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Stir Bar Sorptive Extraction Applied to Volatile Constituents
Evolution during Vitis vinifera Ripening
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The stir bar sorptive extraction (SBSE) technique is used to determine volatile constituents in Monastrell
grapes. The method proposed involves a maceration step lasting 2 h and a sorption time of 6 h. The
coefficients of variation obtained were <4% in the case of the volatile compounds and <2% for the
internal standard. The behavior of the volatiles during grape ripening was studied, and 34 compounds
were determined, among which geranyl acetone, geranyl butyrate, farnesol, and a bicycloterpene,
tentatively identified as 6-methylene[3.1.0]byciclohexane, were recorded for the first time in this variety.
The highest terpene and norisoprenoid contents together with the lowest values of C6 compounds
were observed during the fifth week of ripening, meaning that this would be the optimal time for
harvesting in terms of volatile compounds.
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INTRODUCTION 11). In 1999, Baltussen et allZ) pointed out the advantages

of using a magnetic stir bar covered by PDMS instead of the
above-mentioned capillary fiber. This stirrer is sold under the
name “Twister”, whereas the technique became known as stir

The organic compounds of complex matrices, such as fruit
juices, drinks, and food, are usually analyzed by gas chroma-

tography coupled to mass spectrometry (GC-MS). This, how- bar sorptive extraction (SBSE). The extraction theory of SBSE

ever, requires a prior preparation step, _durlng which these is the same as for SPME but with a higher phase ratio coating,
analytes must be separated from the matrix before they can be

introduced into the chromatograph column. This fractionation therefore leading to an increase in sensitivity by a factor b0

step can be carried out by several means, and different methods. ompared to SPMELR, 13). This method has been used with

mav aive varving results. depending on the volatile and the SUCC€SS in numerous situations including foodstuffs, for example,
y 9 ying » dep 9 in the analysis of the aroma composition of tea extracts, orange
polarity of the compounds.

jui le jui 14 k taint in wi
The most frequently used methods for the isolation and juice, and apple juice (14), cork taint in wines (I%), and

- P . ds invol ; ith pesticides in wine and fruitl6—18). The results show that
concentration of organic compounds involve extraction wWith g is 5 powerful technique for flavor profiling of different

organic solvents, which is time-consuming, and the excessivey ,oq of matrices because it combines ease of use, ruggedness,
manipulation of the samples may lead to serious errbrsA{.

For thi | : viical hod hich precision, and sensitivity. In addition, the absence of organic
or this reason, alternative analytical methods, which use anq,yents in the sample preparation step makes this process
extractant as fractionating and preconcentrating agent, are

. i environmentally friendly. However, we have found no reference
increasingly used. Many extractants have been assayed, for

. . . of its application to grapes or of the possibility of using it to
example, Tgnax (5), but poly(dimethylsiloxane) (PDMS) 'S monitor fruit ripening, probably because it is still a relatively
the most widely used extractant as part of the solid-phase new technique
microextraction (SPME), the most popular among such methods. Knowledge of the aroma composition of grapes destined for
In SPME, the extractant covers a capillary fiber while the

o . winemaking may provide useful information for predicting wine
analyte_s are partl_tloned_ pet\_/veen the_n_1atr|x and the PDMS phasequality, although most studies have concentrated on aromatic
according to their partitioning coefficients. Next, the analytes

- - . or floral varieties, neutral or nonfloral grapes having received
are mtrqduced Into th‘? gas chromatog_r aph by a raplql thermal less attention}9—22). The reason for this is that the compounds
desorption step at a high temperature in a current of inert gas.

; responsible for aroma are found in very low concentrations, and
SPME has been used to analyze food, grapes, and wire ( sarrrl)ples have to be painstakingly pre?)/ared if the aromas are to
be isolated and concentrated sufficiently for subsequent chro-
96; éggg{épfggf?ﬂ%%;egggggghg? nfgﬁlg% Sb:r igdggﬁﬁzesg&%ﬁn%e matographic analysis. The application of SBSE to the analysis
t Universidad Castilla-La Manch. : R of grape volatile constituents would be interesting in order to

8 Bodega San Isidro. ascertain the extent to which environmental conditions and
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agricultural practices affect the aroma composition of grapes min) and to 200°C (1 °C/min), and held for 10 min. The mass range
and, therefore, wine quality. varied from 35 to 500 u, and the detector temperature was at@50

Among the nonfloral grapes, the red Monastrell variety Compound identification was carried out using the NIST library and
(known in other countries as Mourvedre) is ranked third in with data from authentic compounds. The chemical standards were

. - . . . supplied by Aldrich (Gillingham, U.K.), Sigma (St. Louis, MO), and
Spanish cultivars and is increasingly popular worldwide. In . Chemservice (West Chester, PA) except for 6-methylenebyciclo[3.1.0]-

SQUthea,Stem. Spa'r,]’ several Or'g'n, appe,”at'ons ela,borate the'rhexane, 3-oxax-ionol, vomifoliol, and 4-hexen-1-ol acetate, which have
wines with this cultivar. In the Jumilla Origin Apellation area, peen identified by El mass spectra. Kovats index (KI) was calculated
for example, 88% of the total area dedicated to vines is given in relation to a homologous seriesmfalkenes, with those reported in
over to this variety. the literature. Quantification was carried out in the scan mode and was

The ripening period of grapes is a physiological event that determined if the peak height was 3 times the baseline. The results
begins at veraison and finishest0 days later, during which were expressed as microgram equivalents of internal standard per
time the grapes develop the typical characteristics that will Kllogram of grapes. o _
decide the wine quality. Substantial qualitative and quantitative _ Significant differences among sampling times were assessed with a
differences in volatile compounds have been observed in grapes®"-Way analysis of variance (ANOVA) using SPSS version 10

. . . . g Statistical package for Windows (SPSS, Chicago, IL). Statistical

accordlhg_ to their stage OT ripeningq, 23’ 24), and for thls_ differences among the means were evaluated using Duncan’s test at
reason it is useful to monitor the evolution of these volatiles e, = 0,05 level.
during the maturation process. This would permit growers to
determine the best moment for harvesting, a time when a
balanced sugar/acidity ratio should be accompanied by the

maximum concentration of favorable volatiles. Stir Bar Sorptive Extraction Method. This paper describes
The aims of this study are to apply SBSE to the determination for the first time the application of SBSE to the analysis of
of volatile constituents in Monastrell grapes and to determine volatile constituents in grapes, taking as reference the analytical
the suitability of this method for deciding when grapes reach parameters studied in other types of sampl&3, ((15—18).
their optimal volatile composition and are ready for harvesting. Although these studies introduce the stir bar directly into the
samples, we have considered it necessary to previously macerate
MATERIALS AND METHODS the grapes because a substantial number of grape volatiles are
located in the skin (2024, 27, 28) and are transferred to the
Healthy Monastrell grapes were harvested weekly in the Jumilla area juice during this process. A maceration time of 2 h and a

(Murcia, Spain) from the beginning of maturation (August 21, 2003) temperature of 3C were used to help prevent fermentation
to their final maturation stage (September 25, 2003). from occurring.

Classic and Color Grape Analysis.One hundred berries were Sorption times of 2, 4, and 6 h were assayed, although other
weighed and crushed without breaking the seeds for 1 min in a Robot authors have used 90 min for wine&3j, 2 h for orange juice
Coupe GT 550 at 1400 rpm. Analysis of sugars and titrable acidity (17), and between 1.5 and 16 h for bréwed herbal té (No
were measured in the fresh homogenized grape must following the *. 7' : ) .
official methods 25). Color intensity was measured in this extract S|gn|f|cantd|ffere.nces were found between the chromatqgraphlc
following Glories’s methodZ6), which is the sum of the absorbances pea.k areas obtained a_t 2 and 4 hz Wherea§ thosg obtained after
at 420, 520, and 620 nm. For this purpose a Unicam Helios-u¥ 6 h increased substantially, which is why this last time was used
spectrophotometer (Cambridge, U.K.) was used to scan the extractfor subsequent analyses. The method provided coefficients of
between 380 and 780 nm at 5 nm intervals with quartz cells 1 mm variation of <4% for the compounds studied [for example,
thick. 1.74% geranyl acetone; 3.76% geraniol; 4.1% 1-hexanol; 2.62%

Volatile Analysis. Sample PreparationTwo hundred grams of  (Z)-3-hexenol; 2.6% ethyl acetate; 2.8% hexyl acetate; 3%
berries was crushed for 1 min in a Robot Coupe GT 550 at 1400 rpm. hexanoic acid; 3.9% nonanoic acid; 4%){2-hexenal; 2.2%
Skins and must were kept together oh at 5 T in hermetically closed decanal; 1.19p-ionone] and<2% for the internal standard used
recipients. (methyl octanoate). Similar coefficients were obtained during

Stir Bar Sorptive Extraction (SBSEJVater was added to the grape  the analysis of chlorophenols and chloroanisoles in previous
mixture to 1 L. One hundred milliliters of a homogeneous fraction of studies carried out in wines using SBSE (15). Similarly good
the early grape extract was used, to whicpl20of internal standard values having been obtained when the method was used to

(methyl octanoate) solution at/8/L in absolute ethanol was added. analyze organic compounds in other matrices such as tea, wine,
The aqueous grape extract was stirred with a PDMS-coated stir barand apple, orange, or pear juick( 16—18)

(0.5 mm film thickness, 10 mm length, Twister, Gerstel GmbH, . . . . .
Milheim and der Ruhr, Germany) during 2, 4, and 6 h at room Volatile Constituents during Ripening. Because most

temperature at 700 rpm in hermetically closed recipients. The stir bar Volatile flavor compounds are produced after veraist¥h 29),

was then removed from the sample, rinsed with distilled water, dried we began our study 1 week after the berries began to change

with a cellulose tissue, and later transferred into a thermal desorption from green to red and continued for 6 weeksbles 1and2

tube for GC-MS analysis. All analyses have been carried out in show the volatile composition of the grapes during this ripening

triplicate. stage together with the absolute retention times and mass
Thermal Desorption-Gas ChromatographyMass Spectrophotom-  fragment ratio ih/z) of each compound. The results are

etry Analysisin the thermal desorption tube, the volatile compounds expressed in micrograms of methyl octanoate (I1S) per kilogram
were desorbed from the stir bar at the following conditions: desorption of perries.

temperature, 290C; desorption time, 4 min; cold trap temperature, . - o
—30°C; helium inlet flow, 45 mL/min. The compounds were transferred A total of 34 compounds were identified and quantified, most

into the Hewlett-Packard 6890 gas chromatograph coupled to an LC of them well-known in grape musts .and Ml Slome. (_)f t.hese
3D mass detector HP (Palo Alto, CA) with a fused silica capillary (SUch as terpenes and norisoprenoids) have their origin in the
column (BP21 stationary phase, 50 m length, 0.22 mm i.d., and 0.25 grapes themselves; some, such as the aldehydes and alcohol
um film thickness) (SGE, Ringwood, Australia). The chromatographic With six carbons (C6), arise from endogenous enzymatic action,
program was set at 5TC, raised to 180C at 2.5°C/min (held for 2 activated by oxygen on certain fatty acids. Some, such as ethyl

RESULTS AND DISCUSSION
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Table 1. Volatile Compounds Content (Microgram Equivalents of Internal Standard per Kilogram of Grapes) in Monastrell Grapes (n = 3)?

weeks after veraison

compound Kl 1 2 3 4 5 6 oT

terpenes
terpene 1* 1196 0.60f 0.32¢c 0.25a 0.28b 0.54e 0.42d unknown
geranyl butyrate 1798 nd nd nd nd 0.25a 0.33b 13 (57)
nerol 1810 nd nd nd nd 1.08a 1.03b 0.3 (55)
geraniol 1860 0.21a 0.40c 0.26b 0.59% 0.46d 0.25b 4-75 (58)
geranyl acetone 1867 0.53b 0.94d 0.29a 0.82¢ 0.86¢ 0.83c 9(57)
farnesol 2467 nd nd nd nd nd 0.94 20 (58)
total 1.34b 1.65¢ 0.80a 1.69¢ 3.19d 3.8le

alcohols
2-phenylethanol 1905 nd nd nd nd nd 0.31 1.80 (55)
1-hexanol 1368 6.56e 5.40d 4.83c 5.57d 2.73a 3.62b 1.1 (55)
(2)-3-hexenol 1382 0.12d 0.13e 0.10bc 0.10c 0.09ab 0.09a 13 (55)
2-hexanol 1410 1.23d 1.23d 1.04c 1.45e 0.69b 0.45a 15 (55)
total 7.91e 6.76d 5.97¢c 7.11d 35la 4.46b

esters
ethyl acetate 885 2.70b 1.97ab 1.30a 1.81a 14.85¢ 29.42d 12.3 (55)
isopentyl acetate 1125 0.48b 0.10a 0.09a 0.16a 5.87d 5.07c 0.16 (55)
pentyl acetate 1180 nd nd nd nd 0.32b 0.22a 0.18 (55)
hexyl acetate 1275 16.22ab 15.65ab 13.03a 17.22b 83.93c 83.43c 2(57)
4-hexen-1-ol acetate* 1326 1.06¢ 0.24b 0.08a 0.16ab 3.13e 1.48d unknown
3-hexen-1-ol acetate 1337 1.17d 0.45b 0.17a 0.22a 1.17d 0.87c 0.21 (56)
2-hexen-1-ol acetate 1352 4.70c 3.11b 0.94a 3.84bc 32.16e 17.64d 0.32 (56)
octyl acetate 1439 nd nd nd nd 0.68a 0.84b 0.80 (55)
nonyl acetate 1610 nd nd nd nd 2.16a 3.74b 0.80 (55)
2-phenylethyl acetate 1814 nd nd nd nd 1.67b 1.03a 1.80 (55)
total 26.32b 21.53b 15.62a 23.41b 145.94¢c 143.73c

aKl, Kovats index; OT, olfactory threshold in mg/L except for geraniol and geranyl acetone, which are in ug/L; nd, not detected; *, compounds tentatively identified on
the basis of their El mass spectra (terpene 1 as 6-methylene[3.1.0]bicyclohexane, m/z 79/94; 4-hexen-1-ol acetate, m/z 43/67/82); different letters between columns indicate
significant differences at the 0.05% level.

Table 2. Volatile Compounds Content (Microgram Equivalents of Internal Standard per Kilogram of Grapes) in Monastrell Grapes (n = 3)2

weeks after veraison
compound Kl 1 2 3 4 5 6 oT
acids
acetic 1435 4.86¢ 4.49b 4.22ab 5.49d 4.02a 5.23d <100 (55)
hexanoic 1845 0.58b 0.72d 0.65¢ 0.87e 1.02f 0.48a 8.2 (55)
heptanoic 2004 0.94c 1.00d 0.74a 0.90c 0.74a 0.83b 3(57)
octanoic 2072 2.21b 1.82a 1.82a 1.96a 1.95a 2.85¢ 8.8 (55)
nonanoic 2134 2.57c 3.56f 2.04b 2.91d 3.12¢ 1.87a 30 (57)
decanoic 2261 3.60e 2.67cd 2.25b 2.57¢c 1.67a 2.82d 15 (55)
dodecanoic 2499 5.42d 4.25¢ 3.03a 4.02bc 3.89b 5.82e 10 (57)
total 20.18d 18.50c 14.74a 18.73c 16.41b 19.90d
aldehydes
hexanal 1084 0.68b 3.47f 2.85e 1.5dc 1.22¢ 0.12a 0.35 (55)
(E)-2-hexenal 1207 8.48b 16.27e 15.34d 12.92¢ 2.11a 1.55a 0.6 (55)
nonanal 1401 1.49b 2.25¢c 2.94d 0.80a 6.89% 0.70a 1.0 (57)
decanal 1457 2.04a 2.36b 3.97c 2.10a 8.81d 2.17a 0.1-2 (57)
total 12.69b 24.35e 25.10e 17.40c 19.02d 4.53a
norisoprenoids
vomifoliol* 1680 nd nd 0.20a 0.81b 0.87c 0.96d unknown
3-o0xo0-o-ionol* 1817 nd nd nd nd 0.91b 0.28a unknown
hevd;1g5-ionone 1952 0.93d 0.97d 0.61c 0.63c 0.52b 0.33a 0.09 (55)
total 0.93b 0.97b 0.81a 1.44c 2.31e 1.57d

aKl, Kovats index; OT, olfactory threshold in mg/L except for 5-ionone, which is in u«g/L; nd, not detected; *, compounds tentatively identified on the basis of their El
mass spectra (vomifoliol, m/z 67/82/95/124; 3-oxo-a-ionol, m/z 91/108/150); different letters between columns indicate significant differences at 0.05% level.

acetate and the acids, stem from fermentation processes, whereas50% of the total esters. Of note is the fact that pentyl, octyl,
others, such as 2-phenylethanol and the other esters, have bothonyl, and 2-phenylethyl acetates appeared only in the fifth and
a varietal and fermentative origin. sixth weeks following veraison. Acetates have been widely
Although esters were the most abundant compounds in moststudied in wines, where they are responsible for imparting the
samplings, aldehydes were the most abundant during the secongleasant fruity flavor because they are present in quantities above
and third weeks after veraison. The total ester content increasedhe olfactory threshold. These compounds are synthesized in
significantly during the fifth week and remained constant until substantial quantities by yeasts during alcoholic fermentation,
the end of the maturation period. All of the esters found were so the contribution of such acetates of varietal origin to the wine
acetates, the most abundant being derivates from C6 alcoholsaroma is relatively insignificant. However, Bravdo (7), using
especially hexyl acetate, a compound that alone accounted forSPME, pointed to the importance of hexyl acetate and five other
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compounds for differentiating fertigation treatments provided time in grapes, we have identified a bicycloterpene (terpene 1),
to Cabernet Sauvignon grapes. the nature of which must be definitively confirmed in future
(E)-2-Hexenal was the most abundant aldehyde. It has astudies, because it may be suitable for characterizing the
“green” or “grassy” aroma and, if present in wine, can be per- Monastrell Variety. It is known that Monastrell wines possess
ceived easily because its olfactory threshold is very 180) ( an organoleptic descriptor defined as “sweet”, which is perceived
Its levels and those of hexanal, which has a similar aroma, fell only retronasally (38). As geraniol and geranyl acetone, both
significantly toward the end of ripening. Nonanal and decanal present throughout ripening, and geranyl butyrate, which was
have a pleasant aroma, but both behaved erratically during thefound in only the last two samplings, possess an organoleptic
ripening period. descriptor defined as “sweet3§), so these compounds may
Acetic acid was the most abundant acid, with its concentra- have some effect on this characteristic note. No bibliographic
tion showing no significant variation during ripening. At the references have been found concerning the direct application
end of this period, there was a significant fall in the levels of ©f SBSE to grapes, so the results presented here should be
hexanoic and nonanoic acids and a significant increase in treated with caution. However, although it is clear that all natural

those of octanoic, decanoic, and dodecanoic acids. The totalterPenes have gerenylpyrophosphate as precursor, it has also
level of acids remained constant during the three last sampl-been demonstrated that the thermal degradation of carotenoids
ings. Hexanoic acid was another of the compounds able to May give rise to terpenic derivate8d), and this technique
differentiate among fertigation treatments in Cabernet sauvignonimplies the use of thermal desorption.
grapes (7). Norisoprenoids in grapes arise from the transformation of
Among the alcohols, those with six carbon atoms predomi- carotenoids (22,40, 41). We found three norisoprenoids,
nated, the most abundant being 1-hexanol, although its levelsvomifoliol, oxo-o-ionol, ands-ionone, only the last of which
fell significantly as ripening progressed. At the last sampling Was present throughout ripening. The compound tentatively
time, it was possible to detect very low concentrations of identified as vomifoliol was observed from the third week
2-phenylethanol, which has a pleasant “rose” aroma, whereasonward, whereas oxo-o-ionol was seen only after week five.
the other alcohols are more herbaceous. The bibliography-lonone and oxo-a-ionol fell as ripening progressed, whereas
indicates that 2-phenylethanol is very abundant in wines; vomifoliol increased. These norisoprenoids have been amply
however, it arises mainly from fermentation, with 2-phenyla- documented in the bibliography as components of the aroma
lanine being its precursor (31). Very little of this alcohol in fraction of grapes and wines, although they are more common

wine comes from the grape itself, in which it is found mainly in the form of glycosides42, 43). These compounds were also
as a nonodor precursor (32). quantified in Monastrell grape<2), whereas vomifoliol was

Terpenes and norisoprenoids are volatile compounds that havéentatively identified by searching for specific ions, 95 and 124,
been widely studied because they are involved in the sensorial" the full-scan mass spectra (34).
differentiation of wines, depending on the grape variety used Volatile Composition and Harvest Relation.During ripen-
in winemaking (9). These compounds have a very pleasant ing, substantial changes take place in the composition of grapes.
aroma and very low olfactory thresholds, so that they can be Therefore, itis important to choose the correct moment for their
perceived during wine tasting even in low concentrati®gy,(  harvest because grape quality will determine the quality of the
In general, winemaking grapes are not very aromatic fruits, and resulting wine. Traditional parameters for evaluating grape
only some, denominated floral (e.g., Muscats), have a particular quality, such as berry weight, sugar content, and acidity, have
typicity that is derived from their high terpene conteti®). been seen to be insufficient because they do not provide
Other grape varieties, those known as nonfloral, despite havinginformation on the phenolic and aromatic contents, both of
neutral berries, produce wines with a characteristic varietal which greatly influence wine quality. For this reason, the optimal
aroma, which can be attributed to the terpenes and noriso-harvesting time must take into consideration both the evolution
prenoids that are manifested during the winemaking process andduring ripening of the traditional parameters and the polyphenols
aging (21,34, 35). It is known that grapes contain nonodorous and volatile compounds present at various times. Two of the
precursors of these compounds, most of them in the form of most widely used ways of evaluating grape quality involve
glycosides, which are transformed into odorous compounds measuring the polyphenol conted5(-47) or color 48). With
during the different winemaking stages. The study we describe regard to the evaluation of grape aromatic quality, analytical
here shows that Monastrell has a low terpene and norisprenoidmethods by gas chromatography have been proposed that
content because both groups together constitute the leasinvolve the prior isolation and concentration of volatiles using
abundant of all the compounds determined. It must be remem-organic solvents, which are time-consuming ste$8—51).
bered that SBSE is capable of determining compounds in lower More rapid methods for measuring the aromatic quality of grapes
quantities than is possible with other methods of analyas, ( are based on spectrophotometric measurements of the glycoside
although even SBSE can determine only those compoundscontent §2), which provide an index of the aromatic potential
capable of being absorbed by the PDMS directly from the of the grapes, because a large number of the aromatic
matrix. Future studies must look into the nonodorous aromatic compounds are in the form of glycosidic precursi$,@3).
precursors of this grape variety. However, SBSE is not as labor-intensive as the above methods

Six terpenes were determinated in Monastrell grapes, amongand provides better reproducibility. Below, we shall apply the
which terpene 1 (tentatively identified as 6-methylene[3.1.0]- results of this technique to determine the aromatic quality of
byciclohexane), geraniol, and geranyl acetone were found 9rapes and the optimal harvesting time.
throughout the sampling period. The others gradually appeared Table 3 shows some grape characteristics during ripening.
as ripening progressed, so a significant increase of total terpenedMaximum berry weight is reached 2 weeks after veraison,
was observed in the last stage. Other studies of Monastrellwhereas the maximum sugar content and lowest acidity level
grapes, using analytical techniques other than SBSE, have alsare reached after 5 weeks. Color intensity was also used to
demonstrated the existence of gerani8,(37) but none of the ascertain grape quality because this parameter is closely related
other terpenes depicted irable 1. Furthermore, for the first  to phenol maturity and provides additional information in regard
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Table 3. Some Characteristics of the Monastrell Grapes during
Ripening

wtof 100  sugar total acidity ratio of
weeks after berries  content (g/L of tartaric  color  sugarto
veraison (9) (g/L) acid) density wt

1 (Aug 21, 2003) 122.6 197.6 6.32 1.32 1.61
2 (Aug 28, 2003) 140.5 207.9 6.22 2.02 1.48
3 (Aug 04, 2003) 126.2 239.3 6.0 5.39 1.89
4 (Sept 11, 2003) 124.2 240.1 5.25 3.93 1.93
5 (Sept 18, 2003) 128.7 245.2 435 2.86 1.90
6 (Sept 25, 2003) 127.2 2323 455 271 1.83
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0 -4 L—-J
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Figure 1. Evolution during Monastrell ripening of favorable/unfavorable
volatile compounds ratio (bars), terpenes + norisoprenoids (<), and C6
compounds (a).

to wine color 63). From these results, it may be concluded
that maximum grape quality is reached 4 weeks after veraison;
this, therefore, would be the optimal harvesting time. The
greatest sugar/weight ratio is reached at this time, acidity is not
too low, and color density is high.

Among the grape volatile constituents, there is an interesting

group denominated C6 compounds because they influence wine

quality by implementing a characteristic green odor, which is
considered to be deleterious to wine quality. These C6 alcohols
and aldehydes arise from the consecutive action of the lipoxy-

genase and alcohol deshydrogenase enzymes on polyunsaturated

fatty acids 80). The total @ compounds (1-hexanolZ]-3-
hexenol, 2-hexanol, hexanal, ari§){2-hexenal) content during
the six weeks of ripening were 17.1, 26.5, 24.2, 21.6, 9.6, and
5.2 ug/kg, respectively Kigure 1). They reached their maxi-
mum levels during the second week after veraison, probably

because lipoxygenase enzyme activity was greatest at this time

(54). Their total content decreased considerably at the end of
the ripening period. The most abundant w&j-2 hexenal,
although the concentration of 1-hexanol was higher at the end
of ripening. From a sensorial point of view, this is beneficial
for grape quality because the olfactory threshold of C6 saturates,

such as 1-hexanol, is higher than that of the unsaturates, such

as 2-hexenal, so that the “vegetal” aroma diminishes as ripening
progresses. The C6 alcohol/C6 aldehyde ratio increased from
0.33 during the third week to 2.5 in the last week of ripening.
To obtain information concerning the optimum harvest date,
in terms of volatile compounds, they have been grouped
according to their organoleptic descriptor in wine. On the one
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maximum at the same time, although, in this case, there is no
significant difference from the results obtained for the following
sampling time. These findings suggest that, even after the date
considered to be optimal for harvesting according to the ratio
of sugar to weight and color, grapes continue to synthesize
compounds that have a positive influence on the varietal aroma
of a wine.

Conclusion. The use of SBSE, which introduces a stir bar
directly into an aqueous extract of crushed and macerated grapes,
makes it possible to determine the volatile constituents of grapes
with a high degree of reproducibility. The method identified
the presence of certain compounds in Monastrell grapes for the
first time and demonstrated its usefulness for determining, in
terms of volatile compounds, the optimal harvesting time for
winemaking.
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