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ABSTRACT 

Ribolla Gialla (Vitis vinifera L.) is an indigenous white grape variety cultivated in 

northeastern Italy, in Slovenia and on the Ionian Islands in Greece, where it is known as 

Rebula and Robola, respectively, and can be considered as one of the most promising for 

producing high-quality monovarietal sparkling wines. However, due to its neutral aromatic 

potential, the manipulation of wine quality thus mainly depends on the application of 

viticultural or oenological practices. For instance, cluster thinning is a commonly adopted 

viticultural technique for selective removal of excessive clusters and allows calibrated vine 

productivity with increased accumulation of metabolites in the fruit. Modulating of wine 

grapes yield will therefore activate the intrinsic changes in basic berry composition 

(including soluble solids, organic acids, pH phenolics and anthocyanins), resulting from 

thinning treatment, while also changing the rate of grape ripening. Consequently, monitoring 

the ripening of the grapes is important mainly to determine the ideal harvest time. As this 

study shows, different harvest times have a significant impact on chemical composition of 

wines, which can lead to different sensory characteristics. The objective of this research 

work was therefore to produce a comprehensive study of discussed viticultural measures in 

the production of monovarietal Ribolla Gialla sparkling wine from two different locations. 

The position of vineyard site should not be neglected, as it is an integral part of the terroir, 

that can be defined as an ecosystem, in a given place, including factors like climatic 

conditions, cultivar and rootstock, geography and topography, as well as soil characteristics 

like mineral nutrition and water supply. For this purpose, the multi-targeted approach was 

adopted, using different analytical techniques (GC-MS, UPLC-MS, and FTIR) to investigate 

the aromatic characteristics of the sparkling wines obtained, including their volatile organic 

composition, lipid compounds, and the metabolites of aromatic amino acids, which play a 

key role in the organoleptic and sensory properties of wine. The findings of this study could 

provide a sort of guideline, intended for winegrowers and professional experts, designed to 

facilitate the decision about the level of production, or to help out determine the optimal 

harvest time, by taking into account changing climatic conditions. 
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1 ABOUT RIBOLLA GIALLA  

The Vitis vinifera L. cv. Ribolla Gialla is an autochthonous white grape variety grown 

most prominently in the northeastern Italy. According to the literature, the first mentions of 

this ancient variety date back in 1409 (Peterlunger et al., 2004), with later recorded 

ampelographic descriptions being made in 1844 (Vertovec, 1844). Records shows that in 

1982, there were only 93 ha cultivated with Ribolla Gialla in Italy, but nowadays, this area 

has increased to 1,159 ha, due to the strong demand for highly appreciated sparkling wine. 

This is also the reason why this variety is considered one of the economically relevant local 

cultivars in Italian region Friuli Venezia Giulia (Crespan et al., 2020). 

 

 

There is a considered amount of literature, investigating the genetic origin of Ribolla 

Gialla and its genetic associations with Rebula and Robola, traditionally cultivated in 

southwestern Slovenia and Kefalonia Island in Greece, respectively (De Lorenzis et al., 

2013). In addition, sympatric relationships with other cultivars (e.g., Gouais Blanc, Schiava 

and Glera) have been studied previously, suggesting a common geographical origin (Crespan 

et al., 2020; Imazio et al., 2016; Rusjan et al., 2010). However, only a small number of 

studies focused on compositional characterization of grapes and wines produced from 

Ribolla Gialla. Due to the low concentrations of grape-derived aroma compounds, it is 

classified by some authors among a neutral varieties (Bavļar et al., 2011). Namely, based on 

total free monoterpene concentration, the grape cultivars can be divided into three general 

groupings: neutral varieties with very low concentrations, aromatic cultivars with 1ï4 mg/L 

Figure 1: The cluster of Ribolla Gialla (adopted from http://ribollagialla.org/). 



Ġkrab D. 

   PhD Thesis: General introduction 

8 

 

of monoterpenes and Muscat types with more than 6 mg/L of free monoterpenes (Lin et al., 

2019; Mateo & Jiménez, 2000). Since monoterpenes are mainly linked to sugar moieties in 

the grape juice and wines without any olfactive activity, the acidic or enzymatic hydrolysis 

of terpene glycosides can occur when certain winemaking techniques are applied. One of 

such is for example the use of skin contact of crushed grapes under controlled condition, 

which allows the enhancement of both free and glycosided forms of volatile compounds, 

deriving from grapes in must and wines. Thus, in the work of Bavļar et al. (2011), the authors 

have investigated the effect of pomace maceration and whole berry maceration during 

alcoholic fermentation, on the concentration of free volatile varietal and fermentative aroma 

compounds from Ribolla Gialla. Similarly, Bavļar et al. (2016) exploited the impact of the 

freezing of pomace before pressing and the freezing of whole grapes before pressing on free 

aromatic compounds and sensory attributes. Another way to increase the complexity of 

Ribolla Gialla wine and thus avoid a rather poor beverage bouquet is to perform a mixed-

culture fermentation. A study of such an approach has been conducted by Dashko et al. 

(2015), where the fermentative performance of non-conventional yeast strains has been 

compared to the one of Saccharomyces cerevisiae. However, none of the aforementioned 

studies examined the influence of viticultural practices on the chemical composition of 

Ribolla Gialla wines. 

2 GRAPE BERRY DEVELOPMENT AND RIPENING  

The fruit quality characteristics and quality attributes of grape juice and, subsequently, 

wine, depend on physical and chemical composition of grape berries at harvest. Namely, as 

berries ripen, they undergo a multitude of physical and chemical changes, although many 

changes and processes important to fruit quality also occur long before ripening begins 

(Keller, 2010). In general, berry development consists of two successive sigmoidal growth 

periods, interrupted by a lag phase, as presented on the Figure 2. Therefore, for ease of 

description, the fruit development will be divided into three stages: herbaceous phase (I), lag 

phase (II) and ripening (III). 

2.1 HERBACEOUS PHASE 

The first stage (stage I) starts at bloom and terminates after approximately sixty days. 

During this stage, the berry is formed, and rapid cell division occurs, which causes an 

exponential increase in berry size. The seeds embryos starting to be produced as well. The 

accumulation of the principal solutes such as tartaric and malic acid arise mainly in skin and 

flesh, respectively, where tartaric acid appears to accumulate during the initial stages of berry 

development, and malic acid accumulates just prior the veraison (Kennedy, 2002). At the 

same time, hydroxycinnamic acids are synthesized in grapes, which is involved in browning 

reactions and is a precursor to volatile phenols, and also tannins from both skins and seeds 

are accumulated (Conde et al., 2007; Kuhn et al., 2014). 
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2.2 LAG PHASE 

The lag transition stage (stage II) is distinguished by a pause in berry growth, during 

which however, seed embryos start to grow rapidly. The duration of this stage is specific to 

the cultivar and to the fluctuations of the temperatures (Smart & Sinclair, 1976); however its 

end correspond to the end of the herbaceous phase of the fruit (Conde et al., 2007). At the 

start of the lag stage, berries have reached at least half of their final size. This stage is also 

characterized by the beginning of the synthesis of anthocyanins, soluble flavonoid 

compounds that provide color to red grape varieties. Consequently, this is the stage, where 

the veraison takes place. Moreover, the sucrose, originating from the leaves, reaches the 

fruits through phloem followed by a hydrolytic process that forms glucose and fructose 

(Robinson & Davies, 2000). The process of softening coincides with the beginning of the 

sugar accumulation, and then continue to the ripening stage. Namely, softening occurs as a 

consequence of reduced mesocarp cell turgor, due to the gradual disassembly of the 

mesocarp cell walls (Keller, 2010). 

2.3 RIPENING PHASE 

Following the 5 to 10 day lag, the third stage of development (stage III) starts with 

veraison and involves important morphological and physiological changes, such as 

accelerated anthocyanin accumulation (in the colored grapes), enhanced accumulation of 

soluble solids, decreased acidity, turgor reduction and berry enlargement (Serrano et al., 

2017). One of the compounds which content is significantly reduced during ripening stage 

is malic acid. During this stage malic acid is exported from vacuole and so used for 

respiration, while sugars are instead imported in vacuoles. This can be achieved via two 

pathways: in cytosol where NADP-malic enzyme regulates the malic acid or malate 

breakdown producing the pyruvate and CO2, or in mitochondria, where a subsequent action 

of malate dehydrogenase degrade malate into oxaloacetate, or, alternatively, NAD-malic 

enzyme oxidize the malate to pyruvate (Conde et al., 2007). In addition, it has been found 

that the metabolism of malic acid can be correlated with the climate, as cool regions typically 

produce grapes with higher concentration of malic acid, while the grapes grown in warmer 

regions tend to have lower acidity. In contrast to the process of the malic acid breakdown, 

the level of tartaric acid usually remains almost constant after veraison (Conde et al., 2007). 

The post-veraison period is characterized also by an intensive accumulation of hexoses 

in the vacuoles of mesocarp cells (Conde et al., 2007). At first, the production of sucrose 

occurs in the mature grapevine leaves via the photosynthetic carbon assimilation and is 

subsequently transported to the berries in the phloem. This is followed by a conversion of 

sucrose into glucose and fructose, with studies reporting two possible pathways of 

transformation. One pathway suggests that sucrose is transported into the vacuole where the 

cleavage to fructose and glucose is caused by an invertase, or alternatively, the sucrose is 

inverted by an invertase, present in the apoplast or in the cytoplasm and the resulting hexoses 
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are transported into the vacuole by membrane hexose transporters (Robinson & Davies, 

2000). Subsequently, the grape berries tend to accumulate the glucose and fructose steadily 

during the course of stage III, whereby the ratio of both hexoses is roughly 1:1 in the most 

V. vinifera cultivars, while this ratio varies from 0.47 to 1.12 in wild species (Conde et al., 

2007; Kuhn et al., 2014). 

 

 

3 PRIMARY AND SECONDARY METABOLITES IN GRAPES  

In addition to the plants primary metabolites that are involved in normal growth, 

development and reproduction of plant species, the secondary metabolites are known to play 

crucial role in physiological functions, such as adaptation to environmental conditions 

(Lewinsohn et al., 2001), the enhancement of resistance to pests and disease related 

microorganisms (Harborne, 2001), and the determination of the quality of the food attributes 

(Ali et al., 2010). Thus, in this section, the development of volatile organic compounds 

(VOCs), lipids and metabolites of aromatic amino acids (AAA)  in grapes is addressed, as 

these groups of substances were studied in depth as a part of our studies. Nevertheless, the 

Figure 2: Grape berry development and ripening process (adopted from Kennedy, 2002). 
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compounds derived from grape berries are important contributors to the sensory attributes 

of wine. 

3.1 VOLATILE ORGANIC COMPOUNDS 

Grape berries contain hundreds of compounds that could potentially contribute to the 

aromatic profile of wine. In the pulp and skin of the berries are located the most important 

grape aroma substances, such as monoterpenes, C13-norisoprenoids, benzenoid compounds 

and polyfunctional sulfured compounds, present in both free and bound form (Flamini & 

Traldi, 2010). During alcoholic fermentation, these compounds can be subjected to minimal 

or no transformation, thus reflecting a particularity of grape cultivar and emphasizing the 

quality and regional character of the wines (Conde et al., 2007). 

3.1.1 Monoterpenes 

Monoterpenes (C10 class of terpenes) are recognized as key odorants associated with 

the varietal (or primary) aromas of certain white wines. Their contribution to the floral, rose-

like, coriander, green, citrus and herbaceous aroma is often related with the aromatic grapes, 

such as Muscat, Malvasia, Gewürztraminer and Riesling (Flamini & Traldi, 2010; Mateo & 

Jiménez, 2000), although they are also present at low concentrations in simple-flavored 

varieties (Conde et al., 2007). Among the free monoterpenes, the alcohols appear to be most 

prevalent, including linalool, geraniol, and nerol, together with the pyran and furan forms of 

the linalool oxides (Mateo & Jiménez, 2000). Depending on climatic conditions and the 

processing method of grape juice, to this group of compounds we can include also 

citronellol, Ŭ-terpineol, hotrienol, nerol oxide, myrcenol, the ocimenols and several other 

oxides, aldehydes and hydrocarbons (Conde et al., 2007). However, in the most cases the 

glycosidically conjugated forms prevail over the non-glycosylated forms of individual 

monoterpenes and polyols, despite the fact that they do not make direct contribution to the 

aroma of the grape (Mateo & Jiménez, 2000). These can be hydrolyzed into free forms by 

acids or enzymes (Williams et al., 1982). As regards the acidic hydrolysis, it has been shown 

to be strongly dependent on pH value, which can induce a molecular rearrangement of the 

monoterpenols (Maicas & Mateo, 2005). On the other hand, the enzymatic release of free 

aromatic compounds from natural glycoside precursors implies to more ñnaturalò production 

of wine aroma and occurs in two successive steps: firstly, Ŭ-l-rhamnosidase, Ŭ-l-

arabinosidase or ɓ-d-apiosidase make the cleavage of the terminal sugar and rhamnose, 

arabinose or apiose and the corresponding ɓ-d-glucosides are released; subsequently 

liberation of monoterpenols takes place after action of a ɓ-d-glucosidase (Gunata et al., 1988; 

Mateo & Jiménez, 2000). Most previous studies have focused on investigating the 

accumulation of monoterpenes in the final stage of grape ripening, where it was mainly 

found that the levels of monoterpenes increase during grape ripening (Dunlevy et al., 2009). 

However, more recent results have showed that the level of production of terpenes varies 

from pre-veraison phase, through the lag phase and finally to the post-veraison phase (Kalua 
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& Boss, 2009; Yue et al., 2020). Thus, the total monoterpene content peaked in the first stage 

of grape berry formation in the Cabernet Sauvignon and Shiraz variety (Kalua & Boss, 2009; 

Zhang et al., 2016), while the maximum level of terpenes was reached at the intermediate-

ripe stage in Macabeo, Airén, Chardonnay, and Fernão-Pires grapes (Coelho et al., 2007; 

Savoi et al., 2020). Consistent with the full ripeness of the grapes, the highest level of 

monoterpenes was found in Pinot noir and Bimeijia varieties (Fang & Qian, 2006; Yang et 

al., 2011). This suggest that the synthesis and accumulation of monoterpenes differ among 

grape cultivars, however, they can be also affected by agronomic practices, climatic 

conditions and water supply (Yue et al., 2020). 

3.1.2 Norisoprenoids 

The listed factors can influence the content of another group of chemical compounds, 

important for the aromatic profile of the wine ï norisoprenoids. This family of compounds 

derives from oxidative degradation of carotenoids (C40) and consists of 18, 15, 13, 11, 10, 

9 and 8 carbons, among which the C13-norisoprenoids have the greatest influence on the 

aromatic profile in grape berries. In contrast to the monoterpenes, the free forms of C13-

norisoprenoids are present in small amounts, therefore non-volatile bound glycosylated 

conjugates predominate among them (Williams et al., 1992). Despite large quantity of C13-

norisoprenoids identified in the grapes, a relatively small number of these proved to have a 

high odor impact. These include compounds such as ɓ-damascenone, ɓ-ionone, 1,1,6-

trimethyl-1,2-dihydronaphthalene (TDN), vitispiranes and actinidiols, which evoke rose-

like, sweet, kerosene, resinousïeucalyptusïlike and woody notes in the wine (Dunlevy et al., 

2009; Flamini & Traldi, 2010). The production of these apocarotenoids is directly dependent 

on the amount of their respective carotenoid precursors formed during fruit development. 

However, although the carotenoids are largely accumulated before veraison, the production 

of the resulting norisoprenoids does not peak until late in ripening (Keller, 2010). Moreover, 

recent studies suggest that this trend varies between individual compounds. Yuan and Qian 

(2016) noticed that the increasing content of ɓ-damascenone, TDN and vitispirane was in 

accordance with carotenoid breakdown of lutein, ɓ-carotene, neochrome a and neoxanthin 

during Pinot noir grape berry development, whereas the changes for Ŭ-ionone and ɓ-ionone 

were not obvious. In addition, norisoprenoids concentration may be also affected by cluster 

light exposure. Since the pre-veraison grape berries are more photosynthetically active, the 

sun exposure results in conversion of epoxyxanthophylls to de-epoxidized xanthophylls, 

which are considered the putative precursors of TDN and vitispirane (Figure 3). Greater 

exposure to the sun thus leads to higher proportion of de-epoxidized xanthophylls, which 

consequently leads to the different yield of C13-norisoprenoids in the post-veraison stage 

(Kwasniewski et al., 2010). 
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3.1.3 LIPOXYGENASE COMPOUNDS 

Other volatile compounds formed in grape berries are also aliphatic substances, that 

originate from fatty acid oxidation and amino acid degradation. C6 and C9 alcohols and 

aldehydes, derived from membrane lipids, formed via the aerobic activity of lipoxygenase 

(LOX) on polyunsaturated fatty acids (PUFAs). (Oliveira et al., 2006). This pathway is 

constituted of a series of enzymes that oxidize and cleave fatty acids to yield aldehydes, that 

can be subsequently reduced to alcohols and esterified (Dunlevy et al., 2009). In order to 

facilitate the production of C6 compounds, the free forms of linoleic and Ŭ-linolenic acids 

are released from phospholipids, fatty acyl-CoA esters, diglycerides and triglycerides, with 

acyl hydrolase. Released free fatty acids are then oxidized, forming hydroperoxides through 

the action of the LOX. Once the hydroperoxides are formed, the hydroperoxide lyase 

catalyzes the cleavage of fatty acid hydroperoxides ï resulting in production of volatile 

hexanal, from hydroperoxide of linoleic acid, and cis-3-hexenal and trans-2-hexenal from 

hydroperoxide of Ŭ-linolenic acid (Oliveira et al., 2006). Isomerase can inter-convert the two 

hexenals and alcohol dehydrogenase can catalyze the reversible reduction of aliphatic 

aldehydes to alcohols (i.e., 1-hexanol, cis-3-hexenol and trans-2-hexenol). In general, the 

C6 alcohols and aldehydes contribute to the herbaceous and green characters to grapes and 

wine, while their associated acetate esters and ethyl trans-hex-3-enoate have floral and fruit 

Figure 3: The biotransformation of carotenoids to C13-norisoprenoids according to the Baumes et al., 

2006; Yuan & Qian, 2016. 
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aroma descriptors. Alcohol acetyl transferase (AAT) catalyzes the formation of acetate esters 

through acetyl-CoA derivatives. 

 

 

3.2 LIPID COMPOUNDS 

Due to their biological functions, lipids are important constituents of plant cells and 

animal cells. They are essential molecules, since they possess functions to constitute cellular 

membranes in biological organisms that provide hydrophobic barriers to separate cellular 

compartments, serve as an optimal mix to facilitate transmembrane protein function, act as 

a source of precursors for lipid second messengers during signaling, and provide the storage 

and/or supplement of fuel for biological functions (Della Corte et al., 2015; Han, 2016; Kim, 

2020). The plant membranes are composed mainly of lipids that possess a hydrophilic, polar 

head attached to a glycerol backbone and a hydrophobic tail, consisted of two fatty acids. 

The core building block of fatty acids is a hydrocarbon chain with a carboxyl group (-COOH) 

located on its terminal end. Based on the chain length of fatty acids, they are classified as 

short-chain (aliphatic tails of up to 5 or even 7 carbons), medium-chain (aliphatic tails of 6ï

8 up to 12ï14 carbons), long-chain (aliphatic tails of 13ï18 up to 22 carbons), or very long-

chain fatty acids (aliphatic tails longer than 22 carbons; > C22). Moreover, the division of 

Figure 4: Biosynthesis of lipid derived volatile compounds in grapes (adapted from Dunlevy et al., 2009). 



Ġkrab D. 

   PhD Thesis: General introduction 

15 

 

fatty acids can be additionally made according to the saturation of their aliphatic chains. In 

saturated fatty acids (SFA) all carbon-carbon linkages reveal single bonds, while in 

unsaturated fatty acids (UFA) some carbons are matched by one or more double bonds, in 

particular are the basic building blocks of more complex lipids (ReszczyŒska & Hanaka, 

2020). 

The current classification determinates that the lipids can be classically divided in eight 

categories: fatty acyls, glycerolipids, glycerophospholipids, sphingolipids, sterol lipids, 

prenol lipids, saccharolipids and polyketides (Figure 5). Moreover, each of these classes can 

be additionally subdivided into distinct classes and sub-classes (Fahy et al., 2009). Among 

the main classes of lipids, glycerolipids, sphingolipids and sterols appear to be the most 

important constituents of the plant membranes. Lipids are important organic compounds also 

in the grapes where their concentration ranges from 0.15% to 0.24% on the fresh weigh basis 

(Gallander & Peng, 1980). It is important to note that the lipid constitution is not evenly 

distributed in grape berry, being of minor importance in skins and pulp, while a higher 

concentration is present in the grape seeds. For instance, in V. vinifera L. cv. Cabernet 

Sauvignon grapes it has been shown that phospholipids were predominant in skins, and 

neutral lipids were predominate in seeds, while glucolipids, phospholipids and neutral lipids 

(e.g., cholesteryl esters, triglycerides, and fatty acids) were found in Condour grape skins 

and pulp (Higgins & Peng, 1976; Miele et al., 1993). Grape seed oil is additionally rich in 

unsaturated fatty acids such as linoleic and oleic acid. Due to its antioxidant properties is 

highly valuable for use in food, pharmaceutical and cosmetic industries (Sabir et al., 2012). 

In the grape skin, the major phytosterol is ɓ-sitosterol, accounting 86ï89% of the total 

phytosterols. It has been shown that the concentration of ɓ-sitosterol decreases towards the 

end of grape ripening (Le Fur et al., 1994). In grape berries, the concentration of long-chain 

fatty acids appears to be predominant over the short-chain fatty acids (SCFAs), whereupon 

UFAs represent the major components of the total lipid fraction. The most abundant UFA is 

linoleic acid (C18:2), followed by oleic acid (C18:1) and linolenic acid (C18:3) (Pérez-

Navarro et al., 2019; Santos et al., 2011). 
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3.2.1 Oenological significance of lipids 

Grape lipids are essential important factors in oenology since they are considered 

essential nutrients whose availability is capable of modulating the yeast metabolism and thus 

affect the yeast alcoholic fermentation. They maintain the membrane build of yeast and 

promote their growth, mainly UFAs and sterols that increase the cell membrane fluidity 

(Pérez-Navarro et al., 2019). Sterols also allow yeast cells to withstand the increasing ethanol 

concentration during the alcohol fermentation, which decrease the risk of sluggish and stuck 

fermentations (Tesnière, 2019). Moreover, it has been proved that in the presence of 

ergosterol, the lag phase of the yeast growth was shortened. The compositional variation of 

lipids depends also on winemaking technology, which is of major importance in the case of 

white and rosé winemaking, where short contact with the grape skins can represent lipids as 

a limiting factor. However, the inability of S. cerevisiae cells to acquire complex lipids (i.e., 

Figure 5: Examples of lipid categories with respective representative structures (adopted from Fahy et al., 

2011). 
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phospholipids and glycerolipids) from the extracellular medium makes them highly 

dependent on exogenous sources of fatty acids. Free fatty acids are therefore cleaved from 

more complex lipid species through lipolytic activity (Dyer et al., 2002; Tumanov et al., 

2015). 

As it was previously described, the oxidation of polyunsaturated fatty acids Ŭ-linolenic 

acid and linoleic acid via lipoxygenase-hydroperoxide lyase pathway, leads to forming the 

C6 and C9 alcohols and aldehydes such as trans-2-hexenal, trans-2-nonenal and cis-2-

hexenol that are related with green and herbaceous odors in wine (Ju et al., 2021). 

Additionally, increasing free fatty acids (FFAs) concentration through lipolysis of grape 

juice lipids, such as oleic acid and linoleic acid, resulted in a decrease of the concentration 

in the 3-mercaptohexyl acetate, a volatile thiol that is responsible for the distinctive tropical 

fruit notes in Sauvignon Blanc wines (Tumanov et al., 2018). Conversely, the excessive 

addition of linolenic acid in grape must leads to an increase in 4-methyl-4-mercaptopentan-

2-one and 3-mercaptohexan-1-ol content, thus enhancing tropical fruit notes (Pinu et al., 

2014). High phytosterol concentration are resulting in low acetic acid content, which could 

be related to variations in acetyl-CoA requirement for lipid synthesis, which is likely low in 

the presence of exogenous lipids such as phytosterols. In addition, phytosterol content had a 

similar effect on the production of isobutanol and isoamyl alcohol. Impairment of the activity 

of alcohol acetyltransferases (that convert higher alcohol molecules into the corresponding 

esters) likely explained this result, ATF1 expression being repressed by lipids (Tesnière, 

2019). Finally, the phytosterol content appears to be positively correlated with the final ethyl 

ester concentration: these volatile compounds being produced through lipid metabolism. 

Rollero et al. (2015) observed that the formation of ethyl esters seems more dependent on 

the availability of fatty acids, their precursors, than on the expression of those genes 

encoding acyl-coenzyme A/ethanol O transferases. 

In addition to aroma, lipids play an important role also on other organoleptic properties 

of wine. The foam of a sparkling wine is a key parameter of its quality, and the main 

characteristic differentiating sparkling wines from the still wines. Foam properties, 

particularly foam height and foam stability, are significantly influenced by the chemical 

composition of wine, which include lipids. Among these, the relationship between fatty acids 

and foam properties is the most researched. Namely, the amphipathic properties of SCFAs, 

where one part of the molecules has an affinity for the nonpolar media (air interface) and the 

other part has an affinity for polar media such as water that is the main constituent of 

beverages, makes lipids a good candidates for involvement in foaming of carbonated 

beverages (Kemp et al., 2019). The addition of octanoic and decanoic fatty acids to wines 

had a negative effect on the foam stability time, but it positively influenced foam collar 

height (Maujean et al., 1990). However, in the study of Dussaud et al. (1994), the authors 

observed an adverse effect on bubble lifetime only when the alcohol concentration was 

below 5% of ethanol whereas at higher alcohol levels (11.3% v/v) the foam behavior was 

mainly governed by the ethanol. Additionally, linolenic acid and palmitic acid were, 
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respectively, the best indicators of foam stability and foam height in base wines and 

sparkling wines, respectively, both having a positive influence (Martínez-Lapuente et al., 

2018; Pueyo et al., 1995). Moreover, certain studies have reported that not only FFAs have 

a significant effect on wine foaming, but also their esterified forms. Thus in a work on Cava 

sparkling wines, the free fatty acids C8, C10 and C12 resulted to be negatively correlated 

with foamability, while the esters of hexanoic, octanoic and decanoic acids expressed a 

positive association with foam formation (Gallart et al., 2002). It was also shown that 

monoacylglycerols of palmitic and stearic acids and glyceryl ethylene glycol fatty acid 

derivatives were surface active compounds, preferentially partitioned by the sparkling wine 

foam rather than the liquid phase, allowing the inference of their role as key components in 

the promotion and stabilization of sparkling wine foam (Coelho et al., 2011; Martínez-

Lapuente et al., 2018). 

3.3 AROMATIC AMINO ACIDS AND THEIR METABOLITES 

Nitrogen-containing compounds are important sources of nutrients for yeast during 

alcohol fermentation, and the nitrogen content of grape must greatly impacts fermentation 

rate (Keller, 2010). The majority (50ï90%) of the nitrogen is present in the form of free 

amino acids, and the rest is made up mostly of proteins, ammonium, and nitrate. The 

transport of nitrogenous compounds into berry occurs already before veraison via xylem (in 

the form of glutamine and nitrate), but also after veraison via the phloem (mostly as 

glutamine) throughout ripening (Keller, 2010). Enzymatic activity of aminotransferases in 

the grape berry, converts glutamine into other amino acids. The most predominant amino 

acids in musts are proline and arginine which together account for 60ï70% of the amino 

acids in mature grape berries, followed by valine and alanine (Bell & Henschke, 2005). 

In addition to the predominant amino acids in the grape berry, L-phenylalanine (PHE), 

L-tyrosine (TYR) and L-tryptophan (TRP) are also of particular importance, since they are 

not only essential components of protein synthesis, but they also serve as precursor for a 

wide range of secondary metabolites that are important for plant growth, aromatic properties 

of wine as well as for human nutrition and health (Tzin & Galili, 2010). The listed amino 

acids are also defined as aromatic amino acids (AAA). The AAA pathway consist of the 

shikimate pathway, where chorismate plays a role of a common precursor compound, and 

individual post-chorismate pathways leading to the formation of PHE, TYR and TRP 

(Maeda & Dudareva, 2012). These pathways are found in bacteria, fungi, plants, and some 

protists but are absent in animals, therefore, the AAAs metabolism is vital for many 

biological functions of higher importance also for human. For instance, TRP can be 

metabolized to the neurotransmitter serotonin (SER) (Hikosaka, 2010), the neurohormone 

melatonin (MEL) (Hikosaka, 2010), and the sleep regulator tryptophol (TOL) (Feldstein et 

al., 1970). TYR can be converted by lactic bacteria into another neurotransmitter tyramine 

that can cause an increased heart rate and higher blood pressure (Keller, 2010). 
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In wine, most of the amino acids do not exhibit a direct effect on the aromatic profile, 

as their concentration is usually 1ï2 order of magnitude below the taste threshold 

(Waterhouse et al., 2016). However, proline and glutamate are amino acids, whose 

concentrations are high enough to approach their threshold, and at the same time impart the 

sweet and umami taste, respectively (Keller, 2010). However, the compounds that are 

synthesized because of amino acid metabolism of yeast, can significantly affect the 

organoleptic properties of wine. Depending on the order in which they are consumed, the 

sources of nitrogen in alcoholic fermentation are classified into three groups: lysine is 

defined as prematurely consumed, PHE belongs to the early consumed group, while TYR 

and TRP belong to the late consumed group of amino acids (Álvarez-Fernández et al., 2019). 

Via the Ehrlich catabolic pathway, the amino acids TRP, PHE and TYR produce the 

aromatic higher alcohols TOL, phenylethanol, and tyrosol (TYL), respectively. However, 

excessive concentration of these higher alcohols can result in a strong, pungent smell and 

taste, whereas lower levels contribute to the wines flowery character (Swiegers et al., 2005). 

In addition, TRP pathway in yeast also enables a direct transformation of the odorless 

metabolites into flavor-active compounds, such as methyl mercaptan and indole via 

tryptophanase (Álvarez-Fernández et al., 2019). Additionally, chemical reactions occurring 

during the wine aging process can indirectly affect the aromatic profile of the wine. Namely, 

TRP and its metabolites, especially kynurenine and indole-3-acetic acid (IAA) are 

considered to be potential precursors of an aroma compound, 2-aminoacetophenone (2-

AAP), which occurs upon oxidative degradation of IAA. Consequently, the amount of 2-

AAP in wine can be formed in wine after the sulfonation by co-oxidation of sulfite to sulfate 

(Christoph et al., 2000). A significant increase of 2-AAP may cause formation of ñuntypical 

aging off-flavorò (UTA), predominately in V. vinifera white wines, and this phenomenon is 

related with the development of a floor polish-like flavor (Engin, 2015). In addition, the IAA 

is also known as hormone auxin, usually associated with growth during the early stages of 

fruit development and later during the ripening. IAA concentrations have been claimed to 

be low and relatively constant throughout the berry development (Symons et al., 2006). On 

the other hand, PHE and TYR catabolism during fermentation produces the aromatic ester 

2-phenyl acetate (related to rose, honey and flowery odors), phenyl acetic acid p-OH-phenyl 

acetic acid, phenyl pyruvate, and p-OH-phenyl-pyruvate (Styger et al., 2011). Despite the 

fact that aroma characters appear to be largely dependent on the yeast strain used during the 

fermentation and winemaking techniques, the actual differences in TRP and IAA 

concentrations of musts and wines, are attributed more upon the soil type, and therefore the 

terroir characteristics (Engin, 2015; Maslov et al., 2005). Lately, it has been demonstrated 

that the three amino acids and the metabolites related to the TRP metabolism can be helpful 

in the discrimination of monovarietal wines (Arapitsas et al., 2020). 
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4 VITICULTURAL PRACTICES AND SPARKLING WINE QUALITY  

A plethora of factors such as variety, clone, planting density, pruning method, local 

climate and soil type play an important role in achieving optimal fruit quality at harvest of 

grapes destined for sparkling wine production (Jones et al., 2014). However, in contrast to 

the considerable amount of literature, outlining the relationship between vineyard 

management and still wine quality, much less has been researched in relation to sparkling 

wines (Pozo-Bayón et al., 2004). This is of particular importance, since sparkling wine 

production benefits from relatively low pH, high titratable acidity (TA), and low soluble 

sugars. These parameters are considered as the principal fruit quality criteria for determining 

harvest date and knowledge of these parameters leads to implementation of vineyard 

management strategies, which are essential for producing high-quality sparkling wine. 

4.1 CLIMATE AND SOIL FACTORS 

Vineyard location has been described as one of the key factors influencing the character 

of sparkling wines (de la Presa-Owens et al., 1998). Thus, the sugar accumulation and its 

composition can be strongly affected by environment or terroir that can be defined as an 

interactive cultivated ecosystem, in a given place, including climate, soil, water supply and 

the vine (van Leeuwen, 2010). Incidences of adverse weather conditions during the growing 

season can have disastrous results for the wine quality. For instance, due to excessive rainfall 

conditions prior the harvest, the vineyards can be exposed to the outbreaks of some 

economically important fungal diseases, such as downy mildew (Plasmopara viticola), ripe 

rot (Colletotrichum gloeosporioides), white rot (C. petrakii), black rot (Guignardia bidwellii 

f. muscadinii), brown spot (Pseudocercospora vitis (Lev)), and grey mold (Botrytis cinerea) 

(Du et al., 2015). In a recent study on sparkling wines from cool-climate Champagne region, 

it has been observed that under premise of guaranteed grape health, delaying harvest can 

improve base wine protein content and therefore the foamability of sparkling wines, despite 

the increased risk of developing various fungal diseases, associated with B. cinerea (Liu et 

al., 2018). 

In addition to the precipitation, temperature is of paramount importance for the 

synthesis and accumulation of the grape metabolites. During the twentieth century, the 

global mean temperature increased by 0.89 °C, a phenomenon that led to a change in the 

base climate for the worldôs main wine-growing regions. The impact of this change on 

viticulture is important reflecting the grapevine phenology, an increase in must alcoholic 

potential, and a decrease in total acidity, less predictable size and quality of grape yields, 

earlier ripening of the grapes with associated color and aroma profile alternations, and 

subsequently, the modification of well-known wine sensory profiles (Irimia et al., 2018). 

Under cool conditions, photosynthesis, sugar production and growth are often limited, while 

in hot regions, temperatures regularly exceed the photosynthetic optimum during a large part 

of the day. Moreover, the transport of assimilates via phloem is inhibited by prolonged 
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periods above 40 °C, probably due to temporary blockage of sieve plate pores by callose 

(Keller, 2010). However, studies have shown that sugar accumulation is influenced by 

temperature in the first two phases of the berry development (stage I and II), while during 

the stage III, the temperature has no major effect on it (Buttrose & Hale, 1971). Grape sugars 

appear to accumulate most rapidly in the ambient temperature range from 20ï30 °C, 

whereby a sufficient soil moisture must be guaranteed and the residual nutritional factors are 

not limiting (Keller, 2010). It is generally considered that in warmer sparkling wines region, 

grapes destined for sparkling wines production need to be harvested earlier, in order to 

ensure low pH and high acidity (Zoecklein, 2002). Moreover, temperatures also decrease 

with latitude. For instance, in mountainous regions, Guyot (1997) reported that temperature 

decreases by 0.65 °C for every 100 m in altitude. However in a work on changes in Prosecco 

sparkling wine aroma profile at two different altitudes, it resulted that the highest altitude 

(380 m above sea level) was warmer than the lowest site (200 m above sea level) 

(Alessandrini et al., 2017). The higher site was also characterized by more abundant 

concentration of monoterpenes, such as geraniol, geranic acid, cis-8-hydroxy-linalool, 

linalool, and 7-hydroxy-geraniol, while the amount of C13-norisoprenoids was comparable 

in both vineyard sites, with the most representative compounds 3-oxo-Ŭ-ionol, and 

vomifoliol (Alessandrini et al., 2017). 

In addition to meteorological parameters, the soil type, and its physical aspects, such as 

depth and texture can greatly affect vine vigor and subsequently the development of the 

fruits. In fact, the soil depth and clay fraction determine water supply and aeration (Jones et 

al., 2014; Tardaguila et al., 2011). In the study, where several table wines were considered, 

the results showed that the soil type can have a direct or indirect impact on berry growth, 

sugar accumulation, and anthocyanin concentration, and it was possible to distinguish 

between Merlot, Cabernet Sauvignon, and Cabernet franc. However, soil type appeared to 

be less important factor for total acidity and pH of the grape juice (van Leeuwen et al., 2004). 

The same authors also came to the conclusion that the effect of soil on vine development 

and berry composition can be explained by their influence on water status, since an early 

water deficit induced early shoot growth cessation and reduced berry size, which in turn led 

to increased sugar concentration and accelerated ripening and synthesis of anthocyanins 

(Cornelis van Leeuwen et al., 2004). Similarly, Coelho et al. (2009) studied the impact of 

three type of soils (clay-calcareous, sandy, and clayey) on the volatile profile of sparkling 

wines. The authors concluded that the wines produced from clay-calcareous and clayey soils 

resulted richer in terms of total volatiles followed by the wines from sandy soil. 

Monoterpenoids, sesquiterpenoids and C13-norisoprenoids were expressed in greater 

concentrations in wines from clay-calcareous soil. (Coelho et al., 2009). This could be due 

to the better capacity of water retention and volumetric wetness in clayey soils, compared to 

sandy soils. 
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4.2 VITICULTURAL AND VINEYARD MANAGEMENT PRACTICES 

In order to modify fruit zone microclimates, such as sunlight exposure of the clusters, 

fruit zone temperature, and fruit zone air circulation, the basal defoliation can be considered 

as one of the most common viticulture management practices, used for improvement of wine 

aromas (Wang et al., 2018). Wolf et al. (1986) applied this technique on Chardonnay wines 

in New York, which led to increased amount of soluble solids and lowered concentration of 

TA. Therefore, the basal removal can be widely used to advance the berry ripening, 

especially in cool regions with high humidity and common rainfall, in order to increase the 

sunlight exposure and cluster temperature (Frioni et al., 2017). Moreover, Bubola et al. 

(2019) demonstrated that hand leaf removal significantly increased the concentration of 

varietal thiol 3 sulfanylhexan 1 ol, monoterpenes, ɓ-damascenone and esters, which directly 

reflected in the more intense positive odor notes, such as fruity, floral, and tropical in Istrian 

Malvasia wines. Conversely, in New Zealand vineyards, the fruit zone leaf removal reduced 

TA, and the herbaceous/pyrazine-like character, while the level of terpene aroma volatiles 

increased in Sauvignon Blanc grape juices and wines (Smith et al., 1988). Namely, varietal 

aromas of wine mainly derive from grape and therefore are subjected to environmental 

factors. Timing of basal defoliation also plays an important role in the concentration of 

varietal aromas in wine. Wang et al. (2018) have shown that pre-veraison defoliation can 

induce an increase in ɓ-damascenone and linalool as well as a reduction in 3-isobutyl-2-

methoxypyrazine. The ripeness of the grapes is also related to this, as the grape maturity can 

influence the production of aliphatic alcohols and esters, which are considered as 

fermentative aromas (1-hexanol, ɓ-phenylethanol, 2-phenylethyl acetate, decanoic acid, and 

ethyl octanoate) (Wang, He, Pan, et al., 2018). On the other hand, in the case of Pinot noir 

grapes it was found out that early leaf removal may represent an alternative to veraison 

application, especially because of some positive indications regarding color improvements 

(Lemut et al., 2013). Moreover, flavonols were found to respond significantly to leaf 

removal, while anthocyanins were affected to an intermediate extent (Lemut, et al., 2011). 

The winegrowers often seek to maximize the crop level, which is concurrently adequate 

to obtain the targeted grape composition and wine quality. In response to the general belief 

that high crop loads can lead to inferior quality of grapes and wine (Reynolds, 2010), the 

cluster thinning has become a widely used method to control the crop load of vine by simply 

removing whole clusters after the berries have set to achieve desired goal (Rutan et al., 2018). 

It is also performed to equilibrate vines with excessive crop level in comparison to its 

vegetative capacity (such as in high-yielding cultivars; e.g., Sangiovese, Montepulciano, 

Trebbiano, etc.) (Frioni et al., 2017; Kliewer & Dokoozlian, 2005). Nevertheless, several 

studies have confirmed the positive impact of cluster thinning on grape and wine quality, 

where the authors were focusing primarily on the concentration of soluble solids and 

anthocyanin content (Guidoni, et al., 2002; King et al., 2015; Xi et al., 2018). In the case of 

high-quality sparkling wines as champagne, the yields are prescribed by the Appellation 

dôOrigine Contr¹l®e, which determines whether the crop removal is necessary (Jones et al., 
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2014). Similar measures are applied also for cava that is Spanish sparkling wine of high 

quality with Protected Designation of Origin (PDO) produced by the Champenoise method 

(Izquierdo-Llopart & Saurina, 2019; Pozo-Bayón et al., 2004). However, it is not clear, 

whether the lower yields of grapes, destined for the sparkling wine production actually leads 

to higher quality, since the low crop level causes accelerated ripening of the grapes, and 

decrease in titratable acidity with simultaneous increase in pH, leading to overripe fruit, 

which is enhanced by the warm conditions (Jones et al., 2014). Furthermore, the impact of 

reduced crop level was extensively studied on colored grapevine varieties in correlation with 

wine phenolic composition, while only a limited number of studies were devoted on 

exploring the impact of reduced yield on the aromatic composition of wines. Bubola et al. 

(2020) have shown that restricting the yield in vineyard at the expense of obtaining better 

quality of white wines led to the decrease of ethyl esters, presumably because of lower and 

more adequate vine vigor. On the other hand, crop level did not obtain a consistent effect on 

monoterpenes, as well as on C13-norisoprenoids, including ɓ-damascenone (Bubola et al., 

2020). Similarly, the amount of ethyl esters was higher in thinned samples in the study on 

Syrah cultivar, contributing a fruity sensory properties in wine samples (Condurso et al., 

2016). Particularly, ethyl-2-methylbutanoate and ethyl-3-butanoate enhanced the desired 

strawberry-like aroma in Syrah wines (Condurso et al., 2016). Among the primary aromas, 

the monoterpenes and sesquiterpenes expressed higher amount in the samples after the 

cluster thinning. In addition, the study on Riesling icewines grapes found them to be 

responsive to cluster thinning (Bowen & Reynolds, 2015). However, certain studies reported 

that cluster thinning had a limited effect on the volatile composition of wines. The results of 

a recent study on Pinot gris, Riesling, Cabernet franc, and Cabernet Sauvignon showed that 

crop level had little impact on the sensory properties of these cultivars (Luna et al., 2017). 

The fact that fruit removal is a costly exercise leads winegrowers to consider whether 

the crop load reduction at veraison produces a significant increase in fruit and sparkling wine 

quality to justify the cost (Jones et al., 2014). The amount of crop load removal is also related 

to this issue. Recommendations in Champagne region are that removal of 30% of the fruit 

will result in a less than 0.5% increase in potential alcohol, whereas removing from 30 to 

50% could increase potential alcohol between 0.5 and 1.5% (Jones et al., 2014). As it was 

shown in malvasia samples, the wines obtained from low crop level expressed higher amount 

of certain C6 alcohols and volatile fatty acids, while the concentrations of esters were slightly 

increased in samples with higher crop level. Moreover, high cluster level vines were 

considered more balanced in terms of the yield to shoot growth ratio (Bubola et al., 2020). 

In another study, the authors compared the effect of cluster thinning versus berry thinning 

that reduced grape yield per vine by around 40% versus 20%, respectively (Gil et al., 2013; 

Sivilotti et al., 2020). Cluster thinning thus led to wines with a significantly higher ethanol 

content, increased anthocyanin and polysaccharide concentration, while berry thinning led 

to wines with significantly higher total polyphenol index, flavonol, and proanthocyanidin, 

and with lower TA (Gil et al., 2013). 
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Due to its limited area of cultivation in northeastern Italy throughout the history, the 

winemakers often blended Ribolla Gialla with other local varieties in the winemaking 

process. This also stems from the fact that Ribolla Gialla has been mostly planted on hillside 

vinayards with limiting yield, but nowadays the growing area with Ribolla Gialla is 

increasing, which is evidenced by the fact that from 1982 until today, the area planted with 

Ribolla Gialla has increased from 93 ha to 1,159 ha, due to the strong demand for highly 

appreciated sparkling wine. As a result, this variety has become one of the economically 

relevant local cultivars in Friuli Venezia Giulia region, which also meant an increase in 

research interest in this variety. However, to the best of our knowledge, no previous study 

has examined the chemical composition of sparkling wines, produced from Ribolla Gialla 

cv. On the other hand, only a handful of studies were dealing with the improvement of 

aromatic potential through various oenological processes in Ribolla Gialla still wines, but 

no previous work contributed to the current understanding of the influences of climate, 

environment, and viticultural practices on fruit quality, and how this affects the quality of 

sparkling wine. Therefore, the aim of this study was to investigate how various viticultural 

measures affect the chemical composition of grapes and wines from Ribolla Gialla variety. 

This was achieved by performing four sub-studies discussing the following main topics 

each presented in a separate chapter: 

× Chapter 1: chemical caracterization of thirty-three commercial sparkling Ribolla 

Gialla wines from different areas of Friuli Venezia Giulia region; 

× Chapter 2: analysis of the volatile, non-volatile and sensory profile of sparkling 

wines produced after the application of cluster thinning treatment in two vineyard 

sites and in three harvest seasons; 

× Chapter 3: optimal harvest time decision for Ribolla Gialla sparkling wines, based 

on chemical and sensory analysis; 

× Chapter 4: monitoring of Ribolla Gialla grape ripening in different vintages and the 

impact of cluster thinning on the quality of grapes. 

Therefore, the aim of this work is to characterize the chemical composition of grapes and 

wines from Ribolla Gialla variety, after the implementation of various viticultural measures.  

 



 

 

 

 

 

1 
 

COMPOSITIONAL CHARACTERIZATION OF 
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PREFACE 

Ribolla Gialla (Vitis vinifera L. cv.) is an autochthonous white grape variety, whose 

production is limited mainly on the area between Northeastern region in Italy (Friuli Venezia 

Giulia) and western part of Slovenia (Brda). It is considered as one of the most economically 

relevant local grapevine cultivars; therefore, its cultivation is constantly increasing and is 

vastly used for the production of sparkling wines. The increased interest of growers in the 

production of wines from the Ribolla Gialla simultaneously led to increased research 

activities related to this variety. As a result, a number of studies have focused on exploring 

its genetic origins (Crespan et al., 2020; De Lorenzis et al., 2013; Rusjan et al., 2010), while 

the remaining studies were mostly concerned with addressing the improvement of the 

aromatic potential of still wines, using different enological procedures (Bavļar et al., 2016; 

Bavļar et al., 2011). However, none of these research works devoted to the more complex 

metabolic exploration of sparkling wines produced from the Ribolla Gialla variety. Thus, 

the work presented in the Chapter 1 aimed to thoroughly investigate the chemical 

composition of thirty-three Ribolla Gialla sparkling wines from different DOC 

(Denominazione di Origine Controllata) districts of Friuli Venezia Giulia region. This 

screening sought to determine the main characteristics of sampled wines, focusing on the 

basic chemical composition parameters, with an emphasis on multi-targeted analysis of 

volatile compounds, lipid content and the amount of aromatic amino acid metabolites present 

in the samples. The sum of all, significantly influences the development of positive or 

negative organoleptic properties of wine.  

It has been previously reported that the wines produced from Ribolla Gialla are 

characterized by a relatively high content of esters, which contribute to fruity odor, but they 

lack grape-derived aroma compounds. Similarly, the terpenes in the present study did not 

appear to be particularly characterizing the aroma profile of sparkling wines, whereas the 

presence of volatile esters and ɓ-damascenone proved to be the predominant. It has been 

accepted that esters contribute to the fruity aroma of young wines, since they are mainly 

enzymatically synthesized by yeast during the alcoholic fermentation. However, the amount 

of certain esters increases during aging process and their content can be also modulated by 

lactic acid bacteria during malolactic fermentation (Antalick et al., 2014). This process 

occurs during aging of wines on the lees after second fermentation. Namely, sparkling wines 

can be produced by different methods, whereby the base wine is left to undergo a second 

alcoholic fermentation in bottles (Traditional method) with prolonged contact with the lees 

or in stainless tanks (Charmat method) where the sur lies aging tends to be as short as 

possible. Although Ribolla Gialla is generally produced by the Charmat method with no 

contact with the lees after the completion of secondary fermentation, the appearance of aging 

esters and the altered ratio of malic acid and lactic acid possibly indicated the occurrence of 

malolactic fermentation in some samples. 
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Beside polysaccharides, proteins and tartrates, the wines lees are constituted also by 

yeast cells, resulting from autolysis that takes place during fermentation of sparkling wine 

and later on during the aging process. The autolytic activity of the yeast cells is manifested 

in increased release of intracellular substances that exert a major impact on the sensory 

characteristics of the wine. Lipids represent a wide class of compounds among these 

substances, although an important part of lipids is also contributed by the solid tissues of the 

grapes. Fatty acids composition, for instance, is considered to be highly variable, depending 

on the environmental factors as well as on the fermentation conditions, where they may be 

present in free or bound form as a result of ethyl esterification (Tesnière, 2019). Fatty acid 

ethyl esters can therefore directly contribute to the flavor of wine, while the ratio of saturated 

and unsaturated free fatty acids affects the development of ñgreenishò C6 aldehydes and 

alcohols. Moreover, together with the saturation degree, the length of the fatty acid chain 

also influences the effervescence and persistence of foam, which are differential attributes 

of sparkling wines and are therefore paramount in any assessment quality. Thus, the 

predominant amount of saturated fatty acids over unsaturated in Ribolla Gialla sparkling 

wines could favor a more stable foam. 

The metabolomic analysis of commercial sparkling wines from Ribolla Gialla was 

completed with the adoption of targeted LC-MS based method for characterization of 

aromatic amino acid metabolites. When present in low quantities, the biosynthetic products 

of tryptophan can have a positive effect on the aromatic properties of wine, while excessive 

transformation of essential amino acids into higher alcohols via Ehrlich pathway is reflected 

in pungent smell and taste. Additionally, the sulfonation of indoles can catalyze their 

degradation and accelerates the formation of 2-aminoacetophenone, an aroma compound 

that causes an atypical aging off-flavor in V. vinifera wines (Hoenicke et al., 2002). A 

significant amount of these precursor compounds was detected in Ribolla Gialla sparkling 

wines, which could eventually lead to a deterioration of the aromatic profile during the aging 

phase. 

The lack of information on qualitative characteristics of sparkling wines from Ribolla 

Gialla variety was therefore the main guide in the formation of this chapter. The findings of 

the presented study could thus form the basis of any further investigation related to the 

optimization of different practices in order to maximize the aromatic potential. 
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