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Aromatic plant species present in the natural Park of
Tuscany Archipelago are used as flavoring agents and
spices, as dietary supplements and in cosmetics and
aromatherapy. The plants are usually collected from
wild stands, inducing a depletion of the natural habitat.
Therefore, micropropagation of these aromatic plants
can play a role in the protection of the natural eco-
system, can guarantee a massive sustainable produc-
tion and can provide standardized plant materials for
diverse economical purposes. The aim of this study is
to compare the volatile organic compounds produced
by the wild plants with those from in vitro plantlets us-
ing headspace solid phase micro-extraction (HS-SPME)
followed by capillary gas-chromatography coupled to
mass spectrometry (GC-MS). Typical plants of this natu-
ral area selected for this work were Calamintha nepeta L.,
Crithmum maritimum L., Lavandula angustifolia L., Myrtus
communis L., Rosmarinus officinalis L., Salvia officinalis L.
and Satureja hortensis L. Different explants were used:
microcuttings with vegetative apical parts, axillary buds
and internodes. Sterilization percentage, multiplication
rate and shoot length, as well as root formation were
measured. The volatile aromatic profiles produced from
in vitro plantlets were compared with those of the wild
plants, in particular for C. maritimum, R. officinalis, S. of-
ficinalis and S. hortensis. This study indicated that the
micropropagation technique can represent a valid al-
ternative to produce massive and sterile plant material
characterised by the same aromatic flavour as in the wild
grown plants.

Key words: VOC, in vitro shoot cultures, aromatic plants, HS-SPME,
GC-MS, biodiversity

Received: 03 October, 2012; revised: 15 January, 2013; accepted:
21 February, 2013; available on-line: 25 February, 2013

INTRODUCTION

The Tuscany Archipelago is the largest marine (and
land) Patk in Europe, with more than 50000 hectares of
sea and about 20000 hectares of land. The Archipelago
includes seven main islands as well as some minor is-
lands and rocks (Landi, 1989). The vegetation, influenced
by the Mediterranean climate and by the insularity, is
characterised by several aromatic species. Typical plants
of the Mediterranean that can be observed for example
on the Elba Island are adapted to grow near the sea, tol-
erating salt stress, drought, and rock side soils include
Crithmum maritimum 1., Rosmarinus officinalis 1., Myrtus sp.,
Spartium sp., Cistus sp., Lavandula sp., Helichrysum spp. and
Juniperus spp. (Rinaldi, 2001). These plants constitute an
ecological niche for their typical aromatic characteristics

and represent an ecological population to exploit and
to preserve (Hamilton, 2004; Abraham, 2010). The atro-
matic plants are usually collected on their natural stands
and used as spices in traditional food and cosmetics, in
phytotherapy and aromatherapy. This practice harms the
natural habitat, so the development of efficient proto-
cols for rapid clonal propagation and the conservation
of germplasm of selected species typical of these islands
is badly needed. Iz vitro culture of aromatic and medici-
nal plants is a useful technique to produce rapidly and
in small spaces a large amount of plant material, avoid-
ing the damage and the extinction of natural field grown
plants (Debnath ez al., 2006; Lucchesini & Mensuali-Sodi,
2010; Ruffoni e al, 2010). Moreover, micropropagation
represents a valid alternative for rapid clonal propagation
and an improvement of the production and marketing of
the selected plants. The micropropagation protocols are
based on regeneration of plants starting from different
organs (Lucchesini & Mensuali-Sodi, 2010). The 7 vitro
culture technique can be also useful for the production
of active compounds naturally present in aromatic plants
and in particular enhancing the levels of some metabo-
lites (Pistelli ez al., 2010).

The plants are able to emit organic volatile com-
pounds (VOC), but the intensity and profile of emission
is dependent on the genetic variability and plasticity of
phenotypes (Dicke & Loreto, 2010). VOC are mainly
produced by plants for three main reasons: plants-plants
interactions, signals for symbiotic organisms, and as in-
sect attractants or repellents. Many VOCs produced by
plants are constituents of aromatic essential oils, often
used in the food and perfume industries as flavors and/
or fragrances (Maffei et al, 2011). Moreover, it is known
that essential oils can have antibacterial, anti-inflamma-
tory and other pharmaceutical uses (Maffei ef af, 2011).

Headspace solid phase micro-extraction (HS-SPME)
followed by capillary gas-chromatography mass-spec-
trometry (GC-MS) is currently a widely used technique
for the characterization of the composition of plant vol-
atile fraction, due to its easy and fast management (Bel-
liardo e7 al., 2000).

The aim of the present work was to investigate, for
the first time, the chemical composition of the aroma
scent emitted by in vitro plantlets (ivP) of several aromat-
ic species, in comparison with the field-grown mother-
plants (fgP), using HS-SPME. Seven typical species
grown in the Tuscany Archipleago were chosen as plant
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material from different families: Calamintha nepeta (L.)
Savi, Lavandula angustifolia Mill., Rosmarinus officinalis 1.,
Salvia officinalis 1. and Satureja hortensis 1.. belonging to La-
biatae, Crithmum maritimum L. (Umbelliferae family) and
Myrtus communis L. (Myrtaceae family).

MATERIALS AND METHODS

Plant Materials. Calamintha nepeta 1., Crithmum mar-
itimum 1., Lavandula angustifolia Mill., Myrtus communis 1.,
Rosmarinus officinalis 1., Salvia officinalis 1., Saturegja horten-
sis L., representatives of the plant species typical of the
Tuscan herbs, were collected in spring 2011 in the Elba
Island of the Tuscan Archipelago, and kept in pots in a
greenhouse for acclimatization. A voucher specimen was
authenticated by S. Maccioni (Universita di Pisa, Dipar-
timento di Biologia) and deposited at the Botanical Gar-
den of the University of Pisa.

Micropropagation. Different types of explants were
used: apical portions of R. officinalis and S. hortensis, in-
ternodes with lateral buds for C. nepeta, M. communis, 1.
angustifolia, and S. officinalis, basal shoots of C. maritimmum.
The explants from the selected species were differently
sterilised. C. nepeta internodes with lateral buds, 10 mm
length, wete submetrged in 0.05% (v/v) Tween-20%
for 20 min, followed by washing with sterile water for
5 min. The explants wete then transfetred in 50% (v/v)
commercial hypochlorite for 10 min, and then washed
with sterile water for 5 min (sterilization method called
S1) (Grigoriadou & Maloupa, 2008). Ten-millimetre long
internodes of M. commmunis, L. officinalis, and S. officinalis
and basal shoots of C. maritimum were treated with de-
tergent 0.05% (v/v) Tween-20® for 20 min, then dipped
in a 70% (v/v) ethanol solution for 1 min before sut-
face sterilized in 25%(v/v) commercial sodium hypo-
chlorite for 10 min, and washed with sterile water for 5
min (S2) (Ruffoni & Mascarello, 2009). The S3 method,
adopted for the apical portions of R. officinalis and S. hor-
tensis, comprised a preliminary incubation of the explants
in 2% (w/v) sucrose and 0.01% (v/v) commercial so-
dium hypochlorite for 15 days in the dark (Ruffoni &
Mascarello, 2009). After washing with water for 5 min,
the explants were then sterilized with the S2 treatment.
Shoot proliferation was obtained by culturing the sterile
explants in different media. The constituents of the basal
medium (MS0) were MS macro- and micronutrients, vi-
tamins (Murashige & Skoog, 1962), 3% (w/v) suctose,
0.8% (w/v) agar and 0.05% (v/v) “Plant presetvative
mixture” (PPM); the above medium with the addition of
0.5 mg/L benzyladenine (BA) was called M1. The shoot
proliferation medium for R. officinalis (M2) contained an
extra 0.017 mg/L indole-3-acetic acid (IAA). The shoot
culture multiplication medium for C. maritimun (M3)
contained MSO medium with the addition of 0.5 mg/L
BA and 0.46 mg/L NAA. The rooting phase was in-
duced 7n vitro by transferring the shoots to rooting media
according to the literature. The following rooting me-
dia were utilized: R1, composed of MSO and 0.2 mg/L
NAA for C. nepeta, R. officinalis and L. angustifolia (An-
drade e al, 1999); R2 (MSO with 1 mg/L IAA+1.5%
sucrose) was used for M. communis (Scarpa et al., 2000),
R3 MSO0+0.1 mg/L IBA) for C. maritimum (Gtigoti-
adou & Maloupa, 2008), and medium R4 (MSO+0.5
mg/L IBA) for S. officinalis and S. hortensis (Arikat et al.,
2004). All media were adjusted to pH 5.7 with 0.1 M
KOH before autoclaving for 20 min at 120°C. Cultures
were maintained in a growthchamber at 22+ 1°C under

16 h light and 8 h dark photoperiod provided by cool

white fluorescent tubes (Philips TLM 40W/33RS) with
80 umoles m2 s PAR. Cultures were monitored regu-
larly for shoot production. Vitality was recorded after
one week; after four weeks, the number and length of
shoots, and percentage of root formation were recorded
and the plantlets were transferred to fresh medium.

SPME analyses. Emitted volatiles were analyzed us-
ing a Supelco SPME device coated with polydimethyl-
siloxane (PDMS, 100 um) in order to sample the head-
space of 10 g of fresh plant mass comprising either field
grown plants or aerial parts without flowers of in wvitro
plantlets collected at the end of 4-week subculture. Each
sample was introduced into a 30 ml glass conical flask
and allowed to equilibrate for 30 min. After the equi-
libration time, the fiber was exposed to the headspace
for 15 min at room temperature; once sampling was fin-
ished, the fiber was withdrawn into the needle and trans-
ferred to the injector of the GC and GC-MS system,
where the fiber was desorbed.

Gas Chromatography-FID. GC analyses were per-
formed using an HP-5890 Series II instrument equipped
with HP-WAX and HP-5 capillary columns (30 m X 0.25
mm, 0.25 um film thickness), working with the following
temperatute program: 60°C for 10 min, rising at 5°C/
min to 220°C; splitless injection mode, injector tempera-
ture, 250°C; carrier gas, nitrogen (2 ml/min); detector,
dual FID. The identification of the components was
performed for the both columns by comparison of their
retention time with those of pure authentic samples and
by means of their linear retention indices (IRI) relative to
a series of #-hydrocarbons. The percentage of the vola-
tile constituents was obtained by FID peak-area normali-
zation.

Gas Chromatography-Mass Spectrometry. GC-
MS analyses were performed with a Varian CP-3800
gas chromatograph equipped with a DB-5 capillary col-
umn (30 mx0.25 mm; coating thickness 0.25 um) and
a Varian Saturn 2000 ion trap mass detector. Analytical
conditions: splitless injection mode, injector tempera-
ture, 250°C; oven temperature programmed from 60
°C to 240°C at 3°C/min; cartier gas, helium at 1 ml/
min; injection, 0.2 ul (10% hexane solution). Identifica-
tion of the constituents was based on comparison of the
retention times with those of authentic samples, compar-
ing their linear retention indices relative to a series of
n-hydrocarbons, and on computer matching against com-
mercial (NIST 98 and ADAMS) and home-made library
mass spectra built up from pure substances, components
of known oils and MS literature data (Adams, 1995;
Connolly & Hill, 1991; Jennings & Shibamoto, 1980;
Massada, 1976; Stenhagen ef al, 1974; Swigar & Silver-
stein, 1981).

RESULTS AND DISCUSSION

Calamintha nepeta 1., Crithnum maritimum 1. Lavandula
angustifolia NMill., Myrtus communis 1., Rosmarinus officinalis
L., Salvia officinalis 1.. and Satureja hortensis L., typical spe-
cies of the Tuscan Archipelago, were selected for micro-
propagation with the aim to preserve the environment
and to collect the germplasm of typical insular Mediter-
ranean plants. The main type of explants used for the
sterilization process were microcutting (vegetative apical
portions), in some cases axillary buds or internodes. Var-
ious sterilization methods were used to select the best
method for each explants. Table 1 shows the sterilization
efficiency expressed as the explants’vitality after 7 days
of culture. The explants of C. maritimum and M. comnmu-
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Table 1. Vitality percentage, multiplication rate, shoot length, and root formation of micropropagated plants.
Mean values from five independent replicates +S.D. are shown. Abbreviations represent respectively: S1, S2 and S3 (sterilization method),
M1, M2 and M3 (proliferation media), R1, R2, R3 and R4 (rooting media). For details see the material and methods section.

Shoot n°/explant Shoot height (cm) Roots (%)

Species Explants Vitality (%)
Calaminta nepeta L. internodal segments 50 (S1)
Cithmum maritimum L. basal shoots 100 (52)
Lavandula angustifolia Mill.  internodal segments | 80(52)
Myrtus communis L. internodal segments 100 (S2)
Rosmarinus officinalis L. apical portions 80 (S3)
Salvia offcinalisL. intemodal segments 10(52)
Satureja hortensisL. apical portions 80(53)

4+0.5 (M1) 2.80+0.43 100 (R1)
””””””” 3:03(M3) 2724033 4R)
""""""" 3:04(M1) 1842040  40RD)
""""""" 3x05(M) 3274051 79R)

1+0.1 (M2) 1.50£0.50 0 (R1)
””””””” 2503(M1) 429041 100
""""""" 1202 290%117 SR

nis gave the best results of sterilization, reaching 100%
vitality, not contaminated, as indicated in the literature
(Grigoriadou & Maloupa, 2008; Ruffoni & Mascarello,
2009). A good percentage of success, 80%, was also ob-
served for apical portions of R. officinalis and S. hortensis
as well as for internodes of L. angustifolia. 'The method
S3 included a pre-treatment with sucrose for 15 days, al-
ready successfully demonstrated in other Mediterranean
explants (Ruffoni & Mascarello, 2009). A lower percent-
age of vitality was observed for explants of C. epeta
(50%) and for S. officinalis, as known from the literature
(Avato e al, 2005). The best explants were propagated
using different media, chosen for simplicity of use, and
subcultured every 4 weeks. The multiplication of shoots

and their length were evaluated at the end of the cycle
of subculture (Table 1). M1 medium, with addition of
only BA as growth regulator, exhibited good results for
M. communis, C. nepeta, L. angustifolia and S. officinalis; this
confirms that proliferation can be achieved also with a
minimum addition of growth regulators, as often report-
ed in the literature for some species (Scarpa ef al., 2000,
Avato e al, 2005; Ruffoni & Mascarello, 2009). How-
ever, for C. maritimum the highest number of shoots was
obtained adding both auxin (NAA) and cytokinin (BA)
to the MSO medium (Grigoriadou & Maloupa, 2008). S.
hortensis produced modest results of propagation when
apical portions were used as explants, confirming the
literature data for S. obovata (Arrebola, 1997). R. officina-

O Terpene esters
O Curgenated sesquitetpenes
O Sesyuiterpen hydrocartbons
B Oxyrgenated monoterpenes
10084 4 B Ionoterpene bydrocarhons
? 5% 1 l
0%
25%
0%
wE | fgf | WE | fgF | P | fgP | | fgF | WP | fgl | WP | fgFP | WP | fef
Calaminthe | Crithwmm | Lavandula Myrtus Rosmarinus Sabvia g fer
nepeta maritimum | angustifolia | communis afficinalis afficinalis hartensis

Figure 1. Terpene composition of the headspace of plants grown in the field (fgP) and in vitro (ivP).
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Table 2. Main constituents identified in HS-SPME of examinated species

C. nepeta C. maritimum ?(.)I(;vggusti— n/\/li.scommu— R. officinalis  S. officinalis S. hortensis
Compound
BB % e B R %% % % %% % % %
ivP  fgP fgP ivP fgP ivP  fgP ivP  fgP ivP  fgP ivP  fgP
a-thujene MH 932 1.2 0.3 0.4 0.3 09 03 0.8 1.5 1.4

trlcyclene MH 938 . 65.0 i
ot—plnene MH 940 1.8 63 10.3 1”1 9 1.4 4.6 4.2 4.8 24.7” 344 146 53 1.5 3.0
camphene MH 955 1.8 0.4 ) 0.6 1.6 13.4” 19.7 85 1.9 0.1 33
B-thujene MH 971 10 "
Sablnene MH 978 1.2 14 15.0 15 0.5 0.4 0.2 0.2
B—plnene MH 981 425 84 ) 24 23 9.6 ) 105 194 101 1.0 1.8
myrcene MH 993 2.1 17 09 16 19 10.8" 32 14 110 10 17
mcrx:brl’rlglrlgrldrene MH 1006 ) 0.7 1.4 0.1 ) 0.3
6—3—carene MH 1012 0.3 6.9 1.3 ) 0.1
aterplnene MH 1019 03 04 0.4 i 0.1 03 34 25
o—cymene MH 1026 ) 0.5 ) 0.1 1.1
p—cymene MH 1028 9.6 1”0.1 1.0 0.6 2.1 ) 0.6 156 303
B-phellandrene MH 1031 62
Ilmonene MH 1032 15.0 34.8 25 40 ) 23 4.3 1.2
1,8—C|neo| MH 1036 119 222 325 1 0.7” 19.2 7.2 5.8 1.2
m(})r:ﬁrar—ggirmene MH 1042 0.6 53 ) 4.4
 (B-B-ocimene MH 1053 04 04
y—terplnene MH 1062 0.4 30.9 17179.3 0.4 0.1 29 1.5 ) 0.2 0.4 1.1 290 117
mrr)r—%gr;trha—3,8—diene MH 1072 ) 2.0 )
cts—sablnene hydrate MH 1072 0.5 0.2
';-ﬁc')}'rr{{éﬁene MH 1080 04 08
isoterpinolene MH 1086 05 08
terplnolene MH 1090 0.1 0.3 1.3 1.4 0.7 1.7 ) 0.3 0.9 0.6
||na|00| MO 1102 ) 0.5 0.4 0.5
“nonanal ALD 1104 17
O(—thUJone MO 1109 207 9.2 0.4
,,,é;i,t,],djg;e MO 1120 45 3.
cts—llmonene oxide MO 1137 02 04
 neo-alloocimene MH 1142 06
camphor MO 1148 215 79 ) 14 88 6.9 0.3
menthone MO 1154 05 04 "
menthofuran MO 1164 05 07
ml;}a;lrsr—;irr;ocamphone MO 1165 0.4
borneol MO 1169 1.8 1.1 0.9 35 14 20
rﬁgl'rsr—rﬁrr;(r);amphone MO 1177 03 02 0.3
myrtenal MO 1184 18
aterpmeol MO 1192 02 02 0.9 0.2
1-dodecene ALK 1192 18
decanal ALD 1206 14
verbenone MO 1214 02 03 o
methylthymol MO 1235 0.4 03 7.2 ) 0.2 11.9
pulegone MO 1237 05 "
Vrrrrrri;er’rcrﬁr)r/rlﬁcrarvacrol MO 1244 21.1 272.0 1.2 03 4.1
piperitone oxide MO 1257 49 "
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mlr);)}rr;)rlrlgcetate TE 1287 1.2 4.5 ) 1.2 0.2 0.8 1.4
thymol MO 12903 " 55
Iavandulyl acetate TE 1289 0.2
n-tridecane ALK 1300 20
canvacrol MO 1301 05 144
myrtenyl acetate TE 1327 1.3
5-elemene SH 1340 04
piperitenone MO 1342 04
plperltenone oxide MO 1363 4.1
cyclosativene SH 1371 07
a-copaene SH 1376 01 07 06
B-bourbonene SH 1383 1
B-cubebene SH 1390 09 03
J;—r(rer;rJrir—;gsrquithujene SH 1391 0.9
B-elemene SH 1392 0.5 0.3 6.9
 n-tetradecane ALK 1400 05
Cisocaryophyllene  SH 1406 04 02
a-cedrene SH 1409 06
m&-réﬂrrjﬁﬁene SH 1410 21 30 0.3
mga;rr)r/;)&\&llene SH 1418 27 103 01 193 65 68 81 50 i 1.1 15 33 200 50
'”[SIQVL}'rrjrl]Hene SH 1428 18 05 i 0.3 . 0.2
Wt;é;lrsr—g—rl:;ergamotene SH 1437 0.5 0.6 33 0.1
VNgsr—aat;lrrrola—&S—diene SH 1448 13.9 09 07
77777777777777777 SH 1445 0.4 0.3 20
SH 1453 0.2 04
ahumulene SH 1456 0.7 08 0.2 30 35 i 0.1 81 1.3 1.1 06
 (B--faresene SH 1460 17 "
cemuurola-4(145- gy 1463 9.1 11 07
77777777777777777 SH 1477 1.4
SH 1481 20 107 0.7 03 8.5 2.1 2.0 2.2
SH 1485 13 . 0.4 3.8
SH 1495 0.6
SH 1495 0.1 1.1 0.1 3.2 1.0 0.5
SH 1497 4.7
ALK 1500 1.9
SH 1508 0.8
SH 1509 01 05 03 40 35
SH 1513 0.2 3.8 3.8 0.4
SH 1522 1.1 0.1
SH 1523 0.3 1.5 1.0
SH 1524 0.5
SO 1582 0.5 3.2 ) 0.3
SO 1614 02 04 04 .
SH 1556 0.4 01
PP 1623 0.6 23 34
SO 1642 . 09 05
AE 13.6
SO 1684 0.4
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n-heptadecane ALK 1700 0.6 0.9

n-octadecane ALK 1800 0.9

Monoterpene hydro- 624 540 723 744 236 328 741 94 672 700 480 419 553 567
Oxygenated mono- 254

terpenes MO 1.7 13.2 215 223 139 455 84 343 189 418 273 144 99

sesquiterpen hydro- ¢, 346 269 33 05 476 18 68 265 85 12 96 277 264 118
carbons

Oxygenated sesqu-

iterpenes SO 02 08 1.3 1.0 3.2 0.3

Terpene esters TE 1.5 1.5 1.3 45 1.2 0.2 1.2 05 17.4
Phenylpropanoids PP 0.6 23 34

Alkanes ALK 7.4 1.8 0.2

Adeydes ALD 0.2 3.1 0.5

Acids/esters AE 0.3 13.6

Total 984 949 975 99.5 928 974 927 932 989 979 996 96.6 96.6 958

IRI, Linear retention index. The components are listed in order of their elution on the DB-5 column. IVP, in vitro plants; fgP, field-grown plants. MH,
monoterpene hydrocarbons; MO, oxygenated monoterpenes; SH, sesquiterpene hydrocarbons; SO, oxygenated sesquiterpenes; TE, terpene esters;
ALD, aldehydes; ALK, alkanes/alkenes; PP, phenyl propanoids; AE, esters. Compounds present at less than 0.1% were excluded from the table and

from analysis.

Jis exhibited the lowest number of shoot proliferation
even in a specific medium (M2), and no root formation
was observed (R1 medium), confirming the refractiv-
ity of this species to proliferation (Misra & Chaturvedi,
1984). The shoot length is also shown in Table 1, and
the varied growth ability of the explants confirmed the
data already known from the literature. Notably, we de-
vised a good method for the 7 witro propagation of C.
nepeta, not considered for micropropagation until now
(Misra & Chaturvedi, 1984, Arrebola, 1997; Avato et al.,
2005; Grigoriadou & Maloupa, 2008). Root formation
was then induced in order to produce aseptically whole
plants to be easily transferred in diverse environments.
Best results were obtained with C. wepeta and S. officinalis,
whereas the percentage of produced roots was lower for
other species.

The volatiles emitted from the analysed species and
identified by GC-MS are reported in Table 2. In total,
71 and 78 compounds were identified in micropropa-
gated (ivP) and field-grown (fgP) plants. The headspace
analyses of these two growth conditions accounted for
92.7-99.6% and 93.2-99.5% of the total compositions,
respectively. The volatile fractions were characterized
mainly by hydrocarbons and oxygenated monoterpenes
together with sesquiterpene hydrocarbons (Fig. 1). The
SPME analysis of the two samples of C. nepeta showed a
similar composition in monoterpenes (64.1 and 67.2% in
ivP and fgP, respectively) and sesquiterpenes (34.1 and
26.9% in ivP and fgP, respectively), even if fgP exhibited
higher percentages of oxygenated monoterpenes (13.2%)
than ivP (1.7%). In fgP typical compounds of Calamintha
spp. were detected, as limonene (34.8%), piperitone ox-
ide and piperitenone oxide (4.9 and 4.1%, respectively),
together with low amounts of pulegone and menthone,
(0.5 and 0.4%, respectively), in accordance with literature
data (De Pooter ¢ al, 19806). In contrast, ivP showed the
presence of cs-muurola 3,5-diene (13.9%) and cis-muu-
rola-4(14),5-diene (9.1%), not detected in fgP, and a high
percentage of B-pinene (42.5%, against 8.4% in fgP).
The headspaces of C. maritimum samples showed a simi-
lar composition, characterised by monoterpene hydrocar-
bons (72.3% in ivP and 74.4% in fgP) and oxygenated
monoterpenes (21.5% in ivP and 22.3% in fgP), differing

only by the percentages of sabinene (15.0% in ivP and
1.5% in fgP) and y-terpinene (30.9% in ivP and 49.3 in
fgP). The identified constituents are in agreement also
with the composition of the essential oils reported in
the literature (Ozcan e al, 2006), even if many reports
on the essential oil composition of sea fennel grown in
different parts of Mediterranean area showed differences
in chemical constituents, suggesting different chemotypes
of this species (Kulisic-Bilusic ez a/, 2010). The two L.
angustifolia samples showed qualitative differences in the
composition of the volatiles emitted: the ivP headspace
was characterised especially by sesquiterpene hydrocar-
bons (47.2%), while fgP exhibited high percentages of
oxygenated and hydrocarbon monoterpenes (45.2% and
32.3%, respectively). 1,8-cineol, the compound that gives
the particular flavour of the lavender fields, was detected
in both samples (11.9% in ivP and 22.2% in fgP), while
camphor was identified only in the headspace of fgP
(21.5%). These results represent new data regarding the
head space composition of the vegetative aerial part of
L. angustifolia, since earlier reports focused on the flower
aroma and/or the reproductive aerial parts (Kim et al,
2002, Da Porto & Decorti 2008). SPME analyses of mi-
cropropagated L. viridis plants and field-grown mother-
plant exhibited a different composition of the emitted
volatiles (Gongalves ¢ al., 2008). The headspace analysis
obtained from field-grown M. commmunis showed a similar
composition with the literature data (Flamini ez a/,, 2004),
with the presence of 1,8-cineol (32.5%), a-pinene (4.8%),
limonene (2.5%) and mirtenyl acetate (1.3%). In contrast,
in the SPME analysis of ivP, tricyclene was revealed as
the main constituent (65.0%), together with methyl thy-
mol (7.2%), showing a very different composition from
the field-grown plant. The SPME analysis of R. officinalis
samples showed the presence of similar percentages of
monoterpene hydrocarbons (67.0% in ivP and 70.0% in
fgP), but quantitative differences in the percentages of
oxygenated monoterpenes (18.9% in ivP and 25.2% in
fgP) and of sesquiterpene hydrocarbons (8.5% in ivP
and 1.2% in fgP). a-pinene (24.7% and 34.4% in ivP and
fgP, respectively). 1,8-cineol (10.7% in ivP and 19.2% in
fgP) and camphor (7.9% in ivP and 1.4% in fgP) rep-
resent the most important constituents of the essential
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oil and aroma of R. officinalis (Katerinopoulos ¢# al., 2005;
Zawirska-Wojtasiak & Wasowicz, 2009). The main com-
pounds identified in the headspace of both samples of
S. officinalis were o-thujone (20.7% and 9.2% in ivP and
fgP, respectively), B-pinene (19.4% in ivP and 10.1%
in fgP) and a-pinene (14.6% and 5.3% in ivP and fgP,
respectively), together with camphor (8.8% in ivP and
6.9% in fgP) and a-humulene (8.1% in ivP and 11.3%
in fgP), in agreement with the quali-quantitative com-
position reported for S. officinalis essential oil (Longaray
Delamare et al., 2007; Santos-Gomes et al, 2001). De-
spite the presence of compounds characteristic for §. of
ficinalis in both analysed samples, the micropropagated
plants showed higher content of oxygenated monoter-
penes (41.8%) then the field-grown plants (27.1%), while
the sesquiterpene hydrocarbons were present especially
in the field-grown samples (26.8% and 9.6% in ivP and
fgP, respectively). The headspace of the S. hortensis two
samples was characterised mainly by y-terpinene (29.0%
in ivP and 11.7% in fgP), p-cymene (15.6% in ivP and
30.3% in fgP), carvacrol (14.4%, identified only in ivP)
and methylthymol and thymol (11.9 and 5.5%, respec-
tively, the both detected only in the field-grown plants),
characteristic constituents of the essential oil from aerial
parts. y-terpinene and p-cymene are biogenetic precursors
(via enzymatic hydroxylation) of the phenolic terpenes
thymol and carvacrol, so there is a correlation between
these compounds and their percentages are affected by
harvesting time and location (Azaz e al, 2005; Sefidkon
et al., 2006; Gulltice e al, 2003; Abu-Lafi et al., 2008).

Many VOCs produced by officinal and medicinal plants
are commercialized as flavors and/or fragrances, and their
use in the food and perfume industries has a long tradi-
tion. This work showed that the headspace composition
of micropropagated plantlets of C. waritimum, R. officina-
lis, S. officinalis and S. hortensis is very similar to the cot-
responding field-grown plants, containing the same main
constituents, although further investigations are requested
for C. nepeta, L. angustifolia and M. commmnis in order to ob-
tain 7z vitro plant material with aromatic profile more simi-
lar to the wild plants. These results indicated that micro-
propagation can represent a valid alternative to produce
rapidly large amounts of plant material characterised by
the same aromatic flavor as the wild grown plants. Oth-
er advantages of this technique are the protection of the
natural ecosystem avoiding the damage of endemic plants.
The emission of VOC by the micropropagated plants can
represent a good market actractant for baby plants. Cus-
tomers may use them as spices or as steril ornamental
plants to be transported everywhere.
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