was carried out in the injection port of the gas chromatograph at 250 °C for 5 min in splitless mode.



Volatile compounds separation, identification, and semi-quantification were carried out on a GC 7820 A gas chromatograph (Agilent Technologies, Santa Clara, CA, USA) coupled with a 5975 Series MSD, Agilent mass spectrometer detector in chromatographic conditions reported in a previous paper [24].




2.4.3. Statistical Analysis


Data were subjected to one-way analysis of variance (ANOVA) using XLstat-Basic+ (Addinsoft, Paris, France) with the objective of identifying if there were significant differences among the values obtained for the three vintages mean value of each parameter analysed. Afterwards, Fisher’s least significant difference method was applied for significance of comparisons. Pearson’s correlations between climatic parameters and oenological and volatile compounds were also calculated. Principal component analysis (PCA) was applied to attempt the separation of the 21 grape varieties according to their content in free and glycosidically bound compounds.






3. Results & Discussion


3.1. Climatic Conditions


Figure 1 reflects that temperatures were quite similar among the three different vintages, while 2016 was a much rainier year than 2015 and 2017 with 1211 mm against 659 and 869 mm, respectively, and also had almost double the number of days with mean temperatures rising higher than 35 °C than the other two vintages [24].



Heliothermal Index (HI) values showed that the three vintages were characterized by warm climate (HI + 2) and Cool Night Index (CI) showed that 2015 had cool nights (CI + 1) while 2016 and 2017 showed very cool nights (CI + 2) [24].




3.2. Must Basic Chemical Composition


Table 1 shows all varieties analyzed with their corresponding analytical maturity parameters. Every variety was harvested on different dates for their optimal maturation and sanitary state.



Intended °Brix were among 20–23 °Brix, with every variety being around those values except for ‘Merenzao’, ‘Pan y Carne’, and ‘Xafardán’, with 24.2, 25.2, and 26.1 °Brix, respectively, as the highest values, because of their quite earlier maturation rates, and in the opposite side ‘Gran Negro’ with 19.2 °Brix.



ANOVA showed significant differences for every parameter studied among varieties except for the Baragiola & Scuppli (MI-BS) maturation index, which shows the tartaric acid percentage with respect to the total acidity. Nevertheless, tartaric acid and the ratio among tartaric and malic acid showed lower significant differences than for the sugar and °Brix degree. Tartaric acid was among 4.6 g·L−1 in ‘Mouratón’, with the lowest value, and 7.8 g·L−1 in ‘Xafardán’, which despite achieving quite a high °Brix, is capable of maintaining high acid values. Malic acid had a higher variability range than the tartaric one, being 1.3 g·L−1 in ‘Garnacha’ and 7.6 g·L−1 in ‘Ferrón’ with the highest value. According to the De Cillis and Odifredi maturation index, which assesses the relationship between sugar and total acidity, almost every variety was among the correct theoretical range of industrial maturity, which is established between three and five points depending on the variety considered.




3.3. Volatile Composition


370 volatile compounds were identified among the 21 varieties studied, 191 identified as free forms and 294 as glycosidically bound compounds. Compounds were grouped in thirteen volatile families: alcohols, acids, esters, phenols, thiols, C6 compounds, aldehydes, ketones, terpenes, sesquiterpenes, C13-norisoprenoids, polycyclic aromatic hydrocarbons (PAH’s) and lactones.



Table 2 shows the results obtained for the free volatile compounds identified in the 21 grape varieties. C6 compounds in the free fraction were the highest contribution family in all varieties, except for ‘Moscatel de Hamburgo’, in which the family of terpenes showed the greatest contribution to the volatile profile of this aromatic variety.



Table 3 shows the results obtained for the bound compounds in the same 21 grape varieties. In this fraction, alcohols and phenols were the highest contribution families depending on the variety in their aromatic precursor fraction except for ‘Moscatel de Hamburgo’ in which terpene, in the same way as in the free fraction, was the family with the greatest contribution to the aroma profile.



Table 2 shows, for each grape variety and vintage, the mean concentration of the volatile compounds detected in free form in the corresponding volatile family. To complete the above-mentioned results about the aroma profile of each variety and to establish similitudes or differences among them, Table 4 shows the major volatile compounds identified in each family, both in free and glycosidically bound form.



3.3.1. Free volatile composition


Results in Table 2 show significant differences among varieties for esters, phenols, and terpenes. Mean total free volatile content was also significantly different, being ‘Mandón’ the variety with the highest concentration (10,269 µg·L−1) while ‘Mouratón’ showed the lowest values (2699 µg·L−1).



The contribution of individual free-form volatile families to the global aromatic potential of each variety was estimated with their percentage out of the total of free volatile compounds (Table S1).



Terpenes are secondary plant metabolites that have a wide range of tasks among them; they are the communication between plants and other organisms, different defensive role strategies, or an important contribution to grapes and wines aroma [30]. They are known for being the axis of the sensory expression of wines, typical of its variety, being the reason why they could be used for varietal characterization. There are five major monoterpene alcohols, above all in Muscat varieties, geraniol, linalool, citronellol, nerol and α-terpineol [31].



In this study, terpenes were detected in every variety in the free form, from which ‘Moscatel de Hamburgo’ stood out with a very high total concentration of 5823 µg·L−1, distantly followed by ‘Zamarrica’ with 202 µg·L−1. Facing this, ‘Evega 6′ was the variety that showed the lowest mean terpenes content, less than 1 µg·L−1.



Table 4 shows that linalool was the major terpene in ‘Moscatel de Hamburgo’ and ‘Zamarrica’, described with floral and citrus odor [30], while cis geraniol, which contributes to floral and fruity notes [32], was the major one in ‘Albarín Tinto’, ‘Espadeiro’, ‘Garnacha’ and ‘Picapoll Negro’. α terpinyl acetate, with sweet, lavender, and herbaceous floral odor [33] and different cymene isomers, such as p-cymene, which is considered to be the most important monoterpene in aromatic plants and possesses antifungal, antiviral, and antibacterial activities [34] and minty notes [35], were the major terpenes in the other five varieties studied.



Sesquiterpenes are a terpene subclass with C15, generally present in plant essential oils. Aroma-active ones have been identified in numerous plant species. A total of 97 sesquiterpenes, identified in grapes, wine, and pomace have been recompiled by Li et al. [36], highlighting their importance to wine aroma profile and their potential health benefits.



In this research, sesquiterpenes were not detected in all varieties. The major ones identified were: 4βH-eudesmane, with eudesmane skeleton [36] in ‘Corbillón’, ‘Evega 6′ and ‘Merenzao’, humulene epoxide II in ‘Evega 4′, ‘Híbrido’ and ‘Tempranillo’, caryophyllene oxide in ‘Picapoll Negro’, aromadendrene oxide in ‘Pan y Carne’ and ‘Zamarrica’, trans-Z-α Bisabolene epoxide in ‘Pedral’ and (Z)-β-Farnesene in ‘Xafardán’. α-caryophyllene was also identified by Perestrelo et al. [37] in ‘Bastardo’ grapes,



C13-norisoprenoids, varietal aroma compounds resulted from the breakage of carotenoids that are of high interest as their presence is thought to improve wine quality [38]. Table 4 shows that they were identified in almost every variety except for: ‘Evega 4′, ‘Gran Negro’, ‘Mencía’, and ‘Moscatel de Hamburgo’. α and β-damascenone, were the major norisoprenoids detected in the free fraction in the studied varieties (Table 4). α-damascenone is characterized by its sweet, fruity, and floral description [39], whereas β-damascenone, which generally has a direct significant impact on red wine aromas [40], possesses high floral intensity and red berry notes [38].



Organic acids are with terpenoids, tannins, and some precursors of aldehydes, thiols, and esters, one of the most important families of flavor and aroma compounds [41]. They improve the freshness of wines and help to equilibrate their fruity notes [42]. ‘Ferrón’ and ‘Mandón’ are the varieties with higher acid values, despite also having high standard deviations due to the very high content of this group of compounds, in both varieties, in 2015 vintage. Table 4 shows that hexanoic acid is the major one in most of the varieties studied.



C6 compounds are described with greasy and potentially herbaceous notes [41] and include alcohols and aldehydes derived from membrane lipids [43]. They were the major group of free volatile compounds in all varieties except for ‘Moscatel de Hamburgo’ in which terpenes are in higher concentration. Values ranged from 5033 µg·L−1 in ‘Evega 3′ with the highest value to 1391 µg·L−1 in ‘Moscatel de Hamburgo’ with the lowest one. Table 4 shows that, depending on the variety, major C6 compounds were 1-hexanol, hexanal and 2-hexenal, (E)-. These compounds are generally responsible for green or herbaceous aromas in wines.



In general, the group of alcohols contributed with a high content to the volatile profile in free form for most of the grape varieties studied. They are generally composed of n-alcohols of C6 chain length as well as aromatic compounds, mainly benzyl alcohol and 2-phenylethanol [44]. ‘Moscatel de Hamburgo’ stood out with the higher content (1148 µg·L−1) and ‘Xafardán’ with the lowest one (404 µg·L−1). The clear major compound almost in every variety was the 1-hexanol, 2-ethyl-, with citrus, fresh, floral, oily, and sweet aroma [39], except for ‘Corbillón’ and ‘Mandón’ with 1-heptanol, with musty, leafy, herbal, or green descriptors [39].



Aldehydes are organic compounds that are very common in different foods and as flavoring agents [45]. Saturated aldehydes such as hexanal, heptanal, or nonanal, have green, floral, and grassy aromas [46]. They were identified in low quantities almost in every variety, being ‘Ferrón’ and ‘Mandón’, the varieties with higher values, with 118 and 171 µg·L−1, respectively. ‘Mencía’ also showed higher aldehydes values, but as in the case of ‘Ferrón’, showed a high standard deviation between vintages.



Esters are related to the fruity character of wines [47]. They were not detected in ‘Evega 4′ neither in ‘Xafardán’. As could be expected, hexanoic acid, ethyl ester was the major compound in almost every variety studied, corresponding with hexanoic as the major acid in almost every variety.



Referring to phenols, many of them are particularly odor-active compounds and the more complex ones have the most desirable aroma qualities [48]. They were identified in all varieties apart from ‘Xafardán’, being estragole, a natural phenol present in different spices such as anise, fennel, basil, or tarragon [49] and 4,6-di-tert-Butyl-m-cresol major compounds as it could be seen in Table 4. Phenols generally have low content, being ‘Mandón’ the one with the highest content.



Ketones tend to appear in all varieties in a similar content, except for ‘Ferrón’ in which they were not detected. The most complex ketones tend to have a key role in aroma and, depending on their structure, they could have a broad range of aromas, such as blue cheese through 2-heptanone or mushroom notes in the case of 3-octanone [48]. They also generally present lower deviation values among years. The major ketone for every variety studied was methyl isobutyl ketone, which has been also identified in grapes and in other foods such as orange or lemon juice, vinegar, papaya, or ginger, among others [50]. Isobutyl ketone shows solvent-like, green, fruity, herbal, and dairy nuances [39].



Among PAH’s, ‘Mencía’ and ‘Moscatel de Hamburgo’ statistically stood out for being those varieties with higher content, being mesitylene and hemimellitene, both isomers of trimethylbenzene, the major compounds for the varieties studied.



Finally, lactones and thiols are those families in minor content. Lactones are cyclic esters that could provide aromas such as peachy, coconut, or creamy ones [48]. On the other hand, thiols, have been identified as key molecules of young wines, with a positive varietal aroma contribution [51]. Both tend to have also high deviations which could be related to big differences in the different vintages. Thiols were identified in ‘Corbillón’, ‘Evega 6′, ‘Mandón’, ‘Mencía’, ‘Merenzao’, ‘Moscatel de Hamburgo’, ‘Mouratón’, ‘Tempranillo’ and ‘Zamarrica’ while lactones appeared in all varieties except for ‘Garnacha’, ‘Híbrido’ and ‘Mouratón’, being furaneol the major one in almost all varieties (Table 4). Furaneol is a very interesting volatile compound regarding its olfactory properties, providing a strawberry or caramel-like odor depending on its concentration [52].




3.3.2. Glycosidically-Bound Volatile Composition


Table 3 shows, for each grape variety, the results obtained for the content of glycosidically bound volatile compounds grouped in the corresponding family. In the same way as for volatile compounds in free form, major compounds identified in each family for each variety, in their glycosidically bound form are listed in Table 4.



Significant differences were observed among varieties for alcohols, acids, C6 compounds, terpenes, sesquiterpenes, C13-norisoprenoids being terpenes the family with the biggest significant differences among varieties.



Table 3, shows that there is a significant broad range of contents among varieties for the total bound volatile compound’s concentration, being ‘Moscatel de Hamburgo’ the one with the highest content of 109,912 µg·L−1 against ‘Albarín Tinto’ with the lowest one, 15,684 µg·L−1.



The contribution of each volatile family with the components in bound form to the global aromatic potential of each variety was estimated with their percentage out of the total of free volatile compounds (Table S2) being alcohols and phenols the families that showed higher percentages, while thiols, lactones, PAH’s, and ketones were those showing lower percentages among the bound forms.



In most grapes, the total content of volatile compounds in bound form was more abundant than the corresponding concentration in the free one. Moreover, some volatile compounds were only detected in bound form, increasing the aroma profile of the corresponding variety after their enzymatic release, such as thiols and sesquiterpenes. Thiols were not detected in their free form for ‘Albarín tinto’, ‘Espadeiro’, ‘Evega 3′, ‘Evega 4′, ‘Ferrón’, ‘Gran Negro’, ‘Pedral’, ‘Pan y Carne’, ‘Picapoll Negro’ and ‘Xafardán’, whereas sesquiterpenes were not detected for ‘Albarín tinto’, ‘Espadeiro’, ‘Evega 3′, ‘Evega 6′, ‘Garnacha’, ‘Gran Negro’, ‘Mandón’, ‘Mencía’ and ‘Moscatel de Hamburgo’, however, both compound families were present in their bound form for those same varieties.



As well as with what happened with the free fraction, terpenes were detected in every variety, standing out once again with ‘Moscatel Hamburgo’, with its high content with 71,566 µg·L−1, having almost the same % of terpenes in the free fraction profile (62.9%) that in the bound fraction profile (68.6%) (Tables S1 and S2). ‘Zamarrica’ is the second variety with higher terpene content with 7264 µg·L−1. In the other side, ‘Evega 6′, ‘Mencía’ and ‘Corbillón’ were those with lower values, with 304, 416, and 449 µg·L−1, respectively. As it happened in the free fraction, both varieties with higher content of terpenes showed once again linalool as the major content terpene, being dihydro-citronellol the major terpene in most of the varieties studied (Table 4).



Sesquiterpenes in the bound form were identified in more varieties than the free ones, lacking once again in ‘Ferrón’. They were detected in neither ‘Evega 6′ or ‘Merenzao’.



Trans-Z-α-bisabolene epoxide and cis-bisabolene were the major sesquiterpenes in most varieties (Table 4), having both a bisabolene skeleton [36]. Trans-Z-α-bisabolene epoxide has been already identified in Merlot wines by Welke et al. [53], while α-bisabolene was a predominant sesquiterpene in ‘Bual’ grapes [37].



C13-norisoprenoids were not detected in their bound form in several varieties such as: ‘Evega 3′, ‘Evega 4′, ‘Evega 6′, ‘Ferrón’, ‘Gran Negro’, ‘Híbrido’, ‘Mencía’, ‘Merenzao’, ‘Moscatel de Hamburgo’, ‘Mouratón’ and ‘Picapoll Negro’. Summed to the other two major norisoprenoids detected in the free form, α and β-damascenone, dihydro-β-ionol, with a woody-flowery and camphoraceous odor [54] was identified in this fraction as an important compound in some varieties such as ‘Albarín tinto’, ‘Garnacha’, ‘Mandón’, ‘Pan y Carne’, ‘Tempranillo’ and ‘Xafardán’. C13-norisoprenoids are considered as those compounds with highest contribution in the aroma of wines that are made with non-aromatic grapes [55].



Organic acids content was not quite different among varieties except for ‘Moscatel de Hamburgo’, which showed the highest content with 6576 µg·L−1. Nonanoic and octanoic acids, with buttery, cheesy, and sweaty-like odors [42], were the major ones in this fraction.



C6 compounds showed lower contents than in the free fraction, in which they were the major family almost in every variety. In this case ‘Híbrido’ and ‘Mandón’ were the varieties with higher levels. 1-hexanol was the major compound in all varieties studied in their bound form (Table 4), with grass, cream and resinous odor descriptors associated [56].



Alcohols was the highest content family in: ‘Albarín tinto’, ‘Espadeiro’, ‘Ferrón’, ‘Garnacha’, ‘Mandón’, ‘Merenzao’, ‘Mouratón’, ‘Picapoll Negro’, ‘Pan y Carne’, ‘Tempranillo’ ‘Xafardán’ and ‘Zamarrica’, being ‘Merenzao’ the one with highest content. Phenylethyl alcohol, with rose and honey descriptors and benzyl alcohol, with roasted and toasted descriptors [57] were those major compounds in all varieties (Table 4).



Aldehydes where only not detected in ‘Garnacha’ and ‘Híbrido’, being present in the rest of varieties. ‘Zamarrica’ and ‘Evega 4’ stood out over the rest of varieties, with 2024 and 1152 µg·L−1. Benzaldehyde, with roasted and almond descriptors [58] or cherry and almond [48], was the major aldehyde in almost all varieties studied.



Esters showed much higher contents in the bound from than in the free one. ‘Evega 4’, ‘Híbrido’, ‘Moscatel de Hamburgo’ and ‘Zamarrica’ stand out for their high contents, statistically grouped. Salicylic acid methyl ester, a volatile compound with green and mint-like flavor nuances [58] and nonanoic acid methyl ester, with wine and coconut-like odor, and in low concentrations with a sweet and coconut-like flavor [54], were the major ones in all varieties studied (Table 4). As it happened in the free fraction, these results could be expected for being nonanoic acid the major organic acid in most of the varieties studied.



Together with alcohols, phenols family was the one with higher contents in the bound aromatic fraction for ‘Corbillón’, ‘Evega 3’, ‘Evega 4’, ‘Evega 6’, ‘Híbrido’ and ‘Mencía’. Despite this, they showed quite high deviation because of a high interannual difference. Phenol, 2,4-di-tert-butyl- and p-propyl guaiacol were the major phenols for almost all varieties studied.



Ketones were identified in all varieties studied and as it happened in the free aromatic form, methyl isobutyl ketone was the major ketone in almost every variety (Table 4).



PAH’s were detected in all varieties, in small contents being ‘Evega 4’ and ‘Moscatel de Hamburgo’ those varieties with lower contents while ‘Zamarrica’ showed the highest one.



In this fraction, lactones were only detected in three varieties: ‘Mencía’, ‘Mouratón’ and ‘Tempranillo’ with γ-undecalactone, γ-dodecalactone, with fruity and sweet floral descriptors [59] and 3,4,5-trimethyl dihydrofuran-2-one as major compounds respectively (Table 4).



Finally, thiols were not detected in ‘Garnacha’, ‘Híbrido’, ‘Merenzao’, ‘Moscatel de Hamburgo’ and ‘Zamarrica’ being for the rest of varieties 2-undecanethiol, 2-methyl- the major compound.




3.3.3. Pearson’s Correlation


Pearson’s correlations values (r) between climatic parameters and the % of volatile compounds in free and glycosidically bound forms in each family and with the oenological parameters are reported in Table 5.



In a previous study, Antalick et al [60] showed the complex relation among the berry sugar acumulation (mg/berry) and the subsequent volatile profile of the wine. This resarch concluded that some metabolites are present in the grapes at diiferent stages harvest, irrespective of grape genotype and environment, whereas other volatile compounds depends on the climatic conditions and specially on the grape variety. According with this results the aroma composition of each grape can be predectible to obtain a determined sensory profile in the wine.



The results in Table 5 show that pH and total acidity were the only two oenological parameters correlated with the climatic conditions, mainly with the temperature.



With respect to the accumulation of volatile compounds in the grape, Table 5 shows that mean T was the climatic parameter with more significant correlation with the aroma composition. Mean T was positively correlated with % acids, % norisoprenoids and % sesquiterpenes in free form and with % aldehydes in bound form. However, this parameter was negatively correlated with % alcohols, % esters in free form and with % acids and PAH’s in bound form.



The results in Table 5, also showed that rainfall showed a negative influence in the contribution of norisoprenoids and sesquiterpenes in free form as well as days with mean temperature upper than 35 °C.



Maximum T was positively correlated with % thiols in grapes, both in free and bound form.



It was important to note that the contribution of terpenes in free and glycosidically bound form was not correlated with any climatic parameter, as were norisoprenoids and sesquiterpenes in bound form.




3.3.4. Aromatic Relationships between Varieties


To better interpret the results and looking to understand which kind of relationships are established among different varieties based on their aromatic profiles, two principal component analyses (PCA) were carried out. There were used the percentages of each aromatic compound family in their free or bound form, also known as free and bound aromatic profile, as was performed in a previous study [24]. Percentages instead of total concentration values were used, given that according to other kind of compounds’ studies, non-genetic factors had a higher influence on the quantitative amounts of compounds more than in their qualitative composition [61,62,63].



Annual means and not annual data would be used for the PCA’s construction given that the main aim of this study was to know which kind of relationships were established among varieties and not so much how yearly effect influenced the varieties distribution.



Figure 2 and Figure 3 showed the free and bound aromatic profile PCA, respectively.



In the first PCA (Figure 2), made with the percentages of the free aromatic fraction volatile families, the first two principal components explained 37.22% of the total variance.



The first PCA (Figure 2) achieves a good differentiation between varieties. From varieties included in the RPP1 [21], the aromatic profile of ‘Mouratón’, ‘Mencía’, ‘Evega 6′, ‘Corbillón’ and ‘Merenzao’ is mainly determined by thiol, ketones, PAHs and alcohols families while the one of ‘Evega 3′, ‘Espadeiro’, ‘Zamarrica’, ‘Albarín Tinto’, ‘Ferrón’ and ‘Pedral’ is mainly defined by ester, norisoprenoid, and C6 families.



With respect to the RPP2 varieties [21], the proximity among ‘Tempranillo’ and ‘Garnacha’ can be highlighted, because of the sesquiterpene family.



In the second PCA (Figure 3), made with the percentages of the bound aromatic fraction volatile families, the first two principal components explained 47.72% of the total variance.



Norisoprenoids, aldehydes, PAHs, C6 and alcohols mainly defined the aromatic profile of ‘Ferrón’, ‘Zamarrica’, ‘Albarín tinto’, ‘Espadeiro’, with these varieties being also grouped together in Figure 2. Phenols, acids, and lactons defined the aromatic profile of ‘Corbillón’, ‘Evega 6′, ‘Mouratón’ and ‘Mencía’, maintaining almost the same group as in Figure 2. From this last group, ‘Mencía’ and ‘Mouratón’ were also established in the same genetic lineage by Díaz-Losada et al. [19].






4. Conclusions


This aromatic study has achieved the characterization and differentiation of studied varieties. Varieties included in the RPP1 [21] maintained almost the same aggrupation in both PCAs (Figure 2 and Figure 3). Moreover, in this study, it was verified that there are minority grapevine varieties that are interesting for their higher aromatic potential, even more than some varieties already included in the community PDOs. They could contribute richness and diversity when making wines with differential qualities. This latter fact should still be corroborated through further studies of their corresponding monovarietal wines.
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Figure 1. Climatic conditions in 2015, 2016, and 2017 vintages. Maximum T, Mean T and Minimum T are average values of the maximum, mean and minimum temperatures respectively. 
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Figure 2. Principal component analysis on free aromatic fraction profile (percentage) of grapes. NOR: norisoprenoids, AC: acids, EST: esters, KET: ketones, PAHs: polycyclic aromatic hydrocarbons, ALC: alcohols, ALDH: aldehydes, C6: C6 compounds, THIO: thiols, SESQ: sesquiterpenes, PHE: phenols, TER: terpenes, LAC: lactones. AT: ‘Albarín Tinto’, CO: ‘Corbillón’, ES: ‘Espadeiro’, EV3: ‘Evega 3’, EV4: ‘Evega 4’, EV6: ‘Evega 6’, FE: ‘Ferrón’, GN: ‘Gran Negro’, GA: ‘Garnacha’, HI: ‘Híbrido’, MA: ‘Mandón’, ME: ‘Mencía’, MZ: ‘Merenzao’, MH: ‘Moscatel de Hamburgo’, MO: ‘Mouratón’, PN: ‘Picapoll Negro’, PC: ‘Pan y Carne’, PE: ‘Pedral’, TE: ‘Tempranillo’, XA: ‘Xafardán’, ZA: ‘Zamarrica’. Varieties in purple correspond with Reconstructed Population (RPP) RPP1; varieties in grey correspond with RPP2 and varieties in green correspond with non-classified varieties in the genetical-geographical structure stablished by Díaz-Losada et al. [21]. 
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Figure 3. Principal component analysis on glycosidically bound aromatic fraction profile (percentage) of grapes. NOR: norisoprenoids, AC: acids, EST: esters, KET: ketones, PAHs: polycyclic aromatic hydrocarbons, ALC: alcohols, ALDH: aldehydes, C6: C6 compounds, THIO: thiols, SESQ: sesquiterpenes, PHE: phenols, TER: terpenes, LAC: lactones. AT: ‘Albarín Tinto’, CO: ‘Corbillón’, ES: ‘Espadeiro’, EV3: ‘Evega 3’, EV4: ‘Evega 4’, EV6: ‘Evega 6’, FE: ‘Ferrón’, GN: ‘Gran Negro’, GA: ‘Garnacha’, HI: ‘Híbrido’, MA: ‘Mandón’, ME: ‘Mencía’, MZ: ‘Merenzao’, MH: ‘Moscatel de Hamburgo’, MO: ‘Mouratón’, PN: ‘Picapoll Negro’, PC: ‘Pan y Carne’, PE: ‘Pedral’, TE: ‘Tempranillo’, XA: ‘Xafardán’, ZA: ‘Zamarrica’. Varieties in purple correspond with Reconstructed Population (RPP) RPP1; varieties in grey correspond with RPP2 and varieties in green correspond with non-classified varieties in the genetical-geographical structure stablished by Díaz-Losada et al. [21]. 
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Table 1. Oenological parameters of the grapes in 2015, 2016 and 2017 vintages.
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Variety

	
Ab.

	
Collecting Data

	
°Brix

	
Sugar

(g·L−1)

	
Total Acidity

(g·L−1)

	
pH

	
Malic Acid

(g·L−1)

	
Tartaric Acid

(g·L−1)

	
MI:CO

	
MI:BS

	
T:M






	
‘Albarín tinto’

	
AT

	
20/9/2015

	
22.2

	
217.0

	
9.4

	
3.00

	
3.8

	
9.0

	
2.36

	
0.96

	
0.42




	
6/9/2016

	
21.1

	
214.8

	
6.0

	
3.41

	
2.7

	
6.0

	
3.52

	
1.00

	
0.45




	
22/9/2017

	
20.6

	
198.7

	
7.1

	
3.32

	
4.8

	
5.0

	
2.90

	
0.70

	
0.96




	

	
21.3 ± 0.82 abcd

	
210.2 ± 9.99 abcde

	
7.5 ± 1.73 ef

	
3.24 ± 0.22 bc

	
3.8 ± 1.05 fg

	
6.7 ± 2.08 def

	
2.93 ± 0.58 ab

	
0.89 ± 0.16 ab

	
0.61 ± 0.30 abc




	
‘Corbillón’

	
CO

	
7/9/2015

	
23.2

	
228.5

	
4.5

	
3.80

	
2.8

	
6.3

	
5.16

	
1.40

	
0.44




	
28/9/2016

	
21.4

	
207.8

	
4.7

	
3.76

	
1.5

	
6.2

	
4.55

	
1.32

	
0.24




	
22/9/2017

	
21.5

	
209.0

	
6.5

	
3.41

	
4.1

	
5.1

	
3.31

	
0.78

	
0.80




	

	
22.0 ± 1.01 bcdef

	
215.1 ± 11.62 bcde

	
5.2 ± 1.10 abcd

	
3.66 ± 0.21 efgh

	
2.8 ± 1.30 abcdefg

	
5.9 ± 0.67 abcde

	
4.34 ± 0.94 bcde

	
1.17 ± 0.33 bc

	
0.50 ± 0.28 abc




	
‘Espadeiro’

	
ES

	
22/9/2015

	
22.2

	
217.0

	
4.4

	
3.80

	
3.2

	
5.3

	
5.05

	
1.20

	
0.60




	
27/9/2016

	
19.9

	
190.8

	
4.4

	
3.56

	
2.1

	
3.9

	
4.52

	
0.89

	
0.54




	
25/9/2017

	
20.1

	
193.0

	
7.6

	
3.32

	
5.1

	
4.4

	
2.64

	
0.58

	
1.16




	

	
20.7 ± 1.27 abcd

	
200.3 ± 14.53 abc

	
5.5 ± 1.85 abcde

	
3.56 ± 0.24 cdefgh

	
3.5 ± 1.52 efg

	
4.5 ± 0.71 a

	
4.07 ± 1.26 bcd

	
0.89 ± 0.31 ab

	
0.77 ± 0.34 c




	
‘Evega 3’

	
EV3

	
27/8/2015

	
22.1

	
215.9

	
8.7

	
3.33

	
4.8

	
7.6

	
2.54

	
0.87

	
0.63




	
7/9/2016

	
24.1

	
245.9

	
5.6

	
3.49

	
2.5

	
5.8

	
4.30

	
1.04

	
0.43




	
11/9/2017

	
24.8

	
247.1

	
5.7

	
3.38

	
2.7

	
4.8

	
4.35

	
0.84

	
0.56




	

	
23.7 ± 1.40 efg

	
236.3 ± 17.68 efgh

	
6.7 ± 1.76 cdef

	
3.40 ± 0.08 bcdefg

	
3.3 ± 1.27 defg

	
6.1 ± 1.42 abcdef

	
3.7 ± 1.03 bcd

	
0.92 ± 0.10 abc

	
0.54 ± 0.10 abc




	
‘Evega 4’

	
EV4

	
22/9/2015

	
21.5

	
209.0

	
4.4

	
3.74

	
2.8

	
5.6

	
4.89

	
1.27

	
0.50




	
26/9/2016

	
20.5

	
197.6

	
4.9

	
3.53

	
2.2

	
4.6

	
4.18

	
0.94

	
0.48




	
11/9/2017

	
19.9

	
190.8

	
6.6

	
3.37

	
4.1

	
4.2

	
3.02

	
0.64

	
0.98




	

	
20.6 ± 0.81 abc

	
199.1 ± 9.20 abc

	
5.3 ± 1.15 abcd

	
3.55 ± 0.19 cdefgh

	
3.0 ± 0.97 abcdfg

	
4.8 ± 0.72 abc

	
4.03 ± 0.95 bcd

	
0.95 ± 0.32 abc

	
0.65 ± 0.28 bc




	
‘Evega 6’

	
EV6

	
7/9/2015

	
22.7

	
222.8

	
4.1

	
3.92

	
3.3

	
6.2

	
5.54

	
1.51

	
0.53




	
15/9/2016

	
22.1

	
215.9

	
4.7

	
3.60

	
1.9

	
5.6

	
4.70

	
1.19

	
0.34




	
21/9/2017

	
20.8

	
201.0

	
6.5

	
3.47

	
4.3

	
5.2

	
3.20

	
0.80

	
0.83




	

	
21.9 ± 0.97 bcde

	
213.2 ± 11.14 bcde

	
5.1 ± 1.25 abcd

	
3.66 ± 0.23 efgh

	
3.2 ± 1.21 bcdefg

	
5.7 ± 0.50 abcde

	
4.48 ± 1.18 bcdef

	
1.17 ± 0.36 bc

	
0.57 ± 0.25 abc




	
‘Ferrón’

	
FE

	
21/9/2015

	
18.5

	
175.0

	
10.8

	
3.20

	
8.4

	
5.5

	
1.71

	
0.51

	
1.53




	
28/9/2016

	
19.2

	
182.9

	
10.1

	
3.09

	
5.5

	
6.8

	
1.90

	
0.67

	
0.81




	
27/9/2017

	
21.8

	
212.4

	
13.7

	
2.91

	
8.8

	
6.0

	
1.59

	
0.44

	
1.47




	

	
19.8 ± 1.74 ab

	
190.1 ± 19.71 ab

	
11.5 ± 1.91 g

	
3.07 ± 0.15 ab

	
7.6 ± 1.80 h

	
6.1 ± 0.66 abcdef

	
1.74 ± 0.16 a

	
0.54 ± 0.12 a

	
1.27 ± 0.40 d




	
‘Garnacha’

	
GA

	
16/9/2016

	
23.1

	
227.4

	
4.5

	
3.52

	
0.7

	
6.6

	
5.13

	
1.47

	
0.11




	
21/9/2017

	
23.2

	
228.5

	
6.0

	
3.19

	
1.8

	
6.0

	
3.87

	
1.00

	
0.30




	

	
23.2 ± 0.07 defg

	
228.0 ± 0.78 defg

	
5.3 ± 1.06 abcd

	
3.36 ± 0.23 bcdefg

	
1.3 ± 0.78 a

	
6.3 ± 0.42 abcdef

	
4.50 ± 0.90 cdef

	
1.23 ± 0.33 bc

	
0.20 ± 0.14 a




	
‘Gran Negro’

	
GN

	
28/9/2016

	
18.2

	
171.6

	
4.0

	
3.71

	
1.4

	
4.8

	
4.55

	
1.20

	
0.29




	
25/9/2017

	
20.2

	
194.2

	
3.6

	
3.83

	
1.8

	
4.6

	
5.61

	
1.28

	
0.39




	

	
19.2 ± 1.41 a

	
182.9 ± 15.98 a

	
3.8 ± 0.28 a

	
3.77 ± 0.08 h

	
1.6 ± 0.28 abcd

	
4.7 ± 0.14 ab

	
5.08 ± 0.75 def

	
1.24 ± 0.05 bc

	
0.34 ± 0.07 ab




	
‘Híbrido’

	
HI

	
22/9/2015

	
24.9

	
248.3

	
3.6

	
3.90

	
1.1

	
6.6

	
6.92

	
1.83

	
0.17




	
14/9/2016

	
21.8

	
221.0

	
4.1

	
3.59

	
1.1

	
6.0

	
5.32

	
1.46

	
0.18




	
21/9/2017

	
20.2

	
194.2

	
6.0

	
3.25

	
3.0

	
4.6

	
3.37

	
0.77

	
0.65




	

	
22.3 ± 2.39 cdef

	
221.2 ± 27.05 cdef

	
4.6 ± 1.27 abc

	
3.58 ± 0.33 cdefgh

	
1.7 ± 1.10 abcde

	
5.7 ± 1.03 abcde

	
5.20 ± 1.78 def

	
1.35 ± 0.54 bc

	
0.33 ± 0.28 ab




	
‘Mandón’

	
MA

	
7/9/2015

	
20.8

	
201.0

	
4.6

	
3.64

	
1.5

	
6.5

	
4.52

	
1.41

	
0.23




	
16/9/2016

	
20.3

	
195.3

	
5.0

	
3.44

	
0.8

	
6.5

	
4.06

	
1.30

	
0.12




	
22/9/2017

	
20.9

	
202.1

	
6.3

	
3.28

	
2.2

	
6.6

	
3.32

	
1.05

	
0.33




	

	
20.7 ± 0.32 abc

	
199.5 ± 3.65 abc

	
5.3 ± 0.89 abcd

	
3.45 ± 0.18 cdefgh

	
1.5 ± 0.70 abc

	
6.5 ± 0.06 cdef

	
3.97 ± 0.61 bcd

	
1.25 ± 0.19 bc

	
0.23 ± 0.11 a




	
‘Mencía’

	
ME

	
7/9/2015

	
21.6

	
210.1

	
3.7

	
3.93

	
2.4

	
6.6

	
5.84

	
1.78

	
0.36




	
14/9/2016

	
20.7

	
209.0

	
3.6

	
3.76

	
1.8

	
4.7

	
5.75

	
1.31

	
0.38




	
21/9/2017

	
22.9

	
225.1

	
5.7

	
3.40

	
3.4

	
4.1

	
4.02

	
0.72

	
0.83




	

	
21.7 ± 1.11 bcde

	
214.7 ± 8.99 bcde

	
4.3 ± 1.18 a

	
3.70 ± 0.27 gh

	
2.5 ± 0.81 abcdefg

	
5.1 ± 1.31 abcd

	
5.20 ± 1.03 def

	
1.27 ± 0.53 bc

	
0.53 ± 0.01 abc




	
‘Merenzao’

	
MZ

	
21/9/2015

	
23.4

	
230.8

	
4.0

	
3.70

	
1.7

	
6.0

	
5.85

	
1.50

	
0.28




	
7/9/2016

	
24.9

	
254.6

	
4.1

	
3.60

	
1.2

	
5.1

	
6.07

	
1.24

	
0.24




	
13/9/2017

	
24.3

	
241.3

	
4.5

	
3.52

	
1.4

	
4.9

	
5.40

	
1.09

	
0.29




	

	
24.2 ± 0.75 fgh

	
242.2 ± 11.93 fgh

	
4.2 ± 0.26 a

	
3.61 ± 0.09 defgh

	
1.4 ± 0.25 ab

	
5.3 ± 0.59 abcd

	
5.77 ± 0.34 ef

	
1.28 ± 0.21 bc

	
0.27 ± 0.03 ab




	
‘Moscatel Hamburgo’

	
MH

	
22/9/2015

	
21.4

	
207.8

	
4.1

	
3.80

	
2.3

	
6.4

	
5.22

	
1.56

	
0.36




	
19/9/2016

	
21.2

	
205.5

	
3.8

	
3.78

	
1.9

	
4.1

	
5.58

	
1.08

	
0.46




	
21/9/2017

	
23.1

	
227.4

	
5.6

	
3.44

	
3.3

	
4.4

	
4.13

	
0.79

	
0.75




	

	
21.9 ± 1.04 bcde

	
213.6 ± 12.04 bcde

	
4.5 ± 0.96 ab

	
3.67 ± 0.20 fgh

	
2.5 ± 0.72 abcdfg

	
5.0 ± 1.25 abcd

	
4.97 ± 0.76 def

	
1.14 ± 0.39 bc

	
0.52 ± 0.20 abc




	
‘Mouratón’

	
MO

	
7/9/2015

	
21.9

	
213.6

	
4.4

	
3.74

	
2.7

	
6.0

	
4.98

	
1.36

	
0.45




	
16/9/2016

	
16.9

	
157.1

	
5.4

	
3.44

	
2.9

	
4.0

	
3.13

	
0.74

	
0.73




	
13/9/2017

	
22.8

	
223.9

	
5.6

	
3.69

	
4.7

	
3.9

	
4.07

	
0.70

	
1.21




	

	
20.5 ± 3.18 abc

	
198.2 ± 35.96 abc

	
5.1 ± 0.64 abcd

	
3.62 ± 0.16 efgh

	
3.4 ± 1.10 efg

	
4.6 ± 1.18 ab

	
4.06 ± 0.92 bcd

	
0.93 ± 0.37 abc

	
0.79 ± 0.38 c




	
‘Pan y Carne’

	
PC

	
7/9/2015

	
25.7

	
257.7

	
4.5

	
3.86

	
2.9

	
6.1

	
5.71

	
1.36

	
0.48




	
7/9/2016

	
25.4

	
260.0

	
5.0

	
3.66

	
3.0

	
4.8

	
5.08

	
0.96

	
0.63




	
22/9/2017

	
24.5

	
243.6

	
6.0

	
3.46

	
3.7

	
5.6

	
4.08

	
0.93

	
0.66




	

	
25.2 ± 0.62 gh

	
253.8 ± 8.88 gh

	
5.2 ± 0.76 abcd

	
3.66 ± 0.20 efgh

	
3.2 ± 0.44 bcdefg

	
5.5 ± 0.66 abcd

	
4.96 ± 0.82 def

	
1.08 ± 0.24 abc

	
0.59 ± 0.10 abc




	
‘Pedral’

	
PE

	
28/9/2016

	
21.7

	
211.3

	
5.6

	
3.46

	
2.6

	
5.6

	
3.88

	
1.00

	
0.46




	
26/9/2017

	
20.3

	
195.3

	
7.7

	
3.18

	
3.9

	
5.7

	
2.64

	
0.74

	
0.68




	

	
21.0 ± 0.99 abcd

	
203.3 ± 11.31 abcd

	
6.7 ± 1.48 bcdef

	
3.32 ± 0.20 bcde

	
3.3 ± 0.92 cdefg

	
5.7 ± 0.07 abcde

	
3.26 ± 0.88 abc

	
0.87 ± 0.18 ab

	
0.57 ± 0.16 abc




	
‘Picapoll Negro’

	
PN

	
22/9/2015

	
20.9

	
201.0

	
6.2

	
3.40

	
3.1

	
7.0

	
3.37

	
1.13

	
0.44




	
16/9/2016

	
19.8

	
189.6

	
6.6

	
3.23

	
2.2

	
6.3

	
3.00

	
0.95

	
0.35




	
21/9/2017

	
21.1

	
204.4

	
7.9

	
3.17

	
4.3

	
5.8

	
2.67

	
0.73

	
0.74




	

	
20.6 ± 0.69 abc

	
198.3 ± 7.75 abc

	
6.9 ± 0.89 def

	
3.27 ± 0.12 bcd

	
3.2 ± 1.05 bcdefg

	
6.4 ± 0.60 bcdef

	
3.01 ± 0.35 abc

	
0.94 ± 0.20 abc

	
0.51 ± 0.20 abc




	
‘Tempranillo’

	
TE

	
7/9/2015

	
21.4

	
207.8

	
3.0

	
4.04

	
2.0

	
6.6

	
7.13

	
2.20

	
0.30




	
7/9/2016

	
23.6

	
240.5

	
4.1

	
3.73

	
2.0

	
5.2

	
5.76

	
1.27

	
0.38




	
11/9/2017

	
23.8

	
235.5

	
4.8

	
3.60

	
2.7

	
4.6

	
4.96

	
0.96

	
0.59




	

	
22.9 ± 1.33 def

	
227.9 ± 17.61 defg

	
4.0 ± 0.91 a

	
3.79 ± 0.23 h

	
2.2 ± 0.40 abcdef

	
5.5 ± 1.03 abcd

	
5.95 ± 1.10 f

	
1.48 ± 0.65 c

	
0.42 ± 0.15 abc




	
‘Xafardán’

	
XA

	
4/9/2019

	
25.7

	
257.7

	
8.7

	
2.73

	
3.3

	
9.7

	
2.95

	
1.11

	
0.34




	
3/9/2020

	
26.4

	
265.9

	
8.1

	
2.85

	
4.9

	
5.8

	
3.26

	
0.72

	
0.84




	

	
26.1 ± 0.49 h

	
261.8 ± 5.80 h

	
8.4 ± 0.42 f

	
2.79 ± 0.08 a

	
4.1 ± 1.13 g

	
7.8 ± 2.76 f

	
3.11 ± 0.22 abc

	
0.92 ± 0.28 abc

	
0.59 ± 0.36 abc




	
‘Zamarrica’

	
ZA

	
18/9/2015

	
18.3

	
172.7

	
5.2

	
3.60

	
2.2

	
7.1

	
3.52

	
1.37

	
0.31




	
19/9/2016

	
19.8

	
189.6

	
6.3

	
3.34

	
1.8

	
7.4

	
3.14

	
1.17

	
0.24




	
13/9/2017

	
21.5

	
209.0

	
8.7

	
3.07

	
3.8

	
7.8

	
2.47

	
0.90

	
0.49




	

	
19.9 ± 1.60 ab

	
190.4 ± 18.16 ab

	
6.7 ± 1.79 def

	
3.34 ± 0.27 bcdef

	
2.6 ± 1.06 abcdg

	
7.4 ± 0.35 ef

	
3.04 ± 0.53 abc

	
1.15 ± 0.24 bc

	
0.35 ± 0.13 ab




	
Significance

	
***

	
***

	
***

	
***

	
***

	
*

	
***

	
ns

	
**








MI-CO: maturation index De Cillis and Odifredi. MI-BS: maturation index Baragiola and Scuppli [28]. T:M: Relation tartaric:malic acid. *, **, *** and ns indicate significance at p < 0.05, p < 0.01, p < 0.001 and non-significant difference, respectively. Mean value, SD and different roman letters (a–h), showing significant differences according to Fisher’s test (p < 0.05), are indicated in bold for each variety.













 





Table 2. Free volatile compounds (values are expressed as µg·L−1).
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Variety

	
Year

	
Alcohols

	
Acids

	
Aldehydes

	
C6

	
Thiols

	
Esters

	
Phenols






	
AT

	
2015

	
623.45

	
313.60

	
44.46

	
1577.33

	
n.d.

	
n.d.

	
n.d.




	
2016

	
1002.00

	
741.27

	
10.33

	
5297.23

	
n.d.

	
52.42

	
47.14




	
2017

	
1035.94

	
379.03

	
n.d.

	
5180.41

	
n.d.

	
18.54

	
33.63




	

	
887.13 ± 228.98 bcd

	
477.97 ± 230.36 ab

	
18.26 ± 23.27 a

	
4018.32 ± 2114.77 ab

	
n.d. a

	
23.65 ± 26.58 a

	
26.92 ± 24.28 abc




	
CO

	
2015

	
608.02

	
688.27

	
44.20

	
1025.90

	
n.d.

	
n.d.

	
12.15




	
2016

	
555.92

	
104.92

	
13.17

	
2708.00

	
n.d.

	
6.42

	
6.33




	
2017

	
621.29

	
208.07

	
111.38

	
5286.23

	
32.95

	
n.d.

	
n.d.




	

	
595.08 ± 34.56 ab

	
333.75 ± 311.32 a

	
56.25 ± 50.20 a

	
3006.71 ± 2145.81 ab

	
10.98 ± 19.02 ab

	
2.14 ± 3.71 a

	
6.16 ± 6.07 a




	
ES

	
2015

	
419.15

	
438.72

	
33.87

	
3928.04

	
n.d.

	
14.67

	
9.92




	
2016

	
722.49

	
121.47

	
24.94

	
2037.83

	
n.d.

	
4.57

	
41.72




	
2017

	
673.66

	
235.46

	
30.44

	
2932.94

	
n.d.

	
6.33

	
11.68




	

	
605.10 ± 162.88 ab

	
265.22 ± 160.70 a

	
29.75 ± 4.50 a

	
2966.27 ± 945.55 ab

	
n.d. a

	
8.52 ± 5.39 a

	
21.11 ± 17.87 abc




	
EV3

	
2015

	
644.59

	
780.76

	
9.77

	
4443.31

	
n.d.

	
n.d.

	
n.d.




	
2016

	
957.60

	
174.11

	
n.d.

	
1202.77

	
n.d.

	
n.d.

	
22.38




	
2017

	
775.10

	
388.08

	
156.95

	
9454.72

	
n.d.

	
15.86

	
51.54




	

	
792.43 ± 157.22 abcd

	
447.65 ± 307.68 ab

	
55.57 ± 87.93 a

	
5033.60 ± 4157.52 bc

	
n.d. a

	
5.29 ± 9.15 a

	
24.64 ± 25.84 abc




	
EV4

	
2015

	
557.33

	
451.21

	
41.66

	
1508.18

	
n.d.

	
n.d.

	
16.71




	
2016

	
975.73

	
336.78

	
38.57

	
7256.86

	
n.d.

	
n.d.

	
55.53




	
2017

	
758.55

	
138.86

	
n.d.

	
2263.68

	
n.d.

	
n.d.

	
4.94




	

	
763.87 ± 209.25 abcd

	
308.95 ± 158.02 a

	
26.75 ± 23.21 a

	
3676.24 ± 3123.83 ab

	
n.d. a

	
n.d. a

	
25.72 ± 26.47 abc




	
EV6

	
2015

	
625.42

	
768.88

	
39.70

	
1937.00

	
n.d.

	
n.d.

	
9.47




	
2016

	
783.79

	
267.22

	
65.55

	
644.51

	
n.d.

	
8.53

	
13.74




	
2017

	
733.04

	
225.14

	
129.46

	
5472.60

	
15.93

	
25.86

	
4.11




	

	
714.08 ± 80.87 abc

	
420.41 ± 302.51 ab

	
78.24 ± 46.20 ab

	
2684.71 ± 2499.38 ab

	
5.31 ± 9.20 ab

	
11.46 ± 13.18 a

	
9.10 ± 4.83 a




	
FE

	
2015

	
748.63

	
3931.26

	
42.52

	
1736.39

	
n.d.

	
n.d.

	
46.92




	
2016

	
541.34

	
124.85

	
313.63

	
4795.83

	
n.d.

	
139.54

	
4.64




	
2017

	
531.53

	
128.33

	
n.d.

	
1742.11

	
n.d.

	
3.46

	
12.43




	

	
607.17 ± 122.61 ab

	
1394.81 ± 2196.63 b

	
118.72 ± 170.13 ab

	
2758.11 ± 1764.72 ab

	
n.d. a

	
47.67 ± 79.58 a

	
21.33 ± 22.50 abc




	
GA

	
2015

	
315.03

	
511.79

	
31.36

	
2129.44

	
n.d.

	
5.75

	
13.03




	
2016

	
802.78

	
351.37

	
18.82

	
4696.50

	
n.d.

	
n.d.

	
4.60




	
2017

	
538.58

	
195.11

	
12.88

	
984.20

	
n.d.

	
n.d.

	
15.58




	

	
552.13 ± 244.16 ab

	
352.76 ± 158.34 a

	
21.02 ± 9.44 a

	
2603.38 ± 1900.99 ab

	
n.d. a

	
1.92 ± 3.32 a

	
11.07 ± 5.74 ab




	
GN

	
2016

	
590.94

	
232.05

	
42.22

	
2263.13

	
n.d.

	
n.d.

	
13.84




	
2017

	
938.35

	
417.98

	
99.09

	
4048.22

	
n.d.

	
5.16

	
53.92




	

	
764.64 ± 245.66 abcd

	
325.02 ± 131.47 a

	
70.66 ± 40.21 ab

	
3155.68 ± 1262.25 ab

	
n.d. a

	
2.58 ± 3.65 a

	
33.88 ± 28.34 abc




	
HI

	
2015

	
411.77

	
342.82

	
28.79

	
1302.21

	
n.d.

	
26.30

	
8.90




	
2016

	
594.74

	
249.00

	
14.79

	
2134.73

	
n.d.

	
12.46

	
8.04




	

	
503.25 ± 129.38 ab

	
295.91 ± 66.34 a

	
21.79 ± 9.90 a

	
1718.47 ± 588.68 ab

	
n.d. a

	
19.38 ± 9.79 a

	
8.47 ± 0.61 a




	
MA

	
2015

	
648.95

	
1357.11

	
273.66

	
12,907.92

	
n.d.

	
54.05

	
132.70




	
2016

	
902.36

	
275.58

	
138.99

	
6799.02

	
n.d.

	
10.44

	
48.33




	
2017

	
845.00

	
332.24

	
102.23

	
4876.90

	
9.32

	
32.04

	
55.19




	

	
798.77 ± 132.88 abcd

	
654.98 ± 608.72 ab

	
171.62 ± 90.26 b

	
8194.61 ± 4193.46 c

	
3.11 ± 5.38 ab

	
32.18 ± 21.81 a

	
78.74 ± 46.86 d




	
ME

	
2015

	
182.66

	
197.65

	
27.88

	
6076.41

	
n.d.

	
80.05

	
7.74




	
2016

	
693.05

	
134.52

	
282.21

	
4937.03

	
n.d.

	
n.d.

	
4.57




	
201

	
587.98

	
236.62

	
n.d.

	
444.92

	
9.45

	
n.d.

	
13.79




	

	
487.89 ± 269.51 a

	
189.59 ± 51.52 a

	
103.37 ± 155.51 ab

	
3819.45 ± 2977.44 ab

	
3.15 ± 5.46 ab

	
26.68 ± 46.22 a

	
8.70 ± 4.68 a




	
MZ

	
2015

	
426.39

	
723.51

	
37.78

	
1920.32

	
n.d.

	
n.d.

	
5.42




	
2016

	
680.66

	
601.49

	
41.28

	
3658.99

	
8.29

	
14.67

	
14.79




	
2017

	
816.05

	
87.89

	
18.78

	
905.82

	
n.d.

	
n.d.

	
5.15




	

	
641.04 ± 197.83 ab

	
470.96 ± 337.32 ab

	
32.61 ± 12.11 a

	
2161.71 ± 1392.37 ab

	
2.76 ± 4.79 ab

	
4.89 ± 8.47 a

	
8.46 ± 5.49 a




	
MH

	
2015

	
797.67

	
528.79

	
n.d.

	
452.81

	
n.d.

	
n.d.

	
29.17




	
2016

	
1581.37

	
635.22

	
119.40

	
2260.67

	
n.d.

	
n.d.

	
101.05




	
2017

	
1065.00

	
65.79

	
35.99

	
1461.40

	
39.41

	
129.03

	
14.99




	

	
1148.01 ± 398.39 d

	
409.93 ± 302.75 a

	
51.80 ± 61.25 a

	
1391.63 ± 905.95 a

	
13.14 ± 22.75 b

	
43.01 ± 74.49 a

	
48.40 ± 46.14 bcd




	
MO

	
2015

	
517.98

	
391.98

	
n.d.

	
1564.23

	
4.91

	
n.d.

	
9.38




	
2016

	
1012.01

	
504.38

	
128.73

	
2075.04

	
n.d.

	
11.87

	
40.90




	
2017

	
532.41

	
140.49

	
10.20

	
574.70

	
7.00

	
7.36

	
9.03




	

	
687.47 ± 281.15 abc

	
345.61 ± 186.32 a

	
46.31 ± 71.56 a

	
1404.66 ± 762.79 a

	
3.97 ± 3.59 ab

	
6.41 ± 5.99 a

	
19.77 ± 18.29 ab




	
PE

	
2016

	
953.41

	
88.13

	
n.d.

	
4986.67

	
n.d.

	
267.27

	
30.60




	
2017

	
985.04

	
139.00

	
32.80

	
4594.10

	
n.d.

	
111.28

	
n.d.




	

	
969.22 ± 22.37 bcd

	
113.57 ± 35.97 a

	
16.40 ± 23.19 a

	
4790.38 ± 277.59 abc

	
n.d. a

	
189.28 ± 110.30 b

	
15.30 ± 21.64 ab




	
PC

	
2015

	
193.33

	
159.27

	
n.d.

	
3432.04

	
n.d.

	
23.67

	
6.67




	
2016

	
917.45

	
388.58

	
74.81

	
1659.69

	
n.d.

	
73.79

	
7.34




	
2017

	
801.67

	
463.25

	
18.02

	
1218.30

	
n.d.

	
36.72

	
10.51




	

	
637.48 ± 388.98 ab

	
337.03 ± 158.41 a

	
30.94 ± 39.04 a

	
2103.35 ± 1171.66 ab

	
n.d. a

	
44.73 ± 26.00 a

	
8.18 ± 2.05 a




	
PN

	
2015

	
630.55

	
999.41

	
24.37

	
2208.71

	
n.d.

	
n.d.

	
25.79




	
2016

	
1447.49

	
109.05

	
96.52

	
3996.69

	
n.d.

	
135.53

	
79.82




	
2017

	
1071.25

	
201.89

	
n.d.

	
2556.40

	
n.d.

	
10.63

	
71.86




	

	
1049.76 ± 408.89 cd

	
436.78 ± 489.45 ab

	
40.30 ± 50.19 a

	
2920.60 ± 948.00 ab

	
n.d. a

	
48.72 ± 75.37 a

	
59.16 ± 29.17 cd




	
TE

	
2015

	
438.61

	
228.74

	
22.20

	
2017.43

	
4.60

	
n.d.

	
11.55




	
2016

	
803.55

	
117.55

	
80.63

	
4770.06

	
4.55

	
7.91

	
10.31




	
2017

	
863.81

	
405.44

	
87.90

	
2639.87

	
n.d.

	
n.d.

	
15.26




	

	
701.99 ± 230.08 abc

	
250.57 ± 145.18 a

	
63.58 ± 36.02 ab

	
3142.45 ± 1443.50 ab

	
3.05 ± 2.64 ab

	
2.64 ± 4.57 a

	
12.37 ± 2.58 ab




	
XA

	
2019

	
413.15

	
435.52

	
26.48

	
1939.70

	
n.d.

	
n.d.

	
n.d.




	
2020

	
396.10

	
459.66

	
4.85

	
3373.85

	
n.d.

	
n.d.

	
n.d.




	

	
404.62 ± 12.06 a

	
447.59 ± 17.07 ab

	
15.67 ± 15.30 a

	
2656.77 ± 1014.09 ab

	
n.d. a

	
n.d. a

	
n.d. a




	
ZA

	
2015

	
530.54

	
256.24

	
n.d.

	
3467.44

	
n.d.

	
n.d.

	
23.47




	
2016

	
963.12

	
101.43

	
66.21

	
2102.12

	
5.07

	
41.87

	
29.81




	
2017

	
790.36

	
85.34

	
7.20

	
4325.36

	
n.d.

	
n.d.

	
n.d.




	

	
761.34 ± 217.74 abcd

	
147.67 ± 94.37 a

	
24.47 ± 36.32 a

	
3298.31 ± 1121.23 ab

	
1.69 ± 2.92 ab

	
13.96 ± 24.17 a

	
17.76 ± 15.71 ab




	
Significance

	
ns

	
ns

	
ns

	
ns

	
ns

	
**

	
*




	
Variety

	
Year

	
Ketones

	
Lactons

	
Terpenes

	
Norisoprenoids

	
PAHs

	
Sesquiterpenes

	
Total




	
AT

	
2015

	
121.56

	
98.46

	
13.16

	
n.d.

	
60.76

	
n.d.

	
2852.79




	
2016

	
45.11

	
n.d.

	
23.04

	
n.d.

	
91.61

	
n.d.

	
7310.16




	
2017

	
105.51

	
n.d.

	
72.07

	
7.38

	
62.63

	
n.d.

	
6895.13




	

	
90.73 ± 40.32 b

	
32.82 ± 56.85 a

	
36.09 ± 31.55 a

	
2.46 ± 4.26 a

	
71.67 ± 17.30 a

	
n.d. a

	
5686.03 ± 2462.41 abc




	
CO

	
2015

	
140.30

	
31.57

	
6.81

	
21.78

	
68.65

	
n.d.

	
2647.65




	
2016

	
55.90

	
17.98

	
n.d.

	
n.d.

	
38.53

	
n.d.

	
3507.17




	
2017

	
114.01

	
17.53

	
5.90

	
6.45

	
51.53

	
3.32

	
6458.64




	

	
103.40 ± 43.19 b

	
22.36 ± 7.98 a

	
4.24 ± 3.70 a

	
9.41 ± 11.19 ab

	
52.90 ± 15.11 a

	
1.11 ± 1.91 ab

	
4204.49 ± 1998.90 ab




	
ES

	
2015

	
107.94

	
14.33

	
0.90

	
5.19

	
60.08

	
n.d.

	
5032.81




	
2016

	
94.84

	
n.d.

	
12.84

	
n.d.

	
107.22

	
n.d.

	
3167.91




	
2017

	
105.76

	
12.05

	
32.42

	
22.69

	
56.55

	
n.d.

	
4119.97




	

	
102.84 ± 7.02 b

	
8.79 ± 7.70 a

	
15.38 ± 15.91 a

	
9.29 ± 11.89 ab

	
74.62 ± 28.29 a

	
n.d. a

	
4106.90 ± 932.52 ab




	
EV3

	
2015

	
178.09

	
n.d.

	
79.41

	
19.49

	
85.68

	
n.d.

	
6241.10




	
2016

	
91.20

	
39.55

	
48.65

	
n.d.

	
112.53

	
n.d.

	
2648.80




	
2017

	
172.04

	
261.41

	
140.07

	
n.d.

	
n.d.

	
n.d.

	
11,415.76




	

	
147.11 ± 48.52 bc

	
100.32 ± 140.90 a

	
89.38 ± 46.52 a

	
6.50 ± 11.25 ab

	
66.07 ± 58.77 a

	
n.d. a

	
6768.55 ± 4407.21 bcd




	
EV4

	
2015

	
152.01

	
n.d.

	
9.42

	
n.d.

	
58.57

	
18.07

	
2813.16




	
2016

	
128.70

	
70.84

	
7.12

	
n.d.

	
11.54

	
n.d.

	
8881.67




	
2017

	
133.54

	
n.d.

	
8.91

	
n.d.

	
110.11

	
n.d.

	
3418.59




	

	
138.08 ± 12.30 bc

	
23.61 ± 40.90 a

	
8.48 ± 1.21 a

	
n.d. a

	
60.07 ± 49.30 a

	
6.02 ± 10.43 b

	
5037.81 ± 3342.62 ab




	
EV6

	
2015

	
119.56

	
15.25

	
n.d.

	
15.40

	
n.d.

	
n.d.

	
3530.67




	
2016

	
112.91

	
n.d.

	
1.37

	
n.d.

	
n.d.

	
n.d.

	
1897.61




	
2017

	
107.79

	
34.73

	
1.24

	
n.d.

	
80.84

	
2.82

	
6833.56




	

	
113.42 ± 5.90 b

	
16.66 ± 17.41 a

	
0.87 ± 0.76 a

	
5.13 ± 8.89 ab

	
26.95 ± 46.67 a

	
0.94 ± 1.63 ab

	
4087.28 ± 2514.61 ab




	
FE

	
2015

	
n.d.

	
n.d.

	
42.49

	
129.17

	
70.95

	
n.d.

	
6748.31




	
2016

	
n.d.

	
128.83

	
n.d.

	
n.d.

	
78.52

	
n.d.

	
6127.20




	
2017

	
n.d.

	
n.d.

	
34.26

	
25.88

	
74.89

	
n.d.

	
2552.88




	

	
n.d. a

	
42.94 ± 74.38 a

	
25.58 ± 22.53 a

	
51.68 ± 68.34 bc

	
74.79 ± 3.79 a

	
n.d. a

	
5142.80 ± 2264.33 ab




	
GA

	
2015

	
125.29

	
n.d.

	
23.97

	
5.08

	
120.98

	
n.d.

	
3281.73




	
2016

	
71.94

	
n.d.

	
17.37

	
n.d.

	
71.74

	
n.d.

	
6035.13




	
2017

	
153.32

	
n.d.

	
77.43

	
11.87

	
90.61

	
n.d.

	
2079.59




	

	
116.85 ± 41.34 b

	
n.d. a

	
39.59 ± 32.93 a

	
5.65 ± 5.96 ab

	
94.44 ± 24.85 a

	
n.d. a

	
3798.82 ± 2027.83 ab




	
GN

	
2016

	
139.02

	
74.99

	
n.d.

	
n.d.

	
47.91

	
n.d.

	
3404.11




	
2017

	
103.33

	
96.40

	
60.23

	
n.d.

	
55.28

	
n.d.

	
5877.97




	

	
121.17 ± 25.24 bc

	
85.69 ± 15.14 a

	
30.12 ± 42.59 a

	
n.d. a

	
51.60 ± 5.21 a

	
n.d. a

	
4641.04 ± 1749.28 ab




	
HI

	
2015

	
165.01

	
n.d.

	
202.19

	
4.03

	
82.02

	
9.73

	
2583.78




	
2016

	
92.64

	
n.d.

	
181.57

	
3.14

	
49.19

	
n.d.

	
3340.30




	

	
128.83 ± 51.18 bc

	
n.d. a

	
191.88 ± 14.58 a

	
3.58 ± 0.63 a

	
65.60 ± 23.21 a

	
4.86 ± 6.88 ab

	
2962.04 ± 534.95 ab




	
MA

	
2015

	
163.96

	
n.d.

	
58.46

	
53.40

	
97.73

	
n.d.

	
15,747.94




	
2016

	
160.49

	
184.08

	
8.42

	
n.d.

	
69.01

	
n.d.

	
8596.71




	
2017

	
117.05

	
n.d.

	
12.33

	
7.31

	
74.82

	
n.d.

	
6464.44




	

	
147.16 ± 26.14 bc

	
61.36 ± 106.28 a

	
26.40 ± 27.83 a

	
20.24 ± 28.95 ab

	
80.52 ± 15.18 a

	
n.d. a

	
10,269.69 ± 4862.61 d




	
ME

	
2015

	
427.01

	
n.d.

	
7.52

	
n.d.

	
490.07

	
n.d.

	
7496.99




	
2016

	
112.69

	
n.d.

	
2.65

	
n.d.

	
119.26

	
n.d.

	
6285.97




	
2017

	
114.47

	
58.57

	
3.58

	
n.d.

	
42.64

	
n.d.

	
1512.01




	

	
218.06 ± 180.96 c

	
19.52 ± 33.82 a

	
4.58 ± 2.58 a

	
n.d. a

	
217.32 ± 239.30 b

	
n.d. a

	
5098.32 ± 3164.31 ab




	
MZ

	
2015

	
129.90

	
n.d.

	
7.66

	
5.04

	
73.85

	
n.d.

	
3329.89




	
2016

	
139.22

	
n.d.

	
2.85

	
n.d.

	
78.00

	
n.d.

	
5240.25




	
2017

	
119.59

	
74.46

	
20.99

	
10.97

	
43.89

	
4.94

	
2108.53




	

	
129.57 ± 9.82 bc

	
24.82 ± 42.99 a

	
10.50 ± 9.40 a

	
5.34 ± 5.49 ab

	
65.25 ± 18.62 a

	
1.65 ± 2.85 ab

	
3559.56 ± 1578.44 ab




	
MH

	
2015

	
203.77

	
13.60

	
7565.05

	
n.d.

	
189.34

	
n.d.

	
9780.19




	
2016

	
104.09

	
205.78

	
5405.03

	
n.d.

	
72.54

	
n.d.

	
10,485.15




	
2017

	
138.44

	
n.d.

	
4498.91

	
n.d.

	
78.34

	
n.d.

	
7527.30




	

	
148.77 ± 50.63 bc

	
73.12 ± 115.08 a

	
5823.00 ± 1575.23 b

	
n.d. a

	
113.41 ± 65.82 ab

	
n.d. a

	
9264.21 ± 1544.96 cd




	
MO

	
2015

	
86.24

	
n.d.

	
2.91

	
3.30

	
87.98

	
n.d.

	
2668.91




	
2016

	
116.92

	
n.d.

	
1.20

	
n.d.

	
47.54

	
n.d.

	
3938.58




	
2017

	
120.42

	
n.d.

	
8.02

	
n.d.

	
77.45

	
4.61

	
1491.68




	

	
107.86 ± 18.80 b

	
n.d. a

	
4.04 ± 3.55 a

	
1.10 ± 1.90 a

	
70.99 ± 20.98 a

	
1.54 ± 2.66 ab

	
2699.73 ± 1223.74 a




	
PE

	
2016

	
127.45

	
n.d.

	
n.d.

	
n.d.

	
57.62

	
3.21

	
6514.38




	
2017

	
151.34

	
81.46

	
17.66

	
12.91

	
92.71

	
5.05

	
6223.34




	

	
139.39 ± 16.89 bc

	
40.73 ± 57.60 a

	
8.83 ± 12.49 a

	
6.46 ± 9.13 ab

	
75.16 ± 24.81 a

	
4.13 ± 1.30 ab

	
6368.86 ± 205.79 abcd




	
PC

	
2015

	
66.61

	
34.65

	
n.d.

	
n.d.

	
131.19

	
n.d.

	
4047.43




	
2016

	
80.92

	
n.d.

	
6.72

	
n.d.

	
57.88

	
0.99

	
3268.19




	
2017

	
130.90

	
n.d.

	
26.75

	
10.35

	
107.90

	
n.d.

	
2824.37




	

	
92.81 ± 33.76 b

	
11.55 ± 20.00 a

	
11.15 ± 13.92 a

	
3.45 ± 5.98 a

	
98.99 ± 37.45 a

	
0.33 ± 0.57 a

	
3378.00 ± 619.15 ab




	
PN

	
2015

	
156.72

	
n.d.

	
18.39

	
91.26

	
79.92

	
2.63

	
4237.75




	
2016

	
157.23

	
200.86

	
8.87

	
n.d.

	
88.08

	
n.d.

	
6320.14




	
2017

	
78.96

	
83.79

	
40.68

	
n.d.

	
76.64

	
1.61

	
4193.71




	

	
130.97 ± 45.04 bc

	
94.88 ± 100.89 a

	
22.65 ± 16.33 a

	
30.42 ± 52.69 abc

	
81.55 ± 5.89 a

	
1.41 ± 1.33 ab

	
4917.20 ± 1215.18 ab




	
TE

	
2015

	
104.57

	
n.d.

	
n.d.

	
2.39

	
60.43

	
6.18

	
2896.70




	
2016

	
127.91

	
56.22

	
56.12

	
8.67

	
87.62

	
n.d.

	
6131.11




	
2017

	
130.52

	
145.17

	
58.05

	
n.d.

	
104.85

	
5.60

	
4456.48




	

	
121.00 ± 14.29 b

	
67.13 ± 73.19 a

	
38.06 ± 32.97 a

	
3.68 ± 4.48 a

	
84.30 ± 22.39 a

	
3.93 ± 3.41 ab

	
4494.76 ± 1617.54 ab




	
XA

	
2019

	
133.20

	
n.d.

	
16.47

	
34.06

	
82.47

	
3.09

	
3084.15




	
2020

	
114.38

	
9.10

	
13.20

	
26.64

	
62.91

	
n.d.

	
4460.69




	

	
123.79 ± 13.31 bc

	
4.55 ± 6.44 a

	
14.83 ± 2.31 a

	
30.35 ± 5.25 abc

	
72.69 ± 13.83 a

	
1.55 ± 2.19 ab

	
3772.42 ± 973.36 ab




	
ZA

	
2015

	
170.17

	
n.d.

	
532.33

	
140.07

	
71.99

	
7.99

	
5200.24




	
2016

	
167.84

	
n.d.

	
2.52

	
n.d.

	
57.30

	
n.d.

	
3537.29




	
2017

	
23.92

	
4.40

	
73.86

	
62.00

	
69.71

	
3.21

	
5445.37




	

	
120.64 ± 83.77 b

	
1.47 ± 2.54 a

	
202.91 ± 287.51 a

	
67.36 ± 70.19 c

	
66.33 ± 7.91 a

	
3.73 ± 4.02 ab

	
4727.63 ± 1038.12 ab




	
Significance

	
ns

	
ns

	
***

	
ns

	
ns

	
ns

	
*








PAHs.: polycyclic aromatic hydrocarbons; n.d.: none detected. *, **, *** and ns indicate significance at p ≤ 0.05, p ≤ 0.01, p ≤ 0.0001 and non-significant difference, respectively. Internal standards: 4 methyl-2-pentanol for C6 compounds, aldehydes, acids, esters, alcohols, and thiols. 3-octanol for terpenes, ketones, aromatic hydrocarbons, lactones, norisoprenoids, and sesquiterpenes. Mean value, SD and different roman letters (a–d), showing significant differences according to Fisher’s test (p < 0.05), are indicated in bold for each variety. See Table 1 for varieties abbreviations.













 





Table 3. Glycosidically bound fraction (Values are expressed as µg·L−1).






Table 3. Glycosidically bound fraction (Values are expressed as µg·L−1).





	
Variety

	
Year

	
Alcohols

	
Acids

	
Aldehydes

	
C6

	
Thiols

	
Esters

	
Phenols






	
AT

	
2015

	
1140.39

	
n.d.

	
n.d.

	
808.62

	
n.d.

	
15.26

	
401.28




	
2016

	
11,555.40

	
106.29

	
928.85

	
2325.77

	
n.d.

	
1013.30

	
1700.22




	
2017

	
12,397.00

	
741.90

	
489.40

	
4028.84

	
84.34

	
2360.25

	
1945.07




	

	
8364.26 ± 6270.19 ab

	
282.73 ± 401.19 a

	
472.75 ± 464.65 ab

	
2387.74 ± 1611.01 abcd

	
28.11 ± 48.70 a

	
1129.60 ± 1176.82 ab

	
1348.85 ± 829.71 a




	
CO

	
2015

	
13,879.12

	
n.d.

	
49.13

	
3688.23

	
n.d.

	
1749.35

	
41,396.78




	
2016

	
8588.59

	
2941.05

	
132.25

	
4347.41

	
n.d.

	
2055.99

	
39,389.86




	
2017

	
7272.36

	
108.16

	
175.80

	
2127.13

	
53.29

	
736.47

	
152.05




	

	
9913.36 ± 3496.94 abc

	
1016.40 ± 1667.67 a

	
119.06 ± 64.36 ab

	
3387.59 ± 1140.26 bcde

	
17.76 ± 30.77 a

	
1513.94 ± 690.54 ab

	
26,979.56 ± 23,254.97 bc




	
ES

	
2015

	
8945.26

	
161.78

	
54.22

	
2779.52

	
n.d.

	
278.23

	
16,113.76




	
2016

	
7837.56

	
297.36

	
346.05

	
3229.61

	
n.d.

	
238.35

	
405.53




	
2017

	
7693.73

	
696.04

	
251.75

	
2280.89

	
72.03

	
1100.80

	
448.97




	

	
8158.85 ± 684.84 ab

	
385.06 ± 277.72 a

	
217.34 ± 148.93 ab

	
2763.34 ± 474.56 abcd

	
24.01 ± 41.58 a

	
539.13 ± 486.84 a

	
5656.09 ± 9056.64 a




	
EV3

	
2015

	
11,093.99

	
30.26

	
437.34

	
4068.31

	
16.86

	
1567.39

	
2468.63




	
2016

	
10,803.66

	
2971.21

	
235.24

	
1663.63

	
n.d.

	
3871.60

	
21,610.02




	
2017

	
8005.55

	
1761.07

	
n.d.

	
1845.13

	
25.93

	
1171.61

	
18,983.49




	

	
9967.73 ± 1705.49 abc

	
1587.51 ± 1478.14 a

	
224.19 ± 218.88 ab

	
2525.69 ± 1339.03 abcd

	
14.26 ± 13.16 a

	
2203.53 ± 1458.08 ab

	
14,354.05 ± 10,376.51 abc




	
EV4

	
2015

	
6665.01

	
n.d.

	
3127.30

	
5277.50

	
n.d.

	
3167.07

	
353.73




	
2016

	
6224.15

	
914.46

	
331.01

	
1457.98

	
54.87

	
19,392.24

	
21,684.07




	
2017

	
4367.27

	
1645.77

	
n.d.

	
1007.75

	
43.25

	
2604.39

	
678.04




	

	
5752.14 ± 1219.42 a

	
853.41 ± 824.58 a

	
1152.77 ± 1717.99 bc

	
2581.07 ± 2346.00 abcd

	
32.71 ± 28.92 a

	
8387.90 ± 9534.19 bcd

	
7571.95 ± 12,222.53 ab




	
EV6

	
2015

	
8601.18

	
n.d.

	
253.06

	
3038.77

	
149.99

	
1096.71

	
45.15




	
2016

	
6929.84

	
1382.72

	
71.95

	
1224.51

	
n.d.

	
523.83

	
4408.47




	
2017

	
8327.46

	
2321.87

	
183.13

	
1195.17

	
n.d.

	
1827.49

	
28,237.01




	

	
7952.82 ± 896.44 ab

	
1234.86 ± 1167.98 a

	
169.38 ± 91.33 ab

	
1819.48 ± 1056.04 abc

	
50.00 ± 86.60 a

	
1149.34 ± 653.42 ab

	
10,896.88 ± 15,174.64 abc




	
FE

	
2015

	
6780.01

	
173.24

	
19.71

	
3861.85

	
n.d.

	
7597.08

	
398.84




	
2016

	
9259.91

	
n.d.

	
765.29

	
2929.56

	
16.61

	
1281.91

	
377.42




	
2017

	
12,250.59

	
279.63

	
237.80

	
3899.90

	
n.d.

	
3073.81

	
554.24




	

	
9430.17 ± 2739.26 abc

	
150.96 ± 141.14 a

	
340.93 ± 383.34 ab

	
3563.77 ± 549.57 bcde

	
5.54 ± 9.59 a

	
3984.27 ± 3254.54 abc

	
443.50 ± 96.50 a




	
GN

	
2016

	
10,671.42

	
796.93

	
699.91

	
2937.66

	
n.d.

	
4332.64

	
3914.78




	
2017

	
11,142.24

	
54.36

	
556.13

	
4000.62

	
16.05

	
1137.84

	
391.54




	

	
10,906.83 ± 332.92 abcd

	
425.65 ± 525.08 a

	
628.02 ± 101.66 ab

	
3469.14 ± 751.63 bcde

	
8.02 ± 11.35 a

	
2735.24 ± 2259.06 abc

	
2153.16 ± 2491.31 a




	
GA

	
2015

	
12,500.19

	
69.30

	
n.d.

	
3485.67

	
n.d.

	
40.57

	
19,369.70




	
2016

	
15,294.35

	
n.d.

	
n.d.

	
2746.44

	
n.d.

	
45.78

	
4009.25




	
2017

	
4625.39

	
572.91

	
n.d.

	
1263.39

	
n.d.

	
1083.23

	
662.81




	

	
10,806.64 ± 5532.43 abc

	
214.07 ± 312.69 a

	
n.d. a

	
2498.50 ± 1131.70 abcd

	
n.d. a

	
389.86 ± 600.48 a

	
8013.92 ± 9975.72 ab




	
HI

	
2015

	
9972.09

	
n.d.

	
n.d.

	
6697.11

	
n.d.

	
6337.66

	
39,566.62




	
2016

	
9592.34

	
843.59

	
n.d.

	
4464.33

	
n.d.

	
16696.11

	
24,048.92




	

	
9782.21 ± 268.53 abc

	
421.80 ± 596.51 a

	
n.d. a

	
5580.72 ± 1578.81 e

	
n.d. a

	
11,516.89 ± 7324.53 cd

	
31,807.77 ± 10,972.67 c




	
MA

	
2015

	
12,470.31

	
45.61

	
422.80

	
7233.21

	
n.d.

	
679.37

	
2423.32




	
2016

	
13,083.80

	
n.d.

	
197.83

	
5236.71

	
n.d.

	
1022.32

	
7341.38




	
2017

	
5736.85

	
939.63

	
86.24

	
2430.22

	
50.11

	
910.06

	
963.62




	

	
10,430.32 ± 4076.22 abc

	
328.41 ± 529.82 a

	
235.62 ± 171.44 ab

	
4966.71 ± 2412.85 e

	
16.70 ± 28.93 a

	
870.58 ± 174.85 a

	
3576.11 ± 3341.50 a




	
ME

	
2015

	
6338.22

	
5235.19

	
173.07

	
2053.30

	
49.85

	
5160.81

	
51,350.41




	
2016

	
6161.87

	
1631.63

	
116.25

	
1234.94

	
28.96

	
6588.57

	
1435.93




	
2017

	
4444.45

	
1444.84

	
83.07

	
685.08

	
n.d.

	
3869.03

	
468.07




	

	
5648.18 ± 1046.19 a

	
2770.55 ± 2136.48 a

	
124.13 ± 45.51 ab

	
1324.44 ± 688.49 a

	
26.27 ± 25.04 a

	
5206.14 ± 1360.33 abc

	
17,751.47 ± 29,101.56 abc




	
MZ

	
2015

	
16,271.50

	
281.00

	
430.30

	
3543.87

	
n.d.

	
187.53

	
13,176.86




	
2016

	
14,245.30

	
1136.99

	
886.02

	
3457.40

	
n.d.

	
1234.30

	
654.60




	
2017

	
21,462.17

	
343.95

	
481.20

	
4858.05

	
n.d.

	
1846.04

	
176.88




	

	
17,326.32 ± 3722.27 d

	
587.31 ± 477.07 a

	
599.17 ± 249.72 ab

	
3953.10 ± 784.90 de

	
n.d. a

	
1089.29 ± 838.71 ab

	
4669.45 ± 7371.51 a




	
MH

	
2015

	
13,611.88

	
9428.53

	
n.d.

	
1539.99

	
n.d.

	
8479.03

	
808.78




	
2016

	
5622.03

	
9591.73

	
n.d.

	
691.70

	
n.d.

	
28,686.54

	
30,168.70




	
2017

	
1779.60

	
710.10

	
570.74

	
579.38

	
n.d.

	
1834.90

	
68.97




	

	
7004.50 ± 6036.07 ab

	
6576.79 ± 5081.35 b

	
190.25 ± 329.52 ab

	
937.03 ± 529.19 a

	
n.d. a

	
13,000.16 ± 13,985.10 d

	
10,348.82 ± 17,168.51 ab




	
MO

	
2015

	
4951.09

	
102.96

	
100.99

	
1932.30

	
46.23

	
138.83

	
1827.86




	
2016

	
9918.74

	
n.d.

	
63.20

	
2088.90

	
n.d.

	
472.71

	
15,593.77




	
2017

	
4396.71

	
3143.30

	
159.62

	
1405.82

	
26.78

	
1655.78

	
1621.99




	

	
6422.18 ± 3040.77 ab

	
1082.09 ± 1785.81 a

	
107.94 ± 48.59 ab

	
1809.01 ± 357.84 abc

	
24.34 ± 23.21 a

	
755.77 ± 797.10 a

	
6347.87 ± 8007.84 ab




	
PN

	
2015

	
9362.87

	
n.d.

	
117.51

	
4935.46

	
26.09

	
6640.55

	
1220.69




	
2016

	
9512.99

	
2477.05

	
232.07

	
1813.92

	
n.d.

	
6931.06

	
15,193.79




	
2017

	
7340.57

	
663.27

	
193.47

	
1784.40

	
n.d.

	
1224.40

	
9239.42




	

	
8738.81 ± 1213.24 ab

	
1046.77 ± 1282.28 a

	
181.02 ± 58.29 ab

	
2844.59 ± 1810.81 abcd

	
8.70 ± 15.06 a

	
4932.00 ± 3214.16 abc

	
8551.30 ± 7011.92 ab




	
PC

	
2015

	
13,331.35

	
603.76

	
290.41

	
5006.47

	
n.d.

	
644.76

	
11,386.78




	
2016

	
15,928.62

	
1704.57

	
382.38

	
3309.51

	
n.d.

	
2112.89

	
12,107.32




	
2017

	
6669.04

	
23.12

	
687.16

	
2753.56

	
70.64

	
626.68

	
444.45




	

	
11,976.34 ± 4776.19 bcd

	
777.15 ± 854.03 a

	
453.32 ± 207.67 ab

	
3689.85 ± 1173.62 cde

	
23.55 ± 40.78 a

	
1128.11 ± 852.89 ab

	
7979.52 ± 6535.49 ab




	
PE

	
2016

	
13,385.42

	
1072.51

	
253.62

	
1390.86

	
43.01

	
2373.91

	
11,000.15




	
2017

	
17,846.22

	
2462.87

	
150.38

	
2335.48

	
n.d.

	
2146.33

	
1018.51




	

	
15,615.82 ± 3154.27 cd

	
1767.69 ± 983.13 a

	
202.00 ± 73.00 ab

	
1863.17 ± 667.95 abcd

	
21.50 ± 30.41 a

	
2260.12 ± 160.92 ab

	
6009.33 ± 7058.09 ab




	
TE

	
2015

	
10,407.02

	
58.60

	
43.60

	
2277.66

	
n.d.

	
119.16

	
5193.74




	
2016

	
9989.30

	
823.27

	
149.62

	
2301.87

	
n.d.

	
1115.39

	
6327.44




	
2017

	
9990.96

	
141.50

	
376.71

	
2393.27

	
17.87

	
1075.68

	
733.24




	

	
10,150.33 ± 277.47 abc

	
341.13 ± 419.60 a

	
189.98 ± 170.19 ab

	
2324.27 ± 60.97 abcd

	
5.96 ± 10.32 a

	
770.08 ± 564.06 a

	
4084.81 ± 2957.37 a




	
XA

	
2019

	
11,559.14

	
739.57

	
157.07

	
1449.90

	
n.d.

	
1664.62

	
7778.20




	
2020

	
13,866.26

	
1353.96

	
159.23

	
1227.58

	
97.29

	
2739.26

	
4817.75




	

	
12,712.70 ± 1631.39 bcd

	
1046.77 ± 434.44 a

	
158.15 ± 1.53 ab

	
1338.74 ± 157.20 ab

	
48.65 ± 68.80 a

	
2201.94 ± 759.89 ab

	
6297.98 ± 2093.36 ab




	
ZA

	
2015

	
6707.28

	
111.29

	
n.d.

	
1855.66

	
n.d.

	
9441.10

	
271.42




	
2016

	
15,913.66

	
44.81

	
4048.78

	
3061.91

	
n.d.

	
1204.34

	
1019.00




	

	
11,310.47 ± 6509.89 abcd

	
78.05 ± 47.01 a

	
2024.39 ± 2862.92 c

	
2458.79 ± 852.94 abcd

	
n.d. a

	
5322.72 ± 5824.27 abcd

	
645.21 ± 528.62 a




	
Significance

	
*

	
*

	
ns

	
*

	
ns

	
ns

	
ns




	
Variety

	
Year

	
Ketones

	
Lactons

	
Terpenes

	
Norisoprenoids

	
PAHs

	
Sesquiterpenes

	
Total




	
AT

	
2015

	
79.72

	
n.d.

	
150.10

	
n.d.

	
n.d.

	
5.03

	
2600.40




	
2016

	
121.33

	
n.d.

	
1172.24

	
4.91

	
243.71

	
20.29

	
19,192.30




	
2017

	
159.55

	
n.d.

	
2992.62

	
n.d.

	
51.05

	
10.97

	
25,261.00




	

	
120.20 ± 829.71 a

	
n.d. a

	
1438.32 ± 1439.82 a

	
1.64 ± 2.84

	
98.25 ± 128.53 abc

	
12.10 ± 7.69 abcd

	
15,684.57 ± 11,730.46 a




	
CO

	
2015

	
199.95

	
n.d.

	
247.76

	
n.d.

	
9.93

	
18.83

	
61,239.07




	
2016

	
310.80

	
n.d.

	
559.09

	
n.d.

	
76.41

	
8.96

	
58,410.41




	
2017

	
131.86

	
n.d.

	
543.08

	
0.82

	
66.09

	
8.73

	
11,375.83




	

	
214.21 ± 90.32 ab

	
n.d. a

	
449.98 ± 175.31 a

	
0.27 ± 0.47

	
50.81 ± 35.78 ab

	
12.17 ± 5.76 abcd

	
43,675.10 ± 28,007.73 ab




	
ES

	
2015

	
212.50

	
n.d.

	
1196.10

	
n.d.

	
79.29

	
6.13

	
29,826.78




	
2016

	
259.45

	
n.d.

	
59.52

	
n.d.

	
170.92

	
15.16

	
12,859.52




	
2017

	
204.14

	
n.d.

	
949.90

	
9.03

	
92.51

	
0.00

	
13,799.79




	

	
225.37 ± 29.82 ab

	
n.d. a

	
735.17 ± 597.95 a

	
3.01 ± 5.21

	
114.24 ± 49.53 bc

	
7.10 ± 7.63 abc

	
18,828.70 ± 9536.22 a




	
EV3

	
2015

	
75.87

	
n.d.

	
2786.72

	
n.d.

	
45.06

	
4.37

	
22,594.80




	
2016

	
394.77

	
n.d.

	
3428.77

	
n.d.

	
154.32

	
4.18

	
45,137.40




	
2017

	
177.10

	
n.d.

	
3858.31

	
n.d.

	
102.79

	
21.46

	
35,952.44




	

	
215.91 ± 162.95 ab

	
n.d. a

	
3357.94 ± 539.29 a

	
n.d. a

	
100.72 ± 54.66 abc

	
10.00 ± 9.92 abcd

	
34,561.55 ± 11,335.48 ab




	
EV4

	
2015

	
70.95

	
n.d.

	
3983.04

	
n.d.

	
n.d.

	
24.64

	
22,669.24




	
2016

	
300.37

	
n.d.

	
2025.40

	
n.d.

	
16.71

	
36.38

	
52,437.64




	
2017

	
352.47

	
n.d.

	
1095.84

	
n.d.

	
46.71

	
7.72

	
11,849.20




	

	
241.26 ± 149.78 ab

	
n.d. a

	
2368.09 ± 1473.79 a

	
n.d. a

	
21.14 ± 23.67 a

	
22.92 ± 14.41 abcde

	
28,985.36 ± 21,018.45 ab




	
EV6

	
2015

	
47.58

	
n.d.

	
406.78

	
n.d.

	
n.d.

	
n.d.

	
13,639.21




	
2016

	
232.86

	
n.d.

	
170.99

	
n.d.

	
105.19

	
n.d.

	
15,050.37




	
2017

	
254.41

	
n.d.

	
335.09

	
n.d.

	
64.46

	
n.d.

	
42,746.10




	

	
178.29 ± 113.71 ab

	
n.d. a

	
304.29 ± 120.87 a

	
n.d. a

	
56.55 ± 53.04 ab

	
n.d. a

	
23,811.89 ± 16,412.68 a




	
FE

	
2015

	
29.61

	
n.d.

	
1178.27

	
n.d.

	
n.d.

	
n.d.

	
20,038.61




	
2016

	
317.02

	
n.d.

	
145.74

	
n.d.

	
157.69

	
n.d.

	
15,251.13




	
2017

	
168.70

	
n.d.

	
891.28

	
n.d.

	
81.49

	
n.d.

	
21,437.45




	

	
171.78 ± 143.73 ab

	
n.d. a

	
738.43 ± 532.97 a

	
n.d. a

	
79.73 ± 78.86 ab

	
n.d. a

	
18,909.06 ± 3244.15 a




	
GN

	
2016

	
256.67

	
n.d.

	
772.48

	
n.d.

	
75.55

	
36.19

	
24,494.23




	
2017

	
197.45

	
n.d.

	
1874.80

	
n.d.

	
118.75

	
31.51

	
19,521.28




	

	
227.06 ± 41.87 ab

	
n.d. a

	
1323.64 ± 779.45 a

	
n.d. a

	
97.15 ± 30.55 abc

	
33.85 ± 3.31 def

	
22,007.76 ± 3516.40 a




	
GA

	
2015

	
229.78

	
n.d.

	
2432.42

	
25.17

	
15.37

	
6.51

	
38,174.70




	
2016

	
54.24

	
n.d.

	
2303.76

	
n.d.

	
n.d.

	
n.d.

	
24,453.81




	
2017

	
147.13

	
n.d.

	
2098.58

	
n.d.

	
45.11

	
n.d.

	
10,498.55




	

	
143.72 ± 87.82 ab

	
n.d. a

	
2278.25 ± 168.38 a

	
8.39 ± 14.53 a

	
20.16 ± 22.93 a

	
2.17 ± 3.76 ab

	
24,375.69 ± 13,838.24 a




	
HI

	
2015

	
249.18

	
n.d.

	
8506.25

	
n.d.

	
45.05

	
4.91

	
71,378.87




	
2016

	
389.18

	
n.d.

	
2376.85

	
n.d.

	
142.12

	
n.d.

	
58,553.44




	

	
319.18 ± 99.00 ab

	
n.d. a

	
5441.55 ± 4334.14 a

	
n.d. a

	
93.59 ± 68.64 abc

	
2.45 ± 3.47 ab

	
64,966.16 ± 9068.95 b




	
MA

	
2015

	
121.40

	
n.d.

	
683.00

	
1.19

	
39.80

	
7.59

	
24,127.60




	
2016

	
110.33

	
n.d.

	
459.25

	
n.d.

	
30.48

	
18.15

	
27,500.26




	
2017

	
319.42

	
n.d.

	
742.50

	
1.11

	
106.17

	
6.90

	
12,292.84




	

	
183.72 ± 117.65 ab

	
n.d. a

	
628.25 ± 149.35 a

	
0.77 ± 0.66 a

	
58.82 ± 41.27 ab

	
10.88 ± 6.30 abcd

	
21,306.90 ± 7986.47 a




	
ME

	
2015

	
307.77

	
n.d.

	
478.00

	
n.d.

	
83.14

	
2.32

	
71,232.09




	
2016

	
232.31

	
4.65

	
369.21

	
n.d.

	
45.52

	
n.d.

	
17,849.83




	
2017

	
475.81

	
1.73

	
402.56

	
n.d.

	
78.42

	
12.49

	
11,965.54




	

	
338.63 ± 124.65 b

	
2.13 ± 2.35 b

	
416.59 ± 55.74 a

	
n.d. a

	
69.03 ± 20.49 ab

	
4.94 ± 6.64 ab

	
33,682.49 ± 32,651.73 ab




	
MZ

	
2015

	
139.87

	
n.d.

	
1245.73

	
n.d.

	
38.36

	
n.d.

	
35,315.00




	
2016

	
324.02

	
n.d.

	
236.47

	
n.d.

	
172.45

	
n.d.

	
22,347.54




	
2017

	
189.93

	
n.d.

	
2451.01

	
n.d.

	
81.95

	
n.d.

	
31,891.17




	

	
217.94 ± 95.22 ab

	
n.d. a

	
1311.07 ± 1108.71 a

	
n.d. a

	
97.59 ± 68.40 abc

	
n.d. a

	
29,851.24 ± 6720.10 ab




	
MH

	
2015

	
15.15

	
n.d.

	
127,516.04

	
n.d.

	
n.d.

	
31.78

	
161,431.18




	
2016

	
519.14

	
n.d.

	
59,815.52

	
n.d.

	
n.d.

	
14.64

	
135,110.01




	
2017

	
176.49

	
n.d.

	
27,368.23

	
n.d.

	
60.76

	
46.73

	
33,195.90




	

	
236.93 ± 257.38 ab

	
n.d. a

	
71,566.60 ± 51,097.57 b

	
n.d. a

	
20.25 ± 35.08 a

	
31.05 ± 16.06 de

	
109,912.36 ± 67,729.33 c




	
MO

	
2015

	
184.67

	
n.d.

	
552.68

	
n.d.

	
76.96

	
0.00

	
9914.58




	
2016

	
161.98

	
n.d.

	
1850.75

	
n.d.

	
n.d.

	
71.44

	
30,221.47




	
2017

	
430.31

	
4.31

	
584.47

	
n.d.

	
45.64

	
2.85

	
13,477.59




	

	
258.98 ± 148.80 ab

	
1.44 ± 2.49 ab

	
995.97 ± 740.43 a

	
n.d. a

	
40.86 ± 38.70 ab

	
24.76 ± 40.45 bcde

	
17,871.21 ± 10,842.99 a




	
PN

	
2015

	
126.42

	
n.d.

	
1644.83

	
n.d.

	
n.d.

	
59.69

	
24,134.12




	
2016

	
360.27

	
n.d.

	
916.56

	
n.d.

	
54.34

	
38.76

	
37,530.79




	
2017

	
229.85

	
n.d.

	
813.37

	
n.d.

	
52.27

	
13.20

	
21,554.22




	

	
238.85 ± 117.18 ab

	
n.d. a

	
1124.92 ± 453.21 a

	
n.d. a

	
35.54 ± 30.79 ab

	
37.22 ± 23.29 ef

	
27,739.71 ± 8576.88 ab




	
PC

	
2015

	
281.63

	
n.d.

	
811.91

	
17.65

	
128.78

	
46.32

	
32,549.81




	
2016

	
138.82

	
n.d.

	
332.09

	
1.74

	
61.20

	
35.67

	
36,114.81




	
2017

	
185.04

	
n.d.

	
698.93

	
n.d.

	
66.15

	
8.12

	
12,232.89




	

	
201.83 ± 72.87 ab

	
n.d. a

	
614.31 ± 250.85 a

	
6.46 ± 9.73 a

	
85.38 ± 37.67 abc

	
30.03 ± 19.71 cde

	
26,965.84 ± 12,883.02 ab




	
PE

	
2016

	
368.28

	
n.d.

	
932.71

	
n.d.

	
87.54

	
n.d.

	
30,908.00




	
2017

	
27.52

	
n.d.

	
1193.49

	
3.35

	
4.46

	
5.23

	
27,193.86




	

	
197.90 ± 240.95 ab

	
n.d. a

	
1063.10 ± 184.40 a

	
1.68 ± 2.37 a

	
46.00 ± 58.75 ab

	
2.62 ± 3.70 ab

	
29,050.93 ± 2626.30 ab




	
TE

	
2015

	
198.04

	
n.d.

	
4108.65

	
21.64

	
63.45

	
19.41

	
22,535.28




	
2016

	
257.41

	
2.84

	
366.47

	
n.d.

	
33.52

	
23.49

	
21,390.62




	
2017

	
193.19

	
n.d.

	
466.16

	
9.16

	
105.16

	
13.81

	
15,516.72




	

	
216.22 ± 35.76 ab

	
0.95 ± 1.64 ab

	
1647.09 ± 2132.35 a

	
10.27 ± 10.86 a

	
67.37 ± 35.98 ab

	
18.90 ± 4.86 abcde

	
19,814.21 ± 3765.48 a




	
XA

	
2019

	
217.58

	
n.d.

	
1547.10

	
n.d.

	
78.21

	
59.36

	
25,250.76




	
2020

	
233.87

	
n.d.

	
2363.19

	
2.47

	
109.11

	
60.88

	
27,030.87




	

	
225.73 ± 11.52 ab

	
n.d. a

	
1955.15 ± 577.06 a

	
1.24 ± 1.75 a

	
93.66 ± 21.85 abc

	
60.12 ± 1.08 f

	
26,140.81 ± 1258.73 ab




	
ZA

	
2015

	
184.62

	
n.d.

	
14,059.51

	
220.02

	
112.36

	
32.84

	
32,996.11




	
2016

	
391.70

	
n.d.

	
469.63

	
n.d.

	
254.11

	
4.07

	
26,412.01




	

	
288.16 ± 146.43 ab

	
n.d. a

	
7264.57 ± 9609.49 a

	
110.01 ± 155.57 b

	
183.24 ± 100.23 c

	
18.45 ± 20.35 abcde

	
29,704.06 ± 4655.66 ab




	
Significance

	
ns

	
ns

	
***

	

	
ns

	
**

	
**








PAHs.: polycyclic aromatic hydrocarbons; n.d.: none detected. *, **, *** and ns indicate significance at p ≤ 0.05, p ≤ 0.01, p ≤ 0.0001 and non-significant difference, respectively. Internal standards: 4 methyl-2-pentanol for C6 compounds, aldehydes, acids, esters, alcohols, and thiols. 3-octanol for terpenes, ketones, aromatic hydrocarbons, lactones, norisoprenoids and sesquiterpenes. Mean value, SD and different roman letters (a–e), showing significant differences according to Fisher’s test (p < 0.05), are indicated in bold for each variety. See Table 1 for varieties abbreviation. 













 





Table 4. Major volatile compounds in free and bound form.






Table 4. Major volatile compounds in free and bound form.





	
Compound

	
Family

	
AT

	
CO

	
ES

	
EV3

	
EV4

	
EV6

	
FE

	
GN

	
GA

	
HI






	
F

	
Alcohols

	
1-Hexanol, 2-ethyl-

	
1-Heptanol

	
1-Hexanol, 2-ethyl-




	
F

	
Acids

	
Hexanoic acid

	
Acetic acid

	
Hexanoic acid

	
Nonanoic acid

	
Acetic acid

	
Hexanoic acid




	
F

	
Aldehydes

	
Benzaldehyde

	
2-Nonenal, (E)-

	
Benzaldehyde, 2,5-dimethyl-




	
F

	
C6

	
Hexanal

	
2-Hexenal, (E)-

	
Hexanal

	
2-Hexenal, (E)-

	
2-Hexenal, (E)-




	
F

	
Esters

	
Hexanoic acid, ethyl ester

	

	
Hexanoic acid, ethyl ester

	
Methyl formate

	
Hexanoic acid, ethyl ester




	
F

	
Phenols

	
4,6-di-tert-Butyl-m-cresol

	
Estragole

	
4,6-di-tert-Butyl-m-cresol

	
4,6-di-tert-Butyl-m-cresol

	
Estragole




	
F

	
Thiols

	

	
2-Undecanethiol, 2-methyl-

	

	
2-Undecanethiol, 2-methyl-

	




	
F

	
Ketones

	
Methyl Isobutyl Ketone

	

	
Methyl Isobutyl Ketone




	
F

	
Lactons

	
Furaneol

	
3(2H)-Furanone, 2-(1-hydroxy-1-methyl-2-oxopropyl)-2,5-dimethyl-

	
Furaneol

	




	
F

	
Terpenes

	
cis-Geraniol

	
p-Cymene

	
cis-Geraniol

	
2,6-Octadien-1-ol, 2,7-dimethyl-

	
m-Cymene

	
p-Menth-8-en-2-ol

	
α terpinil acetate

	
Geranyl vinyl ether

	
cis-Geraniol

	
Linalol




	
F

	
Norisoprenoids

	
α-Damascenone

	

	
α-Damascenone

	

	
α-Damascenone

	
β damascenone




	
F

	
PAHs

	
psi.-Cumene

	
Hemimellitene

	
Mesitylene

	
Hemimellitene

	
Mesitylene




	
F

	
Sesquiterpenes

	

	
4βH-Eudesmane

	

	
Humulene epoxide II

	
4βH-Eudesmane

	

	
Humulene epoxide II




	
A.P.

	
Alcohols

	
Benzyl Alcohol

	
Phenylethyl Alcohol

	
Benzyl Alcohol

	
Phenylethyl Alcohol




	
A.P.

	
Acids

	
Nonanoic acid

	
Octanoic Acid

	
Nonanoic acid




	
A.P.

	
Aldehydes

	
Benzaldehyde

	
Hexanal, 2-ethyl-

	
Benzaldehyde

	




	
A.P.

	
C6

	
1-Hexanol




	
A.P.

	
Esters

	
Nonanoic acid, methyl ester

	
Salicylic acid, ethyl ester

	
Salicylic acid, methyl ester

	
Nonanoic acid, methyl ester

	
Salicylic acid, methyl ester

	
Nonanoic acid, methyl ester

	
Salicylic acid, methyl ester




	
A.P.

	
Phenols

	
p-Propylguaiacol

	
Phenol, 2,4-di-tert-butyl-

	
p-Propylguaiacol

	
Phenol, 2,4-di-tert-butyl-

	
p-Ethylguaiacol-

	
Phenol, 2,4-di-tert-butyl-




	
A.P.

	
Thiols

	
2-Undecanethiol, 2-methyl-

	




	
A.P.

	
Ketones

	
Methyl Isobutil Ketone

	
Benzophenone

	
Methyl Isobutil Ketone

	
Benzophenone




	
A.P.

	
Lactons

	

	

	

	

	

	

	

	

	

	




	
A.P.

	
Terpenes

	
cis-Geraniol

	
Carvacrol

	
Dihydrocitronellol

	
cis-Geraniol

	
Geranyl vinyl ether

	
Thymol

	
Dihydrocitronellol




	
A.P.

	
Norisoprenoids

	
Dihydro-β-ionol

	
α-Damascenone

	

	

	

	

	

	
Dihydro-β-ionol

	




	
A.P.

	
PAHs

	
Benzene, 1-methyl-3-(phenylmethyl)-

	
Hemimellitene

	
psi.-Cumene

	
Mesitylene

	
psi.-Cumene

	
Hemimellitene

	
Benzene, 1,1′-ethylidenebis-

	
Hemimellitene

	
Mesitylene

	
Hemimellitene




	
A.P.

	
Sesquiterpenes

	
cis-α-Bisabolene

	
Humulene epoxide II

	
cis-Z-α-Bisabolene epoxide

	
Azulene, 1,4-dimethyl-7-(1-methylethyl)-

	
cis-Z-α-Bisabolene epoxide

	

	

	
(Z)-β-Farnesene

	
Caryophyllene oxide




	
Compound

	
Family

	
MA

	
ME

	
MZ

	
MH

	
MO

	
PN

	
PC

	
PE

	
TE

	
XA

	
ZA




	
F

	
Alcohols

	
1-Heptanol

	
1-Hexanol, 2-ethyl-




	
F

	
Acids

	
Hexanoic acid

	
Acetic acid

	
Hexanoic acid

	
Nonanoic acid

	
Hexanoic acid




	
F

	
Aldehydes

	
Benzaldehyde

	
Butanedial

	
Benzaldehyde

	
Butanedial

	
Benzaldehyde

	
2-Nonenal, (E)-

	
Hexanal, 2,2-dimethyl-

	
Benzaldehyde

	
2-Nonenal, (E)-




	
F

	
C6

	
Hexanal

	
2-Hexenal, (E)-

	
1-Hexanol

	
2-Hexenal, (E)-

	
Hexanal

	
1-Hexanol

	
2-Hexenal, (E)-




	
F

	
Esters

	
Acetic acid, hexyl ester

	
Hexanoic acid, ethyl ester

	
Methyl formate

	
Hexanoic acid, ethyl ester

	
Acetic acid, pentyl ester

	
Hexanoic acid, ethyl ester

	
Methyl formate

	
Hexanoic acid, ethyl ester

	

	
5,9-Undecadien-2-one, 6,10-dimethyl-, (E)-




	
F

	
Phenols

	
4,6-di-tert-Butyl-m-cresol

	
Estragole

	
Estragole

	
4,6-di-tert-Butyl-m-cresol

	
Estragole

	
4,6-di-tert-Butyl-m-cresol

	
Estragole

	

	
Estragole




	
F

	
Thiols

	
2-Undecanethiol, 2-methyl-

	
Nonanal, 3-(methylthio)-

	
2-Undecanethiol, 2-methyl-

	

	
1-Hexanethiol, 2-ethyl-

	

	
Nonanal, 3-(methylthio)-




	
F

	
Ketones

	
Methyl Isobutyl Ketone




	
F

	
Lactons

	
Furaneol

	

	
Furaneol

	
2(5H)-Furanone, 4-methyl-3,5-bis(2-methyl-2-propenyl)-




	
F

	
Terpenes

	
Borneol

	
Cosmene

	
Isopinocarveol

	
Linalol

	
α terpinil acetate

	
cis-Geraniol

	
á-Citronellol

	
α-Terpineol

	
o-Cymene

	
Linalol




	
F

	
Norisoprenoids

	
α-Damascenone

	

	
β damascenone

	

	
β damascenone

	
α-Damascenone

	
β damascenone

	
α-Damascenone




	
F

	
PAHs

	
Hemimellitene

	
Mesitylene

	
Hemimellitene

	
Mesitylene

	
Hemimellitene

	
Mesitylene

	
Hemimellitene




	
F

	
Sesquiterpenes

	

	
4βH-Eudesmane

	

	
4βH-Eudesmane

	
Caryophyllene oxide

	
Aromadendrene oxide-(2)

	
trans-Z- α Bisabolene epoxide

	
Humulene epoxide II

	
(Z)-α-Farnesene

	
Aromadendrene oxide-(2)




	
A.P.

	
Alcohols

	
Benzyl Alcohol

	
Phenylethyl Alcohol

	
Benzyl Alcohol

	
Phenylethyl Alcohol

	
Benzyl Alcohol




	
A.P.

	
Acids

	
Nonanoic acid

	
Octanoic Acid

	
Nonanoic acid

	
Decanoic acid, 3-methyl-

	
Octanoic Acid




	
A.P.

	
Aldehydes

	
Benzaldehyde




	
A.P.

	
C6

	
1-Hexanol




	
A.P.

	
Esters

	
Salicylic acid, methyl ester

	
Nonanoic acid, methyl ester

	
Salicylic acid, methyl ester

	
Nonanoic acid, methyl ester

	
Nonanoic acid, ethyl ester

	
Nonanoic acid, methyl ester

	
Salicylic acid, methyl ester

	
Nonanoic acid, ethyl ester

	
Salicylic acid, methyl ester




	
A.P.

	
Phenols

	
Phenol, 2,4-di-tert-butyl-

	
p-Propylguaiacol




	
A.P.

	
Thiols

	
2-Undecanethiol, 2-methyl-

	

	
2-Undecanethiol, 2-methyl-

	




	
A.P.

	
Ketones

	
Methyl Isobutil Ketone

	
Benzophenone

	
Methyl Isobutil Ketone

	
Benzophenone

	
Methyl Isobutil Ketone




	
A.P.

	
Lactons

	

	
ë-Undecalactone

	

	
ç Dodecalactone

	

	
3,4,5-Trimethyldihydrofuran-2-one

	




	
A.P.

	
Terpenes

	
Carvacrol

	
cis-Geraniol

	
Dihydrocitronellol

	
Linalol

	
Dihydrocitronellol

	
cis-Geraniol

	
Dihydrocitronellol

	
cis-Geraniol

	
1,5,5-Trimethyl-6-methylene-cyclohexene

	
Dihydrocitronellol

	
Linalol




	
A.P.

	
Norisoprenoids

	
Dihydro-β-ionol

	

	
Dihydro-β-ionol

	
α-Damascenone

	
Dihydro-beta-ionol

	
α-Damascenone




	
A.P.

	
PAHs

	
Hemimellitene

	
psi.-Cumene

	
Hemimellitene

	
psi.-Cumene

	
Hemimellitene

	
psi.-Cumene

	
Hemimellitene




	
A.P.

	
Sesquiterpenes

	
trans-Z-α-Bisabolene epoxide

	
(Z)-β-Farnesene

	

	
trans-Z-α-Bisabolene epoxide

	
Patchouli alcohol

	
cis-α-Bisabolene

	
(E,E)-Farnesol

	
trans-Z-α-Bisabolene epoxide

	
cis-α-Bisabolene

	
Azulene, 1,4-dimethyl-7-(1-methylethyl)-

	
ç-Elemene








F: free volatile; A.P.: aromatic precursors; PAH’s: polycyclic aromatic hydrocarbons. See Table 1 for varieties abbreviations. The colour only means the lack of detection of these kind of compounds in that certain variety.













 





Table 5. Pearson’s correlation among climatic conditions, volatile content (%) and oenological parameters.






Table 5. Pearson’s correlation among climatic conditions, volatile content (%) and oenological parameters.





	Variables
	Max T (°C)
	Mean T (°C)
	Min T (°C)
	Rainfall (mm)
	Days with T > 35 °C





	F Alcohols %
	0.079
	−0.312
	−0.240
	0.230
	0.110



	F Acids %
	0.023
	0.456
	0.205
	−0.385
	−0.257



	F Aldehydes %
	−0.274
	−0.263
	0.155
	0.314
	0.328



	F C6 %
	−0.098
	−0.140
	0.032
	0.150
	0.141



	F Thiols %
	0.345
	−0.056
	−0.390
	−0.075
	−0.209



	F Esters %
	−0.177
	−0.269
	0.051
	0.284
	0.265



	F Phenols %
	−0.071
	−0.229
	−0.041
	0.214
	0.170



	F Ketones %
	0.192
	0.200
	−0.101
	−0.232
	−0.238



	F Lactons %
	0.106
	−0.172
	−0.197
	0.105
	0.018



	F Terpenes %
	0.032
	0.079
	0.007
	−0.076
	−0.064



	F Norisoprenoids %
	0.147
	0.411
	0.053
	−0.392
	−0.319



	F PAH’S %
	0.213
	0.214
	−0.115
	−0.251
	−0.260



	F Sesquiterpenes %
	0.167
	0.285
	−0.032
	−0.294
	−0.266



	A.P. Alcohols %
	0.116
	−0.146
	−0.195
	0.080
	−0.003



	A.P. Acids %
	0.191
	−0.274
	−0.338
	0.160
	0.013



	A.P. Aldehydes %
	−0.100
	−0.086
	0.061
	0.106
	0.114



	A.P. C6 %
	0.150
	0.271
	−0.021
	−0.277
	−0.247



	A.P. Thiols %
	0.304
	0.122
	−0.257
	−0.207
	−0.274



	A.P. Esters %
	−0.070
	−0.079
	0.033
	0.090
	0.090



	A.P. Phenols %
	−0.268
	−0.001
	0.280
	0.095
	0.186



	A.P. Ketones %
	0.212
	−0.189
	−0.317
	0.081
	−0.047



	A.P. Lactons %
	0.041
	−0.152
	−0.120
	0.111
	0.052



	A.P. Terpenes %
	0.153
	0.189
	−0.065
	−0.210
	−0.205



	A.P. Norisoprenoids %
	0.034
	0.221
	0.076
	−0.195
	−0.140



	A.P. PAH’S %
	0.001
	−0.336
	−0.170
	0.278
	0.177



	A.P. Sesquiterpenes %
	−0.011
	0.030
	0.027
	−0.021
	−0.009



	°Brix
	0.164
	0.118
	−0.113
	−0.156
	−0.176



	Sugar (g·L−1)
	0.107
	0.069
	−0.078
	−0.094
	−0.110



	Total Acidity (g·L−1)
	0.292
	−0.019
	−0.315
	−0.087
	−0.192



	pH
	−0.248
	0.283
	0.402
	−0.147
	0.021







F: free volatile; A.P.: aromatic precursors; PAH’s: polycyclic aromatic hydrocarbons. Values in bold are different from 0 with a level of significance α = 0.05.
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