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ABSTRACT

Forty-one volatile compounds were
identified in virgin olive oils from four-
teen cultivars grown near Lake Garda,
Italy, using headspace solid-phase mi-
croextraction coupled with gas chroma-
tography/mass spectrometry. Analy-
ses of oils from olives with comparable
ripeness indices showed that C6 vol-
atile compounds, enzymatically pro-
duced through the lipoxygenase path-
way, accounted for 77.4-94.3% of the
total volatile fraction. The C5 vola-
tile compounds, which are not derived
from the lipoxygenase pathway, ac-

RIASSUNTO

In questo lavoro gli Autori riportano i
risultati ottenuti dalla valutazione del-
lo spazio di testa della frazione volati-
le di olio extra vergine di oliva ottenuto
da 14 cultivars differenti impiantate su
terreno situato a sud-ovest del Lago di
Garda. Le analisi effettuate hanno mo-
strato che i composti volatili C6 prodotti
attraverso la via della lipossigenasi, per
oli prodotti da olive con valore compa-
rabile dell'indice di maturazione, rap-
presentano 77,4-94,3% della frazione
volatile: viene inoltre riportata la di-
stribuzione di questi composti volatili.
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counted for 1.6-8.4% of the total vola-
tile fraction.

I composti volatili C5, che non derivano
dalla via lipossigenasi, rappresentano
1,6-8,4% della frazione volatile.

INTRODUCTION

In the Lombard area, most olive trees
are grown along the shores of Lakes
Garda, Iseo, and Como. Over the past
15 years, the level of oil production has
increased from 300 tons/year to almost
700 tons/year (PEDO’ et al., 2003). Ex-
tra-virgin olive oil from the Lake Garda
Riviera has recently become an impor-
tant niche product.

Various authors (ANGEROSA et al.,
1999; ANGEROSA, 2002; BENINCASA et
al., 2003; OLIAS et al.,, 1993) have re-
ported that the lipoxygenase (LOX) path-
way is responsible for production of
the most abundant volatile compounds
found during the oil extraction process
and the enzymatic activity of this path-
way is known to be related to agronom-
ic and technological factors. The influ-
ence of environmental conditions on the
production of volatile compounds has
also been demonstrated (APARICIO and
MORALES, 1998; VICHI et al., 2003; WIL-
LIAMS et al., 1998).

Many analytical procedures have been
used to identify and quantify the volatile
compounds that characterize olive oil aro-
ma. Among the extraction techniques,
headspace solid-phase microextraction
(HS-SPME) is the simplest technique for
differentiation studies based on profile
comparison. Numerous studies have been
reported on characterization of the vola-
tile fraction of olive oil (ANGEROSA et al.,
1999, 2004; ANGEROSA, 2002; BACCOURI
etal., 2007; CAVALLI et al., 2004 ; DHIFI et
al., 2005; HADDADA et al., 2007; JIMENEZ
et al., 2004; LUNA et al., 2006; MILDNER-
SZKUDLARS et al., 2003; MONTEDORO and
SERVILI, 1992; TURA et al., 2002, 2004;
VICHI et al., 2003).
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The aim of this study was to obtain in-
itial information concerning the volatile
compound fraction of olive oils derived
from local cultivars growing in the Lake
Garda region of Italy.

MATERIALS AND METHODS
Samples

Olives were harvested from fourteen
cultivars (Regina, Miniol 2, Trepp, Less,
Baia, Pendolino, Maurino, Grignano,
Gargna, Casaliva, Rossanello, Mitria,
Favarol 1, Leccino) that were growing
in an 8,000 m? experimental plot at an
altitude of 140-215 m asl near the vil-
lage of Raffa di Puegnago southwest of
Lake Garda. The olives were all cultivat-
ed under the same conditions and were
harvested within the month of Novem-
ber, 2003. Each individual cultivar was
stored separately for no longer than one
week in open plastic containers with a
10 kg capacity at 7+2°C to simulate real
storage conditions.

The ripeness indices were deter-
mined according to the indications of
the Estacion de Olivicultura y Elaiotec-
nia, Jaén (HERMOSO et al.,, 1991). Oil
was extracted separately from each of
the fourteen cultivar using a standard
discontinuous procedure. In total, 18 kg
of olives per cultivar were ground with
an Inox hammer crusher and malaxed
at 28°C for 30 min. The oil was extract-
ed using a hydraulic press (maximum
200 bars) and separated by centrifuga-
tion at 2,000 rpm.

Three 10 mL aliquots of each oil were
taken as samples, centrifuged at 5,000
rpm for 10 min, then stored for two



months at 10°C in the dark and ana-
lyzed within 10 days. Three series of
fourteen analyses were performed. The
data reported in Table 1 are the means
of three series of analyses. The oils were
classified on the basis of acidity, perox-
ide index, UV light absorption (K,,, and
K,,), and fatty acid and sterol content,
following the analytical methods de-
scribed in Regulations EEC/2568/91
and EEC/1429/92 of the European Un-
ion Commission. All the samples were
categorized as extra virgin olive oil ac-
cording to the European Commission
EU Regulation 796/2002 (EU 2002),
which was in force at the time of the ex-
periment.

Analysis of volatile compounds

Each olive oil sample (0.2 kg derived
from approximately 2.5 kg) was spiked
with an internal standard (4-methyl-2-
pentanol; Sigma Aldrich, Milan, Italy) to
a concentration of 1.0 ug/g. Three 5-g al-
iquots of each sample were weighed and
placed in a 40-mL headspace vial fitted
with a Teflon-lined septum. The sample
was placed in a water bath at 40°C with a
magnetic stirrer. After 15 min, an SPME
fiber covered with 2 cm of 50/30 um di-
vinylbenzene/carboxen/polydimethylsi-
loxane (Supelco, Milan, Italy) was insert-
ed into the headspace of the vial for 60
min. The volatile compounds were des-
orbed for 10 min at 220°C in a gas chro-
matograph with a split/splitless injection
port. The injector operated in split mode
(1:5). Gas chromatography/mass spec-
trometry (GC/MS) analyses were per-
formed in a Shimadzu 2010 gas chroma-
tograph coupled to a Shimadzu QP-2010
MSD quadrupole mass spectrometer
(Shimadzu, Milan, Italy). The gas chro-
matograph was equipped with an Equi-
ty™-5 column (30 m x 0.25 mm inter-
nal diameter x 0.25 ym film thickness,
Supelco, Milan, Italy).

The operating conditions for the GC/
MS were as follows: helium flow, 1.0

mL/min; oven temperature 50°C for 1
min increased to 240°C at a rate of 3°C/
min. The temperature of the ion source
was 200°C, the electron energy was 70
eV, and the interface temperature was
260°C. Mass spectra were acquired over
the mass range 40-300 amu.

Before sampling, the fiber was recon-
ditioned for 10 min in the GC injection
port at 250°C, and blank runs were car -
ried out periodically during the study.
The efficiency of the fiber was periodi-
cally verified by monitoring the signal of
the internal standard.

Volatile compounds in the headspace
of the virgin olive oils under study were
identified by matching their mass spec-
tra with the reference mass spectra of
a private library and the NIST 147 li-
brary.

Quantitative analysis was carried out
using the internal standard method. The
concentration of the main LOX pathway
volatiles was calculated using relative
experimental response factors. The re-
maining compounds were quantified by
considering the relative response factor
to be 1. For compounds that were not
completely resolved, a quantitative eval-
uation was performed using single or
multiple ions for each peak and adopt-
ing specific factors derived from mass
spectra. This information is useful for
calculating the TIC (Total Ion Chroma-
togram) signal from the SIM (Single Ion
Monitoring) signal.

RESULTS AND DISCUSSION

Ripeness indices and data from the HS-
SPME analysis characterizing the volatile
compounds present in the fourteen vir-
gin olive oils are shown in Table 1. The
ripeness indices of eleven of the cultivars
ranged from 2 to 3. The other three rip-
ening indices were 1.54 for the cultivar
Rossanello, 4.19 for the cultivar Baia and
5.08 for the cultivar Leccino. These ex-
ceptions were due to the difficulty of har-
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Table 1 - Volatile compounds (mg/kg + standard deviation) in fourteen virgin olive oils from different
cultivars grown on a single plot in the Lake Garda region.
n.d.: compound not detected, tr: trace (<0.01 mg/kg); *RI, Kovats retention index.

RI2 Regina Miniol 2 Trepp Less Baia
ethanol 554 0.38£0.06  0.11+0.03  0.15+0.03  0.05+0.02  1.02+0.10
acetic acid 620 0.51+0.07 0.31+0.05 0.28+0.06  0.25+0.06  0.49+0.07
3-methyl butanal + 2-methyl butanal 638 0.11+0.03  0.05+0.02  0.07+0.02  0.04£0.01  0.07+0.02
1-penten-3-ol 663 0.80+0.10  0.43+0.07 0.20+0.05  0.15:£0.03  0.40+0.07
1-penten-3-one 673 119+£0.11  0.49+0.07 0.27+0.06  0.19+0.03  0.29+0.06
pentan-3-one 677 0.54+0.07  0.11£0.02  0.06£0.02  0.03+0.02  0.96+0.12
pentanal 700 0.05+0.02  0.09+0.02 0.05+0.02  0.08+0.03  0.15+0.03
3-methyl-butan-1-ol + 2-methyl-butan-1-ol 722 0.06+0.01  0.07+0.01 tr. tr.  0.08+0.01
(E)-2-pentenal 724 0.20£0.06  0.07+0.01  0.03+0.01 tr.  0.10£0.04
pentan-1-ol 41 0.13£0.02  0.02+0.01 tr. nd. 0.16x0.03
toluene 743 0.14£0.02  0.11+0.03  0.10+0.03  0.23+0.06  0.38+0.07
(Z)-2-penten-1-ol 747 117£0.10  123x0.10  0.59+0.07  0.38+0.06  1.64+0.10
(2)-3-hexenal 774 15.84+0.92 16.53+120 0.24:+0.06  0.34+0.07 4.36+0.32
hexanal 777 152+0.12  0.79£0.10  1.38+0.10  0.82+0.10  1.18+0.10
(E)-2-hexenal 827 8.84+0.70  4.18+0.12 45.00+1.30 43.25+1.30  5.83+0.50
(2)-3-hexen-1-ol 834 11.31£1.05 11.88+0.05 0.86+0.05 2.41+0.14 15.02+1.10
(E)-2-hexen-1-ol 849 122+0.12  0.10+0.03 0.82+0.05  0.82+0.05  158+0.12
hexanol 854 123+0.12  0.20+0.01  0.21£0.03  0.20+0.03  2.71+0.20
p-xilene 868 0.16+0.02  0.10£0.03  0.10+0.03  0.25+0.03  0.26+0.03
styrene 871 0.03+0.01  0.03+0.01  0.03+0.01 0.03+0.01  0.05+0.01
heptan-2-one 874 0.47+0.06  0.40+0.06  0.04+0.01 0.02+0.01  0.26+0.03
heptanal 883 0.07+0.01  0.06+0.01  0.06+0.01 0.13£0.02  0.14+0.02
(E.E)-2.4-hexadienal 887 0.17£0.03  0.10£0.02  0.12+0.02 . 0.12+0.02
3-ethyl-1.5-octadiene (E or 2) 907 0.26+0.02  0.18+0.02  0.06+0.01 0.02+0.01  0.21+0.02
3-ethyl-1.5-octadiene (E or 2) 912 0.84+0.10  0.48+0.06 0.35x0.05  0.20£0.03  0.92+0.10
(E)-2-heptenal 931 176+0.10  110+0.10  0.67+0.04  0.42+0.06  1.83+0.10
5-ethyl-2(5H) furanone 940 n.d. nd.  0.04+0.01 tr.  0.07+0.01
heptan-1-ol 961 0.72+0.05  0.68+0.05 n.d. nd.  0.57+0.04
hexanoic acid 965 0.07+0.01  0.06+0.01  0.16+0.02  0.09+0.02 n.d.
6-methyl-5-hepten-2-one 970 n.d. tr. Tr. n.d. n.d.
octan-2-one 974 n.d. n.d. n.d. n.d. n.d.
octanal 981 0.05+0.01  0.06+0.01  0.15+0.02  0.03+0.01 n.d.
(2)-3-hexenyl acetate 994 0.22+0.02  0.51+0.06  0.05+0.01 0.07+0.01 n.d.
hexyl acetate 999 nd. 0.05£0.01  0.04+0.01 0.02+0.01 n.d.
p-cymene 1010 0.02+0.01 n.d. tr. n.d. n.d.
limonene 1016 0.23£0.05 0.24+0.05 0.28+0.03  0.16+0.02  1.00+0.10
(E)-B-ocimene 1040 0.04+0.01  0.03+0.01 tr.  0.02+0.01  0.13+0.02
nonanal 1087 0.09+0.02  0.17+£0.02  0.18+0.02 0.06+0.01  0.11+0.02
phenylethyl alcohol 1102 0.02+0.01  0.02+0.01  0.03+0.01 nd.  0.05:0.01
a-copaene 1390 n.d. n.d. n.d. nd.  0.04+0.01
a-farnesene 1513 0.03+0.01 n.d. n.d. n.d. n.d.
% C6/total volatile compounds 79.6 83.4 92.2 94.3 72.7
% C5/total volatile compounds 8.4 6.3 2.4 1.8 9.2
Degree of ripeness 2.56 2.38 2.72 2.40 419
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Table 1 - Volatile compounds (mg/kg + standard deviation) in fourteen virgin olive oils from different
cultivars grown on a single plot in the Lake Garda region.
n.d.: compound not detected, tr: trace (<0.01 mg/kg); *RI, Kovats retention index.

Pendolino Maurino Grignano Gargna Casaliva  Rossanello Mitria Favarol Leccino

0.11£0.03  0.29+0.06  0.07+0.01  0.35+0.06 ~ 0.18+0.04  3.41x0.10  0.17£0.03  0.27+0.05  1.82+0.10
1.00£0.10  0.06+0.01 0.26x0.06  0.27+0.06  0.25+0.06  0.18+0.03  0.37+0.06 = 0.27+0.04  0.52+0.07

n.d. n.d. nd.  0.18+0.03 0.10+0.03  0.04+0.01  0.24+0.05  0.10£0.03  0.07+0.02
0.24+0.05  0.43+0.07 0.33+0.06 0.34+0.06  0.31+0.06  0.55+0.10  0.51+0.08  0.24+0.06  0.15+0.03
0.35+0.06  1.11+0.10  0.49+0.07 0.24+0.06  0.31+0.06  0.44+0.07  0.55+0.05  0.17+£0.03  0.13+0.03
0.12+0.03  0.15#0.03  0.09+0.03  0.15+#0.02  0.06+0.02  0.26+0.03  0.20+0.06  0.02+0.01  0.03+0.01
0.19+0.02  0.15£0.06  0.11+0.02  0.22+0.06  0.18+0.06 = 0.20£0.05  0.17+0.04  0.27+0.05  0.04+0.01

tr. . 0.03x0.01  0.05+0.01  0.03£0.01  0.14+0.03  0.08+0.01  0.02+0.01  0.09+0.01
0.06+0.01  0.19£0.03  0.07+0.01  0.05+0.01  0.03+0.01  0.06+0.01  0.06+0.01  0.03+0.01  0.06+0.01
n.d. n.d. nd.  0.04+0.01 . 0.07+0.01  0.05+0.01 n.d. n.d.

0.28+0.07  0.14+0.03 0.31+0.03  0.23+0.06  0.22+0.05 115+0.1  0.15+0.04  0.13x0.06  0.16+0.03
0.41+0.05 0.69+0.04 0.31+0.06 0.79+0.10  0.70£0.10 = 122+0.10  140+0.10  0.57+0.05  0.42+0.07
0.34+0.06 16.18+0.98 12.39+1.00  0.32+0.07  0.32+0.06 14.92+1.02  0.49+0.07  0.17+0.03  0.13+0.04
156+0.10  2.00£0.12  144+0.10  2.10+0.13  174£0.10 2.09+0.10  1.65+0.11 1.08+0.09  0.93+0.10
64.59+170  794+0.18  754+0.18 45.58+125 56.30+1.30 4.78+0.25 56.85+1.30 40.83+1.30 34.14+1.20
571£0.52  3.37+0.20 4.09+0.42  189+0.09 2.62+0.22 13.25+1.07 3.56+£0.22  0.90+0.10  0.86+0.10
3.41+0.12  0.14x0.03  0.09+0.02  4.69+0.15  166+0.10  0.17+0.04  718+0.12  0.66+0.05  155+0.12
2.46+0.18 0.37+0.04 0.50+0.05 2.11x0.10  0.46+0.05 0.42+0.05 3.42+0.13  0.19+0.03  0.49+0.05
0.34£0.07  0.14+0.03  0.11£0.02  0.22+0.05 0.21+0.05 0.91x0.10  0.16£0.03  0.16+0.03  0.14+0.03
0.03+£0.01  0.02+0.01 tr.  0.03£0.01  0.05+0.01  0.05+0.01  0.02+0.01  0.04+0.01  0.04+0.01
0.06+0.01  0.05+0.01 0.44+0.05 0.13£0.03  0.11+0.03  0.18+0.04  0.11+0.02  0.04+0.01  0.07+0.01
0.18+0.02 0.06+0.010  0.05+0.01  0.10£0.03  0.10+0.03  0.22+0.02  0.08+0.02  0.08+0.02  0.07+0.01
0.07£0.01 ~ 0.17+£0.03  0.08+0.01  0.06+0.01  0.04+0.01  0.09+0.01  0.05+0.01 tr. n.d.
0.06+0.01  0.06+0.01  0.19+0.03 tr. . 0.21+0.02  0.13z0.03 tr.  0.15+0.03
0.39£0.05  0.92+0.10  0.32+0.04  0.26+0.03  0.32+0.05 0.27+0.03  0.46+0.04  0.20+0.03  0.14+0.03
0.97+0.10  2.51+0.18  0.97+0.10  0.38+0.06  0.49+0.05 0.46+0.05 0.71+0.08  0.34+0.05 0.26+0.03

0.04+0.01  0.08+£0.01  0.03+0.01 nd.  0.04+0.01 tr. ~ 0.07x0.01 nd. 0.02+0.01
0.14+0.02  0.55+0.05 0.56+0.05 n.d. nd.  0.14+£0.02  0.04+0.01 n.d. n.d.
0.04+£0.01  0.09+0.02 n.d. tr. tr. tr.  0.06+0.01 0.05+£0.01  0.02+0.01
nd.  0.04£0.01  0.02+0.01 n.d. n.d. n.d. n.d. n.d. n.d.
0.02+0.01  0.03+0.01 tr.  0.02+0.01 nd. 0.03x0.01  0.02+0.01 tr. tr.
0.05£0.01  0.04£0.01  0.02£0.01  0.05£0.01  0.03+0.01  0.06+0.01  0.04+0.01 0.04+£0.01  0.02+0.01
0.06£0.01  0.03£0.01 0.42+0.06  0.07£0.01  0.15+0.02  0.26+0.03 n.d. n.d. n.d.
n.d. nd.  0.14+0.02 0.17£0.02  0.06+0.01 n.d. n.d. n.d. n.d.

nd.  0.02+0.01  0.02+0.01 tr. n.d.  0.02+0.01 tr.  0.02+0.01  0.02+0.01
0.14+0.02  0.31£0.05 0.40+0.06  0.35+0.05 0.28+£0.04 0.70£0.05 0.14£0.02 0.43+0.06 0.26+0.04
tr.  0.23+0.02 0.20+0.02 tr.  0.07+0.01 n.d. tr. tr.  0.28+0.02
0.11+0.02  0.21+£0.02 0.17+0.02  0.16+£0.02  0.05+0.01  0.05+0.01  0.06+0.01 0.10£0.02  0.06+0.01
0.02£0.01  0.04+£0.01  0.05+0.01 tr.  0.02£0.01  0.04+0.01  0.09+0.02  0.08+£0.02  0.03+0.01
n.d. nd.  0.03x0.01 n.d. tr. n.d. n.d. tr. n.d.

nd.  0.02+0.01  0.02+0.01 n.d. n.d. n.d. n.d. n.d. n.d.

93.5 774 82.2 92.3 93.7 76.2 92.2 92.2 88.2

1.6 70 44 3.3 2.6 6.4 4.1 3.0 2.3

2.91 2.98 2.67 197 2.95 154 1.91 2.77 5.08
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vesting all of the cultivars with compara-
ble ripeness values in one month. Data
corresponding to the eleven oils derived
from the olive cultivars with ripeness in-
dices of 2-3 are presented below.

Forty-one volatile compounds were
identified. The C6 and C5 compounds
were quantified and the percentages cal-
culated in relation to the total quantity of
volatile compounds. The quantity of C6
volatile compounds ranged from 77.4 to
94.3%, and the quantity of C5 volatile
compounds, not produced by the LOX
pathway, ranged from 1.6 to 8.4%. The
pentene dimers were not detected and
are not included in the data reported as
“Cb volatile compounds”.

The data show a prevalence of com-
pounds with linoleic acid (LA) and li-
nolenic acid (LnA) precursors: hexanal,
hexanol, and hexyl acetate from LA and
(Z)-3-hexenal, (E)-2-hexenal, (E)-2-hex-
en-1-ol, (Z)-3-hexen-1-ol, and (Z)-3-hex-
enyl acetate from LnA. Higher levels of
C5 volatile compounds were accompa-
nied by lower levels of C6 compounds.
The cultivars differed not only in terms
of the level of the various C6 compounds,
but also in terms of the level of various
C5 compounds which contribute to ol-
ive oil aroma and flavor due to their well-
defined sensory profiles and threshold
levels (pentan-3-one, 1-penten-3-one,
1-penten-3-ol, pentan-1-ol, (Z)-2-pent-
en-1-ol, 3- and 2-methyl butanal) (KALUA
et al., 2007) as well as others (phenyle-
thyl alcohol and (E)--ocimene).

Levels of C6 aldehydes, alcohols and
esters from the LOX pathway are shown
in Table 2. Detailed data are reported
for all volatile C6 compounds derived
from the metabolism of 13-hydroperox-
ides of LA and LnA. Examination of the
compounds derived from the LOX cas-
cade shows that all samples contained
higher levels of volatile compounds from
LnA than those from LA, which is con-
sistent with the literature (ANGEROSA et
al., 1999; ANGEROSA, 2002; BENINCASA
et al., 2003; OLIAS et al., 1993).
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Table 2 - C6 compounds (mg/kg) produced via the LOX pathway isolated from fourteen virgin olive oils from different cultivars grown on a sin-

gle plot in the Lake Garda region.

Leccino

Pendolino Maurino Grignano Gargna Casaliva Rossanello Mitria  Favarol

Baia

Regina Miniol2 Trepp Less

0.93
0.49

1.08
0.19
n.d.
127
40.83

1.65
3.42
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These results allow the cultivars ex-
amined to be differentiated by several
different criteria. The major components
in the oil samples were aldehydes: the
percent of C6 aldehydes/ XC6 ranged
from 62.8% (Miniol cultivar) to 96.0%
(Favarol 1 cultivar).

The olive oils produced from the Regi-
na, Miniol 2, Maurino and Grignano cul-
tivars showed non-negligible amounts of
(Z)-3-hexenal (12.39-16.53 mg/kg) com-
pared with the other olive oils. In these
samples, (E)-2-hexenal was present in
the range of 4.18-8.84 mg/kg. All oth-
er cultivar samples (Trepp, Less, Pen-
dolino, Gargna, Casaliva, Mitria and
Favarol 1) contained higher levels of (E)-
2-hexenal, ranging from 40.83 mg/kg to
64.59 mg/kg.

The percentage of alcohols, and to a
lesser extent the percentage of esters,
differed among the samples: the percent
of C6 alcohols/~C6 was in the range of
4.0-35.6%. The olive oils from the Re-
gina, Miniol 2, Maurino, and Grignano
cultivars, containing a high level of (2)-3-
hexenal, had a (Z)-3-hexen-1-ol content
ranging from 3.37 to 11.88 mg/kg.

The total quantity of aldehydes ex-
ceeded that of alcohols. The data in Table
2 suggest that (Z)-3-hexenal is not neg-
ligible for various cultivars. This finding
contrasts with a previous study in which
only a low level of this compound was de-
tected (Guth and Grosch, 1993).

Other minor volatile compounds were
observed in the virgin olive oils. The al-
dehydes heptanal, octanal, nonanal and
(E)-2-heptenal were present in small
quantities due to auto-oxidation reac-
tions. Of the saturated aldehydes, hex-
anal was present in all samples at levels
that did not exceed those found in high
quality virgin olive oils.

Under the conditions adopted, the re-
sults show apparent differences among
the varieties, both at the level of single
volatile compounds and in the distribu-
tion of C6 volatile compounds derived
from the metabolism of 13-hydroperox-

ides of LA and LnA. Considering the cul-
tivars that had comparable ripeness in-
dices, four (Regina, Miniol 2, Maurino
and Grignano) showed that the predomi-
nant volatile compounds were (E)-2-hex-
enal, (Z)-3-hexenal, and (Z)-3-hexen-1-
ol, with lower levels of hexanal, hexanol,
(E)-2-hexen-1-ol, and (Z)-3-hexenyl ace-
tate. In oils from seven cultivars (Trepp,
Less, Pendolino, Gargna, Casaliva, Mi-
tria and Favarol 1), the predominant vol-
atile compounds were (E)-2-hexenal and
(Z)-3-hexen-1-ol, with lower levels of hex-
anal, hexanol, (Z)-3-hexenal, (E)-2-hex-
en-1-ol, and (Z)-3-hexenyl acetate. These
two groups of cultivars differed mainly
with respect to the total content of C6 al-
dehydes and C6 alcohols. The content of
C5 compounds was higher for the first
group of cultivars. Our data show that
all the cultivars can be differentiated
and the volatile compound composition
is sufficiently distinct.
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