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Abstract

:

Wine quality is determined by the development of grape maturation, which is highly dependent on climate variations. Extreme weather events are becoming more common, which will affect the productivity and quality of grapes and wine. Grape development depends on many factors, including weather, and extreme events will influence berry size, skin thickness and the development of some key compounds, such as phenolics. In this work, the ripening evolution and phenolic content of Vitis vinifera extracts from a vineyard in Alentejo (Portugal) were evaluated in two distinct climatic years. During this period, the influence of climatic conditions on grape ripening, and thereby on red wine quality, was assessed. The results demonstrate differences in polyphenol compounds between years and the importance of monitoring their content during maturation. The reduction of berry size, apparently due to lower pluviosity and higher temperatures, resulted in a higher content of polyphenolic compounds related to grape quality.
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1. Introduction


Wine is one of the most consumed alcoholic beverages in the world [1]. The culture of wine is important in Mediterranean countries because it is widely consumed with meals, and also has a social component [2]. This beverage has unique properties, including a rich composition of polyphenols with antioxidant properties. Polyphenolic compounds present in wine and grapes are known for their antioxidant, antimutagenic and neuroprotective effects on human health [3]. Besides their advantages for human health, polyphenolic compounds, such as anthocyanins and tannins, are responsible for organoleptic characteristics in grapes and lately in wine [4]. Anthocyanins are responsible for the typical red color of grape skins and wine [2], and tannins are responsible for the body and mouthfeel of wines [5]. Moderate red wine drinkers will consume polyphenols at levels well above the rest of the population, since some red wines can contain up to 3 g/L of total polyphenols [3].



Climate shifts that change normal weather parameters will affect grape development and consequently wine quality. Global warming is affecting both grape phenologic periods and grape composition [6]. High temperatures substantially affect grape development, cell wall composition and phenolic composition [3]. Berry size also has an impact on berry quality and consequently on wine. Lower water availability is known to decrease berry size, although it may contribute to an increase of phenolic compounds [1].



Grape skin is a thin outer layer made up of composite cuticle, epidermis and hypodermis [7], which constitutes about 5–10% of the total dry weight of grape berries [8]. Its main functions are to act as a hydrophobic barrier to fungal infections and to protect the berry against dehydration, UV light and physical injuries. This physical barrier also limits fruit growth [7]. Pectic polysaccharides are the main components of grape skin cell walls; hence, they are mainly responsible for contributing to intracellular adhesion and cell wall strength [9], and also protecting color and aroma components during winemaking [6]. Grape skins need to be broken down to make these components accessible in the winemaking process, resulting in higher-quality wines [8]. Thus, from an oenological point of view, skin cell walls are relevant since they directly influence the extractability of phenolic compounds in grapes; hence, they create a diffusion barrier which may contribute, during vinification, to impeding the release of these interesting compounds into the wine. Additionally, skin cell walls are composed of pectic polysaccharides that have the important effect of biding the tannins [9]. These compounds bounded to cell walls will precipitate during settling and, will contribute to the reduction of tannins in wine [3].



Climate has a significant impact on grape quality and on the synthesis of phenolic compounds [10]. In grape skins, phenolic compounds are bound to polysaccharides by hydrogen bounds and hydrophobic interactions [11]. The environmental conditions in the experimental area have a great influence on the phenolics that are present on cell walls [9]. Phenolics are located in the vacuoles of skins and seeds, and some may be retained in cell walls during maturation through adsorption by insoluble cell wall polymers [12]. It is widely accepted that the phenolics in red wine are quality indicators, and they are largely dependent on climate conditions during the growing season [6]. Non-volatile phenolic compounds play an essential role in wine and grape sensorial characteristics, since they are responsible for some of the main organoleptic characteristics in wine (including aroma, color, flavor, astringency and bitterness) [4] and are affected by many factors, including grape variety, maturation status, environmental factors (including soil and climate) [13] and the winemaking technology and fermenting and aging conditions [8].



Many agricultural practices have been developed to mitigate the worst effects of adverse weather conditions, such as canopy shading, kaolin foliar aerosol coating and irrigation. However, the detrimental effects on grape quality parameters, and consequently in wine characteristics [14], due to the use of these different practices, justify their limited use.



Cameron [15] studied 23 different grape varieties between 1999 and 2018 and found that the phonologic response depends on the variety of grape and the changes in climate conditions. Some varieties might show advancements of maturity, while others can show some delay. Costa [16] studied the influence of atmospheric conditions on berry quality parameters in three different Portugal regions (Alentejo, Douro and Dão) and found that high temperatures tend to decrease berry weight, titratable acidity, anthocyanins and total phenolic content, and increase pH and potential alcohol. These authors also found that the influence of precipitation depends on the location and variety.



In this study, the performance of four red wine grape varieties was followed up during two years, in Alentejo, south of Portugal. These two consecutive years were very different: 2017 was the second warmest year in Portugal with an annual total precipitation medium of 541.3 mm, the third lowest ever registered. In 2018, the medium air temperature was 15.4 °C, slightly above the normal registered temperature, and the total annual average pluviosity was 939.9 mm, corresponding to 107% of the regular value. Berry growth, skin thickness, cell wall composition and phenolic compounds were evaluated from veraison until harvest to understand how annual climate shifts can affect grape berries.




2. Materials and Methods


2.1. Experimental Design


Trials were conducted in a vineyard located in “Herdade da Mitra”, Valverde, Évora (center/south Portugal) (38°32′01.2″ N 8°00′57.7″ W). The vineyard was not irrigated. ‘Aragonês’, also known as ’Tempranillo’, ‘Syrah’, ‘Touriga Nacional’ and ‘Trincadeira’ (Vitis vinifera L.) grapes were harvested at five time points, along veraison in 2017 and 2018, until the end of maturation. Each sample consisted of 25 clusters picked randomly from different rows and different plants. About three hundred berries per variety were selected from two clusters per plant among a total of 100 plants.



After harvest, berries were manually separated from clusters, and 3 replicates of 50 grape berries were randomly sampled and weighed. Berries were frozen at −20 °C for further processing. The remaining berries were crushed, turned into must, and used for quantifying acidity and total soluble solids.



Meteorological data was collected from the Instituto de Ciências da Terra weather station in “Herdade da Mitra” (Évora). Radiation measurements in the ultraviolet (UVA and UVB) spectral region, and encompassing the whole short-wave (SW) spectral region (0.3 to 4 μm), were taken at the ICT Atmospheric Sciences Observatory, Évora (38°34′4.1″ N, 7°54′41.3″ W), a straight-line distance of 10 km from “Herdade da Mitra”. These measurements were used to quantify the UVA, UVB and SW doses (integral of the radiation measured during the period considered).



Chemicals were high-purity grade and were purchased from Sigma-Aldrich (St. Louis, MO, USA) or Merck KGaA (Darmstadt, Germany).




2.2. Titrable Acidity and Total Soluble Solids


The titratable acidity was determined by potentiometry, and the total soluble solid content by refractometry. Titratable acidity and pH were assessed using a pH meter Crison® compact titrator with an autosampler (Barcelona, Spain). Titratable acidity (TA) was evaluated by sample titration with 0.2 M sodium hydroxide up to pH 8, and expressed in tartaric acid equivalents. The total soluble solids of grape berry juice were determined using a digital refractometer, ATAGO PR-32α, and the results were expressed as ºBrix [2].




2.3. Grape Skin Extracts


Skins were manually separated from berries and weighted. To mimic wine and allow the extraction of polyphenolic compounds, 10 g of grape pericarp was added to 25 mL of extraction reagent (water:ethanol:hydrocloric acid = 50:49:1, v/v/v) and ground using an IKA T25 digital ultra turrax at 9000 rpm for 30 s. Then, samples were extracted in agitation for one hour, filtered and stored at −20 °C until posterior analyses, for polyphenolic assessment.




2.4. Sequential Extraction of Cell Wall Material


To extract skins’ AIR, after the preparation of grape skin extracts, grape skin remains were ground and then extracted with ethanol (72%) used in the proportion 1:6 (w/v) and boiled for 10 min. The supernatant was sequentially washed, filtered under vacuum conditions and air-dried overnight [17].




2.5. Quantification of Total Phenolic Compounds


The total phenolic compound content was determined by the Folin–Ciocalteu method adapted for microplate quantification [2]. Briefly, 5 μL of samples of ethanolic extracts and standards were diluted with 235 μL of distilled water, and then 15 μL of Folin reagent was added. After homogenization, 45 μL of saturated sodium carbonate solution was added. Plates were incubated at 40 °C for 30 min and the absorbance was read at 630 nm using a microplate reader Multiskan™ FC Microplate Photometer, Thermofisher (Waltham, MA, USA). For each sample and standards under analysis, 6 replicates were performed. A standard curve for total phenolic content was performed using gallic acid (0–500 µg/mL). Results were expressed in µg of gallic acid equivalents by g of grape skin fresh weight.




2.6. Total Flavonoid Content


Total flavonoid content in grape skin extracts was determined according to Hosu [5] with some modifications. Thus, in a 96-well microplate, 30 μL of sample was diluted with 200 μL of water, and then 25 μL of Aluminum Chloride 2% and 30 μL of Sodium Acetate were added. A blank assay was prepared by adding 30 μL of sample, 225 μL of water and 30μL of Sodium Acetate. After incubating for 15 min at room temperature, the absorbance was measured at 430 nm. Rutin ethanolic solution was used as standard (0–200 μg/mL). Samples and standards were performed in sextuplicate, and results were expressed in µg of rutin equivalents by g of grape skin fresh weight.




2.7. Anthocyanin’s Identification and Separation


Chromatographic analysis was performed using a UPLC Dionex Ultimate 3000, equipped with a diode array detector (DAD) and Chromeleon 6.8. software [2], according to Antoniolli (2015) [18] with some modifications. Separations were achieved at 35 °C on an RP-C18 LiChrospher 100 column (4 mm × 200 mm, 5 µm), using as the mobile phase ultrapure water:formic acid:acetonitrile (87:10:3, v/v/v) as solvent A, and ultrapure water:formic acid: acetonitrile (40:10:50, v/v/v) as solvent B. The gradient was as follows: 0 min 10% B; 0–10 min 25% B; 10–15 min 31% B; 15–20 min 40% B; 20–30 min 50% B; 30–35 min 100% B; 35–40 min 10% B; 40–47 min 10% B. The flow rate was 0.8 mL/min and the injection volume was 10 µL. The quantification was performed at 520 nm and a calibration curve was obtained using oenin-3-O-glucoside ethanolic solutions in a concentration range from 12.5–0.1 µg/mL. Standards and sample solutions were analyzed in triplicate, and the results were expressed in mg oenin-3-O-glucoside equivalents by g of skin fresh weight.




2.8. Total Tannins Quantification


Total tannins were determined by the Folin–Denis method [2]. The assay was performed in a microplate by diluting 5 μL of sample/standard with 240 μL of water, then adding the 20 μL of Folin–Denis reagent and 35 μL of a saturated solution of CO3Na2, and incubating for 30 min at room temperature. The absorbance was measured at 760 nm and the assay was performed in sextuplicate. A calibration curve was prepared using tannic acid ethanolic solution with a concentration range of 0–1.5 mg/mL. The results were expressed in mg of tannic acid equivalent by g of grape skin fresh weight.




2.9. Data Analysis


Multi-way ANOVA was carried out to determine the effects of harvest date and the variety as the response variables (Statistica 12.0 Statsoft). Means were separated using Tukey’s multiple comparison test. Differences between samples obtained at the p ≤ 0.05 level were considered significant.





3. Results


3.1. Influence of Climate in the Quality of Grape Berries


Medium air temperatures and accumulated rainfall can be found in Figure 1. The medium air temperature was stable for the whole year in both years, 2017 and 2018. Despite the nonappearance of significant differences in the average temperature in both years, during the summer months, an extreme weather event happened in 2018 which consisted in an intense temperature increase after a period of mild temperatures. Pluviosity was considerably higher in 2018, especially in March and April.



About two-thirds of the major viticulture areas of the world have annual precipitation below 700 mm [19]. Despite the differences in pluviosity found between 2017 and 2018, the pluviosity in this region in both years was considered normal, and both values are compatible with the pluviosity found in most viticulture areas; the total accumulated rainfall in 2017 was 314 mm and in 2018 was 695 mm. During the first phase of berry development, the pluviosity was 119 in 2017 and 361 in 2018. These differences influenced the soil-water availability in the beginning of spring and consequently had an impact on the initial phase of berry development. The pluviosity between June and September affected the third phase of berry development, and consequently the berry size. The lower pluviosity observed in the third phase of berry growth influenced the last phase of berry development in 2018, becoming more susceptible to higher temperatures and radiation. The negative impact in grape berry quality, caused by a low water availability in the soil, has been referred to by Tramontini [20].



The information about accumulated UV and SW radiation is presented in Table 1. The highest UVA, UVB and short-wave doses were found during the harvest week in 2017, and between the 7th and the 15th days in 2018, which coincided with an extreme episode, and consequently a higher availability of UV radiation that resulted in a higher accumulation of UV radiation during the 7th and the 15th days in 2018. Generally, accumulated UVA, UVB and short-wave radiation doses were higher in 2017 during veraison; however, during the second week of maturation (7th to 15th day of maturation) the UVA, UVB and short-wave radiation were higher in 2018. Besides the regulatory impact on plant growth and development, exposure to high UV radiation can also damage living tissues, causing burning and bleaching in plants and fruits [21]. The higher availability of UVA and UVB radiation has been suggested as the reason for the increase in the level of phenolic compounds in grapes as a response to a specific stress [22]. UV radiation is another climate element with an important impact on the concentration of some key compounds in grapes [23].



The average values of annual grape production were higher in 2018 than in 2017 (Figure 2). Productions in 2017 and 2018 were not repeated, and so any statistical comparisons should be avoided. In 2017, ‘Syrah’ had a production of about 2 tonnes per hectare, while in 2018 the production was 8.4 tonnes per hectare. ‘Aragonês’ had an extremely low production in 2017, as opposed to ‘Trincadeira’, which had the highest production in 2017. Comparing varieties, the high average production of ‘Trincadeira’ in 2017 in a warmer and dryer year is in accordance with the good performance of this variety in water-scarcity conditions. ‘Syrah’ had the highest production in 2018, followed by ‘Trincadeira’, ‘Touriga Nacional’ and ‘Aragonês’, which was the variety with the lowest production in both years.



Drought conditions in 2017 might explain the lower productivity in all grape varieties. In this year, the meteorological drought began in April and lasted until the end of the year [24]. According to Vaz [25], insufficient water can result in loss of yield, and this might explain the lower productivity in 2017. During the 7th and 15th days after veraison in 2018, a period of higher UV radiation occurred that caused sunburn events in some bunches and consequently lowered production. These symptoms were enhanced by the absence of pluviosity observed in June and July in 2018. Some varieties are more sensitive than others to drought conditions. ‘Aragonês’ is a variety sensitive to water scarcity, which might have led to a residual production in 2017. Despite these results suggesting a cause/effect relation to low water availability, ‘Trincadeira’ seems to be the less sensitive variety to higher temperatures and to low water availability. The grape isohydric and anisohydric behaviors might explain the differences found between 2017 and 2018. ‘Trincadeira’ seems to be the most well-adapted variety to extreme climate conditions. Chaves [26] found that ‘Touriga Nacional’, in situations of water stress, has a higher stomatal conductance, indicating that this variety has anisohydric behavior without stomatal closure, continually losing water through transpiration even in stress situations, which shows that this variety is not well-adapted to water stress.



Grape berries’ growth in 2017 and 2018 is indicated in Figure 3. In general, berries were bigger in 2018 in all varieties, probably due to the different weather conditions, including the higher pluviosity in 2018 during the berry set. Among varieties, it is observed that ‘Syrah’ and ‘Touriga Nacional’ are medium- and small-size berry varieties, respectively, and ‘Aragonês’ and ‘Trincadeira’ are large-size berry varieties. The berry weight is also a varietal characteristic; these data are in accordance with the phenotypic characterization of these varieties.



In vineyards, dryer climate conditions lead to lower water accumulation and lower photosynthetic activity, and these conditions result in smaller berries [10]; the same was observed in 2017 for all studied grape varieties. Additionally, berry composition is highly influenced by weather conditions. Dryer years can lead not only to smaller clusters with smaller berries but also to thicker skins. Vaz (2016) refers to ‘Trincadeira’ as being more resilient to water scarcity situations, since its stomatic control (isohydric behavior) is more efficient, and therefore more resistant to severe hydric stress when compared with ‘Aragonês’ [25]. In water scarcity conditions, ‘Aragonês’ loses leaves, resulting in a reduction of canopy area to reduce water loss by transpiration. ‘Trincadeira’ does not lose leaves but remobilizes water from the berries in case of dehydration, resulting in berry shriveling.




3.2. Evaluation of Acidity and Total Soluble Solids


Titratable acidity (TA) profile during the sampling period in 2017 and 2018 is represented in Figure 4. As expected, acidity decreased during maturation as part of the natural ripening process [3]. In 2018, the overall acidity was higher than in 2017, which is in accordance with the higher temperatures that occurred in 2017 and the higher pluviosity during 2018’s spring months. In fact, the loss of acidity is a consequence of high temperatures during grape ripening due to the respiration of malic acid in berries, contrary to low temperatures, which contribute to acid retention [13].



Considering the acidity profile, all varieties showed a decrease along the maturation period in both years. However, for all varieties, in 2017 the titratable acidity was lower than 2018 from veraison until harvest. In contrast, Jordão [27] observed that in ‘Touriga Nacional’ the water availability did not affect acidity. Higher temperatures have been reported to have a negative impact in TA in many fruit species and in wine grapes [28]. The effect of cold climates on acid maintenance, and consequently its effect on wine quality, has been widely reported [29].



Total soluble solids content (SSC) can be found in Figure 5. SSC content is one of the main indicators of the grapes’ maturation status. In all grape varieties, there was an increase of SSC during veraison. Between years, the SSC in 2017 showed higher values in almost all the time points.



A warmer and dryer year had a considerably positive impact on the accumulation of soluble solids in grape berries [2]. Petrie and Sadras [30] found that growing seasons with higher temperatures resulted in increased rates of sugar accumulation and earlier maturation dates, as was found in 2017. In Tannat grapes, Boido [31] found that grape sugar content increased at sampling times up to harvest, while the titratable acidity decreased during this time with pH values increasing.



The lower production level in all varieties in 2017 justifies a higher SSC. Since sugar content is dependent on leaf area, the effect of severe water stress on the reduction of the flower bud differentiation is widely known in vineyards [32]. In general, lower productivity level is associated with a lower number of grape clusters per vine.



SSC increased during maturation, contrary to TA, which decreased during the same period. The same observations were made by Buttrose [32], who found a marked decrease in acid concentration of grape berries. Independently of the differences between years, both TA and SSC showed expected values when considering the region of Portugal where the trial was located. Similar values were obtained in the south region of Portugal in ‘Touriga Nacional’ and ‘Tempranillo’ by Costa [33].




3.3. Grape Berry Composition


To confirm the traditional assumption that smaller berries have a higher skin-to-berry-weight ratio, berry weight, grape skin and skin/berry weight ratio were compared among varieties in both years separately. These results are presented in Figure 6.



Berry weight showed, in both years, the expected differences between small-sized berry varieties, ‘Touriga Nacional’ and ‘Syrah’, and large-sized berry varieties, ‘Trincadeira’ and ‘Aragonês’. Among varieties, the quantity of grape skin did not change significantly in 2017; however, in 2018, ‘Aragonês’ was the variety with the highest quantity of skin and ‘Touriga Nacional’ the variety with the lowest value (p < 0.05). These observations are in accordance with the fact that this variety is characterized by its small berries with thick skins [34].



Comparing grape varieties, in 2017, the skin-to-berry weight ratio showed the highest value in ‘Syrah’ and in 2018, ‘Syrah’ and ‘Aragonês’ showed higher values for skin-to-berry-weight ratio (p < 0.05). The higher value of this ratio in ‘Aragonês’ in 2018 may indicate that, in water availability conditions, this variety synthetizes both skin and pulp, but the skin synthesis is at a higher rate than the pulp. These findings do not confirm the general assumption that the increase in berry size will reduce the skin-to-pulp-weight ratio. In 2017, ‘Syrah’ showed the higher value of skin-to-berry-weight ratio and the lower value for berry weight. These relations may indicate that ‘Syrah’, which is a variety with medium-sized berries, have a high skin percentage, and this percentage may increase in smaller berries. However, the water availability during spring and the less extreme weather conditions in 2018 appeared to had an impact on grape development in ‘Syrah’, resulting in bigger berries with a lower skin-to-berry-weight ratio. These observations are in accordance with the general idea that water deficit may result in berries with more skin tissue relative to whole berry fresh mass. Changes in these proportions justifies the higher concentration of phenolic compounds in the musts from smaller berries. Additionally, Paladines-Paladines-Quezada [9] found that skin weight is positively correlated with berry weight but negatively correlated with skin percentage due to the variation of the volume/surface ratio, and that these differences can be attributed to different climate conditions. Berry composition is affected by stress, including the stress caused by excessive heat, which is considered an adaptive response. In this situation, there is, in grape skin, a significant increase in lignin biosynthesis, conferring additional strength and protection to the berry [35]. The skin thickness increase observed in 2017 can be explained by the extreme weather conditions that might have led to a higher biosynthesis of lignin in grape skin. In fact, the dilution effect in grape berry skins due to the irrigation of vineyards, and to the increase of berry volume, is a much-debated subject which has not been clarified yet.




3.4. Skin Cell Wall


AIR (Alcohol-Insoluble Residue) corresponds to the polysaccharide fraction present in the cells after the removal of all the cytosolic content, which correspond to the cell wall material. The AIR percentage in grape skins was used as a first approach to understand the evolution of total skin polysaccharides in all varieties in both years of this study (Figure 7). The percentage of AIR extractability varied between 8 and 16%. These results are in accordance with the work of Apolinar-Valiente [36] in Vitis vinifera intra-specific hybrids, in which = extractability percentages of AIR were found to vary between 12.9 and 21.2%. Comparing both years, the AIR extraction yield was higher in 2017, which might indicate that the lack of water could lead to thicker skins or skins with less water inside the cell’s vacuole and consequently a higher AIR percentage. In 2018, the berries were bigger, with a higher content of skin fresh weight but a lower AIR extraction yield. This may indicate that, between years, the skins in 2018 had a higher water content, and in 2017 there were more skin cell walls but with less cytosolic content. The water restrictions that occurred in 2017 imposed limits on grape development, which may have influenced the AIR % extractability [36].



‘Syrah’ is a variety with medium-sized berries, but showed, in 2017, a high percentage of AIR, which is in accordance with the high skin weight observed in this variety. Additionally, skin weight is directly related to a high cell wall synthesis and thus a high AIR content. Conversely, ‘Aragonês’, which is a variety with large-sized berries, showed a low AIR extraction yield in both years; however, berries from 2017 were much smaller (p < 0.05). In 2018, this variety showed a higher value of skin tissue relative to whole berry fresh mass, with larger berries, which might indicate a higher accumulation of water in skin cell walls in 2018, considering that the amount of skin cell walls did not change in both years.



‘Aragonês’ is a more sensitive variety to weather variations according to its anisohydric behavior. Lower plant water potentials are attained in water deficit conditions in anisohydric varieties [26]. Additionally, berries can suffer from berry shriveling under certain stress conditions, which attest to the high capacity of ‘Aragonês’ to regulate plant water status [10].



‘Touriga Nacional’, despite its thinner skins and smaller berries, showed the highest AIR yield of all studied varieties (p < 0.05). A high skin-cell-wall content, combined with a thinner skin, might indicate a higher number of cells with thicker walls in ‘Touriga Nacional’. “Trincadeira” is also considered a variety with large berries and thinner skins, resulting in a lower skin/berry ratio, with an AIR yield similar to ‘Syrah’ in both years.




3.5. Total Phenolic Content


The evolution of total phenolic compounds in grape skin during maturation is represented in Figure 8. Despite the differences, the average total phenolic content was similar in both years for each variety, with no statistically significant differences between them (p > 0.05). ‘Touriga Nacional’ was the variety that presented higher phenolic content during veraison, compared to ‘Aragonês’ and ‘Trincadeira’ (p < 0.05) and to ‘Syrah’ (p > 0.05). ‘Trincadeira’ was the variety that showed the lowest phenolic content of the varieties studied, but significant differences were not observed when comparing ‘Syrah’ and ‘Aragonês’ (p > 0.05).



Phenolic content is affected by many factors, including the variety, year of production, geographic origin of grapes, the chemistry of soil, and degree of maturation [3]. Silva and Queiroz [37] studied different red wine grape varieties in the Dão region and also found that ‘Touriga Nacional’ (among others) was the variety with the higher phenolic composition, with a higher amount of non-colored phenolics, anthocyanins and phenolic acids. Although the total phenolic content was high for ‘Touriga Nacional’ and ‘Syrah’, there were no statistically significant differences between years (p > 0.05). Garrido [38] found that tinning has a higher impact on the phenolic content than water deficit/stress, which might explain why the differences on pluviosity did not impact the phenolic content. Younis [39] studied how UV radiation impacts total phenolic content using the Folin–Ciocalteau method, and his results also showed that higher radiation did not have an impact on the total phenolic content. In this work, despite the UV radiation being higher in 2017, it also did not seem to influence the total phenolic content in most studied varieties since no differences were found. The variation of the phenolic content in the same variations in different locations can be explained by the different terroir found in each region [4].




3.6. Total Flavonoids


Total flavonoid content evolution is presented in Figure 9. The flavonoid evolutive profile, for most varieties, increased with maturation, from veraison until harvest, but it seems to be year-dependent. ‘Syrah’ and ‘Trincadeira’ showed a higher flavonoid content in 2017 than in 2018, but in ‘Aragonês’, the total flavonoid content was higher in 2018. Comparing varieties, ‘Syrah’ skin extracts had the highest flavonoid content and ‘Aragonês’ the lowest in 2017, but the profile changed in 2018, with an increase of flavonoid content in ‘Aragonês’ skin extracts. Indeed, ‘Syrah’s’ total flavonoid content was higher in 2017, increasing throughout maturation until harvest (p < 0.05), but in 2018 there were no statistically significant differences during the maturation period (p > 0.05), and at the end of ripening, values were lower than in 2017 (p < 0.05). ‘Aragonês’ total flavonoid content in 2017 was stable during maturation (p > 0.05), but in 2018 the flavonoid content was higher and increased during maturation (p < 0.05). ‘Touriga Nacional’ showed a high flavonoid content at the end of maturation, and in 2018 it was the variety with the highest flavonoid value. In the year of 2018, at harvest, both ‘Syrah’ and ‘Trincadeira’ showed lower flavonoid contents.



During 2017, there was generally higher ultra-violet radiation, which is known for its influence on flavonoid synthesis and accumulation [40]. As previously mentioned, in 2018 there was an extreme UV radiation event which might have had a negative impact on the flavonoid synthesis. Excess UV can be harmful for plants and negatively affect the synthesis of some compounds [3]. Llorens [40] found that higher UV radiation influences plant physiology and metabolism, although more studies are needed to understand the impact in vivo. UV radiation might have an impact on flavonoid biosynthesis. UV-B radiation can have a destructive effect on proteins, lipids and nucleic acids, although, in Cabernet Sauvignon grapes, UV radiation can have a beneficial effect on the accumulation of flavonoids in grapes [40]. Additionally, Ferreyra [41] demonstrated that the presence of the OH group on the 3-position of the flavonoid skeleton is present in chelating metal ions such as iron, copper, zinc, aluminum, and therefore inhibits the formation of free radicals, resulting in the reduction of ROS formed, suggesting that flavonols might play yet uncharacterized roles in the UV stress response. Despite most varieties having a higher flavonoid content, ‘Aragonês’ had a different evolutive pattern, generally higher in 2018. Although these results seem slightly uncharacteristic when compared with other varieties, the findings on this specific variety are in accordance with the findings of Zarrouk [42]. In her study, she found that the ‘Aragonês’ variety had a higher flavonoid content when the water availability was higher. In the year 2018, the water availability was higher due to higher pluviosity, which seems to have affected the flavonoid biosynthesis pathway on this variety.




3.7. Anthocyanin Separation, Identification and Quantification


The total anthocyanins presented in grape skin extracts is shown in Figure 10. For all varieties, the anthocyanin content was higher in 2017. In 2017, ‘Touriga Nacional’ was the variety with the highest anthocyanin content and ‘Aragonês’ the variety with the lowest content. In 2018, ‘Touriga Nacional’ was also the variety with the highest anthocyanin content, but ‘Trincadeira’ was the variety with the lowest.



The total anthocyanin profile was similar for all varieties in both years, with an increase of anthocyanin content during maturation. It is expected that the synthesis of anthocyanins increases during maturation, reaching its maximum close to harvest [5]. The anthocyanin content is influenced by numerous factors; there is a huge variability between varieties even when they are collected on the same site, sharing the same cultivation and environmental conditions [13]. Many authors have found a similar anthocyanin evolutive profile, in which the anthocyanin content keeps growing during the maturation process [16]. According to Jordão, depending on the variety, anthocyanin content can increase progressively until harvest or, for some varieties, suffer a slight decrease as maturation ends [43]. The author reported that the anthocyanin content in grape berries of Touriga Francesa increased during maturation and decreased at harvest, contrarily to Castelão grapes, in which the total anthocyanin content increased progressively until harvest [43]. Torchio [44] described that the anthocyanin content should reach its maximum at harvest, as was observed in our results.




3.8. Total Tannins


Total tannin profile during veraison is presented in Figure 11. Although the higher tannin content was found in 2017 for all varieties, their evolutive pattern was different in each variety. In 2017, the tannin content of ‘Syrah’ increased during maturation but decreased at harvest (p < 0.05). ‘Aragonês’ had a more variable tannin content during maturation. Despite showing differences between years during maturation, with higher content in the middle of 2017 maturation, this variety did not show differences in tannin content at harvest when comparing both years (p > 0.05). In ‘Touriga Nacional’, the tannin content was also variable during maturation, but the higher values were found in 2017 (p < 0.05). At harvest, ‘Syrah’ and ‘Touriga Nacional’ had higher tannin content in 2017 (p < 0.05) and ‘Aragonês’ had higher tannin content in 2018. ‘Trincadeira’ was the variety that developed the lowest tannin content over both years.



The reduction of tannins can be a result of reduced extractability due to the bonding of tannins to other cellular contents [45]. The authors reported that grape skin tannins increase during the later stages of ripening and undergo reactions with pectin and anthocyanins, which may affect the mouthfeel and texture of red wines, as well as color stability. The results of that study showed that skin tannins in different varieties diminished during ripening [46]. Thus, the extractability of tannins might have become more difficult in ‘Aragonês’ and ‘Touriga Nacional’ in 2017 and ‘Trincadeira’ in 2018, since their tannin content reduced during maturation.





4. Conclusions


The lower grape productivity in 2017 than in 2018 was probably related to the lowest pluviosity registered during spring. In 2018, pluviosity had normal values, but on the second week of the study there was an event of extreme UV radiation with a detrimental effect on grape quality and causing scald. ‘Trincadeira’ was the variety with the highest productivity in both years and ‘Aragonês’ was the variety more affected by the water higher availability in 2018, synthesizing berry skin at a higher rate than the pulp. The weather conditions found in 2017 had a negative influence on grape size and production, resulting in smaller berries, although with thicker skins. ‘Syrah’ had the smaller berries in both years, although with a higher skin-to-berry-weight ratio.



The results suggest that the weather may have an impact on the polyphenolic profile, since anthocyanins and tannins reached higher values in 2017 and water stress conditions stimulated anthocyanin biosynthesis. Monitoring polyphenols during maturation in different years gives important information about the impact of different factors on grape quality. The reduction of berry size due to lower pluviosity and higher temperatures resulted in grapes with a higher content of compounds related to quality, which will affect wine. To study the weather impact on berries, it is essential to understand how wine quality compounds will be affected and to develop new strategies to mitigate climate effects on wine grapes.
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Figure 1. Thermo-pluviometric graphic—“Herdade da Mitra” Station. 
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Figure 2. Grape production in vineyard of “Herdade da Mitra” in 2017 and 2018, expressed in tons (t) by hectare (ha). 
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Figure 3. Berry weight during veraison in 2017 and 2018. Each column represents the mean of three replicates of 50 grape berries ± standard deviation. Tukey’s test compares the means between years in each variety separately, and the groups marked with different letters (a–f) showed significant differences (p < 0.05). 
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Figure 4. Titratable acidity (%) in 2017 and 2018. Each column represents the mean of six replicates ± standard deviation. Tukey’s test compares the means between years in each variety separately, and the groups marked with different letters (a–g) showed significant differences (p < 0.05). 
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Figure 5. Total soluble solid content (SSC) evolution in 2017 and 2018. Each column represents the mean of six replicates ± standard deviation. Tukey’s test compares the means between years in each variety separately, and the groups marked with different letters (a–f) showed significant differences (p < 0.05). 
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Figure 6. The berry weight (i), grape skin (ii) and grape skin/berry weight ratio (iii) for each grape variety in 2017 and 2018. Each column represents the mean of five time points with three replicates of 50 grape berries ± standard deviation. Tukey’s test compares the means between years in each variety separately, and the groups marked with different letters (a–c) showed significant differences (p < 0.05). 
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Figure 7. AIR extraction yield (%). Each column represents the mean of five time points with three replicates of 50 grape berries ± standard deviation. Tukey’s test compares the means among varieties in each year separately and the groups marked with different letters (a, b) showed significant differences (p < 0.05). 
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Figure 8. Total phenolic content (TPC) of each grape variety during veraison in 2017 and 2018. Results were expressed in mg of gallic acid equivalents (GA eq) by g of skin fresh weight. Each column represents the mean of five time points with three replicates of 50 grape berries ± standard deviation. Tukey’s test compares the means of each variety in each year, and the groups marked with different letters (a–c) showed significant differences (p < 0.05). 
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Figure 9. Flavonoid content profile during 2017 and 2018 maturation, expressed in μg of rutin equivalents (REq) by g of skin fresh weight (FW). Each column represents the mean of three replicates of 50 grape berries ± standard deviation. Tukey’s test compares the means of 2017 and 2018 in each variety separately, and the groups marked with different letters (a–d) showed significant differences (p < 0.05). 
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Figure 10. Total anthocyanin content during veraison. Results were expressed in mg of Oenin-3-O-glucoside eq/g of skin (F.W). Each column represents the mean of three replicates ± standard deviation. Tukey’s test compares the means of 2017 and 2018 in each variety separately, and the groups marked with different letters (a–f) show significant differences (p < 0.05). 
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Figure 11. Total tannin content profile for each variety in 2017 and 2018. Results were expressed in mg of tannin equivalents (TA eq)/g of skin fresh weight (FW). Each column represents the mean of three replicates ± standard deviation. Tukey’s test compares the means of 2017 and 2018 in each variety separately, and the groups marked with different letters (a–f) showed significant differences (p < 0.05). 
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Table 1. Accumulated UV radiation during the weeks of the study in both years.
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	Days after Veraison
	Period
	Dose UVA (KJm−2)
	Dose UVB (KJm−2)
	Dose SW (KJm−2)





	0 to 6
	17–23 July 2017
	9810.9
	33.4
	172,877.9



	7 to 14
	24–30 July 2017
	9278.2
	30.9
	169,268.2



	15 to 22
	31 July–6 August 2017
	9653.4
	31.0
	171,743.1



	23 to 30
	7–16 August 2017
	11,387.3
	36.2
	214,957.3



	0 to 6
	7–12 August 2018
	7796.7
	23.3
	139,616.4



	7 to 14
	13–22 August 2018
	12,219.8
	34.8
	218,720.0



	15 to 22
	23–28 August 20188
	5997.5
	16.5
	108,362.6



	23 to 30
	29 August–4 September 2018
	6072.7
	17.0
	1,114,000.9
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