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Free and glycoconjugated volatiles of V. vinifera grape 'Falanghina’
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Summary

The potential aroma of Vitis vinifera Falanghina
was investigated by means of qualitative and semi-
quantitative determinations of volatile free and glyco-
sidically bound secondary metabolites. Glycosilated
geranic acid, o-terpineol, eugenol and 2-exo-hydroxy-
1,8-cineole play a central role in characterizing the
potential aromatic expression of this cultivar. In par-
ticular glycosilated 2-exo-hydroxy-1,8-cineole found in
Falanghina must may be discriminant and hypotheti-
cally contributes to identify Falanghina wine origin and
affiliation because of its high chemical and biological
stability.
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Introduction

Some wines possess a characteristic and distinctive
aroma even if they are obtained from neutral grape varie-
ties. The perceived aroma derives from specific compounds
often presented as glycosilated precursors. The knowledge
of the specific pattern of free and glycosidically bound
odorous volatiles of grapes could be successfully used to
defend high value monovarietal wines against fraudulent
misdescription._

‘Falanghina’ grape is used to obtain typical Italian
wines and in particular numerous DOC (Designation of
Controlled Origin) and IGT (Typical Geographical Indi-
cation) wines. The aroma of ‘Falanghina’ wine is mainly
characterized by floral and fruity notes (Moio 2005). How-
ever there is lack of knowledge on the aromatic composi-
tion of this grape variety.

The purpose of this study was to define free and bound
secondary metabolites of ‘Falanghina’ grape with the aim
to understand expressed and potential aromas, and to eval-
uate the possibility of employing some of these compounds
as characterising markers.

Material and Methods

Must samples: More than 2 kg of ‘Falanghina’
grapes were randomly hand-picked at technological matu-
rity during the 2004 vintage from 10 different vineyards
of the Benevento area (Campania, Italy) and divided into
aliquots of 400 g each. For each sample an aliquot was

used to determine the total acidity, pH and sugar content
according to the Official European Methods of Commis-
sion Regulation EEC N° 2676/90. Remaining berries were
selected and rapidly frozen and stored at -20 °C until must
preparation.

Extraction of free and bound
secondary metabolites: Each centrifuged must
(from 400 g of berries) was divided into three samples
(3 x 40 ml), then spiked with 200 pl of 2-octanol (Sigma-
Aldrich, 200 mg-1"" in methanol) and extracted as reported
by D1 Sterano (1991).

Chromatographic analysis: Al.4plalig-
uot of each concentrated juice extract was injected in split-
less mode into a Hewlett-Packard 5890 series II gas chro-
matograph equipped with split/splitless injector (Hewlett-
Packard, Avondale, PA) and with flame ionization detector.
The column used was a DBWax from J&W Scientific (Fol-
som, CA), 60 m length x 0.32 mm with 0.5 um film thick-
ness. The temperature program was the following: 40 °C
for 5 min, 3 °C-min! rate to 220 °C maintained for 25 min.
The carrier gas was He flowing at 37 cm-s™'. Detector and
injector were maintained at 250 °C.

Analysis of free and bound volatile
compounds: Identification was performed by GC/MS
consisting of a 6890 series Agilent Technologies gas chro-
matograph and 5973 Network series mass selective detector
(Agilent Technologies) fitted with a quadrupole electronic
impact source. Electron impact mass spectra were recorded
with ion-source energy of 70 eV. Peaks were identified by
comparing their mass fragmentation pattern with that of
standard compounds as well as from the data available in
the spectral libraries (Wiley 275, NIST) of the instruments.
Compounds were quantified comparing their chromato-
graphic peak area with that of the internal standard.

Results and Discussion

General analysis: Soluble solids for the
grapes harvested at technological maturity from 10 vine-
yards changed from 19.0 °Brix to 23.6 °Brix. Total acidity
values, as tartaric acid, from 7.05 g1 to 11.10 g1 and
pH values from 2.83 to 3.45 were observed. A general ten-
dency to low pH and high total acidity is observed for this
grape variety confirming data previously reported for ‘Fa-
langhina’ wines (Moo 2005).

Free volatile compounds: Elevenalcohols,
5 terpenoids, 4 aldehydes and eugenol were identified and
quantified in the free fraction (Table).
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Table

Mean, minimum, median and maximum values of concentration (micrograms per liter equivalents of 2-octanol) of free and
glycoconjugated volatile secondary metabolites from Falanghina grapes from the 2004 vintage. [Each value was calculated from

three repetitions for ten samples coming from different vineyards]

compounds free volatiles glycosidically bound volatiles

alcohols . mean min median  max  mean min  median max
3-methyl-1-butanol A, B 317 184 32.6 478 415 135 43.9 73.1
1-pentanol A B 166 128 17.1 214 335 133 33.6 58.8
1-hexanol A, B 1289 86.5 110.6  275.0 60.0 32.6 62.5 82.3
(E)-3-hexen-1-ol A 1.9 0.0 1.6 43 32 0.9 3.0 5.5
(Z2)-3-hexen-1-ol A 14.1 7.4 13.6 21,5  10.6 5.0 11.8 17.1
4-methyl-3-penten-1-ol A 33 2.0 2.9 6.4 0.6 3.6 6.4 8.4
(E)-2-hexen-1-o0l A, B np’ 6.6 2.9 6.2 11.8
1-octen-3-ol A, B 1.2 0.9 1.8 35 0.7 1.6 43 6.4
1-heptanol A, B np 7.1 2.9 6.6 12.0
2-ethyl-1-hexanol A 17.5 59 16.5 30.4 1.0 3.5 4.7 6.9
1-phenylethanol A, B 0.3 0.6 0.7 1.3 6.0 1.8 54 13.7
benzyl alcohol A, B 1141 503 126.7 153.8 464.0 1499 4202 10324
2-phenylethanol A, B 2044 1072 2268 3140 324.6 1023 3489 574.1

total 534.1 959.3

terpenoids
(Z)-linalool oxide A 0.9 2.0 2.1 4.8 1.9 1.2 1.7 3.0
linalool A B np 7.5 1.6 5.7 19.6
a-terpineol A B 2.5 0.8 1.1 23.1 1564 116.5 152.1 202.7
pyranic linalool oxide A np 14.5 7.5 13.8 21.8
citronellol A, B np 6.3 2.2 6.1 10.2
nerol A B nd°© nd
geraniol A B 0.2 2.0 2.0 2.0 96.9  69.5 99.3 120.4
exo-2-hydroxy-1,8-cineole A 27.6  10.8 26.7 56.3
geranic acid A 19.7 7.5 21.5 31.0 532 362 509 76.3

total 233 21.6 364.4

aldehydes
hexanal A B 539 336 48.2 97.9 5.6 4.0 5.6 7.2
(E)-2-hexenal A B 749 362 64.7 1959 5.7 1.8 4.6 11.0
furfural A B 1.5 1.3 2.1 5.0 2.6 2.3 2.6 3.3
benzaldehyde A B 197 9.2 21.6 30.8  51.1 253 37.6 94.7
1H-pirrole-2-carboxaldehyde 4 18.4  14.7 16.7 26.1

total 150.0 83.4 537
3-oxo-a-ionol A nd nd
eugenol A B 282 1.9 11.4 1833 299 159 276 544

(*) Identity assignment: A, electron impact mass spectrometry, identity tentatively assigned by comparing mass spectra with
those obtained from the literature [The Wiley 275 Registry of Mass Spectral Data; Wiley: New York]; B, reference substances,
identities confirmed by comparing mass spectra and retention time with those of authentic standards; (°) np, not present; () nd,
not determinated since the relative peak contained more than one component as proved by mass-spectrometry.

As expected for non-floral grape varieties (SCHREIER
1979), non terpenic alcohols were the most abundant class
and accounted for 72.6 % of the total for the free fraction,
being 1-hexanol and (Z)-3-hexen-1-ol the dominant alco-
hols. Aldehydes accounted for 20.4 % of the total in the
free fraction (150 pg-l'). (E)-2-hexenal and hexanal are
the most abundant aldehydes. C, alcohols and aldehydes
arise from the enzymatic oxidation of linoleic and linolenic
acids during grape crushing and pressing (DRAWERT et al.
1973).

The free fraction contained an average of 23 pg-1"' of
terpenoids accounting for 3.2 % of the total evaluated con-
tent. The level of free a-terpineol was similar to that re-
ported for grapes such as ‘Muscat a pétit grains’ (SANCHEZ
Paromo et al. 2006) and ‘Chardonnay’ (SEFTON ef al. 1993).

Geranic acid was detected at a free level higher than for
‘Chardonnay’ variety (SEFTON ef al. 1993).

‘Falanghina’ grapes exhibit levels around 30 pg1' of
free eugenol (2-methoxy-4-(2-propenyl)phenol). Volatile
phenols are important secondary metabolites in grape ber-
ries and are strongly influenced by Vitis vinifera variety
(BRANDER et al. 1980).

Bound volatile compounds: A total of
29 bound secondary metabolites 13 alcohols, 9 terpenoids,
5 aldehydes, 3-oxo-a-ionol and eugenol were identified in
the ‘Falanghina’ extracts (Table).

Aldehydes can be included in this group even with
the quoted attention about their possible origin. Aldehydes
can be generated from oxidation during extraction of cor-
responding alcohols released as aglycones.
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Non-terpenic alcohols were the most abundant class
accounting for 68.8 % of the total compounds, benzyl al-
cohol (464 pg1") and 2-phenylethanol (325 pg-1") are the
main components.

Glycosidically bound volatiles exhibited a level of
364 ug-1! of terpenoids accounting for 25.4 % of the to-
tal in ‘Falanghina’ grapes. This percentage is higher than
that reported for ‘Chardonnay’ (SEFToN et al. 199, CASTRO-
VAsQuEz et al. 2002) and ‘Sauvignon’, ‘Tocai friulano’,
‘Pinot gris’, ‘Pinot blanc’ (D1 SteraNo et al. 2000).

Several terpenols such as linalool, pyranic linalool
oxide, citronellol, exo-2-hydroxy-1,8-cineol were ob-
served only in the bound volatile fractions. The most abun-
dant terpenoids were a-terpineol (156.4 pg-1'), geraniol
(96.9 ng-1'") and geranic acid (53.2 pg-17).

The level of a-terpineol was greater than that found in
‘Chardonnay’ (SErToN ef al. 1993; CASTRO-VASQUEZ ef al.
2002), ‘Malvasia istriana’, aromatic 'Traminer’, ‘Sauvi-
gnon’, ‘Ribolla gialla’, ‘Tocai friulano’, ‘Pinot gris’ and
‘Pinot blanc’ (D1 SteraNo et al. 2000), ‘Airen’, ‘Macabeo’
(CasTrO-VASQUEZ et al. 2002), ‘Gewiirztraminer’ (GIRARD
et al. 2002), ‘Muscat of Bornova’, ‘Narince’ (SELLI et al.
2003) and ‘Muscat a pétit grains’ (SANCHEZ PaLomo et al.
2006).

The concentration of glycosilated geraniol is similar
to that of “Muscat of Bornova’ (SELLI ef al. 2003), ‘Tocai
friulano’ and ‘Rhine Riesling” (D1 SteFano et al. 2000).
Glycosilated citronellol level is similar to typical floral
varieties such as ‘Muscat a pétit grains’ (SANCHEZ PALoMo
et al. 2006), ‘Muscat of Bornova’ (SELLI ef al. 2003) and
‘Malvasia istriana’ (D1 STEFANO ef al. 2000).

The level of linalool found in ‘Falanghina’ grapes is
similar to that of ‘Pinot gris’ and it is very low if compared
with those detected in floral white varieties as expected
(D1 StEFANO et al. 2000).

Geranic acid was detected at bound levels higher than
those found in varieties such as ‘Chardonnay’ (SEFTON
et al. 1993), ‘Rhine Riesling’, ‘Malvasia istriana’, ‘Ribol-
la gialla’, ‘Tocai friulano’, ‘Pinot gris’ and ‘Pinot blanc’
(D1 StEFANO et al. 2000).

‘Falanghina’ grape exhibits high levels of bound
2-exo-hydroxy-1,8-cineole (27.6 pug-1"). 2-exo-Hydroxy-
1,8- cineole was reported at low bound level in ‘Sauvignon’
juice (BITTEUR ef al. 1990) and it is now being reported for
the first time in the ‘Falanghina’ variety. 2-exo-Hydroxy-
1,8-cineole can originate either from a-terpineol or from
1,8-cineole. Since only a-terpineol was found in ‘Falang-
hina’ grape extract the hypothesis proposed by BITTEUR
and co-workers (1990) for production of 2-exo-hydroxy-
1,8-cineole involving epoxidation of the C1 = C2 double
bound of a-terpineol is to be put forward.
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On the base of data obtained in this study bound gera-
niol, geranic acid, a-terpineol, eugenol and 2-exo-hydroxy-
1,8-cineole play a central role in characterizing the pattern
of varietal aromas of V. vinifera ‘Falanghina’. In particular
glycosilated 2-exo-hydroxy-1,8-cineole found in the must
of ‘Falanghina’ grape may be discriminant and could hypo-
thetically contribute to identification of ‘Falanghina’ wine
origin and affiliation because of its known high chemical
and biological stability (BITTEUR ef al. 1990).
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