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Abstract 

The rising global demand for sparkling wines has driven the exploration of new grape sources and 
production regions. This study examined the potential of three indigenous Romanian varieties 
(Fetească regală, Tămâioasă românească, and Fetească albă) for sparkling wine production via the 
méthode champenoise, using grapes sourced from the Dealu Mare region. Wines were analyzed at 
multiple maturation stages, including a variant aged on lees without riddling or disgorgement, 
enabling a comprehensive assessment of their physicochemical, chromatic, volatile, and sensory 
characteristics. Results demonstrated that these autochthonous cultivars can produce high-quality 
sparkling wines, with extended lees aging enhancing complex tertiary and quaternary aromas while 
preserving their intrinsic floral and fruity profiles. This interplay between freshness and maturity 
highlights the remarkable enological versatility of Romanian native grapes. This study aimed to 
provide a detailed characterization of these sparkling wines, integrating physicochemical, chromatic, 
volatile, and sensorial analyses to evaluate their quality and enological potential. 

Keywords: oenology; traditional method; volatile compounds; lees; sensory profile 
 

1. Introduction 

Sparkling wine has a long-standing history and continues to enjoy widespread popularity 
worldwide. The distinctive terroirs and grape varieties of various wine-producing regions are 
reflected in its vast diversification, refinement, and regional adaptation over the centuries. Since the 
17th century, wines made with the traditional bottle-fermentation method, known as méthode 
champenoise, have gained more and more recognition on a global scale [1]. France’s Champagne, 
Crémant from the other wine regions of France, Franciacorta in Italy, Sekt in Germany, and Cava in 
Spain are all famous examples [2]. Because of their careful secondary fermentation and lees contact, 
these sparkling wines stand out for their delicate effervescence, nuanced aroma profiles, and long 
aging potential. Both historical prestige and shifting consumer tastes for wines that blend elegance, 
complexity, and sensory sophistication are factors in their widespread appeal [3]. 

The méthode champenoise or classic method is the most famous technique for producing high-end 
sparkling wines like Cava and Champagne [4,5]. To begin a secondary fermentation that takes place 
inside the bottle a still base wine is combined with a liqueur de tirage which is a mixture of wine 
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sugar yeasts and nutrients [6,7]. The second fermentation phase is a process that enhances the wines 
overall sensory profile texture and aromatic complexity by allowing it to develop its natural 
effervescence and aging on lees for a considerable amount of time, typically at least nine months. 
Although the method is costly and time-consuming, it yields sparkling wines with exceptional 
elegance, depth and ageing potential [8,9]. 

Romania is home to several distinctive native grape varieties that show promising similarities 
to the cultivars traditionally used for producing sparkling wines by the méthode champenoise [10–12]. 
Although the country is best known for its white grape varieties cultivated in the cooler northern 
regions and red varieties grown in the warmer southern areas, recent studies have demonstrated that 
many of these native cultivars possess naturally high acidity and well-balanced compositional 
profiles [13,14]. These characteristics, which are strongly influenced by terroir and vineyard 
management, contribute to their potential suitability for sparkling wine base production. The 
preserved acidity, combined with their delicate aromatic complexity, provides the freshness, 
precision, and structural balance essential for crafting high-quality, traditionally made sparkling 
wines with strong aging potential [14–16]. 

With approximately 15,000 hectares of vineyards spread across nine wine centers, including 
Boldești, Valea Călugărească, and Tohani, Dealul Mare is one of Romania’s most important 
viticultural regions (Figure 1). Its moderate Mediterranean-influenced climate and mean annual 
temperature of 10.8–11.2 °C make it the perfect place to grow high-quality grapes, and its terroir and 
vineyard practices yield grapes with delicate aromatic complexity and preserved acidity, which make 
them ideal as a base for traditionally produced sparkling wines [17,18]. 

 

Figure 1. Map of the Dealu Mare Viticultural Region. 

This study aims to assess the potential of autochthonous grape varieties from the Dealul Mare 
region, focusing on their suitability for traditionally made sparkling wines. Additionally, it seeks to 
underscore their value as a sustainable viticultural resource and to propose strategies for their 
effective utilization in producing high-quality sparkling wines. 

2. Materials and Methods 

2.1. Wine Samples 

The study was conducted on three different Vitis vinifera L. grape varieties, namely Fetească 
regală (FR), Tămâioasă românească (TR) and Fetească albă (FA) (Table 1), sourced from Dealu Mare 
wine region, area of Săhăteni—Gura Vadului (45°02′45.2”Nord 26°27′24.4”Est). The hand-picking of 
the grapes was carried out over different years: 2019 and 2021. Harvesting was performed under 
good sanitary conditions, with grapes collected in approximately 20 kg cases, followed by pressing 
with careful monitoring of must pH. Settling was done at 12 °C,using ENDOZYM® ICS 10 Éclair 
clarifying enzymes. The alcoholic fermentation was carried out at a temperature of 14 °C, with 15 g/hl 
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commercial yeast (IOC 18-2007™, Laffort SUPERSTART™ Blanc). During maturation, wines 
underwent successive rackings according to their development. 

Table 1. Comprehensive summary of sample codification and distinctive attributes. 

Code Grape Variety Year Particularity Maturation 
FR19d Fetească regală 2019 Undisgorged 36 months 
FR19 Fetească regală 2019 Disgorged 36 months 

FR21d Fetească regală 2021 Undisgorged 9 months 
FR21 Fetească regală 2021 Disgorged 9 months 

TR19d Tămâioasă românească 2019 Undisgorged 36 months 
TR19 Tămâioasă românească 2019 Disgorged 36 months 

TR21d Tămâioasă românească 2021 Undisgorged 9 months 
TR21 Tămâioasă românească 2021 Disgorged 9 months 

FA19d Fetească albă 2021 Undisgorged 36 months 
FA19 Fetească albă 2021 Disgorged 36 months 

FA21d Fetească albă 2021 Undisgorged 9 months 
FA21 Fetească albă 2021 Disgorged 9 months 

Prior to the second fermentation in bottles, the wine temperature was raised to 15 °C. The tirage 
process involved preparing a yeast starter using IOC 18-2007™ at 20 g/hL and Go-Ferm™ activator 
at 10 g/hL. A liquor composed of rectified concentrated must, raw material wine was prepared 
separately, to which the rehydrated yeast solution was added. After homogenization, the wines were 
bottled in 0.75 L Grand Cru glass bottles. The secondary fermentation lasted between 60 and 90 days 
post-bottling. Following a period of maturation (9 and 36 months), bottles were disgorged, expedition 
liquor was added, and the bottles were corked. For analytical purposes, one sample per variety, per 
year, was retained as an undisgorged sparkling wine. A depiction of the experimental design is 
provided in Figure 2. 

 
Figure 2. Flow chart of the experimental design. Acronyms used in this table: S. cerevisiae—Saccharomices 
cerevisiae, FR—Fetrească regală, FA—Fetească albă, TR—Tămâioasă românească. 

2.2. Analytical Methodology 
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The main physico-chemical analysis were performed based on accredited methods, according to 
International Organization of Vine and Wine (OIV), Compendium for interntional Methods of 
Analysis of Wines and Musts [19]: alcohol content (% v/v), volatile acidity (g acetic acid L-1), titratable 
acidity (g tartaric acid L-1), residual sugar (g glucose L-1), pH (pH meter), density (instrumental 
measurement), free and total SO2 (mg L-1). 

Chromatic parameters (L*, a*, and b*) were calculated in the CIE Lab* color space using the 
methodology established by the International Commission on Illumination (CIE 1976, ISO/CIE 11664-
4). The chromatic parameters (L, a, b, C, H), color intensity (I), and hue (N) were determined by 
processing the absorption spectra for each sample using a program called VINCOLOR that was 
created by the research team [20,21]. Using an Analytik Jena Specord 200 UV-VIS spectrophotometer 
connected to an IBM-PC and 1 cm optical path glass cuvettes, the chromatic parameters were 
computed based on the absorption spectra recorded in the visible range (VIS), at a wavelength 
between 380 and 780 nm. The color difference can be calculated using mathematical models that have 
been converted into computer programs. Following the color pattern, these programs enable the 
dissection of any color difference into its constituent hue, lightness, and intensity [22]. 

Volatile compounds were analyzed using a Shimadzu GC-2010 system coupled to a QP2010plus 
(Shimadzu Corporation, Kyoto, Japan) mass spectrometer. Concentration of volatile analytes was 
performed with a Shimadzu AOC-5000 auto-injector in ITEX configuration. Samples were first cooled 
to 4 °C and subsequently degassed in an ultrasonic bath (48 kHz, 10 W) for 90–120 s, using 1 s active 
pulses followed by 10 s pauses to prevent excessive foaming in 100 mL Erlenmeyer flasks. For 
headspace preparation, 4 g NaCl and 10 mL of degassed sample were transferred into 20 mL 
headspace vials sealed with silicone–PTFE septa, followed by the addition of an internal standard (4-
methyl-pentan-2-ol, 50 mg/L in absolute ethanol). Samples were equilibrated at 30 °C for 10 min, after 
which 25 extraction cycles were carried out using a modified 5 mL headspace syringe and a TENAX 
trap (60/80 mesh), maintained at 50 °C, with a 20 µL/s extraction flow; syringe temperature was held 
at 40 °C. Analytes retained on the trap were thermally desorbed into a split injector at 260 °C, 
increasing trap temperature to 250 °C, and 1500 µL of vapor were injected with a split ratio of 10:1. 
Chromatographic separation was achieved on a Thermo TR-WAXMS column (60 m × 0.25 mm × 0.25 
µm) with helium (grade 6.0) at a constant linear velocity of 35.2 cm/min. The temperature program 
was: 40 °C for 360 s; ramp 4 °C/min to 80 °C (61 s hold); 7 °C/min to 200 °C (30 s hold); 13 °C/min to 
250 °C (570 s hold). The MS detector operated at 1.12 kV, with an interface temperature of 250 °C and 
a quadrupole temperature of 200 °C. Spectra were acquired at 2000 amu/s over 50–300 Da. Compound 
identification was based on spectral matching (≥75% similarity) against NIST14, Wiley07, and FFNSC 
1.2 libraries, while semi-quantitative evaluation was performed relative to the internal standard [14]. 

2.3. Sensory Analysis 

The sensory analysis of the experimental samples was performed following the OIV 
recommendations [23]. Tasting sessions were conducted during the first part of the day to ensure 
optimal perceptual sensitivity to the targeted descriptors. All samples were assessed at a controlled 
temperature of 10–12 °C. The sensory profile was characterized by a trained panel from the Iasi 
University of Life Sciences, composed of 20 evaluators (11 men and 9 women). The assessment 
focused on key descriptors relevant to sparkling wines, including vegetal nuances, overall fruitiness, 
and elderflower aroma. Fruitiness was further subdivided into melon, apple, peach, and banana 
notes. Additional sensory parameters: (persistence, texture, bitterness, sweetness, acidity, yeast-
derived aromas, and toasted notes) were also examined. Each attribute was quantified using a 10-
point intensity scale, ranging from 0 (not perceptible) to 9 (maximum intensity). Results were 
compiled, and the arithmetic mean for each descriptor was subsequently calculated. 
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2.4. Statistical Analysis 

Data were expressed as the mean and standard deviation values and analyzed using XLSTAT–
Basic XLSTAT–Basic, student-type user software, a statistical and data analysis solution (Lumivero, 
Denver, CO, USA), was used. Prior to hypothesis testing, exploratory data analysis was conducted 
to assess data distribution and detect potential outliers. Descriptive statistics (mean, standard 
deviation, minimum, maximum, and quartiles) were computed using XLSTAT–Basic (Lumivero, 
Denver, CO, USA). Histograms and boxplots were used to evaluate distribution patterns, while 
outliers were removed only when attributable to recording errors. Normality was assessed using the 
Shapiro–Wilk test to guide the choice of parametric or nonparametric tests. To explore multivariate 
structure and reduce dimensionality, Principal Component Analysis (PCA) was performed on 
standardized variables using the correlation matrix. Component retention followed the Kaiser 
criterion (eigenvalues > 1), scree plot inspection, and cumulative explained variance (>70%). Factor 
loadings, correlation circles, and biplots were examined to interpret variable contributions, and 
Varimax rotation was applied to enhance interpretability. All analyses were conducted at a 95% 
confidence level, with exact p-values reported. Graphical outputs were exported at high resolution, 
and all analysis workflows were documented to ensure reproducibility. 

3. Results and Discussion 

3.1. Physicochemical Parameters 

Successful completion of the AF was achieved under all conditions, as illustrated (Table 2). 
Nevertheless, significant differences emerged among the various experimental setups. Physico-
chemical analyses were carried out, encompassing measurements of alcohol content, total acidity, 
reducing sugars, pH, volatile acidity, free and total sulfur dioxide, and bottle pressure. Alcohol 
concentrations ranged from 13.03% v/v to 13.53% v/v, aligning with the typical values observed in 
sparkling wines produced using the traditional method [24–26]. 

Table 2. Physico-chemical Characterization of the Produced Sparkling Wine Samples. 

Sample 
Alcohol 

(v/v) 

Total Acidity 
(g L-1 tartaric 

acid) 

Volatine 
acidity (g L-1 
acetic acid) 

Free Sulfur 
(mg L-1) 

Total sulfur 
(mg L-1) 

Residual 
sugars (g L-1 ) 

Pressure 
(bar) 

FR19d 13.33b 6.37b 0.37455c 2.3b 86a 3.27d 7.1c 
FR19 13.39b 6.34b 0.39375b 19a 103b 3.01c 6.2a 

FR21d 13.13a 6.48c 0.37455c 2.1b 78d 2.15e 7.4b 

FR21 13.06a 6.53c 0.39375b 22a 112c 1.95b 6.8c 

TR19d 13.31b 6.12a 0.39455b 5.5d 89a 2.67a 6.7d 

TR19 13.53c 6.25a 0.41375a 23c 100b 2.36f 6.3a 
TR21d 13.42c 6.24a 0.36455c 3.5b 85a 3.67g 7.4b 
TR21 13.38b 6.29a 0.38375b 25c 117c 3.43d 6.8e 

FA19d 13.32b 6.18a 0.40455a 6.3b 81a 1.85b 7.4b 
FA19 13.13a 6.21a 0.42375a 21a 93a 2.65a 6.3a 

FA21d 13.29b 6.28a 0.40455a 7.3b 91a 2.85c 7.4b 

FA21 13.13a 6.31b 0.42375d 21a 105a 2.67a 6.3d 
Different letters indicate statistically significant differences among samples (p < 0.05). Samples sharing at least 
one common letter are not significantly different from each other according to Tukey’s Honest Significant 
Difference (HSD) test. 

The slight variation in alcohol levels among the samples (less than 0.5% v/v) indicates stable 
fermentation performance and consistent dosage handling. The highest values were recorded for 
TR19 (13.53% v/v) and TR21d (13.42% v/v). These differences likely stem from the initial sugar content 
of the must and the overall fermentation efficiency. Despite this modest spread, all samples fall well 
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within a desirable oenological range, supporting an appropriate balance between structure and 
freshness. 

Total acidity, an essential contributor to the freshness and overall structural balance of sparkling 
wines, ranged from 6.00 to 6.53 g L−1 across the samples. The largest differences were linked to the 
harvest year: wines from 2021 displayed higher acidity, whereas those from 2019 showed the lowest 
values. Interestingly, the Fetească regală samples reflected this pattern most clearly, registering both 
the minimum (6 g L−1) and maximum (6.53 g L−1) values across the two vintages. These shifts may be 
associated with climatic variations between years, consistent with findings from research conducted 
in the Dealu Mare region, which reported annual decreases in total acidity ranging from 0.02 to 0.10 
g L−1 [27]. Despite these fluctuations, the overall range remains narrow, indicating effective control of 
acidity throughout the winemaking process. The pH values, ranging from 3.03 to 3.39, align with the 
acidity measurements and fall largely within the optimal interval for sparkling wines, generally 
considered to be around 3.0–3.3. The slightly higher pH observed in FA21 (3.39) and FA21d (3.32) 
may have implications for aging capacity and microbial stability, although these values still fall 
within acceptable limits for traditional-method sparkling wine production. Though Dealu Mare is 
not conventionally seen as suitable for sparkling wine production, the results highlight its emerging 
sustainable potential and support the formulation of strategies aimed at optimizing its use for high-
quality sparkling wines. 

Residual sugar levels ranged from 1.85 to 3.67 g L−1, consistent with the Brut category of 
sparkling wines [28]. The lowest concentrations were found in FA19d (1.85 g L−1) and FR21 (1.95 g 
L−1), which corresponded with their relatively higher acidity. Conversely, the highest values, 3.67 g 
L−1 in TR21d and 3.43 g L−1 in TR21, were associated with samples showing some of the lower acidity 
levels. Although these fluctuations are modest, they can subtly affect the perception of sweetness and 
the overall balance with acidity, leading to slight differences in the sensory impression among the 
samples [29]. 

Volatile acidity levels were well below the legal threshold of 1.2 g L−1 [19] n all samples, falling 
within a narrow range of 0.36 to 0.42 g L−1. Such values reflect sound fermentation practices and good 
microbial stability, suggesting a very low likelihood of developing spoilage-related off-flavors [30]. 
During the second fermentation, or prise de mousse, the yeast consumes the added sugar and releases 
CO2, which dissolves into the wine and results in a supersaturated system [31]. The recorded 
pressures ranged from 6.2 to 7.4 bar, values that indicate a well-conducted secondary fermentation 
with effective CO2 retention, as sparkling wines generally target pressures above 6 bar. The slightly 
elevated pressures measured in FR21d, TR21d, FA19d and FA21d (7.4 bar) may contribute to a livelier 
effervescence and more persistent foam during tasting [32]. 

All sparkling wine samples complied with the essential physico-chemical criteria for traditional-
method production, reflecting reliable fermentation and well-controlled composition. Slight 
differences in acidity, residual sugar, pH, and pressure indicate potential nuances in sensory 
perception, yet overall quality and winemaking precision remained consistently high across all 
samples. 

3.2. Color Chracterisation 

The chromatic parameters, L* (lightness or psychometric clarity), a* (red–green coordinate), b* 
(yellow–blue coordinate), and C* (chromaticity or saturation), were determined using the CIE L*a*b* 
1976 method, based on the recorded absorption spectrum of each wine. The resulting values are 
presented in Table 3. In addition to these parameters, two further variables were calculated: E* 
(representing the perceptual color difference) [10] and H* (representing the difference in hue between 
two colors), using the control sample as the reference. 

The chromatic analysis of the sparkling wine samples revealed L* values ranging from 98 to 99.1, 
indicating a consistently high level of brightness and clarity across all wines. Such values are in 
agreement with recent studies on traditional-method sparkling wines, where L* values for young or 
recently bottled wines typically fall in the high 90 [24,33,34]. The chromatic analysis of the sparkling 
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wine samples revealed a coherent and narrowly distributed color profile. The a* values, which ranged 
from 1.11 to –0.53, point to a subtle greenish tint typical of young sparkling wines with limited 
oxidative development. Similar tendencies toward slightly negative a* coordinates have been noted 
in studies of both traditional-method cuvées and tank-fermented sparkling wines, where early-stage 
wines often retain a faint green hue associated with grape variety and minimal phenolic extraction 
[35]. This finding is consistent with traditional-method sparkling wines, as reported by Just-Borràs et 
al. (2024a), who found no significant a* difference between ancestral and traditional-method cuvées. 
Meanwhile, our b* values (4.27–8.04) indicate a pale yellow tone, which aligns with their observation 
that traditional-method wines are less yellow than ancestral styles [36]. The chroma (C*) values in 
our samples, ranging from 4.3 to 8.12, fall into the low-to-moderate saturation bracket, comparable 
to the delicate chroma levels documented in wine color studies. It is important to note that small 
variations in instrumental settings, such as data interval or scan speed, can influence the measured 
a* and C* values, indicating that part of the observed variability may reflect measurement conditions 
rather than true compositional differences. Similarly, common winemaking practices such as fining 
and stabilization are unlikely to significantly alter a*, supporting the consistency and plausibility of 
slightly negative a* values across production [37,38]. 

Table 3. Chromatic parameters of the analyzed samples. 

Probă 
Clarity 

(L*) 
Cromaticity Croma 

(C) 
Tonality  

 (H) 
Luminosity Tint 

green 0<a*>0 red blue 0<b*>0 yellow 
FR19d 98.0 -1.04 7.11 7.18 -81.71 0.14 3.87 
FR19 98.0 -1.05 7.14 7.22 -81.65 0.14 3.93 

FR 21d 98.7 -0.98 7.27 7.33 -82.30 0.12 5.21 
FR21 98.8 -0.96 7.20 7.26 -82.41 0.12 5.23 

TR19d 99.1 -0.87 5.35 5.42 -80.81 0.09 5.65 
TR19 98.3 -0.82 6.96 7.01 -83.24 0.13 4.10 

TR21d 99.1 -0.53 4.27 4.30 -82.89 0.08 4.81 
TR21 98.2 -1.11 8.04 8.12 -82.12 0.15 4.73 

FA19d 98.3 -0.97 5.9 5.98 -80.69 0.12 3.93 
FA19 98.7 -0.86 6.97 7.02 -82.98 0.12 4.83 

FA21d 98.9 -0.71 5.45 5.50 -82.59 0.09 4.85 
FA21 98.6 -0.85 6.88 6.93 -82.91 0.12 4.69 

3.3. Volatile Compounds 

A total of 36 volatile constituents were identified and measured. These include three aldehydes, 
seven alcohols, and seventeen esters, alongside three fatty acids, seven terpenes and related 
terpenoids, as well as two furan-derived compounds (Tables 4 and 5). Together, they represent the 
major chemical families typically associated with aroma formation, each contributing distinct sensory 
notes and biochemical signatures to the overall profile. 

Table 4. Concentrations of Determined Esters (mg L−1) in the Traditional-Method Sparkling Wine Samples. 

Samp
le 

Ethyl 
formate 

Ethyl 
acetate 

Ethyl 
propiona

te 

Ethyl 
isobutyra

te 

Ethyl 
butanoa

te 

Ethyl 
isovalera

te 

Isoamylacet
ate 

Ethyl 
hexanoat

e 

Hexyl 
acetate 

Ethyl 
caprylate 

Ethyl 
caprate 

Butanedi
oic acid, 
diethyl 

ester 

FR19d 13.97±0.7 
67.97±14.

07* 
0.59±0.05 0.6±0.36 

1.67±1.1
8 

0.36±0.05
* 

3.19±0.71* 
52.82±11.

37* 
ND 

30.64±7.0
3* 

5.36±1.25
* 

1.5±0.13 

FR19 
19.67±2.8

5* 
88.42±6.8* 0.64±0.22 0.94±0.32 

2.91±1.6
7 

0.44±0.23 4.02±0.52* 
61.75±1.8

9 
ND 

33.48±0.4
5* 

4.74±0.49
* 

1.42±0.09 

FR21d 
14.73±4.1

1 
72.01±6.8

3 
0.54±0.08 0.61±0.14 

2.33±1.5
9 

0.39±0.24
* 

12.15±0.29* 
70.53±7.2

4* 
0.39±0.2

4* 
69.76±8.9

2* 
14.08±1.6

9* 
1.19±0.18 
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FR21 
11.07±1.9

4* 
59.98±3.9

2* 
0.58±0.16 0.71±0.22 

1.55±0.5
5 

0.58±0.17 15.46±0.8* 
59.22±5.7

5* 
0.68±0.2

8* 
49.1±11.6

6* 
7.18±3.65

* 
0.92±0.19* 

TR19
d 

14.77±1.2 
86.38±6.7

8* 
0.44±0.1 0.94±0.29 

3.06±0.4
6 

1.01±0.08
* 

2.3±0.33* 
55.25±3.9

3* 
ND 

34.39±31.
18 

7.36±2.94
* 

1.88±0.17* 

TR19 
22.71±4.3

3* 

67.48±47.
58* 

0.65±0.09 1.29±0.16* 
2.35±1.2

2 
0.97±0.26

* 
5.37±9.97* 49±17.17* ND 

51.63±21.
66 

5.77±2.02
* 

1.44±0.38 

TR21
d 

14.64±2.4
9 

61.11±10.
3* 

0.48±0.18 0.62±0.34 
0.99±0.0

7 
0.67±0.03 10.98±0.46* 

58.04±12.
27* 

2.25±0.4
8* 

41.48±8.3
8* 

4.34±0.49
* 

0.93±0.13* 

TR21 
14.01±2.5

8 

70.72±1.7
3 

0.45±0.04 0.5±0.06* 
1.63±0.8

1 
0.63±0.13 9.98±0.37* 

80.64±2.3
2* 

2.91* 
93.03±13.

23* 
6.41±1.07

* 
1.04±0.08* 

FA19
d 

14.64±2.4
9 

61.11±10.
3* 

0.48±0.18 0.62±0.34 
0.99±0.0

7 
0.67±0.03 10.98±0.46* 

58.04±12.
27* 

2.25±0.4
8* 

41.48±8.3
8* 

4.34±0.49
* 

0.93±0.13* 

FA19 17.7±0.06 
87.33±8.0

1* 
0.62±0.06 1.27±0.12* 

3.89±1.5
9 

0.61±0.28
* 

13.89±1.04* 
57.89±3.3

6* 
0.34±0.1

3* 
35.31±4.2

2*` 
7.16±1.63

* 
1.44±0.23 

FA21
d 

16.26±2.3
2 

83.55±7.0
9* 

0.63±0.15 1.2±0.33* 
2.38±1.4

5 
0.83±0.15

* 
13.24±2.37* 

62.27±5.4
2 

0.44±0.1
1* 

58.71±24.
67 

8.29±1.76
* 

1.38±0.1 

FA21 
12.44±1.1

2 
71.23±4.5

8 
0.59±0.2 0.66±0.28 

3.68±0.3
5 

0.8±0.07 9.53±0.58* 66.92±4.3* 
0.46±0.1

1* 
90.35±7.6

4* 
6.49±0.56

* 
1.04±0.15 

*indicate statistically significant differences among samples (p < 0.05), based on one-way ANOVA followed by 
Tukey’s HSD post-hoc test. ND values were treated as zero. ND- not detectable. All the values are expressed in 
mg L-1. 

Table 5. Volatile compound composition (higher alcohols, aldehydes, and fatty acids) of the sparkling wines. 

Sample FR19d FR19 FR21d FR21 TR19d TR19 TR21d TR21 FA19d FA19 FA21d FA21 

Higher alcohols 

Propanol 
1.59±0.0

5* 
2.26±0* 2.44±0.14* 

2.68±0.73
* 

ND ND 
2.29±0.4

3* 
2.02±0* 2.66±0* 

2.19±0.8
4* 

2.29±0.2
2* 

ND 

Isobutil 
alcohol 

5.37±5.9
9* 

1.74±0.64* 4.06±0.39* ND ND 2.7±0* 1.79±0* 1.59±0* 1.26±0.13 
1.41±0.0

8 
5.49±3.4

4 
6.52±1.3

2 

MTHFA** 
4.52±0.8

7 
6.9±3.3 4.75±0 5.71±3.76 6.87±2.01 6.83±3.67 

5.74±2.8
4 

5.35±0.97 6.43±5.32 6.3±2.81 0.61±0* ND 

3-hexanol 0.09±0 0.09±0.02 0.12±0.03 0.08±0.01 0.11±0.02 ND ND 0.2±0.12 0.13±0.01 
0.11±0.0

5 
0.21±0.0

7 
0.15±0.0

8 

1-pentanol 73±2.09* 
78.87±6.8

2* 
106.81±14.

01* 
91.92±9.6

4* 
77.9±4.19* 

62.67±26.
19* 

95.87±8.
37* 

101.25±4.
29* 

91.89±1.2
2* 

91.81±6.
81* 

99.28±7.
23* 

87.51±3.
18* 

1-hexanol 
0.63±0.0

7* 
0.47±0.07* 0.94±0.27* 

0.87±0.18
* 

0.92±0.02* 0.71±0.24* 
2.21±0.3

8* 
1.99±0.12* 0.5±0.21* 

0.48±0.1
4* 

1.28±0.1
5* 

1.1±0.08* 

Phenylethyl 
alcohol 

0.22±0.0
2* 

0.16±0.03* 0.28±0.02* 0.2±0.01* 0.23±0.01* 0.23±0.05* 
0.46±0.0

9* 
0.45±0.02* 0.23±0.06* 

0.23±0.0
1* 

0.44±0.0
7* 

0.32±0.0
8* 

Aldehydes 
Acetaldehyd

e 
82.22±4.

06* 
88.05±12.

93* 
89.29±2.16

* 
83.11±11.

67 
74.09±15.

05* 
54.81±9.8

2* 
79.3±8.2* 

64.99±24.
18* 

69.38±10.
12* 

73.16±6.
11* 

67.94±7.
65* 

64.33±4.
81* 

Propanal 
0.15±0.0

7 
0.27±0.2 0.4±0.26* 

0.42±0.17
* 

0.27±0.19 0.26±0.11 
0.26±0.1

1 
0.22±0.2 0.42±0.06* 

0.23±0.0
9 

0.24±0.1
4 

0.21±0.0
7 

3-
methylbutan

al 

0.85±1.0
4* 

1.16±1.72 2.5±0.14* 
2.23±0.52

* 
2.65±0.33* 2.13±0.48* 

2.36±0.1
2* 

0.92±0 1.07±0.86 
0.93±0.1

5 
2.09±1.1

8* 
2.41±0.1

8* 

Acids 
Hexanoic 

acid 
0.05* ND ND 

0.08±0.03
* 

0.09±0.01* 0.11±0* 0.1±0* 0.11±0.04* 0.29±0.04* 0.27±0* 0.2±0.03* 
0.13±0.0

1* 
Octanoic 

Acid 
0.19±0.0

2* 
0.1±0.04* 0.05±0* 

0.06±0.05
* 

0.39±0.08* 0.45±0.03* 0.6±0.07* 0.61±0.18* 1.16±0.44* 
1.21±0.1

4* 
0.99±0.1

8* 
0.8±0.15* 

Decanoic 
acid 

ND ND ND ND ND ND 
0.18±0.0

1 
ND 0.43±0.05 

0.61±0.1
8 

0.53±0.3
6 

0.34±0.0
8 
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*indicate statistically significant differences among samples (p < 0.05), based on one-way ANOVA followed by 
Tukey’s HSD post-hoc test. ND values were treated as zero. ND- not detectable. All the values are expressed in 
mg L-1. **MTHFA—5-methyl-tetrahydrofurfuryl alcohol. 

3.3.1. Esters 

The quantitative assessment of ethyl esters and acetate esters provides essential mechanistic 
insight into the aromatic diversity and fermentative signature of sparkling wines, as these 
compounds are widely recognized as major contributors to fruity and floral sensory attributes [39,40]. 
Their formation is primarily driven by yeast enzymatic pathways during alcoholic and secondary 
fermentations, although their final concentrations also reflect subsequent chemical transformations, 
including esterification, hydrolysis, and interactions with lees during maturation [41]. Across the 
dataset, compounds such as ethyl acetate, ethyl lactate, ethyl caprylate, and ethyl caprate consistently 
appeared at relatively high concentrations, underscoring their central role in shaping the chemical 
identity and sensory expression of these wines. 

The ester composition showed clear, interrelated influences of grape variety, lees-aging 
duration, and disgorging, despite all samples being produced with the same yeast strain. The 2019 
wines, aged for 36 months on lees, consistently exhibited higher concentrations of the main fruity 
esters compared to the 2021 wines, which underwent only 9 months of lees contact. Ethyl acetate 
reached 88 mg L−1 in FR19, exceeding all 2021 samples, while ethyl hexanoate was similarly elevated 
in FR19 (61.75 mg L−1) and TR19d (55 mg L−1). At moderate concentrations (50–80 mg L−1), ethyl acetate 
imparts pleasant pear- and pineapple-like aromas, but levels above 150 mg L−1 may introduce solvent- 
or glue-like off-notes [37]. All wines in this study remained within the acceptable sensory threshold, 
although the concentration in FR19 (88.42 mg L−1) approached the upper range of positive 
contribution, indicating a particularly vigorous fermentation. These trends correspond with the well-
known impact of extended lees contact, during which yeast autolysis and slow esterification 
processes gradually enrich the volatile profile of traditional-method sparkling wines [42]. 

Varietal origin further shaped the ester landscape. Fetească regală wines showed the highest 
acetate-ester concentrations (59.98–88.42 mg L−1), whereas Fetească albă samples were distinguished 
by increased levels of short-chain ethyl esters, especially ethyl isobutyrate (0.66–1.27 mg L−1). A 
similar pattern was observed for Tămâioasă românească from 2019 (0.94–1.29 mg L−1). Disgorging led 
to moderate but consistent decreases in several esters, particularly the more volatile ones. For 
example, ethyl acetate declined from 88 mg L−1 in FR19 to 67.97 mg L−1 in FR19d. Comparable 
reductions were noted for FA19 and TR21, whereas other samples displayed the opposite tendency. 
Despite these losses, the disgorged 2019 wines retained substantially richer ester profiles than any 
2021 sample, confirming that lees-aging duration was the primary determinant of ester development, 
followed by varietal differences. Medium-chain ethyl esters, ethyl hexanoate (apple, anise), ethyl 
caprylate (apple, waxy), and ethyl caprate (soapy, fruity), play a central role in shaping the wines’ 
fruity character, and their combined abundance is a reliable indicator of fermentation performance. 
The FR and FA groups contained consistently strong levels of these compounds. FR21d, for instance, 
showed very high ethyl caprylate concentrations (69.76 mg L−1) and ethyl caprate (14.08 mg L−1), 
contributing intense sweet- and tropical-fruit notes. The FA samples also presented robust ester 
production, particularly FA21, which contained 90.35 mg L−1 of ethyl caprylate. These patterns are 
consistent with fermentations characterized by low levels of stress-induced medium-chain fatty acids 
and efficient conversion into their corresponding esters. The Tămâioasă românească group exhibited 
greater variability. TR21 contained particularly high concentrations of ethyl caprylate (93.03 mg L−1) 
and ethyl hexanoate (80.64 mg L−1), whereas TR19 showed considerably lower levels. Moreover, TR21 
and TR21d displayed exceptionally high isoamyl acetate (banana, pear-candy aromas) at 9.98 and 
10.98 mg L−1, while TR19 was notable for its elevated ethyl isovalerate (5.37 mg L−1). Diethyl succinate 
was detected across all wines (0.92–1.88 mg L−1). 

The results obtained in this study are consistent with existing research on traditional-method 
sparkling wines. Several authors have demonstrated that prolonged lees aging promotes a marked 
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increase in medium-chain ethyl esters due to yeast autolysis and the gradual release of fatty-acid 
precursors. For instance, Riu-Aumatell et al. (2006) observed a clear rise in compounds such as ethyl 
hexanoate and ethyl octanoate during extended Cava maturation, in agreement with the elevated 
ethyl hexanoate and ethyl caprylate detected in the 36-month samples of the present work [43]. 
Recent investigations, on Champagne also corroborate this trend, reported substantial increases in 
acetate esters after more than 30 months of lees contact, consistent with the higher ethyl acetate 
concentrations measured in FR19 and FA19 [44]. 

The effects of disgorging observed here likewise mirror published findings. Both Kemp et al. 
(2015) and Ubeda et al. (2019) documented reductions in volatile esters following disgorging, 
typically ranging from 10–30%, a pattern reflected in the moderate but systematic decreases in ethyl 
acetate and isoamyl acetate between the nondisgorged and disgorged 2019 samples. Furthermore, 
the varietal differentiation observed in this study aligns with previous work showing that grape 
variety significantly influences the balance of short- and medium-chain ethyl esters, even when 
secondary fermentation conditions are standardized, due to inherent differences in fatty-acid 
metabolism and precursor availability [45,46]. 

3.3.2. Alcohols 

Higher alcohols play a complex role in wine aroma, at moderate concentrations they enhance 
aromatic depth, broaden the fruity and floral profile, and contribute to mouthfeel, whereas at 
excessive levels they may overshadow varietal notes and introduce harsh, solvent-like sensations 
commonly described as “fusel” attributes. International guideline issued by the OIV, acknowledge 
this dual impact by recommending limits that preserve wine typicity while avoiding sensory 
imbalance [28]. 

In the present dataset (Table 5), the most prominent higher alcohol across all samples is 1-
pentanol, with levels spanning from 62.67 mg L-1 (TR19) to 106.81 mg L-1 (FR21d). Its relatively high 
abundance is noteworthy, as 1-pentanol is typically associated with green, balsamic, and slightly 
fruity nuances, and its concentration range aligns with values reported in studies on long-aged 
sparkling wines, where prolonged autolysis tends to elevate C5 and C6 alcohols. 

A second compound of major relevance is 5-methyl-tetrahydrofurfuryl alcohol, a derivative 
often linked to Maillard-type reactions, aging processes, or wines made from botrytized fruit. Its 
substantial presence in the FR and TR samples, reaching 6.90 mg L-1 in FR19 and 6.87 mg L-1 in TR19d, 
suggests that extended maturation (36 months aging for 2019 cuvées) may have favored its formation 
or retention. Compounds of this structural class have been associated with caramel-like, toasted, and 
subtly sweet notes, consistent with findings from research on aged sparkling wines and botrytized 
dessert wines. By contrast, its strikingly low levels in the FA21 samples (0.61 mg L-1) generate a clear 
chemical distinction between FA and the other groups, indicating that matrix composition or shorter 
aging duration (9 months for 2021 wines) may strongly limit the development of furanic alcohols. 

Among the remaining higher alcohols, isobutyl alcohol and 1-propanol also display meaningful 
variability. Isobutyl alcohol, known for its pungent and occasionally solvent-like character, appears 
in substantial quantities in FA21 (6.52 mg L-1) and FR21d (4.06 mg L-1) but is undetectable in FR21 
and TR19d. This variability is consistent with earlier reports showing that the synthesis of branched-
chain alcohols is strongly influenced by amino acid availability and nitrogen status during 
fermentation. Similarly, the irregular distribution of 1-propanol, which contributes subtle fruity and 
alcoholic notes, is notable. Its absence in TR19d, TR19, and FA21 contrasts with its presence in the 
other samples and may reflect differences in precursor amino acid metabolism or yeast stress 
adaptation, patterns also described in studies examining the influence of lees contact, base-wine 
nutrient composition, and fermentation temperature on higher alcohol production [47,48]. 

The higher-alcohol patterns observed in these sparkling wines closely mirror trends reported in 
traditional-method research. The consistently high levels of 1-pentanol, particularly in the long-aged 
FR samples, align with studies showing that extended lees aging enhances C5–C6 alcohol formation 
through autolytic release of fatty-acid precursors [49]. Likewise, the elevated 5-methyl-
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tetrahydrofurfuryl alcohol concentrations in the 2019 cuvées correspond to findings in long-matured 
sparkling wines and wines influenced by Maillard-type chemistry [48]. Its very low abundance in 
FA21 resembles the profile typically observed in younger wines with limited autolytic development. 
The variability recorded for isobutyl alcohol and 1-propanol echoes work demonstrating that their 
production is highly sensitive to nitrogen availability, amino-acid metabolism and fermentation 
stress [47,50,51]. 

3.3.3. Aldehydes 

The carbonyl profile of the sparkling wines offers important insight into their oxidative state and 
aromatic development. Aldehydes arise both from yeast metabolism during fermentation and from 
the oxidation of alcohols during aging, and their concentrations strongly influence freshness, 
complexity, and oxidative notes, an effect highlighted in previous sparkling-wine studies [52].The 
acetaldehyde levels observed here (54.81–89.29 mg L-1) fall within the range reported for traditional-
method wines aged on lees, where micro-oxygenation and autolytic reactions can elevate this 
compound [53]. 

The second major aldehyde, 3-methylbutanal, varies from 0.85 to 2.65 mg L-1, concentrations 
similar to those reported in aged sparkling wines where Strecker degradation of leucine contributes 
malty or cocoa-like notes [54]. Propanal appears in low quantities (0.15–0.42 mg L-1), matching 
observations in Champagne and Cava where it plays a minor sensory role and forms mainly through 
mild oxidation of 1-propanol [55]. 

When comparing groups, the FR wines display the widest acetaldehyde variation and the 
highest 3-methylbutanal levels, indicating a more oxidative and autolysis-driven aldehyde profile. 
The TR wines show moderate and more uniform acetaldehyde concentrations, resembling 
reductively handled sparkling wines where oxygen exposure is tightly controlled [44] The FA wines, 
with lower acetaldehyde but moderately high 3-methylbutanal, resemble matrices where precursor 
availability rather than aging length drives carbonyl formation. 

3.3.4. Acids 

The medium-chain fatty acid (MCFA) profile reveals distinct differences across the samples and 
serves as a valuable indicator of yeast metabolic activity and possible sensory consequences. Yeast-
derived compounds such as hexanoic, octanoic and decanoic acids can enhance complexity at low 
levels but tend to impart unruly or “sweaty/rancid” notes when they exceed their minimal sensory 
thresholds [56]. In the Fetească regală wines, these acids appear only in trace quantities, hexanoic 
acid under 0.11 mg/L, octanoic acid under 0.5 mg/L and decanoic acid undetectable, all well below 
typical perception limits, pointing to a clean, well-controlled fermentation. 

In contrast, the Tămâioasă românească (TR21) and Fetească albă (FA21) wines show clearly 
elevated MCFA concentrations: TR21 exhibiting the highest concentrations (especially octanoic and 
decanoic acids) and FA21 showing increased decanoic acid. Similar upticks have been documented 
in white wines under yeast nutritional stress or extended autolysis, scenarios known to boost MCFA 
formation or release [56]. Though the measured MCFA levels in TR and FA still remain below 
recognised fault thresholds, they may nonetheless influence mouth-feel and contribute subtle 
heavier, lipid-derived aromatic nuances. 

3.4. Sensorial Analysis 

The Fetească regală wines shown in Figure 3 exhibit a progressive attenuation of yeast- and 
toast-derived attributes from the 2019 to the 2021 vintage. This pattern is consistent with the 
substantial differences in maturation time on lees: the 2019 wine, with approximately 36 months of 
ageing, develops the most pronounced autolytic character, whereas the 2021 sample, matured for 
only 9 months, expresses markedly weaker maturation notes. As anticipated, non-disgorged samples 
systematically show higher intensities of yeast and toast descriptors than their disgorged 
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counterparts, reflecting the continued presence of suspended yeast cells and ongoing autolytic 
release. 

  

 

Figure 3. Radar plots comparing the sensory profiles of Fetească regală (A), Tămâioasă românească (B), and 
Fetească albă (C) from the 2019 and 2021 vintages, each assessed in disgorged and non-disgorged form. 

In contrast, fruity descriptors such as apple, melon and banana increase in prominence across 
the vintages as maturation time decreases. Sensory attributes related to acidity, texture and 
persistence remain comparatively stable, showing minimal year-to-year variation. Taken together, 
these observations indicate a shift toward a fresher, more fruit-driven aromatic profile in the shorter-
aged wines, with autolytic notes becoming progressively less influential. 

The sensory findings align closely with the compositional data. Concentrations of ethyl 
hexanoate, typically associated with apple-like aromas rise steadily from 2019 to 2021, reflecting the 
enhanced fruit expression in the younger wines. Ethyl acetate, present at levels below 90 mg/L, 
contributes positively to the fruity profile without exceeding concentrations associated with sensory 
defects. Acetaldehyde remains below 100 mg/L and is likewise consistent with the apple-related 
nuances identified in the sensory assessment. 

Tămâioasa românească displays a consistently pronounced floral profile, with elderflower 
standing out as the dominant note across all samples. While this varietal hallmark remains stable, 
differences emerge in the intensity of maturation-derived attributes, which diminish in wines with 
shorter lees-contact times, as illustrated in Figure 3. In the 2021 samples, apple, melon, and general 
fruity nuances are more evident, whereas in the 2019 wine these primary aromas give way to tertiary 
and even quaternary notes developed during extended autolysis. The analytical data support these 

A B 

C 
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sensory observations: ethyl acetate exceeds 60 mg/L in the degassed samples, reinforcing their fruity 
character, while ethyl hexanoate (apple) and ethyl caprylate (pineapple, apricot) appear at 
concentrations consistent with the aromatic impressions reported by the tasting panel. 

The Fetească albă wines, shown in Figure 3, are marked by a fresh, fruit-driven profile, with 
apple, peach, melon, and banana forming the core of their aroma. Autolytic descriptors remain 
subdued due to the relatively short lees-contact period. Overall, the sparkling wines were perceived 
as lively and bright, with the high acidity typical of products obtained via the traditional 
Champenoise method. Ethyl acetate levels above 70 mg/L further support the fruit-forward sensory 
profile, aligning with the apple and peach notes frequently identified during sensory evaluation. 

The sensory heatmap, supported by hierarchical clustering (Figure 4), reveals clear 
differentiation among the wines as a function of variety, maturation time on lees, and disgorgement 
status. Undisgorged samples consistently show higher intensities of yeast- and toast-derived 
attributes, together with enhanced texture and persistence, reflecting ongoing autolytic activity from 
suspended yeast cells. A strong vintage effect is also evident: the 2019 wines, aged for approximately 
36 months on lees, exhibit the most pronounced autolytic signatures, while the 2021 wines, with only 
9 months of maturation, present a fresher aromatic profile dominated by fruit descriptors such as 
apple, banana, and melon. Varietal expression remains clearly distinguishable across treatments, 
with Fetească regală showing a balanced floral–fruity profile, TR displaying the most intense 
aromatic character with elevated floral and ripe-fruit notes alongside robust structural attributes, and 
Fetească albă expressing a more delicate and neutral style. The clustering analysis reinforces these 
patterns, grouping the fresher, fruit-driven FR21 and FA21 samples together; the more expressive 
and texturally rich FR19 wines in a second cluster; and the autolysis-dominated TR series in a third. 
Bitterness and sweetness remain stable across the dataset, indicating consistent vinification practices 
and an absence of sensory faults. 

 

Figure 4. Heatmap of sensory attributes for all wine samples with hierarchical clustering applied to the samples 
(Ward’s method). Warmer colors indicate higher intensities across 16 sensory descriptors. The clustering reveals 
three main sensory groupings, distinguishing fruit-driven younger wines (FR21–FA21), floral–textural profiles 
(FR19–FR20), and autolytic, yeast- and toast-dominated wines (TR series). 
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The PCA biplot (Figure 5) reveals a clear separation of the sparkling wine samples along the first 
two principal components, which together explain nearly half of the total variance (48.66%). Samples 
are represented as blue bullet markers, while volatile compounds are shown as red loading vectors. 
Bold arrows indicate the variables with the highest contributions to PC1 and PC2, whereas faint 
vectors in the background represent low-contribution compounds retained for structural context. 

 

Figure 5. Principal component analysis (PCA) biplot (F1 × F2) showing the relationships between sparkling wine 
samples and their volatile aroma compounds. 

PC1 (31.43%) primarily differentiates wines based on their levels of medium-chain fatty acids, 
esters, and terpenes, which load strongly and positively on this axis (e.g., octanoic acid, decanoic acid, 
ethyl hexanoate, linalool, limonene, terpinolene). Samples positioned on the positive side of PC1, 
most notably TR21 and TR21d, are therefore characterized by a more intense fruity–terpenic profile 
and elevated concentrations of fatty-acid–derived volatiles. These compounds are commonly 
associated with enhanced aromatic intensity and varietal expression, particularly in Tămâioasa 
românească. 

In contrast, wines located toward the negative PC1 space (FR19d, TR19, TR19d) are associated 
with higher contributions from short-chain esters, succinate derivatives, and small aldehydes, 
suggesting a more fermentative or autolytic aromatic signature. These loadings indicate a profile 
leaning toward riper fermentation notes, early autolysis markers, and less terpene-driven freshness. 

PC2 (17.23%) captures variation linked to fermentative alcohols and minor aldehydes. Positive 
loadings include compounds such as ethyl lactate and terpineol, while negative loadings reflect 
higher levels of compounds such as propanal and hexyl acetate. This dimension further distinguishes 
wines according to the balance between fresh, green fusel alcohols versus more developed, oxidative 
or maturation-related volatiles. For example, TR21 scores high on PC2, suggesting elevated terpenic 
and maturation-driven aromas, whereas TR21d lies in the negative region of PC2, reflecting stronger 
fresh, alcohol contributions. 

The distribution of samples also reflects varietal differences. Tămâioasa românească samples 
cluster mainly in the upper-right quadrant, aligning with terpene-rich vectors and confirming the 
variety’s strong floral–aromatic nature. Fetească regală wines occupy central to left-hand positions, 
consistent with more neutral fruit profiles and moderate terpene expression. Fetească albă wines 
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appear closer to the origin or slightly toward the negative PC1 side, indicating a comparatively 
subtler and more fermentative volatile imprint. 

4. Conclusions 

The results of this work show that Romanian indigenous grape varieties represent a valuable 
and underused resource for the development of traditional-method sparkling wines. Fetească regală 
consistently produced base wines with high acidity and a balanced aromatic structure, 
demonstrating a strong ability to develop tertiary and quaternary notes during lees aging. Its volatile 
profile and sensory evolution indicate that this variety can support complex sparkling wine styles 
comparable to established international benchmarks. Tămâioasa românească, characterized by its 
inherently floral nature, displayed a complementary aromatic pathway, vintages with longer 
maturation developed a harmonious mix of floral and autolytic nuances, whereas younger wines 
showed a fresher, fruit-driven profile. Fetească albă, although explored to a more limited extent, 
showed clear promise through its clean fermentative profile and suitability for producing sparkling 
wines with fresh and delicate aromatics. 

The chemical analyses conducted throughout the study revealed distinct groupings among the 
wines, emphasizing the influence of varietal origin and fermentative behavior. Variability in esters, 
higher alcohols, fatty acids, and terpene compounds was central to this differentiation, providing a 
clear chemical basis for the sensory contrasts observed. Principal component analysis strengthened 
these findings by identifying two dominant axes of variation: a first dimension that distinguished 
fruity and terpene-rich profiles from aldehydic and autolytic notes, and a second dimension reflecting 
differences between fusel alcohol production and the formation of fatty-acid–derived volatiles. 
Together, these multivariate trends highlight the interplay between grape variety, fermentation 
dynamics, and lees contact in shaping the aromatic identity of the resulting sparkling wines. 

Overall, the study confirms that Romania’s native cultivars have both the structural acidity and 
aromatic versatility required for high-quality sparkling wine production by the traditional method. 
Their capacity to generate a wide spectrum of flavor profiles, from fresh, floral, and fruit-driven 
expressions to richer, autolytic styles—positions them as strong candidates for diversifying and 
elevating Romania’s sparkling wine sector. Continued work with these varieties may further refine 
their oenological potential and strengthen the regional identity of Dealu Mare within the broader 
landscape of European sparkling wines. 
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The following abbreviations are used in this manuscript: 

FA Fetească albă 
FR Fetească regală 
TR Tămâioasă românească 
AF Alcoholic fermentation 
OIV International Organization of Vine and Wine 
SO2 Sulfur dioxide 
CO2 Carbon dioxide 
MTHFA 5-methyl-tetrahydrofurfuryl alcohol 
MCFA Medium-chain fatty acid 
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