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Summary.- Fruits, leaves and scapes of wild Plantago lanceolata (ribwort) were
investigated for volatile compounds by GC/MS. Leaves of young ribworts (35-
day-old) cultured in vitro were also analysed. The volatile compound proportion
corresponds to 0.05%, 0.03% and 0.001% of fresh weight for fruits, leaves and
scapes, respectively. Thirty-five and twenty-six components were identified from
fruits and leaves, respectively, while scapes contained only seven volatile com-
ponents. The major constituents of fruits were oct-1-en-3-ol (24.9%), hexahy-
drofarnesylacetone (15.7%), vanillic acid (8.8%) and neophytadienes (>10%);
leaves contained mainly oct-1-en-3-ol (41.1%), (E),4(3-0x0-2,6,6-trimethylcyclo-
hex-2-en-1-yl)-3-buten-2-ol (15.6%), 6-(3-hydroxy-1-butenyl)-1,5,5-trimethyl-7-
oxabicyclo[4,1,0]heptan-3-ol (6.9%) and benzoic acid (6.3%). Neophytadienes
were mainly found in both scapes of wild ribworts and leaves of seedling cul-
tures.

Résumeé.- Les substances volatiles des fruits, des feuilles et des hampes flo-
rales du plantain lancéolé (Plantago lanceolata) sauvage ont été analysées par
chromatographie en phase gazeuse couplée a la spectrométrie de masse (CG-
SM). Les feuilles des jeunes plantules cultivées in vitro (4gées de 35 jours) ont
également été analysées. Le pourcentage de composés volatils dans chaque
organe mesuré est de 0,05% de la masse fraiche pour les fruits, 0,03% de la
masse fraiche pour les feuilles et de 0,001% de la masse fraiche pour les
hampes florales. Trente-cing et vingt-six composés volatils ont été respective-
ment identifiés dans les fruits et dans les feuilles. Sept composés volatils ont été
isolés dans les hampes florales. Les composés majoritaires retrouvés dans les
fruits sont le oct-1-en-3-ol (24,9%), 'hexahydrofarnésylacétone (15,7%), I'acide
vanillique (9,8%) et les néophytadiénes (>10%) ; les feuilles contiennem majori-
tairement du oct-1-en-3-ol (41,1%), du (E)-4(3-0x0-2,6,6-trimethylcyclohex-2-en-
1-yl)-3-buten-2-0l (15,6%), du 6-(3-hydroxy-1-butenyl)-1,5,5-triméthyl-7-
oxabicyclo[4,1,0}heptan-3-ol (6,9%) et de I'acide benzoique (6,3%). Dans les
hampes florales du plantain sauvage et dans les feuilles du plantain cultivé in
vitro, on ne retrouve que les néophytadiénes.

Key-words : Plantago lanceolata - volatile components — oct-1-en-3-0l — hexa-
hydrafarnesylacetone — vaniilic acid.
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I. INTRODUCTION

Plantago lanceolata (ribwort) was investigated for several components groups, such as iri-
doids, i.e., catalpol, aucubin, asperuloside and globularine (Luckner et al., 1968; El-
Nagaar and Beal, 1980; Handjieva and Saadi, 1991; Long et al., 1995; Harborne et al.,
1997), flavonoids, i.e., apigenin, scutellarein, kaempferol and kercetol derivatives
(Haznagy et al., 1976; Grigorescu et al., 1973; Harborne and Baxter, 1995), coumarins,
i.e., aesculine and cichorine (Haznagy, 1970) and phenylpropanoids, i.e., plantamoside,
verbascoside, lavandulifolioside, cistanoside F and isoverbascoside (Andary et al., 1988,
Harborne and Baxter, 1995; Murai et al., 1995). In this paper, ribwort was investigated for
volatile components. Different parts of wild plants (scapes, leaves, fruits) and the leaves of
fresh and freeze-dried in vitro cultured seedlings were compared using Gas
Chromatography-Mass Spectrometry (GC/MS).

II. MATERIAL AND METHODS

Wild plants: Fresh wild Plantago lanceolata L. was collected in the Faculty of Pharmacy of Montpellier in the sum-
mer of 1998. Leaves (60 g), scapes (30 g) and fruits (60 g) of F. lanceolata were cubed and extracted with diethyl
ether (from 100 to 400 ml) for 12 hours. The filtered organic extracts were concentrated to a small volume under nitro-
gen stream and then used for Gas Chromatography-Mass Spectrometry (GC/MS) analysis.

In vitro cultured seedlings: Seeds of P. lanceolata were cultured in Murashige and Skoog culture medium (MS) as
previously reported (Fons, 1998; Fons et al., 1998). 35 day-old-plant leaves (30 g and 10 g for fresh and freeze-dried
materials, respectively) were mashed in a mortar and extracted with diethyl ether (300 and 100 ml, respectively). The
filtered extracts were then used for GC/MS analysis. .

GC/MS analyses: Analyses were realised on Hewlett-Packard GC/MS system. The chromatograph was fitted with a
25 m x 0.20 mm polydimethylsiloxane OPTIMA-1 (fused film thickness: 0.25 um) silica capillary column. The carrier
gas was helium with a flow rate of approx. 0.6 ml/min; the injector and detector temperatures were 200°C and 220°C,
respectively. The column was temperature programmed as follows: 50°C-200°C (3°C/min). The mass spectra were
recorded on a mass selective quadrupole-type detector of the HP 5970A class, using a potential of 70 eV for ionisa-
tion by electron impact. Volatile compounds were identified by their mass spectra and retention indices (Stenhagen
et al., 1976; Jennings and Shibamoto, 1980; Adams, 1989; McLafferty and Stauffer, 1989; Pacakova and Pelt, 1992).
The volatile compounds of P. lanceolata were listed in Table 1 in order of their retention indices.

III. RESULTS AND DISCUSSION

The volatile compound proportion corresponds to 462 pg.g! of fresh weight for fruits
(0.05%), 342 ng.g-! of fresh weight for leaves (0.03%) and 13 ug.g-! of fresh weight for
scapes (0.001%). Thirty-five and twenty-six volatile components were identified by
GC/MS from fruits and leaves, respectively, while scapes contained only seven volatile
components (Table 1). The major compounds of fruits were oct-1-en-3-o0l (24.9%), hexa-
hydrofarnesylacetone (15.7%), vanillic acid (9.8%) and neophytadienes (> 10%); leaves
contained mainly oct-1-en-3-ol (41.1%), (E)—4(3—oxo-2,6,6—trimethyloyclohex—2—en—l—yl)—
3-buten-2-ol (15.6%), 6-(3-hydroxy-1-butenyl)-1 ,5,5-trimethyl-7-oxabicyclo[4,1,0]hep-
tan-3-ol (6.9%) and benzoic acid (6.3%). Neophytadienes (59%) were mainly found in
scapes of wild ribworts with (Z)-hex-3-enyl acetate (18.4%) and oct-1-en-3-ol (16.4%).
The main flavour compound in both leaves and fruits of ribworts was C8-aliphatic alco-
hol, oct-1-en-3-ol (24.9% and 41.1% in fruits and leaves, respectively) with fungal odour




267

(Maga, 1981); another C8-aliphatic alcohol, octan-3-ol, with weakly nutty fungal scent
(Fischer and Grosch, 1987) was also found in low amounts from both leaves and fruits.

Three C6-derivatives, (Z)-hex-3-enol (4.8% in leaves), hexanal (1.1% in fruits) and (Z)-
hex-3-enal (0.3% in leaves) are well-known to develop the “green odour” (Hatanaka,
1993).

Eugenol, wildly used instead of cloves oil (The Merck Index, 1996), is a common vola-
tile compound from plants such as Hyacinthus, Jasminum, Rosa, Stachys (Knudsen et al.,
1993; Pélissier et al., 1998) and mushrooms (Rapior et al., 1997). Eugenol was identified
for the first time in leaves (2.6%) and fruits (1.3%) of P lanceolata.

Phenyl-2-ethanol (1.4% in leaves) and phenylacetaldehyde (1.4% in fruits) are often
used in flavors and perfume industry for their rose and hyacinth scents, respectively (The
Merck Index, 1996).

(E)-4(3-0x0-2,6,6-trimethylcyclohex-2-en-1-yl)-3-buten-2-ol and 6-(3-hydroxy-1-bute-
nyl)-1,5,5-trimethyl-7-oxabicyclo[4,1,0]heptan-3-ol are two oxydated compounds from the
ionone family.

Among the volatile components identified from wild P lanceolata, the three major plant
volatile groups reported by Knudsen et al. (1993) were identified in the three parts of wild
ribworts, i.e., isoprenoids (neophytadienes, 6-(3-hydroxy-1-butenyl)-1,5,5-trimethyl-7-
oxabicyclo[4,1,0]heptan-3-ol, hexahydrofarnesylacetone), benzenoids (eugenol, phenyla-
cetaldehyde, phenyl-2-ethanol, hydroxymethoxyacetophenone...) and aliphatic
compounds (hexanal, heptanal, octanol, nonanol...).

Large amounts of palmitic acid were found in sca]pes of wild plants (280 ug.g'!); lower
amounts were also detected in fruits (78 pg.g’l) and leaves (65 pg.g!). Toluene
(37 pug.g’! in leaves), (o, m, p)-xylenes (7 ug.g™! and 2 ng.g'! in fruits and leaves, respec-
tively) and pentadecane (24 pg.g! in fruits) were also found in wild ribworts but were
removed from the table 1 because exogen origins were suspected.

Young seedlings in vitro cultured (35-day-old) revealed only neophytadienes in both
fresh and freeze-dried leaves. i

IV. CONCLUSION

This study highlighted for the first time the broad spectrum of volatile compounds from
leaves and fruits of P lanceolata (oct-1-en-3-ol, hexahydrofarnesylacetone, vanillic acid,
hexanal, eugenol...).

The results also show that neophytadienes (identified in both wild and young cultured
P, lanceolata) are the first volatile compounds synthesised in the earlier states of plant
growth. It would be interesting to compare the volatile profile evolution of seedlings until
flowering with the profile of wild plants to estimate the importance of culture conditions
on volatile compounds pathway.
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Table 1.- Percentage* of volatile compounds in fruits, leaves and scapes of wild Plantago lanceolata.

Tableau 1.- Pourcentage* des composés volatils dans les fruits, les feuilles et les hampes florales de Plantago lanceolata sauvage.
RI  Volatile compounds Fruits Leaves Scapes
789 NI 0.1 0.2
790  hexanal 1.1 0.1
799  butyl acetate 0.6 0.2
800  n-octane 1.2
829  (Z)-hex-3-enal 0.3
843  (Z)-hex-3-enol 4.8
861  2-methylbutanoic acid 0.3
867  3-methylbutanoic acid 0.1
921  benzaldehyde 04
924  (E)-hept-2-enal 1.1
949  oct-1-en-3-one 0.5
950  octan-3-ol (isomer) 0.2
965  oct-1-en-3-ol 24.9 41.1 16.4
980  (Z)-hex-3-enyl acetate 3.9 18.5
988  octan-3-ol 0.1 0.6
989  (E)-hex-3-enyl acetate 0.1
995  hexanoic acid 0.4

1002  phenylacetaldehyde 1.4 0.2

1021  phenylmethanol 0.3 0.2

1059 NI 0.6

1083 . nonanal 1.5 0.6

1108  phenyl-2-ethanol 0.1 1.4

1210  benzoic acid 0.6 6.3

1239  (E)-dec-2-enal 4.6 \

1240  4-vinylphenol . 0.04

1256  (2E, 4Z)-deca-2,4-dienal 0.1

1280  nonanoic acid 0.1

1287  (2E, 4E)-deca-2,4-dienal 0.4

1297  4-vinyl-2-methoxyphenol 0.2 0.4

1355 eugenol 1.3 2.6

1391  vanillin 0.3 0.2 1.4

1423  4-hydroxybenzaldehyde 0.02 0.04

1487  2-hydroxy-6-methoxy acetophenone 4.1 1.6

1490  2(4-hydroxyphenyl)ethanol 7.3 2.7

1620  vanillic acid 9.8 5.2

1622 NI 1.6 0.2

1661  (E)-4(3-ox0-2,6,6-trimethylcyclohex-2-en-1-yl)-3-buten-2-ol 1.6 15.6

1677 NI 1.4

1698  6-(3-hydroxy-1-butenyl)-1,5,5-trimethyl-7- 0.2 6.9 4.2
oxabicyclo[4,1,0]heptan-3-ol

1717 NI 13 0.8

1783  myristic acid 1.4

1833  hexahydrofarnesylacetone 15.7

1838  14-methylidene-2,6,10-trimethylhexadecene** 4.9 1.9 30.3

1844 NI 1.6

1856  (Z)-2,6,10-trimethylhexadeca-1,3-diene** 2.8 7 7.7

1870  (E)-2,6,10-trimethylhexadeca-1,3-diene** 4.4 1.2 21.0

* relative percentage of the volatile components based on the GC/MS chromatographic area
** neophytadiene isomers
R = Retention Indices; NI = Not Identified
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