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The influence of vine training and sunlight exposure on the 3-alkyl-2-methoxypyrazines contents in
musts and wines was studied by means of two previously reported methods based on headspace
solid-phase micro-extraction. Experimental samples were monitoraed throughout grape ripening and
wine making. 3-lsobutyl-2-methoxypyrazine, 3-sec-butyl-2-methoxypyrazine and 3-isopropyl-2-meth-
oxypyrazine were identified. The 3-isobutyl-2-methoxypyrazine content decreased throughout grape
ripening in all of the sample types studied. After 1 day of maceration with the skins, there was an
increase, but after racking, no further increase was observed. Mo significant differences between
samples were found during grape ripening. Wines from goblet-trained vines, however, contained
significantly less 3-isobutyl-2-methoxypyrazine. Clusters protected from sunlight since the heginning
of the veraison resulted in wines with a significantly lower content of this compound than the control
samples.
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INTRODUCTION

The different types and amounts of volatile aroma compounds
in berries are the major source of flaver distinction in varietal
wines. Thus, primary aromas can influence wine quality and
have an important economic impact. This is the case of 3-alloyl-
2-methoxypyrazmes (MP), which are associated with the green,
herbaceous or vegefative aromas typical of cerfain cultivars.
3-Iscbutyl-2-methoxypyrazine (IBMP), together with 3-sec-
butyl-2-methoxypyrazine (SBMP) and 3-isopropyl-2-methoxy-
pyrazine (IPMP). have been identified in Cabemet sauvignon,
Merlot neir, and Sauvignon blane (2—6).

Sensory threshelds of some MPs are very low. IBMP, SBMP.
and IPMP can be perceived by the human nose at 1—2 ng/L in
distilled water (7—12). IBMP is detected at 10 ng/L in red wines
(5) and IPMP at 2 ng/L in red wine (7). Because MP can be
present in grapes and wines at higher levels, they can have an
important sensorial impact on wine cuality.

Among the most important aroma compounds of the Sawvi-
gnon blanc variety, some sulfur-containing compounds have
been found (13— 14). Nevertheless, MP, and in particular IBMP,
are considered to be mainly characteristic of this variety. Their
contribution to the quality of Sauvignen blanc wines can be
positive as long as it 15 not too dominant and it 15 balanced and

* To whom comespondence should be addressed. E-mail: qasnol@iun.es.
T Departament de Qhuinriea Analitica 1 Chinuca Orginica.
 Departament de Bioquinuea 1 Bictecuologia.

10.1021/ji049927z CCC: $27.50

complemented by other aromas (13— 16). However, the “vegeta-
tive”™ character it provides is generally considered unacceptable
m red wines (3, I7), though its presence in moderate amounts
(2—15 ng/L) is not incompatible with the high quality of
Bordeaux wines (16, 15).

It has been found that a balance between biological formation
and photodegradation may determine the MP content in grapes
throughout the ripening process. MP might form largely in the
eatlier stages of grape development, and photodegradation might
be more important in the ripened fruits (19). Tlis hypothesis
would explain how some viticulture factors, like the effect of
the weather conditions on ripening, the exposure of the frut to
sunlight. and the degree of grape ripening can affect the MP
content in grapes and wines.

It is generally accepted that wines from warm areas tend to
have lower “vegetative-herbaceous™ aromas and a lower IBMP
content than wines from cool areas (5—4&, 13, 20—22). Cocl
ripening conditions can lead to higher MP levels and thus
enhance these aromas in Sauvignon blanc grapes (6, 20).
Likewise, a greater humidity in the pre-veraison month can result
in higher IBMP contents (I7). This is in accordance with the
theory that unripe grapes determine the IBMP content of final
wines (19).

Producers know that the exposure of grapes to light has a
strong influence on the character of wines (22). They are
mterested in factors such as vine wigor, leaf removal, and
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prumng, all of which determine the exposure of the fruit to
suilight, because they can be manipulated to manage wine flavor
and guality from the beginning of grape growth Indeed.
wmcreased vine vigor and the resulting canopy shade can
significantly change the aromas in Cabernet sauvignon and
Sauvignen blane wines (20, 22— 23) by increasing their vegeta-
tive character. Severe leaf removal seems to be effective at
reducing these notes in Sauvignon blanc wine, and earlier
treatments are more effective than later treatments (22, 24). Light
exposure has been found to have an effect on IBMP levels,
which were three times higher in heavily shaded clusters than
in the well exposed fiuits of Cabernet sauvignen (20). Finally,
minimally pruned vines gave fruits with IBMP concentrations
that were eight times lower than those in fiuits from spur-proned
vines. The authors explained that minimal pruning provided
greater exposure to sunlight (20).

Grape prowers are familiar with the fact that Cabernet and
Meslot noir grapes have a vegetative taste when they are not
ripe (23). Also, it has been reported that, i Cabernet sawvignon
and Sawvignon blanc, the riper the grapes are, the lower the
IBMF levels (4. 26) and the herbacecus-vegetative character
(3, 6, 20). Thus, a very wide range of MP levels can be found
in grapes (27). and consequently in the final wines obtained.

Assessing how viticultural factors affect the contents of MP
requires accurate analytical methods because some differences
may be too small to be noticed by sensory analysis. Because
the contents of these compounds in grape juices and wines are
30 low (ngL), their determination is methedologically difficult.
We have developed and reported two methods based on HS-
SPME with GC-NFD for quantifying MP in musts and wines.
They have high recoveries and detection limits at 0.1-0.3 ngT
for IBMP, SBMP, and IPMP (26, 28). The results presented
here were obtained by means of these procedures.

The pwpose of this work was to study the nfluence that
training and sunlight exposure can have on the MP content of
Cabernet sauvignon mmsts and wines. MP concentrations were
momtored throughout grape npemng and winemaking.

MATERIALS AND METHODS

All samples were produced and cellected at the experimental
vimevard and wine cellar of the Faculty of Enologzy of the Rovira 1
WVirgili University in Constanti (Tarragona) m 1998. The weather in
the region (average Jume, July, and August, respectively) was as
follows: temperature, 20 6, 235, and 23 5 °C; maximum temperature,
26.1, 29.2, and 29.9 °C; minmmum temperature, 15.2, 17.8, and 17.6
“C; daily selar iradiation, 21.7, 22.6, and 17.2 MJim?; ranfall, 1.0,
35, and 35.0 L'm*

Two plots of Cabemet sauviznon vmes wers used in thiz study. Both
plots were planted 7 years before in the same parcsl, on the same typs
of ground, with the same orientation and at the same slevation. The
first plot 15 goblet-frained and has a total of 365 plants, distributad m
5 rows. The second plot is trellised, bilateral cordon trained, and has
502 plants distributed in 12 rows. Both plots have a density of plantation
of 2500 plants per hactare. None of them was wrrigated.

To study tha effact of vine training on MP cencentrations, samples
from {sunhght-exposad) clusters of trellized-trained vines were com-
pared with samples from (sunlight-exposed) clusters of goblat-trained
vines.

Sunshine Protection. Samples for studying the influence of sumshine
axposure on MP content were collected from the plot of trellized-trained
vines. One clustar on every two vinas was protected from the sunlight
from the beginning of the veraizon by means of pieces of sackeloth.
These clusters were randomly selacted, and special care was taken to
make sure that the more and less sunlight-exposed clusters wers
correctly represented. The pleces of sackeloth were wrapped vound the
clustar, but the bottom was left open to facilitate gas movement and to
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prevant the temperature from ncreasing due to grape respiration. The
temperature of the fruts was momtored, and neo importan: differsnces
berween wrapped and nonwrapped fnts were fonnd durmg the ripening
procass. Samples of sunlight-protected clusters (fom tellised-frained
vines) were comparad with sunlight-exposad clusters from the same
vines. Beoth series of samples were commen at veraison. Fer the other
sampling stages during frwt ripening, both types of samples were
collactad from clusters belonzing to the same plant.

Sampling. To chtain random samples and not use the same vine
trice at the differant samplng times, a mark was put every five vines
of each vinevard The first sample was collzcted only from marked
vines. The second sample was collected from the vine immediately
next to the marked vine. The thud to fifth samples were collected from
the plants on the third to fifth places after the marked vine. The clusters
sampled were also randomly selected within the vine, to ensurs a
homogeneous distribution between clusters that had besn expozed more
or lass to sunhght Three barries from sach cluster were collectad up
to a total of 100, They were collected at randem: one from the top.
one from the bettom, and one from the middle of the cluster. Special
care was taken to obtain a zood distribution betwesn berries from meide
and outzide the clustsr. Three replicates of each kind of sample were
collected in all cases.

Durmg the grape mpenmg peniod, grapes wers collected at the
following fimes: veraizon, every 5—12 days (ripening stages 1, 2, and
33, and en the harvest day. Samples were manually pressed in the
laberatery, NaF (1 gL) was added as preservative, and they were stored
i dark botiles at —20 °C. At the harvest day, grapes from goblet-
trained vines presented a potential aleoholic content of 11.3% and a
pH of 3.72, while wellised trained zrapes presentsd a slightly lower
petential alechelic content 11.2—11.3% and a simular pH of 3.70—
3.71. A total of nme different micro-vincfications were monitored: three
replicates of each tvpe of sample. Classical red winemaking was used
for all the samples. The final volumes of each micro-vinification were
about 2.5 L. The zamplng times during wmemaking were the
following: after 1 day of maceration, at the end of aleohelic
fermeantation, and after the malelactic fermentation. Fermented samples
wers preserved with 50, (25 mg/L) and stored i dark bottlss at 4 “C.

Sample Preparation. MP contents were determined mn accordance
with the previeusly published HS-5FME procedures (28, 28). Every
determimation was made in duplicate. In the case of musts, 3 g of Mall
and 1 mL of a 100 ng/L solution of 3-isopropyl-2-ethoxypyrazine
(infernal standard) was placed in 2 20 mL wial for SPME together with
an aliguet of 10 mL of must and a little magnetic stirrer. It was thickly
capped, put in an 1sothermal bath at 30 °C and contmuously stured.
The SPME fiber was then introduced into the headspace. After 4 b, it
was analyzed by GC. In the case of wines, 10 mL of the sample was
spiked with the internal standard, acidifisd with HCL, and distillad at
low presswe and room temperature. After the volume had been reduced
to 50%, the resulting solutiom was neutralized with NaOH and
transferred to the 20 mL SPME vial contaiming the NaCl and the
magnstic stirer. Finally, the SPME ewtrachon was performed as for
the musts.

Chromatographic Conditions, Chromatographic analysis was
performed with 3 Hewlett-Packard 5890 IT gas chromatograph equipped
with a mitrogen-phosphors detector. Injection (splitless, | min) was
performed with an inlat of 0.75-mm ID and at 230 °C. The analyfical
colunm was a CP-WAZX 57 CB (30-m » 0.25-pm ID, 0.2-pm FT).
The carrter gas was high puity helinm flowing at 0.8 mL/min The
oven temperature was 30 °C (1 mun), 25 *Chum to 100 °C (20 min).
3-Isopropyvl-2-etheoxy-pyrazing (Pyrazine Specialties, Atlanta, Georgia),
meore than 97% pure, was used as mfemal standard (IS). The SPME
device and the poly{dmmethylsilexane)/'divinylbenzene, 65 um, fibers
used i this study were purchazed from Supeleo (Bellefonte, PA). Each
fiber was conditionsd befors use, as well as cleaned afterward by
msertion nto a GO myector at 260 °C for a mmmum of 5 mm. They
were used mmediately to preven: contamination.

Statistics, All the data are expressed as the amthmetic average +
standard deviation from thres replicates. Two-factor ANOVA and Fizher
tast were carried out using Statview (software for Macintosh).
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Table 1. Evolution of 3-Isobutyl-2-methoxypyrazine (IBMP) Contents
{ngfL) throughout Grape Ripening

IBMP: Graps Ripening?

Sala et al.

Table 3. Evolution of 3-sec-Butyl-2-methouypyrazine (SEMP)
Contents (ng/L) throughout Grape Ripening

SBMP: Graps Ripening®

sunlightirellised surlight/goblet protectedirellised sunlighttrellised sunlight/gablet protectedirellised
veraison 6.0 1.5 134278 26.0(75F veraison 430188 96419 4301.8*°
fipening 1 188 BAF 13.7 (4.4 13.4 (39) fipering 1 TATE 13.0 (66F 9.2 (28
fipening 2 16.3 (4.7 13029y 18.004.8F fipering 2 B.2(38F 138 (20F 18243
fipening 3 41 1.0¢ S4(11¢ 36(1.4¢ ripering 3 2.8(08F 40(08F 2604
harvest 2B EF 328 [ harvest ke 41 (20F bl
Two-Factor Anovi: Two-Factor Anova:
Ripening p < 0L0001; Treatment p = 0.4867 Ripening p < 0.0007; Treatmant p= 05437
sunlighutrellised sunlightigoblet aunlightrellised sunlight goblat
sunlightigoblet 0.0665 sunlightigablet 03248
protectedirellised 0.4646 0282 protectedirelised 0.3397 0.2736

# Average values and standard deviations (in brackets). * Statistical analysis:
Two-factor ANCVA and Fisher tast (both, p = 0.05). Same letter in the same
colurn indicates the absence of statistically significant differences (p = 0.08).# b,
below quantification limits.

Table 2 Evolution of 3-lsobutyl-2-methoxypyrazine (IEMP) Contents
{ng/L) throughout Winemaking

IBMP: Winemaking®

# Average values and standard deviations (in brackets). *<Statistical analysis:
Two-factor ANOVA and Fisher test (both, p = 0.05). Same letter in the same
column indicate the absence of statistically significant differences (p = 0.03). b,
below quantification limits.

Table 4. Evolution of 3-Isopropyl-2-methoiypyrazine (IPMP) Contents
{ng/Ly throughout Grape Ripening

IPMIP: Grape Ripaning?

sunlighttrelised  sunlightigablet  protectedirallised sunlightirellised sunlight/gablet pratectedirelised
harvest 28088 12008 bl veraison b 54278 b
1 day macer. mnaof2zy 6.4 (0.8 13R.0° ripering 1 45(0.4° 8.0 (5.4 310
and alc. ferm. 1231287 8.301.1F 14 09° fipering 2 0.7 (3.7F 123(1.7F 137 168)°
and mal. farm 1201215 T80 46 [1.4)5 fipering 3 b a0(05F b
harvest B 4.7 (388 b

Two-Factor Anova:
Winemaking p < 0.0007; Treatment p < 0000

sunlightirellised sunlightigoblet
sunlightigoblet 0.0133
protectedirellised =0.0001 n.o0e

* Average values and standard deviations (in brackets). ¢ Stadstcal analysis:
Two-factor ANCVA and Fisher test (both, p = 0.05). Equal letter in the same
colurrn indicate the absence of statistically significant differances (p = 0.05). “H,
below quantification limits.

RESULTS AND DISCUSSION

Tables 1—4 show the MP content of experimental musts and
wines, and Figure 1 shows several typical chromatograms.
IBMP, SBMP, and IPMP were 1dentified in the three senies of
samples. The content of SBMP and IPMP was very low
thronghout winemalkang i all cases and often below quantifica-
tion limats. Sumilarly. 3-ethyl-2-methoxypyrazine was identified
in sotne grape samples, but the content was generally too low
to be quantified.

IBMP was the most abundant methoxypyrazine in almost all
the samples studied, which agrees with the hiterature (4, &, 7,
20, 29). SBMP levels were generally higher than IPMP levels.
It should be pointed cut that data on SBMP concentrafions in
musts and wines is scarce in the literature. According to the
sensory thresholds stated in the Introduction, enly IBMP might
have an influence on the flavor of the final wines obtained from
the sunlight exposed grapes of the trellised-trained vines. The
content of SBMP i final wines was higher than its detection
threshold in water, but we do not have data about the threshold
of SBMP in red wines.

Grape Ripening. IBMP levels are reported to vary consider-
ably in Cabernet sauvignon and Sauvignon blanc musts (0.5—

* Average values and standard deviations (in brackets). ® —<Statistical analysis:
Fisher test (p= 0.05). Equal letter in the same calumn indicate the absence of
statistically significant differences (p = 0.05). Results could not be analyzed by
means of twe-factor ANOVA test due to the lack of data above quantification limits.
bl, below quantifization limits.

189 ng/L) (20). The results presented here support this (Table
1), although an IBMP content no ugher than 26 ng/L was found
in the monitored samples. The content of this compound
changed significantly during grape ripeming, and its evelution
was similar in all cases: it decreased dramatically after the
veraison and then gradually throughout the process so that the
levels were lowest on harvest day. Our results match those in
the literature, which reported that the IBMP content in Cabernat
sauvignen, Merlot noir, and Sauvignoen blane varieties decreased
with inereasing grape matunty. and mainly during the first stage
of the ripening process (6, 17, 20, 26).

Interestingly, the SEMP and IPMP content evolve differently
during grape ripening (Tables 3 and 4). They fend to increase
during the first part of the process and then decrease. Conse-
guently, although at veraison and grape ripemng stage 1. the
IBMPF content is higher than both SEMP and IPMP, at ripening
stage 2, the concentration of all these MP is sinnlar. (between
11 and 16 ng/L). After reaching this maminmm level. the
concentrations of both SBMP and IPMP drop, so the average
levels of the three MPs are below 5 ng/L at harvest.

Winemaking. The IBMP concentration increases significantly
in all musts on the first day of maceration (Table 2). However,
no finther significant increase was observed after racking. These
results suggest that [BMP seems to be released from the solid
patts of the grapes (307). Finally. malolactic fermentation proved
not to change the IBMP content.
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Figure 1. Chromatograms of samples from sunlight-exposed grapes of trelised-trained vines. Grape juices at an earlier (A) and at a later (B) grape
ripening stage, and the final wine obtained from them (C). Intemal standard (15): 10 ng/L.

The increase in IBMP during the winemalking process has
also been reported 1n the literature: Cabernet sauvignon wines
showed a higher MP content than did the juice before fermenta-
tion (21, 27). It has been reported that the skins. seeds, and
stems of grapes contain MP and that they can partly pass into
the juice during fermentation'maceration (4, 19, 26, 30). The
extraction by ethanol durnng fermentation and/or the release from
precursors by specific veast stramns (15, 21) have been consid-
ered responsible for this compound passing from the solid parts
to the juice. However, the results presented here show that the
IBMP levels mainly increased during the first 24 h of macera-
tion, before the alcoholic fermentation actually started. These
results indicate that ethanol or specific yeasts are unlikely to
have a major influence. The destruction of the berry structure
due to destemming and crushing means that there 15 a consider-
able contact between skin/seeds/stems and juice, which increases
the levels of these compounds in musts, because MP occur
mainly in the solid parts of the finit. So. if extraction by ethanol
has an influence, it would be lower and slower.

Surprisingly, neither the SBMP nor the IPMP content
increases significantly during the winemalking process (data not

192

shown), even on the first day of maceration. This suggests that
the contents of these MP in the skins of the fiuits might be
lower than the IBMP content. This, together with the fact that
they evelve differently during grape ripening. indicates that the
dynamics of both SBMP and IPMP are totally different from
that of IBMP.

The MP content in final wines agrees with the literature. The
IBMP contents of 4.6—12.0 ng/L do not differ from the reported
3.6—56.3 ng/L (20, 27). Finally, the SBMP and [PMP content,
which is close to or below gquantification limits, agree with the
levels mentioned in the literature: 2.0—49 ngT and 0.92—
10.1 ng/L, respectively ().

Vine Training. The results do not show statistically signifi-
cant differences in IBMP contents between samples from goblet
and trellised trained vines during grape ripening (Table 1). The
evolution of all MP is similar throughout this process in both
types of vines.

Newvertheless, the training factor produces sigmificant differ-
ences in the IBMP content of final wines (Table 2). The relative
increases in samples from both goblet and trellised-trained vines
during the winemaking process was similar, in fact almost
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parallel. However. in the winemalking stages. the IBMP content
of samples from the frellised-tramned vines was significantly
lugher. Eventually, the average content i final wines was higher
in these samples. This difference can be critical because the
amount of IBMP in final wines from trellised frained vines is
actually higher than its reported odor threshold in red wines
(), whereas in samples from goblet-trained vines it is not. These
differences may be related to the fact that prapes from goblet-
tramned vines presented a slightly igher maturation level at
harvest.

Finally, musts from goblet trained vines comfain encugh
SBMP to be determined. but in musts from trellised-trained
vines, the amount of SMBP 13 below determunation lints (Table
3.

Sunshine Exposure. During ripening, IBMP levels in grapes
exposed to sunshine were not significantly different from the
ones that had been covered with pieces of sackeloth (Table 1)
Interestingly. however, the increase in IBMP content during
maceration was sigmificantly lower m the samples from the
sunlight-protected clusters (Table 2). And the amount of IBMP
in the final wines was clearly lower. Such differences cannot
be due to different maturity levels, inasmuoch as both samples.
sunlight exposed, and sunlight protected grapes, presented
similar pH and potential aleoholic content at harvest. Therefore.
the results reveal that less sunslune exposure resulted 1 wines
with a lower IBMP content.

These results are surprising because sunlight protection was
expected to lead to higher levels of MPs. Indeed, according to
the literature. firuit that 13 exposed less to the sun has lugher
MP levels (20) and a different aroma, with a stronger vegetative
accent (23, 3I). It has also been proven that light can
photodegrade of IBMP in grape tissues (19). Our findings point
to the lrypothesis that the lower sunshine exposure obtained by
means of the artificial protection of the berries would result in
lower levels of IBMP in the skans. These results suggest that
the balance between MP formation and degradation (19) is
complex and can be influenced by several factors. Thus, the
biological formation of MPs in grapes would require sunlight
not only in the earlier stages of grape development (19) but
also during grape ripening. In terms of wine flavor, the reported
differences in IBMP content might be critical. In wines from
sunhight-protected clusters. these levels are below the sensory
thresheld for this compound in red wines (5), so the final product
is likely not to have the vegetative character, whereas wines
from the sunlight-exposed clusters might have this character.
Finally, no significant differences in the SBMP levels (Table
3) were found between the samples from the sunhght exposed
and sunlight protected clusters duning grape ripening.
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