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Abstract

The aroma of six young red wines from minority grape varieties cultivated in
La Mancha region has been studied by gas chromatography-olfactometry (GC-
O). The GC-O study revealed the presence of 102 aromatic notes in which 88 has
been identified. Aroma compounds were classified according to their aroma
descriptor similarity and summed in seven distinct aromatic series consisting on
fruity, floral, sweet/toasted/caramel, spice, green/fresh/herbaceous, pungent/
acid/chemical/dry and others (liquorice, leather, tobacco and cooked vegetable).
Although there were distinct quantitative differences among the wines relative
aromatic series profile of the six wines were similar. Forty-five compounds of the
components identified in the olfactometric analysis were quantified, 19 of which
were found at concentrations higher than their corresponding odour thresholds.
The strongest odorants in the CG-O experiments were similar in all cases,
although significant differences in the intensity between the samples were
noted. The components with the greatest capacity to introduce differences
between these wines were beta-damascenone, ethyl dihydrocinnamate, gamma-
butyrolactone, 4-ethyl guaiacol, 4-vinylguaiacol, isoeugenol, syringol, guaiacol,
ethyl caprate and eugenol. The correlation between the olfactometric intensities
and the quantitative data is, in general, satisfactory if the olfactometric
differences between the samples are high.

Keywords: Red wine; Gas chromathography-olfactometry; Quantitative analysis; GC-
MS; Sensory analysis.

Introduction

Wine aroma is formed by hundreds volatile compounds. More than 800
aroma compounds have been reported in wines, including higher alcohols,
aldehydes, ketones, esters, acids, monoterpones and Cq3-norisoprenoids. The
typical flavour is mainly due to volatile compounds coming from grapes. Grape
aroma composition and its influence on wine aroma have been widely reviewed
[1,2].

Wine aroma compounds has been research over the last decades, and
several comprehensive reviews [3-7] have been made, despite which there
remain numerous unanswered questions about the role that certain components
play in its aromatic profiles. However, the most of these compounds are not
odour-active [8,9] and their do not contribute to wine aroma, it not been
possible to date to obtain a satisfactory reconstitution of their aroma, unlike the
case of some white and rosé wines with simpler aroma [10-12].

|dentification and ranking of odour active components in wines involves
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both human olfactory perceptions in concert with
instrumental measurements. Gas chromatography with
olfactometric detection (GC-O or GC-sniffing) is based
on sensory evaluation of the eluate from the
chromatographic column aimed at discovering the
active odour compounds. The role of the detector is
played by a properly educated person or a team of
evaluating personnel. The human nose has been used as
a gas chromatography (CG) detector almost since the
introduction of CG, as the human nose is the most
appropriate detector to monitor the presence of an
odorant in effluent of a gas chromatograph [13-15].

The use of olfactometric techniques has revealed
that the volatile fraction of young red wines contains
several tens of odorants and that there are no remarkable
qualitative differences between wines from different
grape varieties [16,17].

The GC-O methods that have been developed and
applied can be categorized into three general approaches:
extract dilution methods, intensity methods, and the detection
frequency method. Dilution methods are based on sensory
evaluations of stepwise aroma extract stepwise dilutions until
no odour is perceived [18,19]. Component ranking is based
on the assumption that the higher the dilution at which a
compound can be detected by GC-O, the more significant is
the odour component.

GC-olfactometry (GC-O) has been employed in the
study of a wide variety of red [9,20-27] and white
[10,11,28] wines. These studies have shown that the vast
majority of wine volatiles have little to no aroma activity
and that aroma activity is limited to relatively few
volatiles.

Different studies show that GC-O is highly sensitive
for discovering differences between odorants levels in
different samples [29-32]. In this study, the aroma of six
wines made from red grape varieties cultivated in La
Mancha region were research using GC-O analysis to
characterize active odorants of these wines. A secondary
objective was to determine which odorants can be
responsible for the sensory proprieties of the wines.

Materials and Methods

Wine simples

Six grape varieties cultivated in La Mancha region
(middle-southeast of Spain), harvested in their optimal
ripening stage (23-24°Brix; pH 3.4-3.6) and in good
sanitary conditions, were used for winemaking process.
Two batches of grapes (10 kg each) of Bobal, Cencibel,
Moravia Agria, Moravia Dulce, Rojal and Tortosi grape
varieties were elaborated in vats of 10 L, with skin
maceration until end of the alcoholic fermentation.
Winemaking conditions were: addition of 100 mg/L of
SO, as K;,S,05, after stemming and crushing, inoculation
with Saccharomyces cerevisiae cerevisiae selected yeasts
(UCLM 325, Fould-Springer), and fermentation

temperature kept at 24°C. Manual punching down was
done twice a day. When the relative density reached a
constant value the malolactic fermentation was induced
by inoculation with Oenococcus oeni lactic acid bacteria
(Lactobacter SP1; Laffort); this second fermentation
finished in 2-3 weeks, as confirmed by TLC (Thin Layer
Chromatography). Then the wines were racked. After 1
month, the wines were racked again, filtered through 1.2
pum membranes (Millipore, Bedford, MA, USA), bottled,
and stored in a conditioned room kept at 16-18°C.

Reagents and standards

Dichloromethane and methanol were purchased
from Merck (Darmstadt, Germany). Ammonium sulphate
and anhydrous sodium sulphate came from Panreac
(Barcelona, Spain). Pure water was obtained from a
Milli-Q purification system (Millipore, U.S.). LiChrolut EN
resins were purchased from Merck. The Chemicals
standards were supplied by Sigma-Aldrich, Firmenich,
Panreac, Merck, Fluka, and Lancaster.

Isolation of volatile compounds of wines

The aroma compounds were separated by
adsorption/desorption on preconditioned
polypropylene-divinylbenzene cartridges [33] (LiChrolut
EN, Merck, 0.5 g of phase). Fourty microliters (40 pl) of
4-nonanol, used as an internal standard, were added to
one hundred millilitres of wine which was then passed
through the LiChrolut EN column at a flow rate of 1 ml/
min. The column was rinsed out with 50 ml of pure water
to eliminate sugars and other low-molecular-weight
polar compounds.

Free fraction was eluted with 10 mL of
dichloromethane. All dichloromethane extracts were
cooled to —20°C to separate the frozen water from the
organic phase by decantation, and then dried over
anhydrous sodium sulphate. Using nitrogen steam, the
organic phase was concentrated to a final volume of
200 .

An Agilent gas chromatograph model 6890N
coupled to an inert Mass Selective Detector model 5973
equipped with a BP-21 capillary column (60 m x 0.25
mm i.d,; 0.25 pm film thickness) was used. Operating
conditions were as follows: oven temperature program
was: 70°C (5 min.) - 1°C/min - 95°C (10 min.) - 2°C/min
- 200°C (40 min.). Injector and transfer line temperatures
were 250°C and 280°C, respectively. Mass detector
conditions were: electronic impact (El) mode at 70 eV;
source temperature: 178°C; scanning rate: 1 scan/s;
mass acquisition: 40-450 amu. One micro litre (1 pl) was
injected in split less mode. Carrier gas was helium (1 ml/
min).

Retention time, Wiley mass-spectral library, and
pure volatile compounds were used for identification,
confirmation and preparation of standard solutions of
volatile compounds. The relative response areas for
each of the volatile compounds to the internal standard
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were calculated and interpolated in the corresponding
calibration graphs. For the calibration, standard solutions
were prepared in ethanol (12% v/v) with 5 g/L tartaric
acid and the corresponding internal standard in the
same concentration as in the samples. Calibration curves
were drawn for each standard at eight different
concentration levels. All integrations were made on the
total ion chromatogram. The measurements of all
standards were performed in ftriplicate. When the
authentic standard were not available the identification
was based on the comparison with the spectral data of
Wiley A library and the chromatographic dates of the
literature, semi-quantitative analysis of these compounds
were made assuming response factor equal to one.

Analysis of mayor volatile compounds

All major volatile compounds in wines were analyzed
by direct injection [33] into a HP-5890 GC with a FID
detector, using a CP-Wax-57 capillary column (50 m x
0.25 mm id; 025 um film thickness). The oven
temperature program was: 40°C (5 min.) -4°C/min -
120°C. Injector and detector temperature were 250 and
280°C, respectively. One micro litter (1 pl) was injected
in split mode. The carrier gas was He (0.7 ml/min).

Wine olfactometric analysis

The organic extracts obtained by SPE were used in
the GC-O analysis. Sniffing were carried out in an Agilent
gas chromatograph model 4890N equipped with a FID
and sniffing port (SGE) connected by a flow splitter to
the column exit. The column was BP-21 capillary column
(60 m x 0.25 mm i.d.; 0.25 um film thickness). The carrier
gas was He (0.7 ml/min).

One microliter of extract was injected in the split less
mode, the split less time being 0.8 min. The injector and
detector temperatures were 250 and 280°C respectively.

The oven temperature was set at 70°C (5 min.)- 1°C/
min -95°C (10min.) - 2°C/min - 190°C (40 min).

Five trained judges performed the GC-O study of
the organic extract. Judges were described the odor of
each compound elude and asked to measure the overall
intensity of each odor using a structured scale (0-3) All
samples were analyzed in duplicate.

The odorants were identified by comparison of their
odors, chromatographic retention times and MS spectra
with these of pure reference compounds.

Sensory analysis

Wines were evaluated in duplicate by a panel of 8
experienced wine-testers. Three wines were presented in
each session, in coded standard wine-testing glasses
according to standard 3591 [34] and covered with a
watch-glass to minimize the escape of volatile
components. Testing temperature was 10°C. Assessment
took place in a standard sensory-analysis chamber [35]
equipped with separate booths. Wines were sniffed and
tasted.

Physical-chemical standards were used to help define
attributes [6]. The panellists used a 10 cm unstructured
scale to rate the intensity of each attribute. The left-hand
end of the scale was “attribute not perceptible” and the
right-hand end was “attribute strongly perceptible”.

Odour activity values

To evaluate the contribution of a chemical compound
to the aroma of a wine the odour activity value (OAV)
was determined. OAV is a measure of importance of a
specific compound to the odour of a sample. It was
calculated as the ratio between the concentration of an
individual compound and the perception threshold
reported in the literature [25].

Statistical analysis

Two-way ANOVA was carried out using the SPSS
22.0 for Windows statistical package.

Results and Discussion

The aroma of six red wines made from minority
grape varieties cultivated in La Mancha region has been
studied by quantitative GC-O analysis and subsequent
chemical analysis. Relevant aroma sensory descriptors
given by the expert panel are summarized in table 1 and
the results from the GC-O study are given in table 2.

The olfactometric experiment was carried out on the
extracts obtained by SPE of wines on LiChrolut-EN
resins. In the conditions used (100 mL of wine percolated
through a 0.5 g resin bed), the extraction of nearly all
odorants is complete as it has been demonstrated in
different analytical studies [36-39].

Table 2 lists the 102 different odor notes detected in
the GC-O experiment, the identity of 88 of which could
be identified, and the mean odor intensity scores given
for the panel. An ANOVA (wine x sniffer) was carried out
on these data, which allowed the determination of those
odorants for which olfactometric intensity differed
significantly according to the corresponding grape
variety. Nevertheless, in none of the cases have found
significant differences between the intensities awarded
by the sniffers to the odorants of the wines what
confirms that these work as a homogeneous group at
the moment of expressing sensory judgments acting in
the same way independently of the type of analyzed
sample.

With over 102 aroma components of wide-ranging
intensities and no single character impact compounds,
it is difficult to predict the overall aroma impact of these
wines from the sheer size of the data. To estimate overall
wine aroma, the odor descriptors were grouped in
different aromatic series and every compound is
assigned to one or several aromatic series based on
similar odor descriptor used. However, a few aroma
components were difficult to assign a single category in
that their sensory descriptors sometimes fit two aromatic
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series or were not obvious candidates for any category. The total intensities for every aromatic series were calculated
as sum of the average individual intensities of each one of the compounds assigned to this series and the results
were graphed in figure 1.

Intensity patterns in the category suggest that the major aroma characteristic of these wines would consist of
fruity, sweet, floral and pungent. The sensory analysis of the wines realized by the panel of experienced wine-testers
revealed that the most important descriptors in the aroma of these wines were red fruits, spices, leather, tobacco,
liquorice and flowers (Table 1) with exception of the wines of elaborated with the variety Moravia Agria. Fruity was
one of the series aromatic with major intensity (Figure 1). This is consistent with the large number of esters 17,
identified and quantified by CG-MS. Sensory aroma profile of Moravia Agria wines reported floral and fruity character
as two most important flavour characteristics.

Table 1. Sensory Descriptors given by the expert panel to the wines considered in this study.

Bobal Cencibel Moravia Dulce Moravia Agria Rojal Tortosi
Clove Liquorice Leather Floral Red Fruit Red Fruit
Pepper Red Frit Pepper Tobacco Lichi Fresh Pepper
Leather Fresh Red Fruit Fresh Liquorice Leather
Tobacco Herbaceous Pepper Clove Clove Tobacco
Liquorice Liquorice Leather Liquorice
Red Frit Tobacco

descripton, Chemical Identity and mean olfactometric intensities (0-3 scale eight judges).

Table 2. Odor descriptors found in young red wines made from minority grape varieties cultivated in La Mancha region. Olfactory

Odor descriptor Identity Bobal Cencibel Moravia Moravia Rojal | Tortosi | average | Imax Imin. | Imax-
Dulce Agria Imin
Red friut Ethyl isobutyrate 233 2.67 2.33 1.67 1.67 0.67 1.67 2.67 0.67 2.00
Fruity Ethyl butyrate 3.00 1.67 233 133 3.00 1.67 1.83 3.00 133 1.67
Apple Butyl acetate 1.67 133 1.67 2.00 133 2.67 1.67 2.67 133 133
Fruity/sweet n.i. 0.00 0.67 0.00 0.00 0.00 0.33 033 1.67 0.00 1.67
Banana Isoamyl acetate 3.00 2.67 2.00 2.00 233 3.00 2.25 3.00 2.00 1.00
Cheese/fusel Isoamyl alcohol 3.00 3.00 3.00 3.00 1.67 3.00 2.46 3.00 1.67 133
Green (E)-2-hexenal 1.67 1.67 233 133 133 233 1.54 233 133 1.00
Ripe fruit NI 0.00 1.67 0.00 0.00 0.00 2.67 0.54 2.67 0.00 2.67
Dry fruits/ toasty NI 0.00 0.67 0.00 1.33 0.00 1.67 0.63 1.67 0.00 1.67
Green apple Ethyl caproate 2.67 2.67 2.67 1.67 233 133 1.88 2.67 133 133
Floral/green Hexyl acetate 133 133 233 233 2.00 133 1.50 233 133 1.00
Rancid 4-methyl-1-pentanol 2.00 0.67 133 0.67 133 1.00 1.08 2.00 0.67 133
Dry fruit 3-methyl-1-pentanol 033 1.67 1.00 0.67 1.00 0.67 0.75 1.67 033 133
Medicinal/acid Ethyl Lactate 3.00 1.67 233 233 1.67 2.00 1.88 3.00 1.67 133
Dry fruits/ toasty N.I. 133 0.67 0.00 1.67 2.00 133 1.08 2.00 0.00 2.00
Grass/green 1-hexanol 2.67 1.67 1.67 2.00 1.67 3.00 1.83 3.00 1.67 133
Green (E)-3-hexen-1-ol 233 133 1.00 2.67 133 133 1.58 2.67 1.00 1.67
Grass (2)-3-hexen-1-ol 2.00 1.67 1.67 1.67 0.67 1.67 142 2.00 0.67 133
Herbaceous (Z)-2-hexen-1-ol 1.00 0.67 133 133 2.00 133 1.13 2.00 0.67 133
Mushroom 3-octanol 1.00 0.00 0.00 0.00 1.00 2.00 0.50 2.00 0.00 2.00
Green/floral cis linalool oxyde furan 0.00 0.00 2.00 0.67 0.67 1.00 0.75 2.00 0.00 2.00
flowery trans linalool oxide 0.00 0.00 1.67 1.67 1.00 0.67 0.88 2.00 0.00 2.00
furan
Vinegar Acetic acid 2.67 2.00 1.67 1.67 0.67 1.67 1.50 267 0.67 2.00
Madridge ] Food Technol. Volume 5 « Issue 1 » 1000127 179

ISSN: 2577-4182




Madridge Journal of Food Technology

Sweet/fruity Ethyl caprilate 2.67 1.67 1.67 2.33 1.67 1.33 1.7 2.67 1.33 1.33
Coocked vegetable 3-(methylthio)-1- 3.00 2.67 2.67 1.67 133 167 1.92 3.00 133 1.67
propanal
Dry fruits 2-furancarboxaldehyde | 0.00 0.00 0.67 2.67 0.00 0.00 042 2.67 0.00 2.67
Toasty/caramel 3-hydroxy-ethyl 2.00 2.00 1.67 2.67 0.67 1.00 146 2.67 0.67 2.00
butyrate
Sweet/Fruit Benzaldehyde 233 0.67 133 1.67 1.00 1.67 1.25 233 0.67 1.67
Disgreable Propanoic acid 1.00 1.67 1.33 2.00 1.33 2.00 142 2.00 1.00 1.00
Coocked vegetable | N.I. 0.00 1.67 0.00 133 0.00 0.00 0.46 1.67 0.00 1.67
Green NI 0.00 0.00 0.00 1.00 0.00 0.00 0.13 1.00 0.00 1.00
Floral Linalool 1.67 2.67 2.00 2.00 1.67 1.67 1.79 2.67 1.67 1.00
Cheese Isobutyric acid 3.00 3.00 1.67 2.67 233 2.67 229 3.00 1.67 133
Friuty 2,3-butanediol 233 1.67 133 1.67 1.00 133 146 233 1.00 133
Floral Ho-trienol 133 0.00 0.00 0.00 1.67 0.67 0.46 1.67 0.00 1.67
Red Fruit Diethyl malate 133 133 233 2.67 2.00 1.67 1.71 2.67 133 133
Dry fruits/ toasty gamma-butyrolactone 1.67 2.00 2.00 1.67 2.67 1.67 1.79 2.67 1.67 1.00
Cheese butyric acid 3.00 2.67 3.00 3.00 3.00 2.67 2.54 3.00 2.67 033
Toasty 2-furancarboxylic acid, 1.67 0.00 133 233 1.00 1.67 1.00 233 0.00 233
ethyl ester
Cheese Isovaleric acid 2.67 233 3.00 233 1.67 2.67 213 3.00 1.67 133
Leather NI 0.00 0.67 0.00 0.00 0.00 0.00 0.25 133 0.00 133
Fruity/sweet Ethyl caprate 2.00 233 2.67 2.67 1.67 1.67 1.83 2.67 1.67 1.00
Wine Diethyl succinate 0.67 1.67 0.67 1.67 3.00 1.00 1.33 3.00 0.67 233
Floral alpha-terpineol 1.33 133 133 0.67 1.00 2.00 1.04 2.00 0.67 133
Coocked vegetable 3-(methylthio)-1- 233 1.67 2.67 3.00 2.67 2.67 217 3.00 1.67 133
propanol
Wood/hay N.I. 0.00 0.00 0.00 0.00 1.67 0.00 0.21 1.67 0.00 1.67
Oil/fusel Pentanoic acid 1.33 0.67 1.67 1.67 1.67 133 1.25 1.67 0.67 1.00
Mint N.I. 0.00 0.00 0.00 0.67 0.00 0.00 0.08 0.67 0.00 0.67
Floral cis linalool oxyde pyran | 0.00 0.00 0.67 2.00 1.00 133 0.75 2.00 0.00 2.00
Aniseed Methyl salicylate 0.00 0.00 0.00 1.67 0.00 0.00 042 1.67 0.00 1.67
Green/citric beta-citronellol 033 1.67 0.67 2.00 033 133 0.88 2.00 033 1.67
Floral trans linalool oxyde 0.00 0.00 033 0.67 0.00 0.00 0.13 0.67 0.00 0.67
pyran
Floral/citric Nerol 0.00 0.00 133 1.67 0.00 0.00 0.38 1.67 0.00 1.67
Caramel/toasty 4-hydroxy-ethyl 2.67 2.00 2.67 2.00 1.67 2.67 1.92 2.67 1.67 1.00
butyrate
Floral acetic acid, 1.67 2.33 2.00 2.67 1.00 1.67 1.63 2.33 1.00 133
2-phenylethyl ester
Cooked vegetable N.L 0.00 0.00 0.00 0.00 0.00 0.67 0.17 0.67 0.00 0.67
Red fruit N.I. 0.00 0.00 0.67 0.00 0.00 0.00 0.25 1.33 0.00 1.33
Sweet beta-damascenone 2.64 2.67 2.00 2.67 0.67 2.67 1.86 2.67 0.67 2.00
Cheese Hexanoic acid 2.67 3.00 3.00 3.00 2.67 3.00 2.54 3.00 2.67 033
Geranium Geraniol 1.67 0.67 1.67 1.67 1.33 1.67 1.29 1.67 1.33 033
Medicinal Guaiacol 2.33 267 233 267 3.00 2.00 217 3.00 2.00 1.00
Floral/sweet Benzyl alcohol 1.67 1.67 1.67 1.67 1.67 133 142 1.67 133 0.33
Floral alpha ionone 133 1.67 2.00 1.67 1.33 1.67 1.29 2.00 0.67 133
Roses Phenylethyl alcohol 3.00 3.00 3.00 3.00 3.00 233 2.54 3.00 233 0.67
Violets beta-ionone 2.33 2.33 233 2.00 2.67 1.67 2.04 3.00 1.67 1.33
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Rancid/Dry Heptanoic acid 0.33 2.00 1.67 1.67 1.67 1.33 1.21 1.67 0.33 133
Fruity/sweet delta nonalactone 133 2.67 233 233 133 233 1.83 2.67 1.33 133
Acid 2-hexenoic acid 0.67 2.00 133 1.67 1.67 0.67 117 2.00 0.67 133
Medicinal Phenol 1.67 133 0.67 1.33 0.67 1.33 113 2.00 0.67 1.33
Sweet Pantoic lactone 133 2.00 2.00 2.00 133 133 1.46 2.00 133 0.67
Spice/floral 4-ethyl guaiacol 1.67 0.67 1.67 2.00 1.33 2.00 142 2.00 0.67 1.33
Fresh/mint/green NI 0.00 0.00 1.00 233 0.00 0.00 042 233 0.00 233
Strawberry/acid fruit | Diethyl malate 2.67 1.67 2.00 233 1.67 2.00 1.88 2.67 1.67 1.00
Dry/oil Octanoic acid 2.33 3.00 3.00 3.00 3.00 3.00 2.54 3.00 233 0.67
Liquorice N.I. 0.00 1.67 2.67 0.00 0.00 0.00 1.00 2.67 0.00 2.67
Spices/Curry 4-vinylguaiacol 2.00 2.00 2.00 1.67 1.67 133 1.58 2.00 133 0.67
Clove/Spices Eugenol 133 2.67 1.67 2.67 1.67 1.67 1.71 2.67 133 133
Dry/Fusel Nonanoic acid 2.67 1.67 233 1.67 1.33 233 1.79 2.67 133 133
Floral 3,7-dimethyl-1,7- 0.00 0.00 0.00 1.00 0.00 0.00 0.13 1.00 0.00 1.00
Octadienol
Toasty 2-(3H)-Furanone, 0.00 0.00 133 1.67 0.00 0.00 0.38 1.67 0.00 1.67
dihydro-5-propyl!
Toasty Syringol 2.00 1.67 2.00 2.00 233 133 1.67 233 133 1.00
Rancid/oil Decanoic acid 3.00 233 2.67 2.67 3.00 3.00 2.46 3.00 233 0.67
Coocked potato 3-methylthio propanoic | 1.33 233 1.00 133 2.67 1.67 1.38 2.67 0.67 2.00
acid
Green/floral Geranic acid 033 1.67 1.00 1.67 0.00 1.67 0.92 1.67 0.00 1.67
Floral Isoeugenol 1.00 0.67 133 1.67 1.00 133 1.08 1.67 0.67 1.00
Urine/animal Benzoic acid 1.00 2.00 1.00 133 1.67 0.67 1.04 2.00 0.67 133
Qil/Dry/Fusel Dodecanoic acid 1.67 3.00 1.67 2.67 2.67 2.67 217 3.00 1.67 133
Floral Ethyl dihydrocinnamate | 0.00 1.67 2.00 2.00 0.67 1.67 1.21 2.00 0.00 2.00
Liquorice N.L. 0.00 0.00 2.67 2.33 2.67 0.00 0.96 2.67 0.00 2.67
Vanilla Vanillin 2.67 2.67 3.00 2.67 1.67 1.67 2.13 3.00 1.67 133
Honey/Vanilla Methyl vanillate 2.33 2.33 2.33 2.00 133 2.33 1.75 2.33 133 1.00
Vanilla/Sweet Ethyl vanillate 1.67 1.67 133 1.67 1.67 1.00 138 2.00 1.00 1.00
Spice 3-oxo-alpha-ionol 0.00 2.00 0.67 133 0.67 0.33 0.79 2.00 0.00 2.00
Sweet Acetovanillone 1.33 133 2.00 233 1.00 133 142 233 1.00 133
Dry Tetradecanoic acid 1.67 2.67 2.33 2.33 2.67 2.67 2.13 2.67 1.67 1.00
Floral 3-hydroxy-7,8-dihydro- | 0.00 0.00 1.00 1.00 0.00 0.00 0.25 1.00 0.00 1.00
beta ionol
Toasty/dry fruit Zingerone 0.00 2.00 2.33 2.33 133 2.00 1.25 2.33 0.00 2.33
Sweet/Polen Methyl vanillil eter 1.67 133 133 2.00 133 1.33 1.25 2.00 1.00 1.00
Floral Cinnamic acid 133 133 1.00 133 0.67 133 1.08 1.67 1.00 0.67
Dry Hexadecanoic acid 2.00 2.67 2.00 2.33 2.33 2.33 2.00 2.67 2.00 0.67
N.I. Not identified
N
! § Figure 1. Aroma Intensities grouped by aromatic series descriptor.
§ Aroma category: 1, Fruity; 2, Floral; 3, Fresh, green, herbaceous; 4,
§ Sweet, toasted caramel; 5, spice; 6, pungent chemical, acid, fatty,
ﬁ§ dry; 7, others (liquorice, leather, tobacco, cocked vegetable).
A
| $
A E # Ammam?e!ow e
M Bobay O Cencibdl @ MoreviaDulce 1 Moravia Aeria MRoial S Tortosi
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The aromatic series 4 (Sweet, toasted, caramel) and
6 (purgent, chemical, fatty, dry) were also major aroma
categories in the current study. These attributes were
not detected in the sensory flavor profile studies of
wines, nevertheless, some of the attributes include you
in the aromatic series 7 (leather, liquorice, tobacco) and
5 (spice) whose total intensities were lower than those
of the rest, if they were notes identified by the
experienced wine-testers in the aromatic sensory profile
of the wines. This can be due to that the values of total
intensity in the different aromatic series were obtained
as sum of the individual intensity of each one of the
components without bearing in mind the rest of present
compounds in the matrix of wine. Nevertheless when
combined, synergy, suppression and matrix effects may
alter the intensity of the descriptors, masking the
descriptors of some aromatic series (series 4 y 6) and
increasing the intensity of others odor descriptors
(series 5y 7).

The most notable olfactometric differences between
the samples are summarized in table 3. The Bobal wine
has a minimum content of 2-furancarboxaldehyde, cis
and trans linalool oxide furan, cis linalool oxide pyran,
ethyl dihydrocinnamate, zingerone, 3-oxo-alpha-ionol,
and the four compounds unknown whose odor
descriptors are ripe fruit, fresh and liquorice. Cencibel
wine has a maximum content of ethyl isobutyrate, beta-
damascenone, zingerone and 3-oxo-alpha-ionol. Ethyl
isobutyrate, zyngerone, beta-damascenone, ethyl
dihydrocinnamate, cis linalool oxide furan and the two
compounds with notes of liquorice are the most
important compound of Moravia Dulce wine. The
Moravia Agria wine has a maximum content of

2-Furancarboxaldehyde, zyngerone, 3-hydroxy ethyl
butyrate, ethyl dihydrocinnamate and two unknown
compounds with aromatic notes of liquorice and fresh.
Diethyl succinate, 3-methyltio-propanoic acid and the
unknown compounds with aroma notes of liquorice and
toasty/dry fruit are the compounds with maximum
intensities in Rojal wine. Finally, the Tortosi wine has a
maximum content of zingerone, 3-octanol, beta-
damascenone and one unknown compound with ripe
fruit notes.

Odor activity values

Table 4 completes the olfactometric study with the
OAV of the quantified odorants using the odour
threshold of the individual aroma compounds found in
bibliography. Forty-five compounds of the components
identified in the olfactometric analysis were quantified.
According to the results each of these wines contains
between 17 and 21 odorants at concentration above
their threshold, similar values were obtained in different
studies realized in white and rosé wines [7-25] although
minors that the obtained in aged red wines [26]. As odor
thresholds are affected by high imprecision and synergic,
additive and antagonistic effects can take place, these
values should not be taken as close boundaries but as
an approximation to the number of odorants that
constitute the odor of such wines.

There was a great similarity among the wines
studied. The most potent odorants of each wine are
practically the same only change the relative order from
one sample to another.

Differencing components are those that have a
more acute role in the perception of sensory differences

Table 3. Components showing the greasted differences in the olfactometric study.

Identity Bobal Cencibel Moravia Dulce Moravia Agria Rojal Tortosi
Ethyl isobutyrate 233 2.67 233 1.67 1.67 0.67
N.I. 0.00 1.67 0.00 0.00 0.00 2.67
2-furancarboxaldehyde 0.00 0.00 0.67 2.67 0.00 0.00w
NI 0.00 1.67 2.67 0.00 0.00 0.00
N.I. 0.00 0.00 2.67 2.33 2.67 0.00
Diethyl succinate 0.67 1.67 0.67 1.67 3.00 1.00
Zingerone 0.00 2.00 2.33 233 133 2.00
N.I. 0.00 0.00 1.00 2.33 0.00 0.00
N.I. 133 0.67 0.00 1.67 2.00 133
3-octanol 1.00 0.00 0.00 0.00 1.00 2.00
cis linalool oxyde furan 0.00 0.00 2.00 0.67 0.67 1.00
trans linalool oxide furan 0.00 0.00 1.67 1.67 1.00 0.67
Acetic acid 2.67 2.00 1.67 1.67 0.67 1.67
3-hydroxy-ethyl butyrate 2.00 2.00 1.67 2.67 0.67 1.00
cis linalool oxyde pyran 0.00 0.00 0.67 2.00 1.00 133
beta-damascenone 2.64 2.67 2.00 2.67 0.67 2.67
3-(methylthio)-propanoic acid 1.33 233 1.00 133 2.67 1.67
Ethyl dihydrocinnamate 0.00 1.67 2.00 2.00 0.67 1.67
3-oxo-alpha-ionol 0.00 2.00 0.67 133 0.67 033
N.I. Not identified
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between wines. At the present time, this property con
only is verified by means of sensory tests, although an
approximation can be obtained by considering the
variability in geometric terms of concentration or of
concentrations normalized by their threshold (AOV) [25].

This factis based in the relation between the intensity
of an odour and their logarithm of the concentration of
the odorant is in the most cases a sigmoid [40]. The
central part of such a sigmoid can be represented by a
linear function (I=nlogC+b), which is the well-know
Fechner law. After this law, differences in odor intensity
observed between two solution of an odorant present
at different concentration (C; and C,) are not related to
the arithmetic difference of concentration but to the
ratio of such concentration. As the OAV is a just a
concentration normalized to the odor threshold, OAV;
values cannot be compared by subtraction.

This approximation is show in table 5. After these
result some important conclusions can be obtained. The
components with the greatest capacity to introduce
modifications in the aromatic profile of wines are beta-
damascenone, ethyl dihydrocinnamate, gamma-
butyrolactone, 4-ethyl guaiacol, 4-vinylguaiacol,
isoeugenol, syringol, guaiacol, ethyl caprate and
eugenol. The ratio between the OAV; was >10 in all
cases. Whereas gamma-butyrolactone, ethyl caprate
and ethyl dihydrocinnamate, are compounds principally
produced during alcoholic fermentation by the amino
acid metabolism, the mainly way of the beta-

damascenone formation is the hydrolysis of their
precursor whose accumulation is increase in warm
climates [41,42] therefore can be associated with varietal
differentiation. Nevertheless the differences in the levels
of phenols may be due to occasional contamination
[43,44].

A second group is made up of the components with
a OAV ayimum/OAV minimum ratio between 2 and 10. This
group includes four alcohols ((2)-3-hexen-1-ol,
3-methyltio-1-propanol, 3-methyl-1-butanol,
phenylethyl alcohol), three esters (ethyl caprilate, ethyl
caproate and phenyletyhl acetate) three acids (hexanoic,
butyric and octanoic acid) and geraniol. Alcohols esters
and acids are the most important compounds formed
during the alcoholic fermentation therefore these
compounds have not a lot of relation with the grape
variety used in the wine-making process [16,45].
Nevertheless Cg compounds, as (Z)-3-hexen-1-ol are
principally formed during pre-fermentative operations
and are linked with the ripening stage of the vintage,
and the geraniol concentration, terpenic compound, is
mainly related with the grape variety used [1,2].

The last group is principally formed of the aromas
generated in the metabolism of fatty acids by yeasts,
such as fatty acids and ethyl esters. Some of these
compounds have high OAV,, but the maximum/
minimum OAV ratio is well below 2, which confirms that
the influence of grape variety on synthesis of these
compounds is secondary importance.

Table 4. Odor activity values (OAV) of odorants found in studied young red wines.

Compounds Bobal Cencibel Moravia Moravia Rojal Tortosi Mean odor threshold
Agria Dulce
beta-damascenone 17.59 15.17 19.61 <0.1 9.60 25.88 12.55 0.05
Ethyl dihydrocinnamate 7.59 20.53 749 8.94 <0.1 <0.1 6.93 1.6
gamma-butyrolactone 204.65 399.36 47.86 809.75 18.61 119.13 23191 35
4-ethyl guaiacol 3.51 <0.1 <0.1 <0.1 10.53 | <0.1 2.02 33
4-vinylguaiacol 0.74 50.24 3.08 17.00 1.16 8.23 12.01 40
Isoeugenol 3.50 0.62 122 450 <0.1 <0.1 1.41 6
Syringol 222 0.26 0.31 1.30 <0.1 <0.1 0.63 570
Guaiacol 41.83 8.49 8.75 18.21 142 455 12.41 10
Ethyl Caprate 0.10 1.46 <0.1 037 033 027 042 200
Eugenol 0.24 0.72 1.17 <0.1 0.16 <0.1 0.35 6
(2)-3-hexen-1-ol 0.21 0.66 <0.1 0.41 0.52 <0.1 0.30 400
3-(methylthio)-1-propanol 1.35 1.00 1.96 0.59 2.68 1.96 298 1000
Ethyl Caprilate 84.87 136.79 30.35 70.40 90.51 | 42.71 88.13 5
Ethyl Caproate 2143 18.35 8.24 34.40 30.52 | 15.11 24.65 14
Hexanoic acid 4.10 8.12 4.27 4.01 6.25 5.49 5.25 420
3-methyl-1-butanol 6.66 6.11 7.03 6.85 6.64 6.43 6.45 30000
Geraniol 0.10 <0.1 <0.1 <0.1 0.30 <0.1 <0.1 30
Phenylethyl alcohol 453 5.63 1.96 4.24 2.51 335 3.60 10000
Acetic acid, 2-phenylethyl ester 0.23 0.20 0.12 <0.1 0.14 <0.1 0.16 250
Butyric acid 9.92 5.58 5.05 3.65 8.15 5.20 6.67 173
Octanoic acid 345 6.41 2.95 3.21 497 439 4.73 500
Isovaleric acid 63.05 36.32 49.82 65.38 7117 | 50.24 55.14 33
Linalool 3.55 3.92 3.31 1.13 1.86 1.80 2.33 15
Ethyl Lactate 0.16 0.11 <0.1 <0.1 0.10 0.12 0.12 154636
Ethyl butyrate 3.50 3.86 2.21 3.50 349 347 337 20
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Acetovanillone 0.15 <0.1 0.13 0.15 <0.1 0.16 0.10 1000
Isoamyl acetate 1.1 1.22 1.68 112 11 1.10 1.21 30
Benzaldehyde <0.1 <0.1 <0.1 0.13 <0.1 <0.1 <0.1 350
Ethyl isobutyrate 0.12 0.13 0.10 0.12 0.11 0.11 0.1 15
Vanillin 149 2.10 0.25 1.04 0.1 049 1.03 60
Isobutanol 1.07 0.76 1.18 1.02 1.03 0.87 0.96 40000
Isobutyric acid 0.62 0.59 0.36 0.52 0.58 0.34 0.50 2300
Decanoic acid 047 0.35 0.13 0.41 048 0.44 043 1000
Ethyl vanillate 032 0.52 <0.1 048 0.20 0.14 0.26 990
1-hexanol 0.24 0.40 0.17 0.25 0.40 0.38 030 8000
beta-citronellol 0.11 0.21 <0.1 0.14 0.15 0.16 0.13 100
Benzoic acid <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 1000
3-hydroxy-ethyl butyrate <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 20000
delta nonalactone <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 30
Diethyl succinate <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 200000
Benzyl alcohol <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 200000
Methyl vanillate <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 3000
Hexyl acetate <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 1500
Acetic acid <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 200000
Propanoic acid <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 8100

Table 5. Compounds introducing the potential maximum differences in aroma, as measured by the quotient Ma
Standard Deviation (in Logarithmic Scale Since Odor Intensity is proportional to logC) of the OAVs from the seven young red wines studied.

ximun/Minimun OAV and

Compounds OAVmax/OAVmin. 105D(log(0AV)
beta-damascenone 259 101.09
Ethyl dihydrocinnamate 205 1009
gamma-Butyrolactone 435 10062
4-ethyl guaiacol 35.1 10088
4-vinylguaiacol 25.1 10064
Isoeugenol 22.5 10074
Syringol 22.2 10052
Guaiacol 20.9 10048
Ethyl Caprate 14.6 10039
Eugenol 1.7 10043
(2)-3-hexen-1-ol 6.63 10033
3-(methylthio)-1-propanol, 5.65 10040
Ethyl Caprilate 5.31 10026
Ethyl Caproate 5.01 100.24
Hexanoic acid 4.06 10011
3-methyl-1-butanol 3.52 10004
Geraniol 2.96 10018
Phenylethyl alcohol 2.87 100.16
Acetic acid, 2-phenylethyl ester 2.80 10018
Butyric acid 272 10016
Octanoic acid 2.61 10016
Isovaleric acid 1.96 10010
Linalool 1.96 10028
Ethyl lactate 1.83 100.11
Ethyl butyrate 1.75 10008
Acetovanillone 1.56 10009
Isoamyl acetate 1.53 10007
Benzaldehyde 1.34 10216
Ethyl isobutyrate 1.28 10048
Vanillin 1.05 100.07

The minimum OAV considered was 0.1
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Conclusions

The study presented here has show that the red
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