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Volatile Fractions from Three Cultivars of Olea europaea L.
Collected in Two Different Seasons?
ELisABETTA CaAMPEOL,* GuiDO FLAMINI, PER Luicl CioNI, AND IVANO MORELLI

Dipartimento di Chimica Bioorganica e Biofarmacia, Universita di Pisa, via Bonanno 33,
56126 Pisa, Italy

RoBERTO CREMONINI

Dipartimento di Scienze Botaniche, via L. Ghini 1, 56126 Pisa, Italy

LuciA CECCARINI

Dipartimento di Agronomia e Gestione dell’Agroecosistema, via del Borghetto 21, 56126 Pisa, Italy

The chemical composition of the volatile fractions from leaves of three Olea europaea L. cultivars
(Leccino, Frantoio, and Cipressino) harvested at two different times of the year were examined by
GC and GC-MS. The results showed a high content of aliphatic aldehydes in the three cultivars
during both harvesting periods and an increase of (E)-2-hexenal (an aldehyde with high antimicrobial
properties) percentage from July to November.

KEYWORDS: Olea europaea L.; cultivars; Frantoio; Leccino; Cipressino; volatile compounds; aldehydes;
terpenes

INTRODUCTION compounds oleacein and oleuropein, the first responsible for
hypotensive activity§, 6) and the latter also for hypoglycemic
activity (7).

Papers concerning the analysis of the aroma components of
the olive fruits and of the olive oil are present in the literature

Biodiversity is a precious heritage, a guarantee of progress
for future generations, and a foundation of tenable agriculture.
The drastic reduction in biodiversity over recent years has
brought about a minor genetic variability leading to a concomi- . L ; .
tant ?educed capabilitygof plant popula%/tions togadapt to ever- (8—10), b.ut the investigation of the volatiles of the leaves is
changing environmental conditions and new diseases. TheIeSS conS|der.ed. ) ) )
collection and retrieval of plant species must be increased with N our previous work11), the volatile fraction obtained from
special attention to spontaneous species under the risk oftn€ léaves of three cultivars &f. europaedFrantoio, Leccino,
extinction and those living in marginal lands, subjected to high @1d Cipressino) collected in S. Piero a Grado (Pisa province,
levels of genetic erosion. The identification of sources of !t@ly),in the experimental fields of the University of Pisa, were
variability in natural populations, cultivars, and varieties must analyzed by GC-MS, which was the first step of a wider

be taken into consideration for biological characterization, which investigation on phylogeny and biodiversity ®. europaea.
will enable an accurate definition of conservation strategies. | ne choice of these three cultivars was for their economic and

agronomic importance in Tuscany; they are characteristic of this

phylogeny and biodiversity dDlea europaedl—4). The study part of ltaly, _w_here they represent the greater part of the
of the problem of the origin, identification, and certification of cultivated varieties. . .
the varieties and the concomitant provision of more information W& found that the three cultivars contained saturated and
for plant breeding are necessary to achieve more precisetnSaturated nonterpenic aldehydes and many mono- and ses-
management and preservation of biodiversity. quiterpenes as main compounds. _ _

Olea europaed.. is widely studied for its alimentary use It is known thato.,5-unsaturated aIdehque; anq N partlcqlar
(the fruits and the oil are important components in the daily (E)-2-néxenal andg)-2-heptenal, have antimicrobial properties
diet of a large part of the world’s population), whereas the leaves (8); therefore, they could represent important defense phy-

are important for their secondary metabolites such as secoiridoidto‘:herr"f:als against microbial invasion. o )
The aim of the present work was to analyze the biodiversity

among the same three cultivars (Frantoio, Leccino, and Cipres-
* Author to whom correspondence should be addressed (e-mail g ( P

camelis@farm.unipi.it; telephone3905044074; fax3905043321). sino) grown in different habitats by comparison of the constitu-
8 In memory of Prof. Serena Catalano. ents of their volatile fractions and to evaluate possible differ-

Little information is available in the literature regarding
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ences in the composition of the same cultivar in two different
harvesting times, paying special attention to the defensive
aldehyde compounds. Our results were compared with those
previously published (11).

MATERIALS AND METHODS Liguloxide B-oplopenone

Plant Material. Fresh leaves of three cultivars (Frantoio, Leccino,
and Cipressino) 00. europea(16-year-old clonal propagated trees)
were collected at the agricultural farm Podere Contessa Beatrice in S.
Vincenzo (Livorno province, Italy) in July and November 2001.These
cultivars were never submitted to agronomical treatment, and Cipressino
was used as windbreak only; cultivars Frantoio and Leccino were
cultivated in “impianto a vaso” using organic fertilizer.

Extraction and ldentification. The fresh material (200 g) was H Ho,
hydrodistilled in a Clevenger-like apparatus for 2 h, and volatile
compounds were collected mhexane (HPLC grade). The analyses
were carried out twice on three distinct plants for each cultivar.

GC analyses were accomplished with an HP-5890 series Il instrument A
equipped with HP-Wax and HP-5 capillary columns (36r.25 mm, H
0.25 um film thickness), working with the following temperature o-copaene T-muurolol
program: 6C°C for 10 min, ramp of 5C/min to 220°C; injector and
detector temperatures, 25T; carrier gas, nitrogen (2 mL/min);
detector, dual FID; split ratio, 1:30; injection, Q/&. The identification
of the components was performed, for both columns, by comparison
of their retention times with those of pure authentic samples and by
means of their linear retention indices (LRI) relative to the series of
n-hydrocarbons.

GC-EIMS analyses were performed with a Varian CP-3800 gas
chromatograph equipped with a DB-5 capillary column (36r0.25
mm; coating thickness- 0.25xm) and a Varian Saturn 2000 ion trap
mass detector. Analytical conditions: injector and transfer line tem-
peratures, 220 and 24C, respectively; oven temperature programmed
from 60 to 240°C at 3 °C/min; carrier gas, helium at 1 mL/min;
injection, 0.2uL (10% hexane solution); split ratio, 1:30. Identification
of the constituents was based on comparison of the retention times
with those of authentic samples, by means of their LRI relative to the
series ofh-hydrocarbons, and on computer matching against commercial
(NIST 98 and ADAMS) and homemade library mass spectra built from
pure substances and components of known oils and MS literature dataidentified 32 compounds in cv. Frantoio (85.1%), 38 compounds
(12—16). Moreover, the molecular weights of all the identified in cv. Leccino (94.6%), and 36 compounds in cv. Cipressino
substances were confirmed by GC-CIMS, using MeOH as Cl ionizing (90.3%).
gas.

Chemical Suppliers.All of the reference compounds were obtained
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Figure 1. Structures of selected uncommon terpenes.

Comparing the three cultivars collected in the same period,
by Sigma-Aldrich (Sigma, Aldrich, and Fluka catalogs), with the we can observe that there were some differences in the

exception of (E)-2-undecenal and (E,E)-a-famesene (TCI America), constituents of the volatile fraction: in July cv. Cipressino is

(2)-3-hexeny! butyrate (Austin Chemical CoJ){3-hexenyl benzoate ~ distinguishable from the others for its higher contentie)-2-
(ABCR Product List), and (E)-2-decenal (Lancaster Synthesis Ltd.). hexenal (23.8% with respect to 6.4% in cv. Frantoio and 3.4%

The reference compounds missing wegZ)-2,4-hexadienal, (E,E)- in cv. Leccino); the theaspiranes were absent in cv. Frantoio,
2,4-hexadienal 4)-2-heptenal, 3-ethenylpyridine.£)-2,4-heptadienal,  \whereas they were present in Leccino and Cipressino, but in
2,3-dehydro-1,8-cineole, 3-hexen-1-ol-acetate, 1-undeqeogmen-  giffarent amounts (7.8 and 6.6% in Leccino and 1.9 and 1.4%
8-0l, (2)-2-decenal, dihydroedulan 1A, theaspiranes (Is | and Is ), in Cipressino, respectively): only in cv. Frantoio were 2,3-

(E)-p-damascenong-gurjunene, germacrene B;muurolene-oplope- .

nonﬁe, humulene egoxide d;muurolol, o-cadinol, humulan'z 1,6-dien- dehydro-1,8-cmeole, phenylacetaldehydemuurolene, and

3-0l, selin-11-en-4x-ol, 2-pentylfuran, and isocaryophyllene. (See humulan-1,6-dien-3-ol present; these compounds were absent

Figure 1 for structures of some of the more unusual compounds.)  in the other two cultivarsp-Cymen-8-ol, Z)-2-decenal, and
Statistical Analysis. Percentage data were arcsif¥% transformed n-hexadecane were present only in Leccino, wherEdS{2,4-

using the ANOVA statistical package. In both cases, means were hexadienalg-gurjunenetransnerolidol, 3-oplopenone, humu-

separated on the basis of the LSD test only whenRhest of the lene epoxide Ilz-muurolol, andd-cadinol were detected only
ANOVA per treatment was significant at the 0.05 or 0.01 probability Cipressino.
level (12).

In November the percentage d)(2-hexenal in cv. Cipres-
sino was still higher than those in cv. Leccino and Frantoio
(34.2% against 22.0 and 21.2%); in cv. Frantoio the theaspiranes,

Results obtained from the three cultivars harvested in July absentin July, appear in November, and in cv. Cipressino they
and November are listed as means of three replicatiofiatites were still in lower percentage with respect to cv. Leccino; cv.
1 and2, respectively: in July we identified 37 compounds in Frantoio was distinguishible for its higher percentage of selin-
cv. Frantoio (75.7%), 46 compounds in cv. Leccino (84.1%), 11-en-4-a-ol (15.8%). Compounds present exclusively in one
and 38 compounds in cv. Cipressino (83.4%); in November we cultivar were a-muurolene for cv. Frantoio; 2-pentylfuran,

RESULTS AND DISCUSSION
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Table 1. Composition? of the Volatile Fraction of the Leaves of O. europaea Harvested in S. Vincenzo in July

compound Frantoio Leccino Cipressino LRIb LRI
1 (E,Z)-2,4-hexadienald 25+0.6 09+03 19+11 841
2 (E)-2-hexenal 6.4+0.6 34%10 23.8+25 854 1220
3 heptanal 04+00 06+0.0 901 1174
4 (E,E)-2,4-hexadienald 0.6+0.0 911
5 benzaldehyde 3.0+0.2 14+04 27+02 963 1495
6 (2)-2-heptenal 06+01 08+0.1 0600 964
7 3-ethenyl pyridined 6.1+14 40+04 55+0.3 975
8 (E,2)-2,4-heptadienald 11+03 05+01 988
9 6-methyl-5-hepten-2-one 04+01 05+0.0 993 1336
10 2,3-dehydro-1,8-cineoled 04+0.1 1000
11 octanal 21+02 0.7+0.01 1002 1280
12 3-hexen-1-ol-acetated 1.2+0.2 1.2+04 1004
13 (E,E)-2,4-heptadienal 14+03 08+0.3 03+0.0 1017 1373
14 phenylacetaldehyde 11402 1045 1625
15 (E)-2-octenal 05+0.0 09+0.2 05+0.1 1064 1345
16 1-undecened 26%00 20+10 3408 1075
17 linalool 04+01 05+0.0 05+0.0 1099 1547
18 nonanal 182+1.0 125+15 8019 1103 1385
19 (E)-2-nonenal 05+0.0 06+0.1 06+0.1 1165 1447
20 p-cymen-8-old 0.5+0.08 1185
21 (2)-3-hexenyl butyrate 05+0.6 12402 1187 1452
22 o-terpineol 0.3+0.0 04+0.1 1190 1698
23 methyl salicylate 06+0.1 08+0.1 05+0.0 1192 1745
24 decanal 0800 08+0.1 05+0.0 1205 1484
25 p-cyclocitral 06+0.1 06+0.1 Tre 1223 1205
26 (2)-2-decenald 04+0.1 1252
27 (E)-2-decenal 53+0.2 6305 56+1.2 1264 1590
28 dihydroedulan 1A4 26+09 35£06 1292
29 theaspirane Is 19f 78+25 19+0.1 1298
30 theaspirane Is 119! 6.6+1.7 1.4+0.0 1315
31 (E,E)-2,4-decadienal 06+0.1 1.2+0.0 08+0.0 1317 1710
32 (E)-2-undecenal 0.3+0.0 0.6+0.0 0.8+0.0 1368 1710
33 cyclosativene 14+0.0 0.8+0.2 1370 1545
34 o-copaene 28+0.1 07+0.1 1377 1521
35 (E)-B-damascenoned 6.3£0.3 79+05 47+11 1381
36 (E)-p-damascone? 21+01 29+0.2 41+0.7 1411
37 [-caryophyllene 1.0£0.15 21+0.27 0.6 +0.01 1419 1604
38 B-gurjunened 03+0.0 1432
39 (E)-geranyl acetone? 05+0.1 05+0.1 0.4+0.0 1455
40 germacrene D9 09+0.2 08+0.1 1481
41 (E)-S-ionone Tr 05+0.0 1485 1952
42 a-muurolened 16+0.2 Tr 1502
43 (E,E)-a-faresene 0300 05+0.1 1510 1700
44 d-cadinene 05+0.2 04+0.0 1523 1764
45 kessaned 0400 04+0.0 1530
46 liguloxided 13+0.2 05+0.1 1532
47 trans-nerolidol 09+01 1564 1997
48 caryophyllene oxide 05+0.0 28+03 1571 2071
49 n-hexadecane 08+0.1 1582 1600
50 B-oplopenoned 0.4+0.0 1600
51 humulene epoxide 114 06+0.0 1606
52 7-muurolold 0.3+0.0 1608
53 a-cadinol 06+1.1 1619
54 (2)-3-hexenyl benzoate 05+0.2 0.6+0.0 1643 1555
55 humulan-1,6-dien-3-ol 08+0.3 1655
56 selin-11-en-4-oi-ol (kongol)? 87+22 1.0+0.3 17+14 1660

total % 75,73 84.08 83.40

a Percentages obtained by FID peak-area normalization (HP-5 column). ® Linear retention indices (HP-5 column). © Linear retention indices (HP-Wax column). ¢ Tentatively
identified (reference compound missing). € Tr = <0.1%.  Natural theaspirane is a mixture of the (6R) and (6S) isomer compounds. MS of Is I: m/z (relative intensity) 138
(100), 96 (39), 82 (22), 39 (18), 41 (13), 109 (12), 95 (11). MS of Is II: m/z (relative intensity) 138 (100), 96 (41), 82 (26), 39 (20), 41 (12), 109 (12), 139 (12), 95 (11),
83 (11).

cyclosativene, isocaryophyllene, and kessane for cv. Leccino;replications, were nonanal (18.2%), selin-11-ea-4 (8.7%),

and germacrene [¥-cadinene, and caryophyllene oxide for cv. (E)-2-hexenal (6.4%),K)-3-damascenone (6.3%), 3-ethenylpy-

Cipressino. ridine (6.1%), and (E)-2-decenal (5.3%), In November the
These results confirmed that each cultivar can be distinguish- principal compounds werdj}-2-hexenal (22.0%), selin-11-en-

able from the other as demonstrated in our previous wbtly; ( 4-0-0l (15.8%), nonanal (7.9%)E}-5-damascenone (6.4%), and

furthermore, interesting differences between the two times of a-copaene (5.5%).

harvest were observed. Even if these two samples showed the same main constituents,
The main constituents of the volatile fraction from the leaves there was a considerable quantitative difference: from July to

of cv. Frantoio in July, calculated as average values of three November increasingg)-2-hexenal (from 6.4 to 22.0%), selin-
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Table 2. Composition? of the Volatile Fraction of the Leaves of O. europaea Harvested in S. Vincenzo in November

compound Frantoio Leccino Cipressino LRIb LRI
1 (E,Z)-2,4-hexadienal® 46+01 3600 36+03 841
2 (E)-2-hexenal 220%22 21.2+15 34222 854 1220
3 heptanal 02+00 05+0.0 06+0.0 901 1174
4 (E,E)-2,4-hexadienald 0.7+0.2 03+0.1 0.8+0.3 911
5 benzaldehyde 16+03 14+£00 16+02 963 1495
6 (2)-2-heptenald 02+00 03%00 03+00 964
7 3-ethenylpyridine? 04+0.1 04+0.1 11402 975
8 6-methyl-5-hepten-2-one 0.3+£0.0 0.0+£0.0 04+0.0 988 1336
9 2-pentylfurand 08+0.1 993
10 2,3-dehydro-1,8-cineole? 06+0.1 06+0.1 994
11 (E,Z)-2,4-heptadienald 05+0.1 21+03 18+05 1000
12 octanal 0701 11+0.1 13+0.1 1002 1280
13 (E,E)-2,4-heptadienal 06+0.1 05+0.2 1017 1373
14 phenylacetaldehyde 02+0.0 04+0.0 05+0.1 1028 1625
15 (E)-2-octenal 04+0.0 0.3+£0.0 1045 1345
16 1-undecened 1.3+01 1.2+0.2 1.1+02 1064
17 p-cymene 0.3+0.0 0300 1075 1274
18 linalool 04+00 04+0.1 05+0.1 1099 1547
19 nonanal 78+0.3 11.5+04 11.8+14 1103 1385
20 (E)-2-nonenal 02%00 03+0.0 1165 1447
21 o-terpineol 0300 0300 08+0.1 1190 1698
22 methyl salicylate 02+01 04=00 1192 1745
23 decanal 02%00 04%00 04%00 1205 1484
24 p-cyclocitral 03+0.1 06+0.1 05+0.0 1223 1205
25 (E)-2-decenal 27+01 28+0.3 22+01 1264 1590
26 dihydroedulan A 14+£0.13 1.7+£0.19 2.6+0.03 1292
27 theaspirane Is [4¢ 19+0.2 96+04 23+0.1 1298
28 theaspirane Is l1%¢ 16+03 7604 18+00 1315
29 cyclosativene 05+0.1 1370 1549
30 o-copaene 55+0.6 11+01 05+0.1 1377 1521
31 (E)-B—damascenone? 64+0.2 10.7+1.0 74+0.1 1381
32 isocaryophyllened 0.6+0.0 1405
33 (E)-B-damasconed 17+04 40+0.7 47405 1411
34 [-caryophyllene 04+0.1 16+0.1 19+05 1419 1604
35 o-humulene 04+00 04+0.1 1456 1676
36 germacrene D9 09+0.2 1481
37 B-selinene? 1.5+04 1.0+£03 1487
38 a-muurolened 21+06 1502
39 o-cadinene 0.3+£0.0 1523 1764
41 liguloxided 1.7+01 04+0.1 1532
42 caryophyllene oxided 05+0.0 1582
43 humulane-1,6-dien-3-ol4 1.0+0.2 05+01 1619
44 selin-11-en-4-o.-ol (kongol)? 158+0.4 14+04 12+03 1660

total % 85.13 94.63 90.34

a Percentages obtained by FID peak-area normalization (HP-5 column). b Linear retention indices (HP-5 column). © Linear retention indices (HP-Wax column). ¢ Tentatively
identified (reference compound missing). ¢ Natural theaspirane is a mixture of the (6R) and (6S) isomer compounds. MS of Is I: m/z (relative intensity) 138 (100), 96 (39),
82 (22), 39 (18), 41 (13), 109 (12), 95 (11). MS of Is Il: m/z (relative intensity) 138 (100), 96 (41), 82 (26), 39 (20), 41 (12), 109 (12), 139 (12), 95 (11), 83 (11).

11-en-4e-ol (from 8.7 to 15.8%)q-copaene (from 2.8 to 5.5%), (E)-f-damascenone (10.7%), theaspirane Is | (9.6%), and
(E,2)-2,4-hexadienal (from 2.5 to 4.6%), andmuurolene (from theaspirane Is Il (7.6%).

1.6 to 2.1%) were observed, whereas the percentage of other As for cv. Frantoio, the main components in cv. Leccino were
constituents, such as benzaldehyde (from 3.0 to 1.6%), nonanahearly the same for the two periods of harvest even if in different

(from 18.2 to 7.8%), E)-S-damascone (from 2.1 to 1.7%IE)¢ amounts: from July to November the percentage qf some
2-decenal (from 5.3 to 2.7%), 3-ethenylpiridine (from 6.1 to compounds such as-copaene (from 0.7 to 1.1%), selin-11-
0.4%), and 1-undecene (from 2.6 to 1.3%), decreased. en-4-o-ol (from 1.0 to 1.45%), (E,Z)-2,4-hexadienal (from 0.9

to 3.6%), E)-f-damascenone (from 7.9 to 10.7%), theaspiran
Is Il (from 6.6 to 7.6%), and theaspiran Is | (from 7.8 to 9.6%)
increased; the highest changes were experiencedEp2-(
hexenal (from 3.4 to 21.2%).

On the other hand, the percentage of some other constituents
such as nonanal (from 12.5 to 11.5%), (E)-2-decenal (from 6.3
to 2.8%), 3-ethenylpyridine (from 4.0 to 0.4%), and 1-undecene

Some compounds were present only in one of the harvests:
(E)-2-octenal, E)-2-nonenal, Z)-3-hexenyl butyrate K,E)-2,4-
decadienal, cyclosativene, (E)-geranyl acetone, germacrene D
andod-cadinene were present in July and absent in November,
whereas in this latter periodE(E)-2,4-hexadienal K Z)-2,4-
heptadienal, octangb:cymenene, dihydroedulan I£&;selinene,

and the theaspiranes (Is 1 and Is 2) appeared. (from 2.0 to 1.2%), decreased.
The main constituents of the volatile fraction from leaves of  As for cv. Frantoio, also in this cultivar several compounds
cv. Leccino collected in July were nonanal (12.5%)-0- were present only in July: Z(-3-hexenyl butyrate,§,E)-2,4-

damascenone (7.9%), theaspirane Is | (7.8%), theaspirane Is lidecadienal, E)-2-undecenal,K)-geranyl acetone, germacrene
(6.6%), E)-2-decenal (6.3%), andt)f-2-hexenal (3.4%), whereas D, (E,E)-o-farnesene, and caryophyllene oxide. Others were
in November they were)-2-hexenal (21.2%), nonanal (11.5%), present only in November: (E)-2,4-hexadienal, 2-pentylfuran,
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Table 3. Effects of Cultivar and Time of Harvesting on Some The percentage of selin-11-enedel in the leaves of cv.
Components of the Volatile Fraction Obtained from Olive Leaves Frantoio harvested in November was significantly higher (16%)
than that in July (8.7%). On the contrary, no significant
Frantoio Leccino Cipressino differences were observed for cv. Cipressino and Leccino.
compound Juy — Nov  Juy  Nov  Juy  Nov mean No differences were evident in the treatments imposed with
(E,Z)-z,zt hexadienal 2.5LM 46IM 09M 36KM 19M 36KM 29E respect to the amount oE(Z)-2,4-hexadienal in the volatile
o 18200 7961 1SEF 115ke 806 isec 1es  Mraction of olive leaves.
(E)}f-damascenone 66IL 641L 7.9GI 108FH 47IM 74HK 73C In our investigation the percentages of total aldehydes
selin-11-en-4-a-0l ~ 87F 158DE 10M 15M 17M 12M 50D identified in the two harvests were the same for cv. Frantoio
(kongol) 65 113 51 97 80 116 (41.7% in July and 41.9% in November), whereas for cv.
mean cv. " 99A TS " 98A Leccino (34.7% in July and 47.4% in November) and cv.
Cipressino (47.4% in July and 60.6% in November) the
2 Each value is the mean of three replicates. Means followed by the same percentages increased. The number of aldehydes identified in
letters are not significantly different at the 0.01 probability level according to LSD the two periods was nearly the same for all of the cultivars (15
test. in July and 13 in November for cv. Frantoio, 17 in July and 16

in November for cv. Leccino, and 15 in July and 16 in
November for cv. Cipressino), but some of these compounds
increased and other decreased in the interval from July to
November. We can observe an increase of C-6 aldehydes and
in particular of E)-2-hexenal that undergoes a particular
increment (from 6.4 to 22.0% in Frantoio; from 3.4 to 19.2%
in Leccino, and from 23.8 to 34.2% in Cipressino); other
aldehydes, such ag)-2-decenal, decrease in all three cultivars,
whereas nonanal, one of the main compounds, experienced a
decrement only for cv. Frantoio and Leccino.

In plant tissue linolenic and linoleic acids, the most abundant
polyunsaturated fatty acids, are enzymatically oxidized to the
9- and 13-hydroperoxides; hydroperoxide lyases (HPLs) catalyze
the cleavage of these hydroperoxides, yelding C-9 and C-6

phenylacetaldehyde, isocaryophyllefieselinene, and humulan-
1,6-dien-3-ol.

In the case of cv. Cipressino, the main components of the
volatile fraction in July were E)-2-hexenal (23.8%), nonanal
(8.0%), (E)-2-decenal (5.6%), 3-ethenylpyridine (5.5%8)-(
p-damascenone (4.7%), and){3-damascone (4.1%), and the
same compounds, with the exception of 3-ethenylpyridine, were
the principal ones also in November, even if in different amounts
[34.2% for E)-2-hexenal, 11.8% for nonanal, 7.4% f&){5-
damascenone, 4.7% for (E)-f-damascone, and 2.2%Ee2{
decenal].

The greatest variations between July and November were
observed mainly for (E)-2-hexenal (from 23.8 to 34.2%),

0, (3-
nonanal (from 8.0 to 11.8%), ang).3-damascenone (from 4.7 aldehydes, respectively. The significant increase BJ-2-

to 7.4%) and for 3-ethenylpyridine (from 5.5 to 1.1%), benzal- ; . .
dehyde (from 2.7 to 1.6%), 1-undecene (from 3.4 to 1.1%), and &iﬁgnmﬂrﬁbzfrgﬁgslggggeg?bg :ﬁ;ldmb: :gtri'vbiltjt?d g;tr?aerstot:;se
(E)-2-decenal (from 5.6 to 2.2%). y Y, P P

In July methyl salicylate, &,E)-2,4-decadienal, (E)-2-unde- behavior could be related to the particular requirements of the

cenal S-gurjunene, £)-geranyl acetoneH)-f3-ionone, kessane, plants in November. o ) o
trans-nerolidol S-oplopenone, humulene oxide tsmuurolol, In 1995 Kubo et al. 3) evaluated the antimicrobial activity
and a-cadinol and in November heptanal, 6-methyl-5-hepten- of the compounds identified in the distillate obtained from olive
2-one, 2,3-dehydro-1,8-cineole phenylaéetaldehyxdeyme- and olive oil extract and commercial fruits extracts: all of the
nene &-te’rpineol a-cobaenea-hfjmulene germacrene D, and aldehydest,f-unsaturated exhibited a broad activity against all
d-cadinene characterized the different periods of harvest. of the microorganisms tested (Gram-positive and Gram-negative
Furthermore, a statistical evaluation of the data related to the P2cteria and fungi). In particularEJ-2-hexenal and B)-2-
five main compounds identified in the three cultivars during heptenal showed the best effectiveness and were the only
each period of harvest has been carried out, and the results ar€oMPounds active againBseudomonas aeruginosa, a Gram-
listed in Table 3. negative bacteria (few phytochemicals exhibit activity against
Cv. Leccino showed the lowest percentages (7.4%) of Gram-negative bacteria, especiaitgeudomonaspecies).
constituents identified in its volatile fraction with respecttocv. ~ The high content of aliphatic aldehydes in the three cultivars
Frantoio (9.9%) and cv. Cipressino (9.8%) (Table 3). during both of the harvesting periods could have a significant
The volatile fraction obtained from the leaves was composed importance in the defensive mechanisms of the plant against
mainly by E)-2-hexenal (18.5%) followed by nonanal (11.6%), mlcroblallpathogens; they may be produced, or their produptlon
(E)-B-damascenone (7.2%), selin-11-en-4-o-ol (5.0%), and may be |n9reased, when the plan_t needs to react against a
(E,Z)-2,4 hexadienal (2.8%). microorganism attack. The increasing of percentageEpf2¢
In November the percentages were significantly higher hexenal observed in November could support this hypothesis
(11.0%) in comparison to those observed in July (7.0%); in this because of the rising defensive needs of the plant during fruit
period the leaves of the three cultivars had the highes¢ rpening.
hexenal content with respect to the leaves harvested in July.
During the second harvest the amounts &)-R-hexenal LITERATURE CITED
increased by 84, 70, and 30%, respectively, for cv. Leccino, _ ) o
Frantoio, and Cipressino. The nonanal content showed significa- (1) Stergiou, G. Genomic and chromosomal otganization of Tyl-
tive differences in relation to the examined culivar: in cv. copia-like sequences Mlea europaeand evolutionary relation-
Frantoio the highest percentage of nonanal was in July (18.2%), ships ofOlearetroelementsTheor. Appl. Gene2002,104 (6/

; . . e 7), 926—933.
whereas for cv. Cipressino and Leccino there were no significant (2) Wallander, E. Phylogeny and classification of Oleaceae based

differences during the two harvests. _ on rps and tmL-F sequence data00Q 87 (12), 1827
The amount of E)-3-damascenone did not show changes in 1841.
relation to time of harvest; cv. Cipressino had the lowE)- ( (3) Katsiotis, A. Genomic organization, sequence interrelationship,

p-damascenone content in July. and physical localization using in situ hybridization of two



Volatiles in Cultivars of Olea europea

tandemly repeated DNA sequences in the gedies. Genome
1998,41 (4), 527—534.

Rugini, E. Isolation of triploid and tetraploid oliveOlea
europaed..) plants from mixoploid cv. ‘Frantoio’ and ‘Leccino’
mutants by in vivo and in vitro selectioflant Breed.1996,
115(1), 23—27.

Zarzuelo, A.; Duarte, J.; Jimenez, J.; Gonzales, M.; Utrilla
Vasodilator effect of olive leafPlanta Med.1991,57, 417—
419.

Hansen, K.; Adsersen, A.; Christensen, B. S.; Brooegger, S.;
Rosendal, J. S.; Nyman, U.; Wagner Smitt, U. Isolation of an
angiotensin converting enzyme (ACE) inhibitor fro@lea
europaeaand Olea lancea.Phytomedicinel996, 2 (4), 319—
324.

(7) Gonzalez, M.; Zarzuelo, A.; Gamez, M. J.; Utrilla, M. P;
Jimenez, J.; Osuna, |. Hypoglycemic activity of olive |€Rifinta
Med. 1992,58, 513—515.

(8) Flath, R. A.; Forrey, R. R.; Guadagni, D. G. Aroma components
of olive oil. J. Agric. Food Chem1973,21, 948—952.

(9) Kiritsakis, A. K. Flavor components of olive e#A review. J.
Am. Oil Chem. Socl998,75, 673—681.

(10) Kubo, A.; Lunde, C. S.; Kubo, I. Antimicrobial activity of the
olive oil flavor compoundsJ. Agric. Food Chem1995, 43,
1629—-1633.

(4)

®)

(6)

J. Agric. Food Chem., Vol. 51, No. 7, 2003 1999

(11) Campeol, E.; Flamini, G.; Chericoni, S.; Catalano, S.; Cremonini,
R. Volatile compounds from three cultivars 6fea europaea
from Italy. J. Agric. Food Chem2001,49, 5409—-5411.

(12) Massada, YAnalysis of Essential Oils by Gas Chromatography
and Mass Spectrometry; Wiley: New York, 1976.

(13) Jennings, W.; Shibamoto, Qualitative Analysis of Flaor and
Fragrance Volatiles by Glass Capillary Chromatograptica-
demic Press: New York, 1980.

(14) Davies, N. W. Gas chromatographic retention indexes of
monoterpenes and sesquiterpenes on methyl silicone and Car-
bowax 20M phasesl. Chromatogr.1990,503, 1-24.

(15) Swigar, A. A.; Silverstein, R. M.Monoterpenes; Aldrich
Chemical Co.: Milwaukee, WI, 1981.

(16) Adams, R. Pldentification of Essential Oil Components by Gas
Chromatography Mass Spectroscopylured Publishing: Carol
Stream, IL, 1995.

(17) Gomez, K. A.; Gomez, A. A.Statistical Procedures for
Agricultural Research; Wiley: New York, 1984; p 680.

Received for review October 11, 2002. Revised manuscript received
January 29, 2003. Accepted February 1, 2003.

JF026025U



