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    Abstract

Postharvest dehydration is a technique to help increase polyphenol concentration and to modify volatile organic compounds (VOCs) in grape berry. Cesanese winegrape was dehydrated off the vine at 10°C, 45% relative humidity, and an air flow of 1.5 m/sec. Sampling was performed every week for 6 weeks, until it reached 37% mass loss. Proanthocyanidins in seeds increased progressively on both fresh and dry weight basis during dehydration until 30% mass loss. Total polyphenols extracted from the epicarp measured on a fresh weight basis increased during dehydration. A similar pattern was shown by anthocyanins. For VOCs, a high prevalence of benzenoids followed by norisoprenoids, terpenols, and C6 compounds was observed. Benzenoids were more localized in the mesocarp (7352 μg/kg DW) than in the epicarp (3312 μg/kg DW) as were norisoprenoids. In contrast, as expected, terpenols were more concentrated in the epicarp (1787 μg/kg DW) than in the mesocarp (1370 μg/kg DW). During dehydration, a significant decrease was observed in these compounds in the mesocarp and a parallel increase in the epicarp, especially concerning benzyl alcohol and 2-phenylethanol among the benzenoids and vomifoliol and 3-OH-β-damascone among the norisoprenoids. Diendiol1, geraniol, and trans-8-OH-linalool in the mesocarp decreased progressively during dehydration, while the same compounds increased in the epicarp. C6 increased significantly in the epicarp. In addition to epicarp biosynthesis of VOCs during postharvest dehydration, a mass transfer of VOCs from the mesocarp to the epicarp might also occur.

	grape
	dehydration
	polyphenols
	VOCs
	mass transfer

Food drying is based on three main concepts: supply of thermal energy (heat), ability of the air surrounding the commodity to take the water vapor released by the commodity, and air speed striking the commodity (Rozis 1997). Moreover, drying should not occur either excessively fast or at a high temperature (Rozis 1997). This holds true because shrinkage occurs first on the surface and then gradually moves to the internal tissue as drying time increases (Wang and Brennan 1995). At a slow drying rate, the moisture content in the center of a berry is not much higher than on the surface, the internal stresses are minimized, and the material shrinks fully onto a solid core. The main processes involved in drying are (1) heat transfer to the liquid, (2) mass transfer as liquid or vapor inside the solid, and (3) vapor from the solid surface to the outside (Mencarelli and Bellincontro 2013). Inside the solid, such as a berry, the driving force that allows the mass (water) transfer is a concentration gradient (mainly sugars) and water vapor movement can occur through diffusion, due to vapor pressure deficit or to continuous changes in evaporation and condensation. A low dehydration temperature (10°C) can be more beneficial for berry tissue integrity during water loss than a higher temperature (20°C) (Bellincontro et al. 2009), thus allowing more regular functioning of grape metabolic pathways (Cirilli et al. 2012). Thus, rather than supplying thermal energy, it has been suggested to remove thermal energy (heat), reducing the dehydration temperature (Mencarelli and Bellincontro 2013). One recent publication carefully described the metabolism of detached berries and the molecular responses to postharvest dehydration (Tonutti and Bonghi 2013). In particular, research studies have looked closely at the main pathways of interest for wine production, such as polyphenol metabolism (Zamboni et al. 2008, Toffali et al. 2011, Bonghi et al. 2012), and at the metabolite level (Mencarelli et al. 2010, Figueiredo-Gonzáles et al. 2013) and aroma metabolism (Franco et al. 2004, Cirilli et al. 2012). The concentration of volatile organic compounds (VOCs) in the cells of berry epicarp and mesocarp is significantly affected by pressure variations as the result of temperature changes, which influence the partition coefficient, and by mass (water vapor) transfer, which is driven by vapor pressure deficit. Here we report the changes in VOCs in mesocarp and epicarp tissues of grape berry during postharvest dehydration at 10°C, 45% relative humidity, and 1.5 m/sec of air flow, with the assumption that part of the increase of VOCs in the epicarp is due to mass transfer.

Materials and Methods


Experimental grape sampling procedure.

Red grapes (Vitis vinifera L. var. Cesanese) were carefully harvested in 2011 at 22 (±1) Brix, 5.1 (±0.2) g/L titratable acidity, and pH 3.61 (±0.02), in an area near Rome where this variety is widely grown, and sorted for uniform berry size and soundness. Clusters were placed in 50 perforated boxes (60 × 40 × 15 cm) in a single layer to reach a weight of ~6 kg of clusters. The postharvest dehydration process consisted of stacking the boxes in a cold room (6 m3) adapted for grape dehydration where temperature, relative humidity, and ventilation were carefully controlled. The temperature was set at 10°C (±1), relative humidity (RH) at 45% (±5), and air flow at 1.5 m/sec (±0.3). The plastic boxes were placed on a pallet and the cold, partially dehumidified air flow was directed into the perforated boxes on one side and humidified warm air was released from the other side. Thus, all the plastic boxes on the pallet received a similar amount of tangent air flow. The experiment was for 6 weeks, with sampling every week, until 37% mass loss was reached. Four boxes were used for mass loss sampling and weight was measured using a technical balance (Adam Equipment, Milton Keynes, UK). At each sampling time, 600 berries were removed from clusters sorted into different plastic boxes. Three sets (replications) of 50 berries each were used for polyphenol analysis and three sets of 50 berries each were used for analysis of volatile organic compounds (VOCs).



Chemical analyses.

The epicarp and mesocarp tissues and the berry seeds were carefully separated before the analyses. Three sets of 20 berries each were carefully weighed using a Gibertini technical balance (model EU-C502; Gibertini Elettronica, Novate, Italy) and then kept in an oven at 105°C for 5 days; the berries were weighed again and the dry weight was calculated. The remaining berries were divided into three sets of 80 berries each, squeezed separately; the juice was used for the following chemical analyses. The soluble solids content (SSC) of the juice was measured using a digital refractometer (Atago, Tokyo, Japan). Methods approved by the Organisation Internationale de la Vigne et du Vine (OIV 2009) were used to analyze reducing sugars (AS311-01-SUCRED), pH (AS313-15-pH 2), and total acidity (AS313-01-ACITOT). Malic acid was measured with an Enochem automatic analyzer (Chema Italia Servizi, Cisterna di Latina, Italy) with a specific enzymatic kit (Chema Diagnostica, Ancona, Italy).



Phenols determination.

Extraction of total anthocyanins, total polyphenols, and proanthocyanidins from epicarp and seeds was carried out as described elsewhere (Di Stefano et al. 2000), which is a modification of the Glories and Augustin method (1993), by using pH 3.2 tartaric buffer with 12% ethanol and 1 g/L SO2. To measure extractable compounds, extraction was performed with the same procedure but using 20 mg/L SO2 and sodium azide as an antifermentative. From the extract, 1 mL was filtered through a Sep-Pak C18 column (Bakerbond spe Column, Avantor Performance Materials, Center Valley, PA) to avoid the interference of sugars, and polyphenols were eluted with MeOH. After washing the column, Folin–Ciocalteu reagent (1 mL) was first added to the column eluate and after 5 min sodium carbonate (10% w/v) was then added. Catechin was used as a reference standard. After 90 min, phenols were read at 700 nm. Total anthocyanins were determined by filtering the previous extract using the same Sep-Pak C18 column and reading at 520 nm (Di Stefano and Cravero 1991). Low molecular weight proanthocyanidin concentration was tested by a previous procedure (Di Stefano et al. 1989), based on the chemical reaction between vanillin and catechin in acid substrate (concentrated HCl), which provides a red color read at 500 nm.



Volatile organic compound determinations.

Volatile organic compounds were determined following a previous method (Di Stefano 1996). Berry epicarp was dissolved in methanol for 12 hr and homogenized for 1 min; the slurry was centrifuged at 2500 g at 10°C for 15 min, twice consecutively; before the second centrifugation the recovered pellet was suspended in 50 mL water. The supernatants obtained from the two centrifugations were combined and water was added to reach 250 mL. After treatment with 2% v/v polyvinylpyrrolidone (Polyclar AT, BDH Chemicals, Poole, UK) and centrifugation at 4000 rpm at 10°C for 15 min, 200 mL of 1:2 diluted extract was added to 200 μL internal standard (54.5 mg/L 2-octanol in 20% v/v methanol/water solution). To liberate the glycosylated VOCs, the extract was eluted with 30 mL methanol, evaporated at 30°C and at low pressure (Rotavapor RE120, Büchi Italia, Milan, Italy), resuspended with 5 mL pH 5 citrate-phosphate buffer, and 200 μL β-glucosidase was added (Cytolase, Danisco US, Cedar Rapids, IA) for 24 hr at 40°C. After the incubation period, 200 μL internal standard (67.6 mg/L 1-heptanol in 20% v/v methanol/water solution) was added to the extract. The extract was passed through a Sep-Pak C18 column, activated with methanol, washed with water, and the column dried under N2 flow; an elution with CH2Cl2 and evaporation under N2 flow was then performed. The final extract was frozen at -25°C until analysis. Analysis was carried out with an HP 5890 Series II and MS HP 5972 GC–MS (Agilent Technologies, Santa Clara, CA) column HP-Innowax 30 m × 0.25 mm × 0.25 μm, injected volume 2 μL, splitless, 1 mL/min He flow; initial temperature 30°C for 2 min, then programmed at 30°C/min from 30°C to 60°C, 2°C/min at 160°C, 3°C/min at 230°C, isotherm for 10 min. The single compound amount was expressed in μg/kg dry weight and calculated on the basis of the calibration curve obtained by the internal standard method with the following commercial compounds: 1-hexanol (VWR International PBI, Milan, Italy); benzyl alcohol, benzaldehyde, eugenol, geraniol, linalool, nerol (Sigma-Aldrich, St. Louis, MO); and 2-phenylethanol, cis-3-hexenol, α-terpineol, and β-citronellol (Merck Serono, Milan, Italy). All the other compounds were expressed as reference to linalool.



Statistical analysis.

Analysis of variance was performed by ANOVA and significance evaluated for p < 0.01 or 0.05. Mean values were compared by Tukey’s test (R = 0.05) and significant differences indicated on the graphs with letters. Calculations were performed by Minitab 15 (Minitab, State College, PA).



Results and Discussion

The visual appearance of mass loss (weight loss) of Cesanese grape is shown (Figure 1). The mass loss, consisting of 95% of the water, in 35 days (6 weeks) reached 37% with a rising straight line: 4% (week 1), 12% (week 2), 16% (week 3), 22% (week 4), 30% (week 5), and 37% (week 6). The R2 (mass loss versus time) was 0.98, indicating an efficient water loss process, which is important in commercial terms. The mass loss rate (WLR: weight loss rate) of 1.07% per day is faster than Montepulciano grape but slower than Aleatico grape, both red varieties like Cesanese (Mencarelli and Bellincontro 2013). Reducing sugars increased from 221 to 396 g/L (Table 1), with an average rate of increase of 0.46 g/L (SIR: sugars increased rate), similar to that of Aleatico and much higher than Montepulciano and Shiraz grapes (Mencarelli and Bellincontro 2013). The value of the SIR/WLR ratio was 0.42 (sugars/% water loss), which is high compared to other varieties (ranging from 0.15 to 0.23) and higher of that expected due to mere concentration (~0.24). This average sugar increase rate normalized on the WLR might be the result of easier extractability because cell wall degradation during grape postharvest dehydration is affected by the genetic variability in tissue characteristics among varieties, as shown previously (Giacosa et al. 2012).
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Figure 1 
Grape cluster dehydration. T01, T02, T03, T04, T05, T06 refer to week 1, 2, 3, 4, 5, and 6 of sampling.
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Table 1 
Changes in sugars, total acidity, pH, and malic acid in Cesanese grape berries during postharvest dehydration. Data are the mean (± SD) of three analyses from three different sets of berries sorted from different clusters. Values with different letters within the rows are significantly different (p < 0.05).




Malic acid decreased from 2.67 to 2.21 g/L (Table 1) despite the expected increase due to water loss. A small part of the malic acid decrease might be due to gluconeogenesis, while most can be attributed to increased respiration as a consequence of postharvest water stress. Increased respiration during postharvest dehydration has been reported (Costantini et al. 2006, Mencarelli and Bellincontro 2013). Sweetman et al. (2009) reported that “the use of malate is a fuel for respiration” and abiotic stress such as salinity and drought may affect malate catabolism because of the higher activity of alternative oxidase (AOX).

Total acidity did not change significantly between the initial and the final values but increased at 30% mass loss. pH rose from 3.6 to 3.7, but not significantly (Table 1).

For proanthocyanidins in seeds, the total value increased progressively while extracted proanthocyanidins increased between 16% and 22% mass loss, both on a fresh weight (FW) and a dry weight (DW) basis (Table 2). The observed increase in proanthocyanidins might be the result of higher extractability, as it is confirmed by extracted values.
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Table 2 
Changes in total and extracted proanthocyanidins in seeds on a fresh weight (FW) or dry weight (DW) basis during postharvest dehydration. Data are the mean (±SD) of three analyses from three different sets of berries sorted from different clusters. Values with different letters within columns are significantly different (p < 0.05).




Although polyphenol biosynthesis in seeds is consistent with its role in seed dormancy and longevity (Wada et al. 2011), the progressive water loss during dehydration, and the consequent sugar concentration in the mesocarp cell surrounding the berry seeds, may have led to physical change with release of compounds, including proanthocyanidins. The permeability of seed coat to water is related to the content of phenolic compounds in the seed coat and to their level of oxidation, which leads to a decline in their extractability (Kennedy et al. 2000). In our case, the berry seeds did not change color (they were brown at harvest) but the extracted proanthocyanidins increased during dehydration. A similar increase in proanthocyanidins in seeds during on-vine and postharvest withering was observed (Rolle et al. 2009, 2013). Reinforcing the hypothesis of a potential proanthocyanidin biosynthesis in seeds but also higher extractability, parallel increases in total polyphenols from 2022 to 3583 mg/kg DW and in extracted polyphenols from 583 to 1376 mg/kg DW were observed (data not shown).

As the extracted proanthocyanidins rise significantly at a mass loss of ~20%, a potential additional effect of ethanol in the extractability could be hypothesized. Indeed, a mass loss of ~20% appears to be a critical percentage at which the shift from aerobic respiration to aerobic fermentation occurs, with formation of ethanol (Costantini et al. 2006, Cirilli et al. 2012). As reported by Wright et al. (2009), the observed changes in both the glucose:fructose ratio and chlorophyll fluorescence in response to 20 to 25% water loss in grape berry postharvest dehydration are indicators of a significant change in grape metabolism or respiration rate. Furthermore, this significant metabolic change (shift from aerobic respiration to aerobic fermentation) can also be justified if the tissue around the berry seeds has a lower oxygen concentration and a higher carbon dioxide concentration than normal air, due to the gas barrier offered by mesocarp and epicarp tissue, as has been shown in pear (Franck et al. 2007). For berry, the barrier effect is enhanced by the presence of pruine, a powdery coating. Finally, the observed decrease in proanthocyanidins on a dry weight basis in the last sampling might be due to strong oxidation as a response to high water loss, the inability of the cell to synthesize phenols, or both processes together. Total polyphenols in the epicarp tissue, measured on a fresh weight basis, increased during the dehydration process but, on dry weight basis, they did not change until 30% mass loss, when a significant increase occurred and then a decrease at 37% mass loss (Table 3). Total anthocyanins followed a similar pattern. The observed increase in polyphenols and anthocyanins on fresh weight basis is the effect of concentration due to water loss, which is positive, in terms of vinification, but in terms of metabolism, the reading on a dry weight basis indicates that concentration and oxidation occur simultaneously, and the two events only separate at the final sampling, with a prevalence of concentration at 30% mass loss and of oxidation at 37% mass loss.
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Table 3 
Polyphenols and anthocyanins changes on a fresh weight (FW) or dry weight (DW) basis in Cesanese grape berries during postharvest dehydration. Data are the mean (±SD) of three analyses from three different sets of berries sorted from different clusters. Values with different letters within columns are significantly different (p < 0.05).




In Cesanese berry at harvest, 47 VOCs were detected in the epicarp tissue and 49 in the mesocarp tissue. Table 4 reports only those compounds with significant differences in pattern during postharvest dehydration. There was a high prevalence of benzenoids, followed by norisoprenoids, terpenols, and C6 compounds. Benzenoids, responsible for the spicy, tobacco, citrus, honey, vanilla, and floral characters, were more than double in the mesocarp compared to the epicarp, due to the fact that benzoic acid is highly concentrated in the mesocarp as is benzyl alcohol (Table 4). In the mesocarp, 56% of benzenoids (shikimic derivatives) was represented by nonsubstitued units such as benzyl alcohol, 2-phenylethanol, and benzoic acid; 29% by the di-substituted acetovanillone, zingerone, vanillin, vanillic alcohol, methylvanillic acid, and other vanillin derivates; and 15% by the remaining benzenoids. In the epicarp, the percentages were 44%, 41%, and 15%, respectively.
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Table 4 
Concentration (μg/kg DW) of the main classes of volatile organic compounds and significant specific VOCs of Cesanese grape at harvest. Data are the mean (±SD) of three analyses from three different sets of berries sorted from different clusters.




Norisoprenoids, responsible for some floral, fruity, and spicy characters, were the second class of VOCs in terms of concentration, especially localized in the mesocarp; 74% and 84% of total norisoprenoids were represented by vomifoliol in the mesocarp and the epicarp, respectively (Table 4). The other compounds at lower concentrations than vomifoliol, but still more present in the mesocarp than in the epicarp, were 3-keto-α-ionol, 3-OH-β-ionone, and 3-OH-β-damascone.

For terpenols, the highest concentration was in the epicarp (Table 4). cis-8-OH-Linalool, an oxidized form of linalool, was the most abundant in the epicarp, followed by geraniol, trans-8-OH-linalool, and diendiol1 (3,7-dimetil-1,5 octadieno-3,7-diol). Diendiol1 had the highest concentration in the mesocarp, followed by trans- and cis-8-OH-linalool and geraniol. Nerol represented only 7% in the epicarp and 5% in the mesocarp.

Finally, C6 compounds were similarly concentrated in the epicarp and in the mesocarp. trans-2-Hexenal and n-hexanol represented the most abundant compounds (Table 4).

Apart from the terpenols, most of the aromatic compounds at harvest were localized in the mesocarp. In a recent work on Aglianico and Uva di Troia, free and bound volatile organic compounds were more concentrated in the pulp juice; only free terpenes were present in the skin and the bound terpenes were much more concentrated in the skin than in the pulp juice (Genovese et al. 2013). In our study, during the postharvest dehydration process when the clusters reached 4% mass loss, VOCs concentrations were similar (not significantly different) to those at harvest (Table 4). Successively, with the increase of mass loss, the three main classes of VOCs showed a progressive increase, especially benzenoids and norisoprenoids, in the epicarp (Figure 2A); in contrast, these two classes of compounds decreased significantly in the mesocarp (Figure 2B). Total benzenoid content in the epicarp and mesocarp tissues was 10,662 μg/kg DW at harvest and 8428 μg/kg DW at the end of the dehydration period. Total norisoprenoid content in the same tissues was 4689 μg/kg DW at harvest and 4958 μg/kg DW at the end of dehydration. Total terpenol content was 3157 μg/kg DW at harvest and 2120 μg/kg DW at the end of dehydration. The loss during dehydration was ~20% in benzenoids and 33% in terpenols; in contrast, there was a minimal increase (4%) in norisoprenoids.
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Figure 2 
Changes in the major classes of VOCs in the epicarp (A) and the mesocarp (B) in Cesanese grape berries during postharvest dehydration. Data are the mean (±SD) of three analyses from three different sets of berries sorted from different clusters. Values with different letters within the same compound line are significantly different (p < 0.05). Samplings were performed every week for six weeks. Harvest values are reported in Table 4.




The pattern of the specific compounds during the postharvest dehydration revealed significant differences between concentrations at harvest and those at 4% mass loss, confirming that the main contribution to this level of mass loss is provided by water loss from the pedicel and the rachis. In the benzenoid class, benzyl alcohol concentration decreased in the mesocarp to approximately the same degree that it increased in the epicarp (Figure 3A). 2-Phenylethanol followed the same pattern, which, at 4% mass loss, was at lower concentration in the epicarp (~300 μg/kg DW) than in the mesocarp (~400 μg/kg DW), but it increased to 440 μg/kg DW in the epicarp and decreased to ~200 μg/kg DW in the mesocarp (Figure 3B). A similar pattern was shown for 4-vinylguaiacol, but the crossing point between the two lines was at 30% mass loss (Figure 3C). Acetovanillone concentration, at 4% mass loss, was ~30% higher in the epicarp than in the mesocarp; it rapidly increased up to 16% mass loss in the epicarp but decreased in the mesocarp (Figure 3D).
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Figure 3 
Changes in the most significant volatile organic compounds in the epicarp (epi) and the mesocarp (mes) of Cesanese grape berries during postharvest dehydration: (A) benzyl alcohol, (B) 2-phenylethanol, (C) 4-vinylguaiacol, (D) acetovanillone, (E) 3-OH-β-damascone and vomifoliol, (F) cis-3-hexenol and n-hexanol, (G) geraniol, (H) diendiol1, and (I) trans-8-OH-linalool. Data are the mean (±SD) of three analyses from three different sets of berries sorted from different clusters. Values with different letters within the same compound lines (epi and mes) are significantly different (p < 0.01 or p < 0.05). Samplings were done every week for six weeks. Harvest values are reported in Table 4.




In terms of norisoprenoids, vomifoliol content in the epicarp showed a strong increase at 12% mass loss, from ~1216 to 2714 μg/kg DW, while in the mesocarp it dropped from 2275 to 1307 μg/kg DW at the end of dehydration (Figure 3E). The other significant compound was 3-OH-β-damascone, which increased significantly in the epicarp tissue from 90 to 211 μg/kg DW at 12% mass loss and then decreased significantly to 153 μg/kg DW at the end of dehydration; in contrast, the concentration decreased significantly in the mesocarp from 103 to 30 μg/kg DW (Figure 3E).

C6 compounds such as n-hexanol and cis-3-hexenol increased significantly in the epicarp tissue starting from 12% mass loss, whereas they decreased progressively in the mesocarp (Figure 3F). The strong increase in C6 alcohols indicates that cell membrane stress occurs as these compounds are the metabolites of membrane fatty acid oxidation by lipoxygenase (LOX) and hydroperoxide lyase (HPL). Costantini et al. (2006) found a rapid increase in LOX activity and in C6 compounds during dehydration of grape berry at ~10% mass loss, which corresponds to the percentage of mass loss (12%) found here in week 2 (T02) (Figure 1). Typically, in the dehydration of the cluster, the initial mass loss of 3 to 10% (depending on variety) is water loss from rachis in table grape as well as in winegrape (Lichter et al. 2011, Mencarelli and Bellincontro 2013). The high permeability of rachis (376.1 nm/sec) compared to that of berry (6.7 nm/sec) (Becker and Knocke 2011), and therefore its high water loss during dehydration, induces a pressure differential that draws water from the berry to the rachis (backflow), causing water loss from the berry, even though limited, mainly from the mesocarp cells. This process continues until the pedicel is completely dry and it is strongly affected by dehydration condition (temperature, relative humidity, air speed). In week 1 of dehydration (4% mass loss), the water loss rate through the berry surface tends to be very low; the main route of water loss from the berry mesocarp cells is likely through the backflow of water. In week 2 of dehydration (12% mass loss), the first symptoms of rachis dehydration are visible (Figure 1), and the very thin pedicel is dried, making the backflow of water impossible. At this stage, the main route of water loss is from the berry surface, thus the berry epicarp cells begin to perceive water stress and to produce C6 as a consequence of membrane lipid oxidation (Costantini et al. 2006).

Among terpenoids that showed significant changes, geraniol, diendiol1, and trans-8-OH-linalool decreased progressively in the mesocarp during the dehydration but increased in the epicarp (Figure 3G, H, I). The increase in geraniol and trans-8-OH-linalool in the epicarp, from the beginning to the end of dehydration, was similar to their decrease in the mesocarp, leading to a hypothesis of mass transfer of these volatiles from the mesocarp to the epicarp. In contrast, the mesocarp lost more diendiol1 than the increase measured in the epicarp, indicating that this compound was easily evaporated through the epicarp, as also demonstrated by its decrease in the epicarp between 22% and 33% mass loss.

During postharvest dehydration, volatile organic compounds of the berry increase due to water loss (concentration effect) but some classes of volatiles increase more than expected, as shown by Nogerol-Pato et al. (2013). There are no published articles on the changes in VOCs in berry mesocarp and epicarp during postharvest dehydration. The movement of VOCs from the internal tissue of the berry to the exterior is influenced by cell membrane and cell wall permeability, by the presence of intercellular spaces and physical barriers, and, above all, by the partition coefficient of the VOCs in the cell sap and their solubility. The partition coefficient expresses the ratio of the weight of the VOCs in a unit volume in the air phase to its weight in the same volume in the water phase. The higher this value, the greater the amount of the VOCs in the vapor state in air space for a given amount of the VOCs in the aqueous phase. The VOCs partition between the gas and liquid phase in plants, according to Henry’s law constant (kH), is generally very high (e.g., kH ≈7500 Pa m3/mol at 25°C for isoprene) (Niinemets et al. 2004). VOCs with high partition coefficient have high boiling points but low solubility due to inherent hydrophobicity reflected in the ratio of the number and size of nonpolar to polar groups and their positioning in the particular molecule. VOCs tend to be in the vapor phase, which facilitates their diffusion depending on vapor pressure deficit (VPD) and the permeability of the barriers. Pegoraro et al. (2007) showed that water stress induced by high VPD increased the emission of isoprene from leaves by 18 and 41%, concluding that VPD has a stimulating effect on VOCs. Therefore, it is expected that more VOCs enter the gas phase and are emitted at rising temperatures because the VPD increases when relative humidity is constant. The temperature used here for berry dehydration, 10°C, is low compared to that of grape harvest in our area (Rome, Italy), which ranges from 25°C to 35°C. When the berries in our experiment cooled from 28°C to 10°C, with a relative humidity of 45%, the VPD decreased from 2.08 to 0.68 kPa, which means, theoretically, three-fold less potential to escape in the vapor phase. Furthermore, the “boundary layer,” which wraps the berry surface in a high concentration of water vapor, reduces the VPD. In our technology, the presence of air flow at 1.5 m/sec in the dehydration room disrupts the boundary layer, causing a continuous pressure differential between outside atmosphere and internal tissue environment, by favoring gas diffusion outside. Becker and Knoche (2011) showed that berry transpiration (water vapor diffusion) occurs mainly through the surface and that the permeability of the berry cuticle decreased throughout berry development. High-boiling VOCs diffuse faster than water vapor and, as a consequence, pressure differentials form at different layers inside the berries in intercellular spaces and consequently in the cells. Berry skin (epicarp) is made up of an epidermis and from 6 to 10 layers of small thick-walled cells; the number of layers in the skin of grape berries, their size, and volume are cultivar-specific. During postharvest withering (15°C and 45% relative humidity with airflow) of Corvina winegrapes, berry skin break force decreased ~50% without change in the skin thickness while berry hardness decreased ~80% (Rolle et al. 2013). This result could indicate that mesocarp degradation is rapid during postharvest dehydration due to progressive water loss (turgor loss), which, together with the senescence metabolism, activates cell wall enzymes (Zoccatelli et al. 2013). In contrast, the skin tissue is more resistant to degradation, probably due to the presence of a waxy layer. It can be assumed that VOCs, released from the disassembled mesocarp cells, will move out from the mesocarp cell and intercellular spaces and concentrate below the cuticle, among and in the epicarp cells, following a mass transfer process.


Conclusions

Cesanese grapes contain high concentrations of volatile organic compounds in the berry mesocarp. During postharvest dehydration at 10°C, 45% relative humidity, and 1.5 m/sec air flow, loss of VOCs from the mesocarp and, simultaneously, an increase in the epicarp tissue were observed. This result could be an effect of biosynthesis but also of a mass transfer from the mesocarp to the epicarp tissue during the water loss. Regardless of the mechanism of accumulation of VOCs in berry epicarp, it is an important result for the management of the vinification process.

	Received November 2013.
	Revision received February 2014.
	Revision received March 2014.
	Accepted April 2014.
	Published online August 2014

	©2014 by the American Society for Enology and Viticulture

Literature Cited
	↵	Becker,  T., and 
	 M. Knoche

. 2011. Water movement through the surfaces of the grape berry and its stem. Am. J. Enol. Vitic. 62:340–350.
OpenUrlAbstract/FREE Full Text


	↵	Bellincontro,  A., 
	 I Nicoletti, 
	 M Valentini, 
	 A Tomas, 
	 D De Santis, 
	 D Corradini, and 
	 F. Mencarelli

. 2009. Integration of nondestructive techniques with destructive analyses to study postharvest water stress of winegrapes. Am. J. Enol. Vitic. 60:57–65.
OpenUrlAbstract/FREE Full Text


	↵	Bonghi,  C., 
	 F.M. Rizzini, 
	 A Gambuti, 
	 L Moio, 
	 L Chkaiban, and 
	 P. Tonutti

. 2012. Phenol compound metabolism and gene expression in the skin of wine grape (Vitis vinifera L.) berries subjected to partial postharvest dehydration. Postharvest Biol. Technol. 67:102–109.
OpenUrl


	↵	Cirilli,  M., 
	 A Bellincontro, 
	 D De Santis, 
	 R Botondi, 
	 M.C. Colao, 
	 R Muleo, and 
	 F. Mencarelli

. 2012. Temperature and water loss affect ADH activity and gene expression in grape berry during postharvest dehydration. Food Chem. 132:447–454.
OpenUrl


	↵	Costantini,  V., 
	 A Bellincontro, 
	 D De Santis, 
	 R Botondi, and 
	 F. Mencarelli

. 2006. Metabolic changes of Malvasia grapes for wine production during postharvest drying. J. Agric. Food Chem. 54:3334–3340.
OpenUrlCrossRefPubMed


	↵	Di Stefano,  R.

 1996. Composti volatili prodotti dai lieviti (Volatile compounds produced by yeast). Annali dell’Istituto Sperimentale per l’Enologia, Asti 26:17–32.
OpenUrl


	↵	Di Stefano,  R., and 
	 M.C. Cravero

. 1991. Metodi per lo studio dei polifenoli dell’uva (Method for the study of the polyphenols of grapes). Riv. Vitic. Enol. 2:37–45.
OpenUrl


	↵	Di Stefano,  R., 
	 M.C. Cravero, and 
	 N. Gentilini

. 1989. Metodi per lo studio dei polifenoli dei vini (Methods to study the wine polyphenols). Enotecnico 25(10):83–89.
OpenUrl


	↵	Di Stefano,  R., 
	 D. Borsa, 
	 A. Bosso, and 
	 E. Garcia-Moruno

. 2000. Sul significato e sui metodi di determinazione dello stato di maturità dei polifenoli (Meaning and analytical methods of the polyphenols maturity). Enologo 12:73–76.
OpenUrl


	↵	Figueiredo-González,  M., 
	 B Cancho-Grande, and 
	 J. Simal-Gándara

. 2013. Evolution of colour and phenolic compounds during Garnacha Tintorera grape raisining. Food Chem. 141:3230–3240.
OpenUrlPubMed


	↵	Franck,  C., 
	 J Lammertyn, 
	 Q.T. Ho, 
	 P Verboven, 
	 B.E. Verlinden, and 
	 B.M. Nicolai

. 2007. Browning disorders in pear fruit. Postharvest Biol. Technol. 43:1–13.
OpenUrlCrossRef


	↵	Franco,  M., 
	 R.A. Peinado, 
	 M Medina, and 
	 J. Moreno

. 2004. Off-vine grape drying effect on volatile compounds and aromatic series in must from Pedro Ximenez grape variety. J. Agric. Food Chem. 52:3905–3910.
OpenUrlCrossRefPubMed


	↵	Genovese,  A., 
	 S.A. Lamorte, 
	 A Gambuti, and 
	 L. Moio

. 2013. Aroma of Aglianico and Uva di Troia grapes by aromatic series. Food Res. Int. 53:15–23.
OpenUrl


	↵	Giacosa,  S., 
	 F Torchio, 
	 S Rio Segade, 
	 A Caudana, 
	 V Gerbi, and 
	 L. Rolle

. 2012. Varietal relationship between skin break force and off-vine withering process for wine grapes. Dry. Technol. 30:726–732.
OpenUrl


		Glories,  Y., and 
	 M. Augustin

. 1993. Maturitè phenolique du raisin, consequences technologiques: Application aux millesimes 1991 et 1992. Actes Colloque Journée Technique du CIVB, Bordeaux, pp. 56–61.



	↵	Kennedy,  J.A., 
	 M.A. Matthews, and 
	 A.L. Waterhouse

. 2000. Changes in grape seed polyphenols during fruit ripening. Phytochemistry 55:77–85.
OpenUrlCrossRefPubMed


	↵	Lichter,  A., 
	 T Kaplunov, 
	 Y Zutahy, 
	 A Daus, 
	 V Alchanatis, 
	 V Ostrovsky, and 
	 S. Lurie

. 2011. Physical and visual properties of grape rachis as affected by water vapor pressure deficit. Postharvest Biol. Technol. 59:25–33.
OpenUrl


	↵	Mencarelli,  F., and 
	 A. Bellincontro

. 2013. Technology and management of postharvest dehydration. In Sweet, Reinforced, and Fortified Wines. Mencarelli,  F., and  P. Tonutti (eds.), pp. 51–75. Wiley & Sons, Chichester, UK.



	↵	Nogerol-Pato,  R., 
	 M Gonzalez-Alvarez, 
	 C Gonzalez-Barreiro, 
	 B Cancho-Grande, and 
	 J. Simal-Gandara

. 2013. Evolution of the aromatic profile in Garnacha Tintorera grapes during raisining and comparison with that of the naturally sweet wine obtained. Food Chem. 139:1052–1061.
OpenUrlPubMed


	↵	Niinemets,  Ü., 
	 F. Loreto, and 
	 M. Reichstein

. 2004. Physiological and physico-chemical controls on foliar volatile organic compounds emissions. Trends Plant Sci. 9:180–186.
OpenUrlCrossRefPubMed


	↵OIV. 2009. Compendium of International Methods of Analysis of Wines and Musts. Vols. 1 and 2. Organisation Internationale de la Vigne et du Vin, Paris.



	↵	Pegoraro,  E., 
	 M.J. Potosnak, 
	 R.K. Monson, 
	 A Rey, 
	 G Barron-Gafford, and 
	 C.B. Osmond

. 2007. The effect of elevated CO2, soil and atmospheric water deficit and seasonal phenology on leaf and ecosystem isoprene emission. Funct. Plant Biol. 34:774–784.
OpenUrl


	↵	Rolle,  L., 
	 F Torchio, 
	 S Giacosa, and 
	 V. Gerbi

. 2009. Modifications of mechanical characteristics and phenolic composition in berry skins and seeds of Mondeuse wine grapes throughout the on-vine drying process. J. Sci. Food Agric. 89:1973–1980.
OpenUrl


	↵	Rolle,  L., 
	 S Giacosa, 
	 S Río Segade, 
	 R Ferrarini, 
	 F Torchio, and 
	 V. Gerbi

. 2013. Influence of different thermohygrometric conditions on changes in instrumental texture properties and phenolic composition during postharvest withering of ‘Corvina’ wine grapes (Vitis vinifera L.). Dry. Technol. 31:549–564.
OpenUrl


	↵	Rozis,  J.F.

 1997. Basic notion in the drying of foodstuffs. In Drying of Foodstuffs. Rozis,  J.F. (ed.), pp. 67–92. Backhuys Publishers, Leiden, Netherlands.



	↵	Sweetman,  C., 
	 L.G. Deluc, 
	 G.R. Cramer, 
	 C.M. Ford, and 
	 K.L. Soole

. 2009. Regulation of malate metabolism in grape berry and other developing fruits. Phytochemistry 70:1329–1344.
OpenUrlCrossRefPubMed


	↵	Toffali,  K., 
	 A. Zamboni, 
	 A. Anesi, 
	 M. Stocchero, 
	 M. Pezzotti, 
	 M. Levi, and 
	 F. Guzzo

. 2011. Novel aspects of grape berry ripening and post-harvest withering revealed by untargeted LC-ESI-MS metabolomics analysis. Metabolomics 7:424–436.
OpenUrlCrossRef


	↵	Tonutti,  P., and 
	 C. Bonghi

. 2013. Biochemistry and physiology of dehydrated berries. In Sweet, Reinforced, and Fortified Wines. Mencarelli,  F., and  P. Tonutti (eds.), pp. 77–90. Wiley & Sons, Chichester, UK.



	↵	Wada,  S., 
	 J.A. Kennedy, and 
	 B.M. Reed

. 2011. Seed-coat anatomy and proanthocyanidins contribute to the dormancy of Rubus seed. Sci. Hortic. 130:762–768.
OpenUrl


	↵	Wang,  N., and 
	 J.G. Brennan

. 1995. Changes in structure, density and porosity of potato during dehydration. J. Food Eng. 24:61–67.
OpenUrl


	↵	Wright,  H., 
	 J DeLong, 
	 R Lada, and 
	 R. Prange

. 2009. The relationship between water status and chlorophyll a fluorescence in grapes (Vitis spp.). Postharvest Biol. Technol. 51:193–199.
OpenUrl


	↵	Zamboni,  A., 
	 L Minoia, 
	 A Ferrarini, 
	 G.B. Tornielli, 
	 E Zago, 
	 M Delledonne, and 
	 M. Pezzotti

. 2008. Molecular analysis of post-harvest withering in grape by AFLP transcriptional profiling. J. Exp. Bot. 59:4145–4159.
OpenUrlAbstract/FREE Full Text


	↵	Zoccatelli,  G., 
	 S Zenoni, 
	 S Savoi, 
	 S Dal Santo, 
	 P Tononi, 
	 V Zandonà, 
	 A Dal Cin, 
	 V Guantieri, 
	 M Pezzotti, and 
	 G.B. Tornielli

. 2013. Skin pectin metabolism during the postharvest dehydration of berries from three distinct grapevine cultivars. Aust. J. Grape Wine Res. 19:171–179.
OpenUrl







  


  
  



  
      
  
  
    
	  
  
		
		
			
			  
  
      
  
  
    
  
      
  
    Sign in for ASEV members


ASEV Members, please sign in at ASEV  to access the journal online.

  




  


  
  



  
      
  
  
    Sign in for Institutional and Non-member Subscribers
  


  
  



  
      
  
  
    Log in using your username and password

  Username *
 



  Password *
 





Forgot your user name or password?




  


  
  



  
      
  
  
    Pay Per Article - You may access this article (from the computer you are currently using) for 2 day for US$10.00
Regain Access - You can regain access to a recent Pay per Article purchase if your access period has not yet expired.
  


  
  



			

		

	
	
 	
	
		
		
		
			
			  
  
      
  
  
    
  
      
  
    Forgot your user name or password?

  




  


  
  



			

		

	
	
 	
	


  


  
  



  





  


  
  



  
      
  
  
     PreviousNext 
  


  
  



  
      
  
  
     Back to top  


  
  



			

		

		
		
			
			  
  
      
  
  
    
  


  
  



  
      
  
  
    
	  
		
		
			
			  
  
      
  
  
    Vol 65 Issue 3

  


  
  



			

		

	
	
 	
	  
  
		
          
            

          

        

        
        
          
            
  
      
  
  
    	Table of Contents
	Table of Contents (PDF)
	Index by author

  


  
  



          

        

	
 	
	
	


  


  
  



  
      
  
  
    
	  
  
		
          
            
  
      
  
  
     Print  


  
  


  
      
  
  
     View full PDF  


  
  


  
      
  
  
     Email Article

  
    
  
      
  
  
    
 Thank you for your interest in spreading the word on AJEV.
NOTE: We only request your email address so that the person you are recommending the page to knows that you wanted them to see it, and that it is not junk mail. We do not capture any email address.




  Your Email *
 



  Your Name *
 



  Send To *
 

Enter multiple addresses on separate lines or separate them with commas.




  You are going to email the following 
 Effect of Postharvest Dehydration on Content of Volatile Organic Compounds in the Epicarp of Cesanese Grape Berry



  Message Subject 
 (Your Name) has forwarded a page to you from AJEV



  Message Body 
 (Your Name) thought you would like to read this article from the American Journal of Enology and Viticulture.



  Your Personal Message 
 








CAPTCHAThis question is for testing whether or not you are a human visitor and to prevent automated spam submissions.










  


  
  



  





  


  
  


  
      
  
  
     Citation Tools

  
    
  
      
  
  
      
  
      
  
  
  
      You have accessRestricted access

  
      Effect of Postharvest Dehydration on Content of Volatile Organic Compounds in the Epicarp of Cesanese Grape Berry  
    	Luna Centioni, Domenico Tiberi, Paolo Pietromarchi, Andrea Bellincontro, Fabio Mencarelli

  
    	Am J Enol Vitic.  2014  65: 333-340  ; DOI: 10.5344/ajev.2014.13126 

  
  
  


Luna Centioni 

1Unità di Ricerca per le Produzioni Enologiche dell’Italia Centrale, CRA-ENG, Velletri, Rome, Italy

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Domenico Tiberi 

1Unità di Ricerca per le Produzioni Enologiche dell’Italia Centrale, CRA-ENG, Velletri, Rome, Italy

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Paolo Pietromarchi 

1Unità di Ricerca per le Produzioni Enologiche dell’Italia Centrale, CRA-ENG, Velletri, Rome, Italy

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Andrea Bellincontro 

2Department for Innovation in Biological, Agro-food and Forest Systems, Postharvest Laboratory (DIBAF), University of Tuscia, via S. Camillo de Lellis snc, 01100 Viterbo, Italy

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Fabio Mencarelli 

2Department for Innovation in Biological, Agro-food and Forest Systems, Postharvest Laboratory (DIBAF), University of Tuscia, via S. Camillo de Lellis snc, 01100 Viterbo, Italy

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	For correspondence: 
mencarel@unitus.it




  

  
  	      Citation Manager Formats

        
      	BibTeX
	Bookends
	EasyBib
	EndNote (tagged)
	EndNote 8 (xml)
	Medlars
	Mendeley
	Papers
	RefWorks Tagged
	Ref Manager
	RIS
	Zotero

    

  



  


  
  



  





  


  
  


  
        

    
  
  
    
  


  
  



          

        

        
        
          
            
  
      
  
  
     Share  


  
  


  
      
  
  
    
  
    
  
      
  
  
    
  
  
  
      You have accessRestricted access

  
      Effect of Postharvest Dehydration on Content of Volatile Organic Compounds in the Epicarp of Cesanese Grape Berry  
    	Luna Centioni, Domenico Tiberi, Paolo Pietromarchi, Andrea Bellincontro, Fabio Mencarelli

  
    	Am J Enol Vitic.  2014  65: 333-340  ; DOI: 10.5344/ajev.2014.13126 

  
  
  


Luna Centioni 

1Unità di Ricerca per le Produzioni Enologiche dell’Italia Centrale, CRA-ENG, Velletri, Rome, Italy

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Domenico Tiberi 

1Unità di Ricerca per le Produzioni Enologiche dell’Italia Centrale, CRA-ENG, Velletri, Rome, Italy

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Paolo Pietromarchi 

1Unità di Ricerca per le Produzioni Enologiche dell’Italia Centrale, CRA-ENG, Velletri, Rome, Italy

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Andrea Bellincontro 

2Department for Innovation in Biological, Agro-food and Forest Systems, Postharvest Laboratory (DIBAF), University of Tuscia, via S. Camillo de Lellis snc, 01100 Viterbo, Italy

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Fabio Mencarelli 

2Department for Innovation in Biological, Agro-food and Forest Systems, Postharvest Laboratory (DIBAF), University of Tuscia, via S. Camillo de Lellis snc, 01100 Viterbo, Italy

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	For correspondence: 
mencarel@unitus.it




  


  
  



  
      
  
  
    
  
    Share This Article:
  
  
    
  
  
    Copy
  


  


  
  



  
      
  
  
           
  


  
  



  



  


  
  


  
      
  
  
    	Tweet Widget
	Facebook Like
	Google Plus One



  


  
  


  
      
  
  
     Save to my folders
  User Name *
 



  Password *
 



   Remember my user name & password. 










  


  
  



          

        

	
 	
	
	


  


  
  



  
        Jump to section

    
  
  
    	Article	Abstract
	Materials and Methods
	Results and Discussion
	Conclusions
	Literature Cited



	Figures & Data
	Info & Metrics
	 PDF



  


  
  



  
      
  
  
    
  
     Related Articles


 Cited By...


More from this TOC section
	
  Diversity of Wild Yeasts During Spontaneous Fermentation of Wines from Local Grape Varieties in Turkey




	
  Bioprotective Effect of Pichia kluyveri and Lactiplantibacillus plantarum in Winemaking Conditions




	
  Vine Age Affects Vine Performance, Grape and Wine Chemical and Sensory Composition of cv. Zinfandel from California






Show more Research Article

 Similar Articles






  



  


  
  



  
      
  
  
    
  
      
  
    

  




  


  
  



			

		

	
	
 	
	
	


    

  


      


  

    
  
      
    
  
    
  
    
  
                
    
      
  
    
  
        AJEV Content

    
  
  
    	Current Volume
	Archive
	Best Papers
	ASEV National Conference Technical Abstracts
	Print on Demand

  


  
  



  

  
    
  
        Information For

    
  
  
    	Authors
	AJEV Preprint and AI Software Policy
	Open Access/Subscription Publishing
	Submission
	Subscribers
	Permissions and Reproductions
	Advertisers

  


  
  



  

  
    

  

  
    
  
        Other

    
  
  
    	Home
	About Us
	Feedback
	Help
	Alerts
	Catalyst
	ASEV

  


  
  



  


    

  


  


  

  
  
    
  
    
  
                
    
      
  
    
  
      
  
  
      


  
  



  
      
  
  
    
  
      
  
    © 2024 American Society for Enology and Viticulture.  ISSN 0002-9254.

  




  


  
  



  
      
  
  
      


  
  



  



    

  


  


  

  
    
  
      





  