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Abstract

This chapter synthetizes the main results that our research group has obtained
about the specific influence of a commercial Saccharomyces cerevisiae strain on the
aromatic profile of fermented musts from four minority grape varieties (Vitis vinifera
L.) cultivated in Castilla-La Mancha (Spain), that is, Moribel, Tinto Fragoso, Albillo
Dorado and Montonera del Casar. In addition, wines made from the grape cultivars
Tempranillo and Airén were evaluated. To determine the main yeast-derived odor rel-
evant in these grape varieties, the aromatic profiles of grape cultivars and the resulting
wines were studied by gas chromatography coupled to mass spectrometry and wines
were subjected to Napping, a rapid sensory evaluation method. The results revealed
wine sensory differences which are consequence of different aromatic profiles of wines
produced with these grape cultivars. The combination of quantitative chemical analy-
sis of volatile compounds together with sensory analysis of wines point out different
patterns of aroma compound formation and release. Thus, the yeast strain used in the
fermentation step is one of the main factors that affect the sensory properties of wines.

Keywords: Saccharomyces cerevisiae, yeast, grape, wine, volatile compounds, aroma,
gas chromatography, sensory analysis

1. Introduction

Wine is a beverage obtained usually from grapes via the alcoholic fermentation
process carried out by yeasts. The use of commercial Saccharomyces cerevisiae strains has
been widespread in wine industry due to its good fermentative properties and the abil-
ity to produce quality wines, particularly through modifications of volatile compound
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profile [1]. The distinctive aroma of wine is determined by several factors such as grape
variety and maturity, viticultural and winemaking practices, and storage conditions
[2]. Several volatile compounds are produced in grapes, increasing their concentration
during the vegetative growing period although this tendency changes during grape
ripening [3]. Among aroma compounds present in grapes, a significant part comes
from specific glycosidically linked forms (odorless precursors) which are transformed
into free forms (odor compounds) during the winemaking process [4]. In wine, a large
number of volatile compounds can be a part of its aromatic profile. However, around
70 odor compounds play major roles in the aromatic characteristics of wines [5]. Most
of these volatile compounds belonging to different chemical classes are formed from
precursors during fermentation by Saccharomyces cerevisiae or grape-derived com-
pounds released and/or modified by the yeast action [6]. Fermentation-derived vola-
tiles including higher alcohols, acids, ethyl esters and acetates are the most abundant in
total aroma composition of wine. The modulation of the levels of these compounds by
the yeast strain in charge of fermentation leads to sensory differences [7].

Spain is the country with the biggest vineyard surface in the world and has a great
varietal biodiversity [8], despite the disappearance of many grape varieties (Vitis
vinifera L.) in Europe was caused by the attack of the phylloxera in the late nineteenth
century [9]. In the last decades, prospecting and recovery works started in the
wine-growing areas of the world due to the great interest of wine sector in recovering
ancient varieties [10], some of which are minoritarian and in danger of disappearing.
In this way, grapevine prospecting work allowed to preserve the old vine heritage of
the Castilla-La Mancha Spanish region, which resulted in the identification of more
than 40 new grape genotypes not previously registered in any database [11]. Notable
among these minority grape varieties are Moribel, Tinto Fragoso, Albillo Dorado and
Montonera del Casar (Figure 1). These grape genotypes are grown in the Collection

Figure 1.
Leaf and bunch morphology in the Vitis vinifera L. grape cultivars: Moribel (a), Tinto Fragoso (b), Albillo
Dorado (c) and Montonera del Casar (d).
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of Grapevine Varieties from Castilla-La Mancha (CGVCLM) created to preserve the
local grape diversity of this winemaking region.

The aim of the chapter is to synthesize the main results that our research group
has obtained on the impact of a commercial Saccharomyces cerevisiae strain on the
volatile composition and aroma profile of wines produced by these minority grape
cultivars to elucidate the chemical changes in the components potentially responsible
for aroma sensory properties. This work was carried out by studying the aromatic
profile of these grape varieties and resulting wines by gas chromatography coupled
to mass spectrometry (GC-MS) and the sensory properties of wines were evaluated
by Napping. These were compared to wines made from Airén and Tempranillo, the
most cultivated grape varieties in this winemaking region. To our knowledge, this is
the first comprehensive study about the aroma components of these minority grape
cultivars and the resulting wines.

2. Materials and methods
2.1 Chemicals

All solvents and reagents were of analytical grade (>99%) and a Milli-Q purification
system (Merck-Millipore, Darmstadt, Germany) was used to obtain the pure water.
Several commercial standards were employed for volatile compound identification and
quantification purposes, which were purchased from Extrasynthese (Genay, France),
Fluka (Buchs, Germany), Merck (Darmstard, Germany), and Sigma-Aldrich Chemie
(Steinheim, Germany). 4-nonanol and 4-methyl-2-pentanol were used as internal
standards and were supplied by Sigma-Aldrich Chemie (Steinheim, Germany).

2.2 Grape samples

Grape samples of four minority varieties (Vitis vinifera L.), two red (Moribel
and Tinto Fragoso), and two white (Albillo Dorado and Montonera del Casar), were
evaluated in this chapter. Grapes were harvested at the optimal ripening stage and
in good sanitary conditions from an experimental vineyard of the Instituto Regional
de Investigacién y Desarrollo Agroalimentario y Forestal from Castilla-La Mancha
(IRIAF) located in Tomelloso (Spain). The minority varieties were compared with
two of the most traditionally cultivated grapes in this winemaking region, that is,
Tempranillo and Airén. For each variety, a total of three batches of grape clusters were
sampled from grapevines in several zones of the vineyard. Sampling was made by
selecting randomly berries from the top, central, and bottom of grape bunches in the
lab, choosing 500 g of grapes from each batch to evaluate the aromatic potential.

2.3 Winemaking process

Winemaking process was carried out in the winery of IRIAF and all produced
wines were dry, i.e. containing less than 5 g/L of residual sugar. White wines were
elaborated from 75 kg of grapes. The grapes were destemmed and crushed, with the
addition of 80 mg/L of SO,. Cold pre-fermentation maceration was developed at 5°C
for 24 h. Subsequently, the resultant grape must was separated from the solid phase
by pressing, and total acidity was adjusted to 4.5 g/L in the case of grape must with
lower values. In addition, ascorbic acid (100 mg/L) and lysozyme (100 mg/L) were
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added to avoid oxidation and malolactic fermentation respectively. Fermentation was
carried out at 17°C in 100 L fermentation vessels using the commercial yeast Uvaferm
VN® (Lallemand Inc., Zug, Switzerland) at 20 g/hL. Alcoholic fermentation was
controlled by measures of the density. When a relative density of 1.010 was reached,
the alcoholic fermentation continued at 20°C. When the glucose + fructose concen-
tration was below 5 g/L, the alcoholic fermentation was terminated. Then, the wines
were racked and sulphited (25 mg/L of free SO,). For 1 month, the fermentation lees
were stirred regularly (Bdtonnage technique). Wines were subjected to cold treatment
at —5°C for 15 days, and the free SO, concentration was corrected up to 25 mg/L.
Wines were then filtered through 0.2 pm membranes, bottled, and stored at 16-18°C.
Red wines were elaborated from 75 kg of grapes in vats of 100 L, with skin
maceration until the alcoholic fermentation ended. After stemming and crushing, a
concentration of 50 mg/L of SO, was added before the inoculation with S. cerevisiae
selected yeast Uvaferm VN® (Lallemand Inc., Zug, Switzerland) at 20 g/hL. The
alcoholic fermentation temperature was maintained at 22°C and its development was
monitored daily by measuring the density until 0.995. After alcoholic fermentation,
the wines were racked and malolactic fermentation was carried out at a temperature
of 22°C using Oenococcus oeni lactic acid bacteria VP41® (Lallemand Inc., Zug,
Switzerland) at 1 g/hL. Malolactic fermentation was monitored by the quantification
of L-malic acid in wines. When the malic acid content reached values below 0.2 g/L,
the wines were sulphited to 25 mg/L of free SO,. Subsequently, wines were left for
30 days in vats at 5°C and then underwent cold treatment at —5°C for 15 days. After,
the wines were racked and sulphited to obtain 25 mg/L of free SO,. Finally, wines
were filtered through 0.2 pm membranes, bottled, and stored in controlled conditions
at 16-18°C. All wines were carried out in duplicate for each grape cultivar.

2.4 Volatile compound extraction

For each variety, an amount of 500 g of grapes was selected and crushed for
3 min with an ULTRA-TURRAX digital T50 crusher and subsequently centrifuged at
3500 rpm for 15 min. The obtained supernatant was then filtered, disregarding the
first wort fraction. A volume of 25 mL was collected and 500 pL of 4-nonanol 0.1 g/L
(internal standard) was added. The extraction of the free fraction of volatile com-
pounds was performed following the procedure described in the literature [12], using
SPE cartridges (LiChrolut EN, Merck, 0.2 g phase for wine, 0.3 g phase for grape must).
A volume of 25 mL of grape must or wine was selected and passed through the SPE resin
with the internal standard. Subsequently, 25 mL of Milli-Q water was added to remove
polar compounds and sugars. The free fraction of volatile compounds was recovered by
passing 15 mL of a pentane-dichloromethane solution (2:1, v/v). The eluate obtained
was concentrated by distillation on a Vigreux column and then under a nitrogen stream
to 150 pL, keeping at —20°C until analysis. The glycosidically bound volatile fraction of
grapes was obtained by passing 25 mL of ethyl acetate-methanol (9:1, v/v) after recov-
ering the aroma-free portion from the SPE resin. Subsequently, the obtained fraction
was evaporated to dryness in a rotary evaporator and reconstituted with 5 mL of 0.2 M
citrate buffer (pH = 5.00). Glycosidic aromatic precursors were released by enzymatic
hydrolysis. The reconstituted sample was thawed and 250 mg of enzyme Lallzyme®
BETA (Lallemand Inc., Zug, Switzerland) was added, remaining tightly covered in an
oven at 40°C for 18 hours. Then it was left to cool and 500 uL of 4-nonanol 0.1 g/L was
added. The process of volatile compound extraction described above was repeated once
again, using SPE cartridges of 0.2 g of phase and 5 mL capacity.
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2.5 GC-MS analysis of volatile compounds

Volatile compound analysis was performed with a Focus GC gas chromatograph
system coupled to a mass spectrometer (ISQ, ThermoQuest, Waltham, MA, USA).
A BP21, polyethylene glycol treated with nitroterephthalic acid, capillary column
(50 m x 0.32 mmi.d.; 0.25 pm thick of Free Fatty Acid Phase (FFAP)) was used. For
major volatile compounds, 0.8 pL of a mix solution (100 pL of wine sample, 100 pL
of 4-methyl-2-pentanol (50 mg/L) as internal standard, and 1 mL of Milli-Q water)
were injected in split mode. The gas chromatographic conditions were as follows:
helium was used as carrier gas with a constant flow of 1.2 mL/min, the injector
temperature was 195°C and oven temperature program was: 32°C (2 min), 5°C/min
to 120°C, 75°C/min to 190°C, and 18 min at 190°C. Minor volatile compounds were
analyzed by injecting 1 uL of sample in splitless mode after solid phase extraction
(SPE). Operating conditions were as follows: carrier gas was helium (1 mL/min);
injector temperature, 220°C; and oven temperature program was: 40°C for 15 min,
2°C/min to 100°C, 1°C/min to 150°C, 4°C/min to 210°C and 55 min at 210°C. The mass
spectrometer operated in the electron impact mode with an electron energy of 70 eV,
ion source temperature 250°C, and the global run time was recoded in full scan mode
(mass scanning range, 40-250 amu). The identification of volatile compounds was
performed by chromatographic retention times and mass spectra using commercial
standards. These compounds were quantified by analyzing the characteristic m/z
fragment for each compound following the internal standard method. When the
commercial standards were not available, the volatile compound concentration was
expressed as internal standard equivalents obtained by normalizing the compound
peak area to that of the internal standard, multiplying by the internal standard
concentration.

2.6 Odor activity values

The Odor Activity Values (OAVs) were determined to evaluate the contribution
of a chemical compound to the wine aroma, providing the importance of a specific
component to the sample odor. OAVs were calculated as the ratio between the indi-
vidual compound concentration and the perception threshold found in literature
[13, 14]. A possible contribution to the aroma of wine was considered when OAV was
higher than 0.1.

2.7 Wine sensory analysis

Wines were sensorial evaluated by a trained panel of 11 experienced tasters
from the IRIAF. The assessment was carried out under ISO standards related to
taster selection and training [15], methodology and vocabulary [16], and tasting
room [17], following the Napping technique [18]. Wine-taster members were asked
to smell and taste the samples and to place them on white sheet of 40 x 60 cm,
according to their similarities and dissimilarities. Samples close together on the
sheet had similar sensory properties but if tasters perceived samples very differ-
ently, they had to place them far from each other. A second session was carried out
providing a list of attributes imposed by the judge-in-chief and previously chosen
by an expert panel. Napping sensory maps were obtained by Multiple Factorial
Analysis (MFA) which provides useful information on the general perception of
evaluated wines.
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2.8 Statistical analysis

The statistical treatments were performed using the SPSS software version 23.0
(SPSS Inc., Chicago, Illinois, USA) and XLSTAT 2017 statistical software (Addinsoft,
Paris, France). To determine statistically significant differences in the concentra-
tion of volatile compounds of wine aroma, a one-way analysis of variance (ANOVA,
Student-Newman-Keuls/Tukey test, p < 0.05) was made. Sensory data were sub-
jected to MFA to obtain the Napping sensory maps of wines.

3. Results and discussion
3.1 Aroma composition of grapes

The study of the aroma composition of these grapes allowed us to identify and
quantify the free and bound volatile fractions usually located in berry skins by
GC-MS (Tables1 and 2).

Different families of volatiles described the varietal composition of these minority
cultivars, that is, C6 compounds, terpenes, norisoprenoids, benzenic compounds,
and alcohols. C6 compounds are derived from linoleic and lignoceric acids via enzy-
matic reactions and are responsible for herbaceous aroma in grapes and wines [20].
Among the free C6 compounds, 1-hexanol, cis-3-hexenol, trans-2-hexenol, hexanal,
and trans-2-hexenal were present at relatively high concentrations in the six grape
varieties, which is in agreement with previous results from V. vinifera grapes [21].

The bound fraction of C6 compounds was dominated by 1-hexanol, hexanal, and
trans-2-hexenal. In all cases, total concentrations of bound C6 compounds were lower
than those found in the free forms. Red grapes were characterized by a higher total
concentration of free C6 compounds than other grape varieties grown in Spain [4].
Montonera del Casar was the grape genotype with a higher content of the free C6
compounds, reaching 2.72 g/L. However, the most abundant bound fraction of C6
compounds was determined in Tempranillo grapes (0.54 g/L). Terpenes have char-
acteristic fruity and floral notes and are considered a positive quality factor because
of their contribution to the varietal aroma although they are present at low levels
[22]. Linalool, nerol, and geraniol were the terpenoids identified in these V. vinifera
grapes. Among the terpenoids, geraniol was predominant in the terpene composition,
mainly in Tinto Fragoso genotype. The concentration of these compounds observed
in the glycosidically-bound forms was remarkable. Total concentrations of bound
terpenes were 7-17 times higher than those observed in the free forms of the six grape
cultivars. Similar results were found in a study on Godello and Agudelo grapes [23].
Norisopenoids are formed by carotenoid degradation and have been identified as
potential impact odorants in wine [24]. These compounds were only identified in the
bound form and significant differences were found between grape cultivars, show-
ing the highest values in Tempranillo grapes. Total concentrations of norisoprenoids
ranged from 0.05 to 0.17 mg/L.

Benzaldehyde, benzyl alcohol, 2-phenylethanol, phenylacetaldehyde, vanillin,
and acetovanillone were the benzenic compounds found in the six grape varieties.
Eugenol was only present in bound form. The concentration of each bound benzenic
compound was, in general, higher than those observed in the free one, mainly benzyl
alcohol and 2-phenylethanol which have been described as a floral aroma component
[25]. Eugenol contributes to the spicy and smoky notes and has a low perception
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threshold (6 pug/L) [26], thus may have a significant impact on wine aroma. In all
grapes evaluated, the concentrations of this compound exceeded its odor threshold
with the highest concentration in Tinto Fragoso grapes (26.30 pg/L). In this study,
red grape cultivars were characterized by a higher eugenol concentration than white
ones. Several alcohols in both free and bound forms were identified in the studied
grapes. However, 3-methyl-2-butanol was only detected in the free form. The six
grape cultivars had greater levels of bound alcohols than the free fraction. The higher
amounts of alcohol in the glycosidic form were 5 to 13 times higher than those in the
free forms. These compounds derived from grapes do have not a significant impact
on wine aroma due to the number of alcohols formed during alcoholic fermentation
as secondary yeast metabolites [6]. The total concentration of free volatiles varied
according to grape cultivar, with values between 1.96 and 2.98 mg/L. In general, total
concentration of the bound fraction of volatile compounds was lower than those
observed in the free forms. However, the proportion of glycosylated fraction present
in all grapes may have a relevant role in the aromatic potential of these grapes, with a
concentration ranging from 1.34 to 3.20 mg/L. The bound volatile compounds can be
converted into free form by hydrolysis, modifying the aromatic profile of wines and
enhancing the varietal character [27].

3.2 Aroma composition of wines

Wines fermented by the commercial Saccharomyces cerevisiae strain used were
analyzed by gas chromatography and mass spectrometry to evaluate the influence
of the yeast strain on aromatic profile of wines made from Airén, Tempranillo, and
the minority grape varieties. The results of the GC-MS analysis of wines are given
in Table 3. Differences in the aroma components of wines were noticeable even the
typical varietal aroma was preserved.

Volatile compounds affecting the secondary aroma of wine are produced via yeast
metabolism during alcoholic fermentation and have a significant impact on sensory
properties of wine [30]. Some of these compounds are alcohols and esters which are
present at high concentrations in the evaluated wines. Alcohols are secondary metab-
olites of yeast and optimal levels of them provide fruity odors. However, an excessive
amount of these compounds can have negative impact on aroma and flavor of wine,
resulting in pungent smell and taste [31].

In wine, variations in the alcohol concentration can occur using different yeast
strains during alcoholic fermentation [32]. Total alcohol concentrations ranged
from 284 to 519 mg/L in the evaluated samples, showing greater values in red wines.
Isoamyl alcohol is synthesized in the yeast cell through the Ehrlich pathway [6]. In
all wines, this compound was the most abundant alcohol produced (173-305 mg/L).
Most of ethyl esters of carboxylic acids are biosynthesized by the yeast metabolism
during fermentation. All samples contained ethyl lactate which was produced at high
levels in red wines due to the malolactic fermentation. Ethyl acetate is a compound
related to fruity aromas and was the most abundant ester determined in wines, with
concentration values between 50 and 85 mg/L. Other significant esters are isoamyl
acetate (banana odor) and 2-phenyltehyl acetate (honey, fruity and flowery aromas).

Acetaldehyde is also produced by the metabolism of yeasts and its production is
affected by SO, content of the media [33]. Significant differences in acetaldehyde
content were observed among wines, showing lower levels in red wines due to the
least amount of SO, used in red winemaking. An important group of volatile com-
pounds in wines are carboxylic acids and their lactones which are products of the lipid
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metabolism of yeast and provide fatty and wax-like smell [34]. The concentrations of
these compounds were under the odor threshold and did not influence final aroma of
wines.

Green and grassy odors are important for the final aroma of wines and are repre-
sented by C6 compounds. In all wine samples, 1-hexanol and trans-3-hexenol were
quantified in a concentration below the odor threshold value [35], except for cis-
3-hexenol which is the predominant isomer of 3-hexenol in wines [36].

The production of monoterpenes from different precursors depends on S. cerevisiae
strain, although its hydrolysis action on bonded terpene fraction in the first fermenta-
tion stages is one of the most relevant contributions [37]. Linalool, citronellol, and
geraniol were the terpenes identified and quantified in the evaluated wines, which are
associated with floral odors [38]. In general, geraniol was the most abundant terpene
determined in all samples (4.12-18.12 pg/L). These values were close to those reported
previously in literature [39]. The concentrations of these compounds were under the
odor thresholds so the contribution of terpenes to resulting wine aroma was minimal.

The concentrations of f-damascenone were higher than those of f-ionone in all
wines. The odor threshold of f-damascenone was exceeded, contributing to wine
aroma profile [40]. Among benzenic compounds, benzaldehyde was only deter-
mined in white wines with a concentration that did not exceed the odor threshold
(2000 pg/L) [38] although it could have a synergic effect on wine aroma, providing
fruity notes. Tinto Fragoso wine was characterized by a volatile composition rich in
eugenol. This was also observed in grapes so this compound may be considered as a
varietal market for this grape cultivar. The 2-phenylethanol was determined at signifi-
cantly higher concentration than the odor threshold in red wines, supporting rose
odors of terpenes like geraniol. Red wines showed 2-phenylethanol concentrations
similar to those reported for wines made from Bobal grapes [41].

A large number of volatile compounds were determined in the evaluated wines.
However, the impact of these compounds on the overall aroma character is different.
To evaluate the influence of each volatile compound on wine aroma, Odor Activity
Values (OAVs) were calculated as the ratio between the concentration of the aroma
compound and its odor threshold concentration (Table 4).

The OAVs higher than 0.1 were grouped into several aromatic series to estimate the
overall wine aroma and each compound was assigned to one or several aromatic series
(fruity, floral, green/fresh, sweet, spicy, fatty, and other odors) based on similar odor
descriptors.

A plot of the values obtained for the aromatic series in the wines made from the
six grape cultivars is shown in Figure 2, indicating the mean values of each series.
The main aroma categories were series I (fruity), III (green, fresh), and VII (other
odors) which contributed most to the aroma profile of wines. A great impact of odor
compounds on the aromatic profile was observed in white wines, mainly in series I
and VII. Tinto Fragoso was characterized by higher OAVs in the spicy aromatic series,
which may be explained by its eugenol concentration.

3.3 Sensory profiles

The Napping technique was employed to evaluate the sensory attributes identified
in the produced wines from the grape cultivars studied. Figure 3A shows Napping
data obtained from the sensory analysis of red wines.

A clear separation between red wines was observed in the plot, which indicates that
wines made from Tempranillo, Moribel, and Tinto Fragoso showed a distinctive sensory
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Compounds Odor descriptors Odor threshold (pg/L) Aromatic series
1-Hexanol Flower, green, cut grass 8000 [35] 11, 111
trans-3-Hexenol Green 400 [38] 111
cis-3-Hexenol Green, cut grass 400 [35] 11
Linalool Floral 15 [35] I
Citronellol Floral 100 [35] I
Geraniol Roses, geranium 30 [35] I
B-Damascenone Sweet, fruit 0.05 [35] LIV
B-lonone Floral, violet 0.09 [26] I
Benzaldehyde Sweet, cherry, almond 2000 [38] LIV
Eugenol Spices, clove, honey 6 [26] 1V, V, VII
Guaiacol Medicine, caramel, smoke 10 [26] IV, VI
2-Phenyletanol Floral, roses 10,000 [35] 1I
Vanillin Vanilla 60 [42] V, VII
Acetovainillone Vanilla, clove 1000 [42] VI
Methanol Chemical, medicinal 668,000 [38] VI
1-Propanol Ripe fruit, alcohol 830,000 [38] I, VI
Isoamyl alcohol Solvent, fusel 30,000 [35] vl
3-Ethoxy-propanol Fruity 100 [43] I
3-Methylthio-propanol Cooked, vegetable 500 [35] VI
Isobutanol Bitter, green 40,000 [35] 111, VI
Isobutyric acid Rancid, butter, cheese 2300 [26] VI
Butyric acid Rancid, cheese, sweat 173 [26] VI
Isovaleric acid Acid, rancid 33 [26] 1V, VI
Hexanoic acid Sweat 420 [26] VI
Octanoic acid Sweat, cheese 500 [26] VI
Decanoic acid Rancid fat 1000 [26] VI
Acetaldehyde Pungent, ripe apple 500 [35] I, VI
Ethyl acetate Fruity, solvent 7500 [35] I, VI
Isoamyl acetate Banana 30 [26] I
2-Phenylethyl acetate Floral, roses 250 [35] 11
Ethyl lactate Acid, medicine 154,636 [42] VI
Ethyl butyrate Fruity 20 [35] I
Ethyl hexanoate Green apple 14 [26] I
Ethyl octanoate Sweet, fruity 5[26] LIL IV
Ethyl decanoate Sweet, fruity 200 [26] LIV
Furaneol Burnt sugar, caramel, maple 5 [44] v
y-Butyrolactone Sweet, toast, caramel 35,000 [40] v
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Compounds Odor descriptors Odor threshold (pg/L) Aromatic series
y-Nonalactone Coconut 30 [26] v
8-Dodecalactone Coconut 88 [38] v

Avomatic series: I (fruity), II (floral), I1I (green, fresh), IV (sweet), V (spicy), VI (fatty), and VII (other odors).

Table 4.
Aromatic series, odor descriptors, and thresholds of some volatile compounds in wines.
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S

B Tempranillo B Moribel M Tinto Fragoso Airén Albillo Dorado B Montonera del Casar

Figure 2.
Avromatic series in ved and white wines (mean value and standard deviation, n = 2). Adapted from Pérez-
Navarro et al. [19, 28, 29].

profile. Tinto Fragoso wine was characterized by its color with more intensity and pur-
plish nuances. This wine had the most aromatic profile of evaluated red wines, providing
spicy notes and persistence in mouth. Wines made from Tempranillo and Moribel grapes
showed different odor descriptors. Tempranillo was characterized by red fruity odors,
while forest berry and ripe fruit notes defined the aromatic profile of Moribel wine.

The sensory evaluation of white wines by a panel of experienced wine tasters is
shown in Figure 3B. Airén wine was characterized by green apple odors that are well-
known for this grape cultivar [39], and it was located close to Albillo Dorado wine in
the plot, which had floral and fruity aromas. More herbaceous odors were determined
in Montonera del Casar wine.

4. Conclusions

This chapter gathers the first comprehensive characterization of the chemical
aroma composition and sensory properties of wines made from several minority
grape cultivars from Castilla-La Mancha (Spain), showing the importance of a proper
yeast stain for the development of the desired aroma components in wine. The strong
impact exerted by the strain of Saccharomyces cerevisiae on wine aroma composition
becomes in many cases only from the presence of aromatic fractions from grapes,
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Figure 3.

Sensory characterization of red (A) and white (B) wines. Adapted from Pérez-Navarro et al. [19, 28, 29].

having a notable influence on yeast metabolism. Based on the results obtained, two
patterns of aroma formation and release from the yeast employed in the vinification
of the six grape cultivars are the production of ethyl esters and acetates that provide
fruit and fresh attributes and the release of aroma components from grape precursors

which enhance the aromatic complexity of wines.
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Therefore, the yeast strain selection is pivotal in grape must fermentation due to
its significant impact on wine sensory properties, affecting consumer preferences.
In addition, this work displayed that these minority grape varieties present an aroma
profile characteristic and may be considered a viable alternative to well-known grape
varieties used in wine production in this region.
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