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Abstract : We anaysed 2-methoxy-3-ethylpyrazine and 2-methoxy-3-isobutyl pyrazine content in 4 grape varieties cultiva-
ted in Cadtilla-LaMancha. A sensory analysis of the wines obtained from these grapes was a so performed.

Theresults revealed the presence of the two methoxypyrazines studied in al four varieties, in concentrations lower than those
published for these varieties in regions with cooler climates. Significant differences were observed in 2-methoxy-3-isobutyl-
pyrazine content between the different varieties: Cabernet-Sauvignon>Merlot>Syrah>Cencibel. The correlation between 2-
methoxy-3-isobutyl pyrazine content and the « green pepper » descriptor suggests a perception threshold at 3 ng/L in young
Wines.

Résumé: Cetravail apermisdanayser lateneur en 2-méthoxy-3-éthylpyrazine et 2-méthoxy-3-isobutylpyrazine dans
quatrevariéésderasinscultivésaCastillaLaManchaau moment optimum de maturité : Cencibel, Cabernet Sauvignon, Merlot
et Syrah. Lerasinaéécuelli a7 emplacements différents danslarégion de Cadtilla- LaManchapour obtenir un ensemblede
23 échantillons. Lateneur en 2-methoxy-3-ethylpyrazine et 2-methoxy-3-isobutylpyrazine a été déterminé en calculant la
moyenne des deux échantillons les plus proches au moment de lamaturité technologique dans chaque parcelle.

Pour |a préparation des échantillons aanalyser, on pressé 1 000 grammes de raisin auxquels on agjouté de la2-méthoxy-3-
méthylpyrazine comme éd on interne, jusqu'acbtenir une concentration finde de 18 ng/kg deraisin. Lemodt obtenu aété sou-
mis aune extraction liquide-liquide al'aide d'un mélange de deux solvants (pentane et dichlorométhane) dans une proportion
de 60:40 respectivement, et I'extrait résultant aété concentré par distillation en colonne Vigreux jusqua2 mL. Leséchantillons
ont éé anaysés par GC/MS,

Pour |'andyse sensorielle des vins élaborés avec du raisin provenant des mémes parcelles ol ont été prélevés les échantillons,
on aappliqué laméthode du Profil Sensoriel. Les échantillons ont &té analysés par un groupe de dégustateurs préalablement
entrainés, avec un critere exclusivement aromatique et non gustatif, en portant une attention particuliére au descripteur « poi-
vronvert ».

Finaement, avec lesdonnées obtenues des 23 échantillons, on aréalisé une andyse de variance et on aappliquéletest de Student-
Newman-Keuls pour vérifier sil exisait des différences significatives entre variétés, ains qu'une éude de régression entrele
contenu en pyrazine et |'intensité de |'ardme de poivron vert.

Lesrésultats ont révélélaprésence, danslesquatre variétés, des deux méthoxypyrazines éudiées dans des concentrationsinfé-
rieuresacelles publiées dans desrégions de climat plusfrais. On arencontré des différences significatives danslateneur en 2-
methoxy-3-isobutyl pyrazine entreles différentes variétés: Cabernet Sauvignon>Merlot>Syrah>Cencibel, qui ont &€ corroborées
par lanote attribuée par |es dégustateurs aul descripteur « ardme de poivron vert ». Lacorré ation entrele contenu en 2-methoxy-
3-isobutylpyrazine et ce descripteur suggére un seuil deperception a3 ng/L danslesvinsjeunesélaborésa CadtillaLaMancha,
cequi est assez inférieur acelui obtenu par d'autres auteurs dans des régions au climat plusfrais.
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INTRODUCTION

The contribution of methoxypyrazinesto green pep-
per aromain grapes, and in wine varietiessuch as Cabernet
Sauvignon, Merlot and Sauvignon blanc, has been stu-
died by many authorsin the past (BAYONOVE et al.,
1975; AUGUSTYN et al., 1982; HARRISet al ., 1987).
The presence of these compounds has been established
asacharacteridtic of thevarietal aromaof thesevarieties.

The compounds from this group identified in wines
are 2-ethyl-3-methoxypyrazine, 2-isopropyl-3-methoxy-
pyrazine, 2-sec-butyl-3-methoxypyrazine and 2-isobu-
tyl-3-methoxypyrazine. 2-methoxy-3-isobutylpyrazine
isresponsiblefor green pepper aromadueto itslow per-
ception thresholds, between 1 and 2 ng/L in water
(ALLEN and LACEY, 1998) and 10 ng/L inred wine
(KOTSERIDIS¢et al., 1998).

Final methoxypyrazine content in wineisinfluenced
by the methods used during the different stages of wine
production. It has been confirmed that 2-methoxy-3-iso-
butyl pyrazine can be easily extracted from grape skinsin
the Cabernet-Sauvignon variety; thistakes place during
thefirst hours of maceration. The clarification of must
from the Sauvignon blanc variety diminishesits concen-
tration by half. In wine production processesinvolving
the meceration of grapeskins, itsfina concentration seems
to be independent of the number and duration of over-
pumping procedures, dthough winesmade from pressed
grapes have higher concentrations (ROUJOU DE
BOUBEE et al., 2002). Despiteall these considerations,
it has been noted that the most important factor isits
initial concentration in grapes.

The content of 2-methoxy-3-isobutylpyrazine in
grapesisdetermined by different dlimatologica and agro-
nomic factors, the determinant being the degree of ripe-
nessof the grape berrieswhich reducesthisleve (LACEY
et al., 1991). When grapes of the Cabernet-Sauvignon
variety begin veraison, concentrations of around 100 ng/L
(ALLEN et al., 1998, HASHIZUME et al., 1999) have
been detected and in ripe grapes, around 8-15 ng/L
(ALLEN etal., 1991; ROUJOU DE BOUBEE et al.,
1999). These authors dso draw apardlel between the
decrease in 2-methoxy-3-isobutyl pyrazine content and
the degradation of malic acid with temperature, the scor-
ching of grape bunches (HASHIZUME et al., 1999;
SALA et al., 2004) or water contribution to the vine
(TANDONNET et al., 1996; SALA et al., 2005).

Thissudy amsto examine methoxypyrazine concen-
tration in thefour grapesvarieties mentioned at ripeness,
cultivatedinawarm climate, aswell asits sensory impact
in the resulting wines.
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MATERIALSAND METHODS
| - GRAPE SAMPLES AND WINES

Four (4) grape varieties were studied: Cabernet-
Sauvignon, Cencibel, Merlot and Syrah. They were cul-
tivated using the espalier system and pruned using the
double cordon royat training system. The sampleswere
taken from seven vineyards distributed throughout the
CedtillaLaManchaarea (Spain). The Cabernet Sauvignon
variely wasrepresentedin 7 locations, Cencibe and Merlot
in6and Syrahin 4, with atota of 23 samples.

The grape samples were close to technol ogical ripe-
ness (between 12.5 and 13.5 Baume). Contents of 2-
methoxy-3-ethylpyrazine and 2-methoxy-3-isobutyl-
pyrazine were determined by taking two samplesper plot.
Each sample was analysed separately and the mean was
calculated.

Thewineswere prepared using grapesfrom the same
sampling vineyards, at the temperatures and grape skin
maceration times normally used in the region, and ana-
lysed sensoridly before ageing.

[l - GC/MS ANALY SIS OF METHOXY PY RA-
ZINES.

The methyl, ethyl and isobutyl-methoxypyrazine
(Aldrich) standards and the extraction solvents (Merck)
used were of anadysis quality. They were quantified by
optimising an analysis method in grapes using GC/MS
in accordance with the method published by Kotseridis
et al. (1998), with various modifications.

[11 - EXTRACTION AND CONCENTRATION

1,000 g of grapes were crushed, adding 300 pL of
60 pg/L 2-methoxy-3-methyl pyrazine (final concen-
tration, 18 ng/kg of grape) asinternal standard. The cru-
shed grapes were centrifuged at 3,000 g for 20 minutes.
The resulting must was subjected to liquid-liquid extra
ction for 24 hourswith 250 mL of pentane-dichlorome-
thane 60:40 mixture. The organic extract was concentrated
to2mL by didtillation using aVigreux digtilling column
and stored at -20 °C until it was analysed.

IV - ANALYSIS.

The sampleswere analysed in a Trace2000 gas chro-
matograph coupled to a TraceM S mass spectrometer with
an eectron-impact ionisation source and aquadruple ana:
lyser, equipped with an AS2000 automatic injector, all
by ThermoQuest. A BP21 polyethyleneglycol (TPA-trea-
ted), FFAP-bonded column was used to perform chro-
matographic separation, measuring 50 m in length,
0.32mmininternal diameter and 0.25 um thick in the
stationary phase, with the following programmed tem-
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Tablel - Basic data of the 2-methoxy-3-ethyl and 2-methoxy-3-isobutylpyrazine analysis method.
Données de base dela méthode d'analyse de 2-méthoxy-3-éthyl- et 2-méthoxy-3-isobutylpyrazine.

TR m/z m/z Calibration R2
Compound (min) | quantification | qualification | interval calibrated
(ng/kg)
2-methoxy-3-methylpyrazine (I.S.) | 32.37 124 106
2-methoxy-3-ethylpyrazine 36.55 138 123 0.8-76.2 0.9995
2-methoxy-3-isobutylpyrazine 42.78 124 151 0.7-72.8 0.9998

I.S: internal standard.

peratures. 43°C (15 min) - 2°C/min - 125°C - 30°C/min
- 200°C (45min). Thesample (2 uL) wasinjected inthe
split/splitlessinjector at 210 °C, with asplitlesstime of
1 minute and asplit flow of 50 mL/min. The carrier gas
used washelium at 1.4 mL/min.

Thekey parameters of the mass detector were: detec-
tor voltage, 500 V; emission current, 150 mV; impact
energy, 70 eV. The chromatogramswere obtainedin SIM
mode with the quantification and qudification ionsshown
intablel.

Figure 1 showsthe part of chromatogram containing
the compounds studied and table | showsthe retention
time, quantification and qudification ions used and the
basic calibration data. The quantification limit (10 times
the baseline noise), recovery and repeatability werealso
studied; the results of which are shownintablell. The
same tests were dso performed in wines but the results
were not as good; this could be due to the fact that the
extraction of the compounds of interest was hindered
by the ethanol present in the medium and the presence of

MP

Time

Figurel- Chromatogram

of Caber net-Sauvignon grape.
MP: 2-methoxy-3-methylpyrazine (internal standard), EP: 2-
methoxy-3-ethylpyrazine, I1P: 2-methoxy-3-isobutylpyrazine.
Concentrations: 5 ng/kg of EP and 8 ng/kg of IP
Chromatogrammederaisin Caber net-Sauvignon.

MP: 2-méthoxy-3-méthylpyrazine (é&talon interne), EP : 2-méthoxy-3-
éhylpyrazine, |P: 2-méthoxy-3-isobutylpyrazine. Concentrations: 5 ng/kg
EPet8ngkgIP.
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greater interference in these samples, due to the forma-
tion of alarge number of volatile compounds during fer-
mentation.

V - SENSORY ANALY SIS

The Sensoria Profile method was applied and per-
formed five months after the wines were bottled, by a
pand of 7 previoudy trained tasters. Thewineswereana
lysed exclusively from the aromatic rather than gustetive
standpoint, with specid attention to the green pepper des-
criptor. Scoresof 0to 10 were awarded according to the
intengity of thisaromainwine: 0= not perceptible; 10=
very intense.

VI - STATISTICAL ANALYSIS

The data obtained from the 23 grape samples of the
four varietieswere subjected to an andysis of variance
and the Student-Newman-K eulstest to identify the exis-
tence of gatidticaly sgnificant differencesbetween varie-
ties. A regression study was aso performed on pyrazine
content and theintengity of green pepper aroma. All these
datidtica testswere performed using SPSS software, ver-
son12.0.

RESULTSAND DISCUSSION

Tablelll showsthe mean 2-methoxy-3-ethylpyrazine
and 2-methoxy-3-isobutylpyrazine contents in the four
varietiesof grapes, aswell asthe mean score awarded by
thepand of tastersto the corresponding winesin relation
to « green pepper » aroma. The statistically significant
differences between varigties areindicated by mean super-
scripts.

The analysis of variance did not reveal any signifi-
cant difference for 2-methoxy-3-ethylpyrazine. Mean
content was very similar in all four varieties, around
3ng/kg of grape clearly below the detection threshold of
425ng/L.

2-methoxy-3-isobutyl pyrazine content in the grapes
was between 1.7 and 4.5 ng/kg. In this case, satidticaly
significant differenceswere observed, Cabernet-Sauvignon
grapes being the variety containing thelargest amount of
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y = 0,6663x + 0,4404
R’ = 06919

green pepper aroma

y-3-isobutylpyrazine (ng/Kg)

[0 Cabernet Sauvignon m Cencibel a Merot lSyxah]

Figure2 - Correlation between 2-methoxy-3-isobutyl-
pyrazine content in the grapesand the green pepper
aroma scor e of thewines
Corrédation entrele contenu en 2-méthoxy-3-isobutylpyra-

Zinedansleraisin et lanotedu descripteur
arémepoivron vert desvins

this compound (4.52 ng/kg of grape) and Cencibel the
smallest amount (1.74 ng/kg of grape). These concen-
trationswere lower than those reported by other authors
for musts of Cabernet and Merlot varieties cultivated in
cooler areas (15-20ng/L (ALLEN etal., 1999; ROUJOU
DE BOUBEE et al., 1999)), confirming theinfluence of
temperature during ripening reported in different udies.

The mean score awarded by thetastersfor green pep-
per aromaa o reflected significant differencessimilar to
those observed inthe chemica analyss: thissensory attri-
bute was mogt intensein the Cabernet-Sauvignon wines
and least intensein the Cencibel wines.

Figure 2 showsthe straight line corrdating 2-methoxy-
3-isobutylpyrazine content in the grapes and the mean
scorefor the green pepper descriptor awarded by the pand
of tastersto the corresponding wines. Roujou de Boubée
considered that the determination of the threshold for
detecting acompound in wines cannot be asingle, uni-
versal vauegiventhe huge variationin composition that
may exigt between each processng method, grapevariety,
etc., and established, for Bordeaux wines aged for dif-

ferent periodsin oak barrels, an 2-methoxy-3-isobutyl-
pyrazine detection threshold of 15 ng/L. In our young
wines (before ageing in wooden barrels), thetasters per-
ceived aweakly green pepper flavour (minimum score
of 2 points) when the 2-methoxy-3-isobutylpyrazine
concentration in grape was above 3 ng/Kg.

Figure 2 suggeststhat, in our study, the detection thre-
shold of wines prepared using the method traditionally
employed in our region, and before ageing in wooden
barrds (young wines), may be etablished asfrom 3ng/L,
sincethetastersawarded aminimum score of 2 pointsto
wineswith concentrations above that threshold (classi-
fied as «weskly perceptible »).

CONCLUSIONS

Thisisthefirg sudy to examine ethyl and 2-methoxy-
3-isobutylpyrazine content in Cencibel grapes cultivated
inawarm climate. The concentrations of 2-methoxy-3-
isobutyl pyrazinefound were lower than those of Cabernet
Sawvignon grapes and werenot detected sensoridly. These
results seem to indicate that the sensory differences obser-
ved in relaion to green pepper aromawere quantitative
rather than qualitative, becausein thefour varietiesana-
lysed the two methoxy-pyrazines were found.

The concentrations of 2-methoxy-3-isobutylpyrazine
detected in Cabernet-Sauvignon and Merlot grapes (the
mogt studied in thisfield) cultivated in our region, with
its characteristic warm climate in summer, displayed net
lower concentrationsthan those reported by other authors
in studies performed in regionswith cooler climates, and
thisfact may have afavourable impact on their sensory
characterigtics.
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Tablell - Resultsof the quantification test of the analysis method
Résultats destests de quantification delaméthode d'analyse

Quantification limit | Standard additions Recovery Repeatability
Compound (ng/kg) interval (ug/L) (%) SDR (%)
(n=10)
2-methoxy-3-ethylpyrazine 1.52 1.5-30.5 95-109 5.1
2-methoxy-3-isobutylpyrazine 1.73 1.5-29.1 98-106 4.8
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Tablelll - Concentrations of 2-methoxy-3-ethyl and 2-methoxy-3-isobutylpyr azine and mean scores

of « green pepper »aroma

Concentration des 2-méthoxy-3-ethyl et 2-méthoxy-3-isobutylpyrazine et notesmoyennesdel'ar 6mede poivron vert

Variety C. Sauvignon Cencibel Merlot Syrah
Mean | S.D. Mean S.D. Mean S.D. Mean S.D.
2-methoxy-3-cthyl-pyrazine 330 [ 1.00 | 3.93 0.72 3.04 1.06 3.59 0.68
2-methoxy-3-isobutyl-pyrazine | 4.52° | 1.79 | 1.74° | 0.62 | 3.12*° | 131 247° | 0.63
Green Pepper Descriptor 358" [ 084 | 1.25° | 070 | 2.83™ | 1.09 | 1.84™ | 0.85

Different superscripts (2P<) indicate the existence of statistically significant differences according to the Student-Newman-Keuls multiple

comparison test. a=0.05
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