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08:45 - 09:00 Opening Ceremony

Session I: Use o f  medicinal plants in traditional and modem ethnopharmacy

Chaired by: E H Graven and J  J  C Scheffer

09:00 - 09:30

09:30 - 09:50

09:50- 10:10

10:10- 10:30

Plenary Presentation 1-1

J  Bemath - Research Institute for Medicinal Plants, Budakalasz, 
Hungary.
Systematics of species characterised by essential oil accumulation 
and their application in traditional and up-to-date therapy.

7-2
E Sezik - Gazi University, Ankara, Turkey.
Volatile oil containing plants used in traditional medicine in 
Turkey.

1-3
K Oosterhaven - ATO-Agrotechnologie, Wageningen, Netherlands 
Effect of s-carvone on potato sprout growth.

1-4
G Buchbauer - Vienna University, Vienna, Austria.
Fragrance compounds and essential oils in aromatherapy re
search.

10:30-11:10 Coffee Break.

11:10-11:30

11:30-11:50

11:50-12:10

12:10- 12:30

1-5
S Demissew - Addis Ababa University, Addis Ababa, Ethiopia. 
Botanical studies of some essential oil bearing plants in Ethiopia 
and their indigenous uses.

1-6
G Tumen - Anadolu University, Eskisehir, Turkey.
Essential oil composition of four Origanum vulgare subspecies of 
Anatolian origin.

1-7
E Sarer - Ankara University, Ankara, Turkey.
Investigations on volatile oils of some Teucrium species from 
Turkey.

1-8
M Lis-Balchin - South Bank University, London, UK. 
Agrochemical usage of essential oils of the Geraniaceae family.
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Session II: Factors influencing plant essential oil formation

Chaired by: C Bicchi and B V Charlwood

13:45-14:15

14:15-14:35

14:35 - 14:55

14:55-15:15

Plenary Presentation II-l

Ch Franz - Vienna University, Vienna, Austria.
Genetics and breeding of essential oil crops.

7/-2
A M Bosabalidis - Aristotle University, Thessaloniki, Greece. 
Development, essential oil secretion and morphometric character 
istics of glandular trichomes in Origanum dictamnus L.

II-3
R R Carlton - Schering Agrochemicals, Saffron Walden, UK. 
Variation in volatile oil from the leaves of Myrica gale.

II-4
TA van Beek - Agricultural University, Wageningen, Netherlands. 
Analysis of the essential oil of the so-called Mentha mirennae 
Bruno. A comparative study with Mentha species.

15:15-15:50 Coffee Break.

15:50-16:10

16:10- 16:30

16:30-16:50

16:50-17:10

//-5
U Ravid - Agricultural Research Organisation, Haifa, Israel.
The enantiomeric composition of some monoterpene ketones and 
alcohols in various essential oils.

II-6
H J  Bouwmeester - DLO, Centre for Agrobiological Research, 
Wageningen, Netherlands.
Effects of environmental factors on caraway [Carum carvi L.] 
essential oil production.

II-7
K G Tkachenko - Kamarov Botanical Inst., St. Petersberg, Russia. 
The essential oil of Mentha species from St. Petersberg.

II-8
GRuberto - CNR, Valverde, Italy.
New essential oils from new Citrus hybrids.

17:10 - 19:30 Formal Poster Session.

19:30-20:00 Kyle & Carrick District Council CIVIC RECEPTION 

20:00 - 24:00 SCOTTISH EVENING
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Session III: Chemical analysis o f plant secondary metabolites

Chairmed by: J  B Harbome and E Stahl-Biskup

09:00 - 09:30

09:30 - 09:50

09:50- 10:10

10:10-10:30

Plenary Presentation 7/7-1

MLindstrôm - Firmenich SA, Geneva, Switzerland.
Alkaloids, bases and essential oils

777-2
L Maignial - Nestec Ltd, Lusanne, Switzerland.
Simultaneous distillation extraction under static vacuum: isolation 
of volatile compounds at room temperature.

777-3
P Weryerstahl - Technical University of Berlin, Berlin, Germany. 
Constituents of the essential oil of the rhizomes of Hedychium 
gardnerianum.

111-4
E Wilhelm - Hamburg University, Hamburg, Germany. 
Essential oil analysis in the European pharmacopoeia.

10:30-11:10 Coffee Break.

11:10- 11:30

11:30-11:50

11:50-12:10

12:10-12:40

777-5
N Perry - Otago University, Dunedin, New Zealand.
Computer assisted analyses of rose oils from New Zealand.

III-6
J Holthuijzen - Hamburg University, Hamburg, Germany.
Some practical experience of analysis of glycosidically bound 
volatiles.

777-7
D A Moyler - Universal Flavours Ltd, Bletchley, UK. 
Extraction of essential oils with C 0 2.

777-5
C Biechi - Torino University, Torino, Italy.
The use of cyclodextrin derivatives in the enantiomeric separation 
of volatile compounds.
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Session IV: Biotechnology o f plant secondary metabolites: New developments

Chaired by: R K M  Hay and R Hiltunen

13:45 - 14:15 Plenary Presentation IV-1

M J C  Rhodes - AFRC Institute of Food Research, Norwich, UK. 
New approaches to the study of essential oil accumulation.

14:15-14:35
IV-2

M Humphrey - Bush Boake Allen Ltd, London, UK. 
Observations on essential oil distillation in the laboratory.

14:35 - 14:55
IV-3

E Worker - The Hebrew University, Jerusalem, Israel.
Glandular hairs in some genera of the Lamiaceae: structure, loca 
tion and production.

14:55- 15:15
IV-4

H Becker - Saarlandes University, Saarbrücken, Germany. 
Production of terpenoids in aseptic cultures of liverwort.

15:15-15:50 Coffee Break.

15:50-16:10
IV-5

A Henderson - Strathclyde University, Glasgow, UK.
Mode of action of methyl jasmonate.

16:10- 16:30
rv-6

P DReiidi - Zurich University, Zurich, Switzerland.
Biological activities of n-alkylphenols and -catechols from Plec 
tranthus albidus (Labiatae).

16:30- 16:50
IV-7

J R J  Paré - Environment Canada, Ottawa, Canada. 
Microwave-Assisted Process [MAP]: Applications to dried spices.

16:50- 17:10
IV-8

WR Abraham - Gesellsch. Biotechnol, Braunschweig, Germany. 
Biotransformation of sesquiterpenes and a statistical approach 
towards intelligent screening.

17:30-18:00 Group Photograph and Tree Planting

19:45 -20:15 Sherry Reception

20:15 -22:30 SYMPOSIUM DINNER
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7-7 Systematics of Species Characterised by Essential Oil Accumulation 

and Their Application in Traditional and Up-To-Date Therapy

Be math, J .1,2

1 Research Institute for Medicinal Plants, 2011 BudakalSsz, HUNGARY.
2 Dep. Med. Plant Production, University of Horticulture, 1502 Budapest, HUNGARY.

The ancient records on utilisation of aromatic plants - including essential oils - date back 
approximately 2600 to 2100 BC in Egypt. At the same historical time the “divine" value of 
these medicines was drawn into myths by the Chinese. The utilisation of essential oils in 
Europe started much later and as "quinta essentia" were defined by Paracelsus (1495- 
1541), and became the part of therapy (Dispensatorium Pharmacopolarum 1546) very 
soon. Up to now about 1400 different species are utilised for essential oil production.

According to the chemotaxonomical investigations among the gymnosperms, it is the 
Coniferopsida and the Taxopsida which store essential oils and balms in schizogenous 
exocretory organs and canals. In angiosperms essential oil containing taxa are widespread 
conforming to its whole range of 111 families. The presence and accumulation of essential 
oils attribute to the chemotaxonomic evaluation [1]. However from the economical point of 
view only 67 families and 187 genera are utilised as a source of essential oils, concretes 
and absolutes [2].

Based on the therapeutic activity of above mentioned compounds, the way of traditional 
application is very common and unchanged even nowadays. It is proven by some Far East 
examples. On the basis of the scientific establishments, the essential oil became the tool of 
up-to-date therapy and used against many diseases: fungal and bacterial infections, asthma, 
bronchitis, rheumatism, insomnia, neuralgia, migraine, hyper-, and hypotension, dyspep
sia, etc.

The popularised form of application is known as 'Aromatherapy' (the nomenclature intro
duced by Gattafosse in 1928), while the scientific way reflecting in the descriptions of 
Pharmacopoeia and registrated products of pharmaceutical factories.

Using essential oils and their products - as in the case of all biological active compounds - 
we have not to be blind to the drawbacks. According to the recent results the adverse ef
fects  of essential oils must be considered [3]. Even in the case of wildly used genera as 
Cymbopogon, Eucalyptus, Foeniculum, Mentha, we have to count on disadvantageous 
phenomena.

References:
[1] Tetenyi, P., 1986. Craker, L.E., Simon, J.E., Herbs, spices and medicinal plants.

Vol 1. Oryx Press: 11-32.
[2] Tucker, A.O. and Lawrence, B.M.,1987. Craker, L.E., Simon, J.E., Herbs, spices 

and medicinal plants. Vol 2. Oryx Press: 183-240.
[3] De Smet, P.A.G.M., Keller, K., Hansel, R. and Chandler, R.F., 1992. Adverse effect 

of herbal drugs. 1. Springer-Verlag: 105-178.
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1-2 Volatile Oil Containing Plants Used in Traditional

Medicine in Turkey

Sezik, E .1

Gazi University, Faculty of Pharmacy, Dept, of Pharmacognosy, 06330 Ankara, TURKEY.

In Turkey, the usage of folk medicines are widespread. In villages, inhabitants generally 
try to cure their simple disorders by themselves using available plants. In some cases, they 
consult the elder people in their village or nearby villages for their illness. Some semi
religious people (called sheih or shih in Turkish) also recommend plants for the treatment 
of some diseases. Traditional practitioners (halk hekimi in Turkish) also use local plant 
remedies for treatments of their patients.

The plants growing in the vicinity of villages are utilised as folk medicine in simple phar
maceutical forms (infusion, decoction, poultice, etc.) for certain diseases (diarrhoea, 
hemorroids, abscess, kidney stones, indigestion, etc.).

The plants used as folk medicine mostly contain volatile oils as Mentha spicata, M. longifo- 
lia, Origanum vulgare, O. majorana, O. onites, O. minutiflorum, O. spyleum, Micromelia 
myrtifolia, Stachys lavandulifolia ssp. lavandulifolia, Achillea vermicularis, A. millefolium, 
Teucriumpolium, T. chamaedrys, Helichrysum spec., Anthemis spec., Pinus spec., Juni- 
perus spec., etc. The investigations carried out on the chemistry of the volatile oils of the 
plants used as folk medicine in Turkey are also described in this paper.
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1-3 Effect of S-Carvone on Potato Sprout Growth

Oosterhaven, K., Hartmans, K J. and Huizing, H.J.

Agrotechnological Research Institute (ATO-DLO), PO Box 17, 6700 A A Wageningen, THE NETH
ERLANDS.

Caraway seeds contain 4-6% essential oils, with S-carvone as the predominant compound. 
S-carvone is a common constituent in food and perfumery products. In addition to these 
applications, S-carvone can be used as an antifungal as well as a potato sprout inhibiting 
agent.

The mechanism by which S-carvone acts on potato sprouting is not known. We investigated 
the posiible role of S-carvone in the inhibition of potato sprout growth.

The effect of S-carvone on potato (Solarium tuberosum cv. Bintje) sprout growth was stud
ied in a semi in vivo system using potato eye pieces. S-carvone inhibited die sprout growth 
within 2 days.

An extensive loss of the activity of 3-hydroxy-3-methylglutaryl Coenzyme A reductase 
(HMG CoA reductase; E.C. 1.1.1.34), a key-enzyme in the mevalonate pathway, occurred 
concomitantly with the inhibition of sprout growth. The enzyme activity decreased to less 
than 3 % of the control after 4 days of treatment. The loss of HMG CoA reductase activity 
could not be attributed to a direct effect of S-carvone on the enzyme nor to an effect on in 
vitro translation processes. Northern analysis of the mRNA population at various time 
intervals during the treatment, using a specific potato HMG CoA reductase probe, revealed 
a considerable hybridisation signal after 4 days of treatment. This indicated that the effect 
of S-carvone on the activity of HMG CoA reductase in potato sprouts is not regulated by 
transcriptional events, but by as yet unknown mechanisms.
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1-4 Fragrance Compounds and Essential Oils in Aromatherapy Research

Buchbauer, G .,1, Jäger, W .,1 Jirovetz, L .1 and Dietrich, H.2

1 Institute of Pharmaceutical Chemistry, University of Vienna, Währingerstr. 10, A-1090 Vienna, 
AUSTRIA.

2 Central Laboratory Animal Experiments, Medicinal Faculty, University of Innsbruck, A-6020 Inns
bruck, AUSTRIA.

Inhalation experiments with mice were performed using pure fragrance compounds and 
essential oils ascribed stimulating effects in order to control their properties also in an 
aromatherapeutical dosage. Thymol, carvone, eugenol, isoeugenol, camphor and the essen
tial oils of peppermint, clove, eucalyptus, thyme, basil and jasmine and various others but 
also some more fragrances were investigated by this animal model. After the inhalation 
experiments, blood was taken from the animals and the serum (after plasma extraction by 
using bond-elut-columns) analysed by means of chromatographic-spectroscopic systems 
(GC-FID, GC-MS and GC-FTIR) [1,2] to find out the active compounds responsible for 
die observed effects.

In additional testings, the effects of the afforementioned fragrances after an induced seda
tion by an i.p.-dosage of diazepam were determined in the same way.

Also some preliminary results of human experiments will be discussed.

References:
[1] Buchbauer, G., Jirovetz, L., Jäger, W., Dietrich, H., Plank, C. and Karamet, E., 

1991. Z. Naturforsch (46C): 1067-1072.
[2] Jirovetz, L., Buchbauer, G., Jäger, W., Raverdino, V. and Nikiforov, A., 1990. 

Fresenius J. Anal. Chem. (338):922-923.
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1-5 Botanical Studies of Some Essential Oil Bearing Plants in Ethioia and

Their Indigenous Uses

Dem issew, S.

The National Herbarium, Science Faculty, Addis Abeba University, PO Box 3434, Addis Abeba, 
ETHIOPIA.

Ethiopia in NE Africa has a wide range of climate, geological and topographic conditions, 
ranging from an altitude of 115m below sea level at the Afar Depression to Ras Dejen 
reaching up to 4620m. This diverse habitat harbours between 6500 and 7000 species of 
vascular plants. Some of these plants which are used locally for various purposes produce 
essential oils.

The leaves of Artemisia rehan in the family Compositae and the resins from various species 
of Boswellia and Commiphora in the family Burseraceae are used locally as fragrance 
materials. Boswellia and Commiphora species produce incense and myrrh respectively. The 
rhizomes of Echinops kebericho in the family Compositae are used as a fumigant after child 
birth. The leaves oiLippia adoensis and Premna schimperi in the family Verbenaceae are 
used to clean kitchen utensils to impart fresh fragrance. The leaves and flowers of many 
species in the genera Ocimum, Satureja and Thymus in the family Labiatae; Lippia species 
in the family Verbenacceae; the fruits of Trachyspermum copticum in the family umbellif- 
erae; the rhizomes of Aframomum korrorima and Zingiber officinalle in the family Zingib- 
eraceae and others are traditionally used as condiments in the preparations of coffee, tea 
and various types of food.

A number of other essential oil yielding plants are used in traditional medicine. Examples 
include: Ajuga remota the leaf extract of which is used against intestinal complaints and the 
leaf juice of Ocimum lamiifolium is used to relieve fever and headaches. Both species 
belong to the family Labiatae.

Chemical investigations on the essential oils of some of the indigenous species indicate that 
the oils comprise constituents which are important in pharmaceuticals, flavour and fra
grance industries. For example, the essential oil of Z. officinale contain (36% zingiberene, 
12% B-bisabolene, 12% ft-sesquiphelandrene and 8% ar-curcumene); A. rehan (23.5% 
camphor); Lippia adoensis (up to 85% linalool); Ocimum canum (17.5% terpinen-4-ol, 
15% camphor and 15% linalool), O. forskolei (up to 55% of methylchavicol); O. urticifo- 
lium (55-57% eugenol); Thymus serrulatus (over 50% thymol) and T. copticum  (69% 
carvicol). Some species of Boswellia and Commiphora are known to have oils rich in 
monoterpenes (limonene, paracymene, a-terpineol) and sesquiterpenes (B-bisabolene). 
Premna schimperi is known to have antiseptic properties.
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1-6 Essential Oil Composition of Four Origanum vulgare subspecies

of Anatolian Origin

Sezik, E .1, Tumen, G.2, Kirimer, N.3, Ozek, T.3 and Baser, K.H.C.3

1 Department of Pharmacognosy, Faculty of Pharmacy, Gazi University, 06330 Ankara, TURKEY.
2 Department of Biology, Faculty of Education, Uladag University, 10100 Balikesir, TURKEY.
3 Medicinal Plants Research Centre, Anadolu University, 26470 Eskisehir, TURKEY.

Essential oil compositions of four subspecies of Origanum vulgare growing wild in Turkey 
have been examined by GC and GC/MS analysis. The essential oils of O, vulgare ssp. 
hirtum, ssp. gracile, ssp. vulgare and ssp. viride have been compared for their compo
nents. Carvacrol is the main component of Turkish Origanum vulgare ssp. hirtum.
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1-6 Improvement Studies on Cultivation of Java Citronella (Cymbopogon 

winterianus Jowitt) in Himalayan Hills of Darjeeling, India

Nandi, R.P.

Research Laboratory, Nungpoo-734313, Darjeeling, INDIA.

The present paper deals with the agrotechnology, oil yield and oil composition of the 
commercially grown essential oil yielding plant, Cymbopogon winterianus Jowitt, growing 
in Darjeeling hills, India. Reproductive stage of development recording minimum growth 
rate permitted the biogenesis of essential oil as well as aldehyde content most effectively. 
The study has established specific requirements of agronomical inputs for success in culti
vation of Citronella involving altitude effects, spacing trials, harvesting times, NPK fertili
sation as well as foliar application of mineral nutrients. Of the growth parameters studied, 
the rate of leaf and tiller formation revealed a close agreement with the rates of essential oil 
biogenesis whereas the relationship between expansion growth and essential oil synthesis 
could not be established in this plant species. Analysis of biochemical fractions during 
different development stages of the plant revealed that there is an intimate involvement of 
total nitrogen, soluble nitrogen and total carbohydrate contents with the essential oil syn
thesis.
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7-7 Investigations on Volatile Oils of Some Teucrium Species From Turkey

Sarer, E.

Faculty of Pharmacy, Ankara University, 06100 Tandogan Ankara, TURKEY.

In recent years there has been considerable interest in genus Teucrium. Many species are 
currently used in folk medicine of many countries. Little has been published on the compo
sition of the volatile oils of Teucrium species. 27 species of Teucrium from 8 sections are 
found in Turkey, which are used in folk medicine for the treatment of some illnesses.

In previous studies we investigated the volatile oils of T. polium  and the varieties of T. 
chamaedrys from Turkey [1,2].

In the present study, the chemical composition of the volatile oils of T. creticum L ., T. 
montbretii Bentham ssp. pamphylicum P.H. Davis, T. montbretii Bentham. ssp. montbretii 
and T kotschyanum Poech from different sections were analysed.

The plant materials were collected from Southern Turkey and the volatile oils were ob
tained by hydrodistillation of the materials. The oil yields were 0.36%, 0.60%, 0.39% and 
0.14% respectively. By GC and GC-MS analyses of the oil samples 47 compounds were 
detected. The oils were composed mainly of sesquiterpenes. The major compounds of the 
oil of T. creticum were: B-caryophyllene (12.71%), linalool (12.53%); T. monbretii ssp. 
pamphylicum: B-caryophyllene (47.85%), a-humulene (19.08%); T. montbretii ssp. 
montbretii: 6-caryophyllene (36.91%), caryophyllene oxide (8.95%); T. kotschyanum: fi- 
caryophyllene (18.87%), and caryophyllene oxide (11.46%). Results of the analysis will be 
discussed in detail.

References:

[1] Sarer, E., Konuklugil, B. and Doga, C., 1987. 11 (2): 317-325
[2] Sarer, E., Yenen, M., 1991. 22nd Int. Symposium on Essential Oils Abstracts, 70.
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1-8 Agrochemical Usage of the Essential Oils of the Geraniaceae Family

Lis-Balchin, M .,1 Deans, S.G.2 and Simmonds, M.3

1 School of Applied Science, South Bank University, Borough Road, London SE1 OAA, UK.
2 Department of Biochemical Sciences, Scottish Agricultural College, Auchincruive, Ayr KA6 5HW.
3 Jodrell Laboratory, Royal Botanic Gardens, Kew, Richmond, Surrey, UK.

Hexane extracts of a number of Geraniaceae species and cultivars were tested for their 
insecticidal and antimicrobial efficacy. Finely cut fresh leaves were shaken with cold 
hexane and the hexane extract was then reduced using a rotary evaporator below 40 °C to 
give approximately the equivalent of 15g leaf m l'1. Insecticidal action was determined by 
antifeedant studies using Spodoptera littoralis larvae. Antimicrobial studies were conducted 
on 25 micro-organisms using the agar well diffusion method. The results were correlated 
with the essential oil composition obtained by gas chromatography and mass spectrometry.
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I b i  Genetics and Breeding of Essential Oil Crops

Franz, Ch. M.

Institute for Botany and Food Science, Vet.-med. University Vienna, AUSTRIA.

Essential oils show an enormous diversity of compounds and compositions with different 
olfactorial and pharmacological properties. The documentation of this variation in second
ary products itself, however, is of limited value: at least as important is to understand the 
biosynthesis and the genetic control of essential oil formation. This knowledge opens 
possibilities of breeding genetically tailored plant types having desired essential oil compo
sition and concentration.

Already from the large inter- and infraspecific variations it was assumed that the formation 
of those substances is mainly genetically controlled. As their biosynthesis derives from two 
metabolic pathways only, the mevalonic acid pathway for terpenes and the shikimic acid 
pathway for phenylpropanoids, taxonomically distant species can contain the same sub
stances, as infraspecific taxa may show distant patterns. For instance the monoterpene 
fenchone is not only typical for Foeniculum vulgare, but was detected also in a chemotype 
of Thymus pulegioides, and myristicin, a phenylpropanoid, may be found in as distant 
species as Myristica fragrans (Myristicaceae), Petroselinum hortense (Apiaceae) and Peril- 
la frutescens (Lamiaceae).

Progress in biochemical systematics and the inheritance of biochemical characters depends 
on extensive single plant investigations of taxa. Within the Lamiaceae family not only the 
genus Mentha, but also Ocimum sp., Thymus vulgaris and Perilla frutescens have been 
studied extensively. Some more recent results are known from Salvia sp. and Origanum sp. 
On the other hand, Matricaria recutita and Achillea millefolium are examples of the Aster- 
aceae family with at least partially elucidated inheritance of chemical characters as well as 
recently bred chemocultivars.

Besides the knowledge of biosynthesis also that of flower and reproduction biology is an 
important prerequisite of practical significance for the plant breeder to choose the appropri
ate method for breeding new cultivars, eg. F - hybrids.
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11-2 Development, Essential Oil Secretion and Morphometric 

Characteristics of Glandular Trichomes in Origanum dictamnus L.

Bosabalidis, A.

Department of Botany, Aristotle University of Thessaloniki, Thessaloniki 54006, Greece.

Origanum dictamnus (Lamiaceae) is an endemic aromatic plant of the island of Crete, 
Greece. The aerial organs and particularly the leaves are covered with numerous glandular 
and non-glandular hairs giving to them a velvetous appearance. Non-glandular hairs are 
simple (not branched) and composed of several linearly aligned cells. Glandular hairs are 
of two types. The first corresponds to short hairs with a unicellular foot and stalk and an 
also unicellular small pear-like head. The second type is represented by large peltate hairs 
with a voluminous multicellular head ellipsoidal in shape. The latter hairs are considered to 
majorly involve in the process of essential oil secretion and for that reason our research 
interest was focussed on them in the first place.

The development of a peltate hair initiates from a single protodermal cell which is bigger 
than the neighbouring cells. This cell first undergoes two successive periclinal and asym
metrical divisions to give the future foot and stalk cells of the hair and the mother cell of 
the head. Divisions in the head region further proceed anticlinally giving rise to 12 cells, 
from which 4 cells are small and centrally located, whereas 8 cells are large and peripheri- 
cally arranged. Paradermal sections cut from the very tip of the peltate hairs up to the 
lowest part of their basis, provided evidence that the stalk and foot regions of the hairs are 
unicellular. Histochemical treatment of the peltate hairs with specific biological dyes dis
closed that the essential oil is produced in the head cells (not in the foot and stalk cells) and 
accumulates in an extraplasmic chamber formed between the apical walls of the head cells 
and the cuticle.

In order to identify the intracellular components responsible for the biosynthesis of the 
essential oil and the manner it secretes, studies with electron microscope have been con
ducted. These studies showed that at the stage when glandular peltate hairs start to secrete, 
the ground plasm of the head cells appears to contain a great population of essential oil 
droplets. Essential oil droplets were not observed to occur in cell organelles and particular
ly in the plastids and the ER-elements which are generally thought to participate in the 
secretion of essential oils. The entire population of oil droplets gradually migrates toward 
the tip of the head cells and after it passes through the apical walls it ultimately enters the 
subcuticular oil-accumulating chamber. Conclusion of secretion is followed by disintegra
tion of the head cells.

Application of morphometric methods further showed that a developed leaf of O. dictam
nus bears 2680 peltate hairs (1210 on the upper side and 1470 on the lower one) with a 
head diameter of about 90/xm. The subcuticular space of a peltate hair was calculated to 
contain 1.81 x 105 /xm3 of essential oil and the 12 head cells 0.37 x 105 /xm3. The theoreti
cal essential oil yield of mature leaves was estimated to be 1.4% v/w. The changes in the 
relative volume of the ground plasm, plastids, mitochondria, ER, dictyosomes, nucleus, 
vacuoles and essential oil accumulated in the cytoplasm of the head cells, were further 
measured at six stages of peltate hair development. Values for the ground plasm varied 
from 25% to 53% of the total secretory cell volume. Corresponding values for the nucleus 
progressively decreased from 23% to 6%. The plastids, mitochondria, ER and dictyosomes 
did not exceed 10% during all stages. The average volume percentage of the cytoplasmic 
essential oil was estimated to reach 38% at the stage of peltate hair maturity.
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II-3 Variation in Volatile Oil From the Leaves of Myrica gale

Carlton, R .R .,1 Waterman, P.G. and Gray, A.I.

Phytochemical Research Laboratories, Department of Pharmacy, University of Strathclyde, Glasgow 
G1 1XW, UK.
1 Present address: Environmental Science Department, Schering Agrochemicals Ltd, Chesterford Park 

Research Station, Saffron Walden, Essex, CB10 1XL.

Bog myrtle {Myrica gale L ., Myricaceae) is an aromatic shrub which grows in temperate 
wetiands of western Europe and North America. It grows extensively throughout Scodand 
and is common on Flanders Moss, a raised peat bog west of Stirling in Central Scotland. 
The volatile oil of bog myrtle has attracted the attention of biologists and chemists for more 
than 80 years. In the last 25 years reports of the composition of oils from Canada, USA, 
Spain, Switzerland and the Netherlands have been reported. In this study plants from the 
Flanders Moss population were investigated.

In June 1987 leaves from 10 plants were collected, the volatile oil from each was extracted 
and analysed. The data was reviewed to assess variation in the composition of the oil 
within the population. In August 1987 leaves from 5 plants in the same group were further 
sampled and the oil was analysed to assess changes during the summer. These results were 
also compared with earlier reports to give an indication of geographical variation.

The oil was extracted by mechanically rupturing the glands while the leaves were sub
merged in n-pentane. The pentane was driven off under nitrogen and each sample was 
analysed by gas liquid chromatography (GLC). Monoterpenes were identified by a combi
nation of retention time comparison with standards and gas chromatography-mass spectros
copy (GC-MS). Other constituents were identified by GC-MS.

The volatile oil was a complex mixture of terpenes which also contained at least two dihy- 
drochalcones. The major constituents (>  5%) common to all plants sampled were a-pinene 
and 1,8-cineol. In June B-elemenone was a major component in 9 of the plants. Germac- 
rone constituted more than 15% of the oil in 5 plants and less than 1.5% in the other 5 
plants. This represented the clearest source of variation within the group although many 
minor constituents were not detected in all plants.

The clearest source of seasonal variation also involved sesquiterpenes. In August the rela
tive importance of B-elemenone had diminished more than 5-fold. In those plants where 
germacrone was a major oil component its importance diminished, but to a much lesser 
extent than B-elemenone. The reduction in sesquiterpenes during the summer is unlikely to 
be passive (ie. due to evaporation). These compounds are biologically active and their 
presence in June is likely to form an effective defence against both herbivores and patho
gens during the period of maximum growth. Their reduction through the summer may be a 
strategy to avoid adaptation by herbivores to these defenses.

When these results and earlier reports were compared differences along geographical lines 
became apparent. In European populations a-pinene is the major monoterpene whereas 
myrcene fills this position in both North American populations. 1,8-cineol is also important 
in European plants but is a minor constituent in American populations. Within Europe the 
greatest similarity appears to exist between populations in the Netherlands and Scotland.
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II-4 Analysis of the Essential Oil of the So-Called Mentha mirennae Bruno. 
A Comparative Study with Mentha Species

Maat, L .,1 Straver, E .,1 van Beek, T.A.,2 Posthumus, M.A.2 and Piozzi, E 3

1 Laboratory of Organic Chemistry, Delft University of Technology, Julianalaan 136, NL-2628 BL 
Delft, THE NETHERLANDS.

2 Phytochemical Section, Department of Organic Chemistry, Agricultural University, Dreijenplein 8, 
NL-6703 HB Wageningen, THE NETHERLANDS.

3 Dipartimento di Chimica Organica, Facoltà di Scienze, Dell'Università di Palermo, Via Archirafi, 20, 
90123 Palermo, ITALY.

In 1924 Bruno reported for the first time on a new species of the genus Mentha of the 
Labiatae family [1]. The species was named Mentha mirennae, after Father Mirenna of 
Loutre from the island of Tinos in the Greek Archipelago. Since then only a few more 
publications have appeared. Rovesti and Rovesti in 1927 [2] and Sorges in 1931 [3] pub
lished data on the properties and composition of M. mirennae oil. The oil was shown to 
possess a high linalool content which is of commercial interest. This Mentha species might 
be a source of natural linalool in the Mediterranean region. However, the plant was never 
authenticated as a new species and no report is known in the botanical literature.

On the request of Prof. Mattei in Palermo plant material of M. mirennae from Tinos was 
cultivated in the botanical garden of the University of Palermo. During the second world 
war the cultivation was destroyed and the herbarium specimens were lost. Only samples of 
the essential oil in sealed vials were saved. As part of the present study the oil was re
analysed with modern chromatographic and spectroscopic methods. This was done to 
confirm the high content of linalool and to compare the chemical composition of the oil 
with that of other Mentha oils. Thus it might be possible to identify the species taxonomi- 
cally.

The analysis showed that mainly oxygenated monoterpenes are present. The main compo
nent is (-)-linalool (70.2%). Other minor compounds are limonene (1.5%), (E)-linalool 
oxide (furanoid) (1.1%), linalyl acetate (9.8%), B-elemene (1.1%), a-terpineol (1.4%), 
geranyl acetate (1.0%), 3,7-dimethyl-l,5-octadien-3,7-diol (1.4%) and caryophyllene oxide 
(1.3%). In total 40 compounds were identified. Thus the earlier findings concerning the 
high linalool content are confirmed.

After a chemical comparison of the oil composition with that of other Mentha species and a 
study of local flora we have come to the conclusion that the composition of the essential oil 
of M. mirennae agrees best with that of a variety of M. x citrata rich in linalool [4]. M. 
citrata plants are frequently cultivated in gardens on Aegean islands and contain linalool or 
linalyl acetate as main constituents [5].

References:
[1] Bruno, E , 1924. Su una Nuova Specie di Mentha. Bollettino di Studi ed informazioni 

del R. Giardino Coloniale di Palermo, VII: 1-12.
[2] Rovesti, G. and Rovesti, P., 1927. Etude de quelques Essences de Menthe Italiennes. 

Parfums de France, 5: 54-55.
[3] Sorgès, F., 1931. Uber das Oel einer neuen Spezies Mentha. Chem. Zentralbl., 102: 

1068.
[4] Lawrence, B.M., 1978. A study of the monoterpene interrelationships in the genus 

Mentha with special reference to the origin of pulegone and menthofuran. Ph.D. The
sis, State University of Groningen, The Netherlands.

[5] Private communication of Prof. Stella Kokkini, Aristotelian University of Thessaloniki,
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II-5 The Enantiomeric Composition of Some Monoterpene Ketones and
Alcohols in Various Essential Oils

Ravid, U.

Agricultural Research Organization, Regional Experimental Station, Newe Ya'ar, Post Haifa 31999, 
ISRAEL.

Several herbs, such as geranium, fennel, caraway, dill, spearmint and marjoram, were 
grown by modem agronomic techniques for maximum yield of chiral monoterpene ketones 
and alcohols. The natural chiral oxygenated compounds were collected from the essential 
oils by preparative gas chromatography using a modified Brownlee-Silverstein thermal 
gradient collector. The enantiomeric composition was determined by gas chromatography 
using commercially available chiral fused-silica capillary columns with modified 13- and 
gamma- cyclodextrin phase. It was found that carvone and fenchone isolated from various 
herbs and spices were enantiomerically pure in most cases while terpinen-4-ol and citronel- 
lol were mixtures of enantiomers. The enantiomeric distribution of the monoterpenes may 
be useful in essential oil analysis as well as in chemotaxonomic investigations.
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11-6 Effects of Environmental Factors on Caraway ( carvi L.)

Essential Oil Production

Bouwmeester, H J.

DLO-Centre for Agrobiological Research, PO Box 14, NL-6700 AA Wageningen, THE NETHER
LANDS.

The potential of caraway (Carum carvi L.) as an industrial crop is investigated in the 
Netherlands in a national research program. Caraway fruits (usually referred to as seeds) 
contain an essential oil which consists of 95-99% of the monoterpenes (+)-carvone and 
(+)-limonene. Its capacity to inhibit sprouting of potatoes and its fungicidal activity make 
caraway essential oil and particularly carvone an attractive candidate for saver pesticides. 
However, the use of caraway essential oil for industrial applications is hindered by the 
large variability in essential oil yield. This is caused by variation in both seed yield and the 
essential oil content of the seeds resulting in up to six-fold differences in essential oil yield 
between years and individual farmers. The present paper focuses on the weather-related 
variations in essential oil yield between years.

Analysis of data of farmers suggested that there is a positive relationship between solar 
radiation from flowering to harvest and essential oil content and a negative relationship 
between average wind speed during seed ripening and essential oil content.

Volatilisation of caraway essential oil has been suggested before [1] and it seems likely that 
this process is stimulated by wind. In a greenhouse experiment, exposure of fruit-bearing 
umbels to wind produced by ventilators resulted in over 80% lower essential oil content. 
This effect of wind however, may also be due to inhibition of photosynthesis (closure of 
stomata) which reduces the availability of substrate for essential oil synthesis instead of or 
in combination with stimulation of volatilisation. Experiments to assess possible losses due 
to volatilisation are presented.

It was shown in field trials that essential oil content was decreased by shading during seed 
development, which suggests a possible effect of solar radiation. In a greenhouse experi
ment, a positive relationship between plant sugar content and essential oil accumulation 
was found. In-vitro experiments supported the conclusion from these experiments that 
essential oil synthesis depends on sugar availability. There was a positive relationship 
between sucrose concentration in the culture medium and essential oil accumulation in 
caraway fruits [2].

Essential oil content in caraway fruits appears to be the outcome of synthesis - which 
depends on assimilate availability - and possibly volatilisation which may be affected by 
wind. A better understandind of these processes may enable agronomists to improve crop 
management to increase essential oil production.

References:
[1] Schantz, M. von and Ek, B.S., 1971. Scientia Farmaceutica 39: 81-101.
[2] Kappers, I.F., Verbeme, M. and Bouwmeester, H.J., 1992. Poster 23rd International 

Symposium on Essential Oils.
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//-7  The Essential Oil of Some Mentha Species from St. Petersburg

Tkachenko, K.G .1 and Zenkevich, I.G.2

1 Komarov Botanical Institute RAS, St. Petersburg, Russia, CIS.
2 St. Petersburg State University, Russia, CIS.

Mentha crispa L ., M. longifolia (L.) Huds. and M. piperita L. "Multimentha" were culti
vated from the Botanical Gardens. The essential oil of the fresh leaves of mints growing in 
Russia, were produced by water distillation. The essential oil yields obtained were 0.23 % 
from M. crispa, 0.16% from M. longifolia and 0.4% from M. piperita.

The quantitative amounts of the identified principal components of the leaf M. crispa oil 
are as follows: santene (0.06%), a-thujone (0.13%), a-pinene (0.8%), B-pinene (4.3%), 
myrcene (2.2%), p-cymene (2.8%), 1,8-cineole (17.3%), ocimene Y (6.1%), gamma- 
terpinene (1.3%), linalool (19.6%), menthol (1.6%), pulegon (11.4%), carvacrol (1.6%), 
C.^HL. (0.8% ), caryophyllene (3.0%) and C 15H24 (3.1%); M. longifolia - a-thujone 
(0.4%), B-pinene (1.1%), myrcene (1.2%), p-cymene (5.2%), ocimene X (6.6%), uniden
tified (1141 Kovach's index, M + 166, 23.3%), menthol (12.5%), thymol (3.7%), carva
crol (3.3%), C j.H ^  (0.1 %), caryophyllene (3.0%) and C ,5fL . (1.1 %); M. piperita - a- 
pinene (0.1 %), b-pinene with sabinene (0.3%), myrcene (0.5%), 3-octanol (0.9%), limo- 
nene with 1,8-cyneole (4.4%), ocymene X (0.6%), ocymene Y (0.2%), gamma-terpinene 
(0.4%), linalool (0.3%), 3-octil acetate (0.5%), menthon (17.2%), isomenthon (4.2%), 
unidentified (1145 Kovach's index, M + 166, 3.4%), isomenthol (3.2%), menthol (54.0%), 
pulegone (3.4%), menthil acetate (2.1 %) and caryophyllene (1.4%).

The results of the identification of the components is based on the GC and GC-MS data in 
combination with their partition coefficients in the hexane/acetonitrile system.
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11-8 New Essential Oils From New Citrus Hybrids

Ruberto, G .1 and Rapisarda, P.2

1 Istituto del C.N.R. per lo Studio delle Sostanze Naturali di Interesse Alimentare e Chimico-Farmaceu
tico, Via del Santuario 110, Vaiverde (CT), ITALY.

2 Istituto Sperimentale per l 'Agrumicoltura, Corso Savoia 190, Acireale (CT), Italy.

Citrus production is one of the most important economic resources for Southern Italy. 
Nevertheless as worldwide demand for fresh fruits, and mainly for citrus juice products 
(frozen concentrate, aqueous essences, essential oils) is increasing, the Italian production 
and experts are undergoing a crisis, partially due to competition arising from the world
wide spread of citrus cultivation.

This downward trend could be overcome by improving the quality of the fruit, for both the 
fresh-fruit market and the processing industry.

In this context the introduction of new hybrids obtained by crossing the extant species 
could prove useful.

As part of phytochemical studies of new citrus crosses obtained in Sicily, we wish to report 
the results obtained from comparative analyses of the essential oils of clementine (Citrus 
Clementina) and grapefruit (Citrus paradisi), and those of their seven new hybrids.

Furthermore, the essential oil of a new mandarin hybrid, the 'Cam i', a very promising 
cross between "Comune" clementine (Citrus Clementina) x "Avana" mandarin (Citrus deli- 
ciosa) used as seed parent and "Mapo" tangelo (Citrus deliciosa  x Citrus parad isi)  as 
pollen parent, will be discussed.
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111-1 Alkaloids, Bases and Essential Oils

Thomas, A.F.+ and Lindstrom, M.

Research Laboratories, Firmenich SA, PO Box 239, CH-1211 Geneva 8, SWITZERLAND.

The association of alkaloids or bases (the distinction is not clear) with essential oils dates at 
least from the isolation of piperine in 1820. A summary of the more recent work on bases, 
particularly pyridines, in our laboratories will be given, and I shall describe some of the 
more unusual and novel naturally occurring bases we have found in patchouli oil, jonquil 
absolute, juniper oil and orange oil. The organoleptic effect of these pyridines is sometimes 
important. The possible biogenetic pathway of some of the bases will be examined.

t  March 20, 1992.
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HI-3 Constituents of the Essential Oil of the Rhizomes 

of Hedychium gardnerianum

Weyerstahl, R, Schneider, S., Marschall, H. and Schwieger, R.

Institut für Organische Chemie, Technische Universität Berlin, Straße des 17. Juni 135, D-1000 Berlin 
12.

From the rhizomes of Hedychium gardnerianum (Zingiberaceae) growing in the eastern 
Himalayan region of India an essential oil was obtained with a fresh and eucalyptus top 
note and a base note like Labdanum oil. Isolation of several functionalised trimethyldeca- 
lins including some aldehydes was possible by flash chromatography of the high boiling 
fraction. Most important are 1 l-nor-drim-8-en-12-al and drim-8(12)-en-l 1-al ( -bicyclo- 
famesal). For olfactory comparison purposes both these aldehydes have been synthesised. 
They show a strong woody, ambergris odour.

Acknowledgements:
We are grateful to Dr B.P. Pradhan, Department of Chemistry, University of North Ben
gal, 734430 Darjeeling, and to G.C. Subba, Govt. Diosgenin Factory, Gairibas, Darjeel
ing, for supplying the essential oil.
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III-2

SIMULTANEOUS DISTILLATION-EXTRACTION UNDER STATIC YACUUM: 
AN ISOLATION OF VOLATILE COMPOUNDS AT ROOM TEMPERATURE.

L .  M A I G N I A L -  n e s t e c  r e s e a r c h  c e n t e r . La u s a n n e  Sw i t z e r l a n d .

VARIOUS SOLVENTS CAN BE USED ALLOWING TO EXTRACT UNDER 
THE FOLLOWING TEMPERATURES:

NEW DESIGNED 
GLASWARE

SOLVENT FLASK

n-OCTANE

SAMPLE 
T deg.C  

19

SOLVENT 
T deg.C

26

2-PENTANONE 25 17

TOLUENE 30 2 0

HEPTANE 30 17

ISOOCTANE 37 2 0

HEXANE 50 2 2

SAMPLE FLASK
COMPARISON BETWEEN STANDARD AND STATIC VACUUM S.D.E.: 

Distillation-extraction of LINALYL-ACETATE Distillation-extraction of MEXICAN HONEY

------g—

SDE 37 d e g .C

i f  5 ™UlX I e,

S SDE 105 deg.C

\JH

1
I S SDE 40 deg.C
! s «s ä 8
z u
H |Z2ÜL

Recovery yields of various molecules (%) (Internal standard quantitation).

COMPOUND ATM. SDE VACUUM SDE

ETHYL BUTYRATE 118 / 13 92 / 13

LIMONENE 109 / 2 103 / 2

2-E-HEXENAL 91 / 3 76 / 4

2-ACETYL PYRAZINE 55 / 2 4-4 / 2

E-ANETHOL 102 / 2 92 / 2

DODECANOL 97 / 2 92 / 2

■  CONCLUSION :

- Selective extraction of volatile compounds in a single step;

- Thermal artefacts discarded;

- Choice among several solvents allows to optimize each application;

- One sample can be analysed with several techniques (GC / FID, MS, FTIR, Sniffing);

- Efficient extraction yields;

- Accurate quantitative measurements (ISTD).
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III-4 Essential Oil Analysis in the European Pharmacopoeia

Bischof, C., Holthuijzen, J., Löwenstein, C., Stengele, M ., Stahl-Biskup, E. and Wil
helm, E.

Lehrstuhl für Pharmakognosie der Universität Hamburg, Bundesstraße 43, D-2000 Hamburg 13, 
GERMANY.

In view of the extension of Europe and an expected enlargement of the European Commu
nity it is of topical interest that this paper deals with the European Pharmacopoeia. It re
ports on the range of the current European Pharmacopoeia within Europe. A summary is 
given on the existence of national pharmacopoeias besides the European one.

Our main point of view is the essential oils and the essential oil bearing plants. The meth
ods used for the identification, determination of purity and content of essential oil or essen
tial oil constituents, respectively, are described in detail. Additionally, we compare the 
analytical instructions given in the different monographs. The choice of methods dealing 
with essential oil analysis is discussed. Furthermore, we summarise the supplementary 
instructions of the German national Pharmacopoeia (DAB 10) and the DAC.
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J//-5 Computer-Assisted Analyses of Rose Oils From New Zealand

Perry, N .B . ,* 1 Beauregard, D.A., l , Douglas, M.H.2 and McGimpsey, J.2

1 Plant Extracts Research Unit, Dept, of Chemistry, University of Otago, Box 56, Dunedin, NEW 
ZEALAND.

2 Redbank Research Station, PO Box 42, Clyde, NEW ZEALAND.

Rose oils, from Rosa damascena grown in Central Otago, are being investigated as a 
potential new high-value product for New Zealand. Detailed studies of the effects of var
ious cultivation, harvesting and extraction conditions require gas chromatographic (GC) 
analyses of large numbers of rose oil samples. These analyses are computer-assisted at 
most stages.

Component peaks in GC analyses are identified by their Kovats retention indices, by 
searching a computerised data base. An autosampler GC instrument carries out analyses of 
multiple samples without an operator.

Chromatographic software recognises major peaks and corrects retention times to produce 
standardised result files for each sample. These result files are summarised and analysed by 
using a statistical software package. In particular, principal components analysis is very 
useful in picking out patterns from this multivariate data.

Principal components analysis of 45 rose oils, concretes and an absolute separated the 
different extraction methods very clearly (Figure 1).
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Figure 1. Principal Component Analysis of Rose Oil Samples.
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111-6 Some Practical Experience of the Analysis of 

Glycosidically Bound Volatiles

Holthuijzen, J. and Stahl-Biskup, E.

Lehrstuhl für Pharmakognosie der Universität Hamburg, Bundesstraße 43, D-2000 Hamburg 13, 
GERMANY.

In the course of our examination of glycosidically bound volatiles of Lamiaceae we had to 
solve some difficulties concerning the handling of the glycosidic fractions, eg. the sample 
clean-up, and the following separation and identification of the glycosides. In principle two 
different methods were tried and tested:

1. The enzymatic hydrolysis of the glycosidic fraction and identification of the aglycones 
by means of the GC and GC-MS.

2. The derivation of intact glycosides and subsequent analysis by GC and GC-MS accord
ing to common methods in sugar analysis.

Both ways have been described in literature and we intend to demonstrate the bounds of 
possibility of them. For this purpose results of our investigation into the glycosidic frac
tions from T vulgaris, T. praecox ssp. arcticus and T. x citriodorus will be discussed.
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111-7 Extraction of Essential Oils With C 0 2

Moyler, D.A.

Universal Flavors Ltd, Bletchley, UK.

The use of compressed carbon dioxide to extract essential oils from primary botanicals has 
been an established practice for ten years. The technology involves high pressures and low 
temperatures, in an energy efficient process which is environmentally friendly because the 
source of C 02 is from a by-product of fermentations, not combustion of fossil fuels.

A comparison of the properties of C 0 2 to traditional extraction solvents will be made 
together with a description of the processes used on an industrial scale.

Comparative studies of the steam distillation and C 02 extracted essential oils of a selection 
of oils from the large range available, will be made using free choice odour profiling and 
standardised fingerprint GLC analysis.
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III-8 The Use of Differently Derivatised Cyclodextrins in the 

GC Separation of Racemic Mixtures of Volatiles

Biechi, G , Artuffo, G. and D'Amato, A.

Dipartimento di Scienza e Tecnologia del Farmaco, via P.Giuria 9,1-10125 Torino, ITALY.

The behaviour of differently derivatised alpha-, beta- and gamma- cyclodextrins in the 
separation of racemic mixtures of volatiles are discussed. Columns were prepared follow
ing Schurig's method by mixing the derivatised cyclodextrin with OV-1701 or OV-1701- 
OH terminated. About 150 racemates with widely differing structures were used to test the 
performance of 2 ,3,6 permethylated alpha-, beta- and gamma-cyclodextrins and 2,6- 
dimethyl-3-trifluoro-acetyl alpha-, beta- and gamma-cyclodextrins mixed with OV-1701 or 
OV-1701-OH terminated in different ratios. Column performances were evaluated through 
a test mixture containing 10 compounds with highly different structures. The influence of 
column characteristics (film thickness, cyclodextrin/OV1701 ratio, column length and so 
on) and operating chromatographic conditions (carrier gas, flow-rate and operative temper
atures) on the resolution of racemates is discussed, as on the consistency and reproducibili
ty in column performances over time and under different storing conditions.

32

32



IV-1 New Approaches to the Study of Essential Oil Accumulation

Rhodes, M .J.C.

AFRC Institute of Food Research, Norwich Research Park, Colney, Norwich NR4 7UA, UK.

Modem molecular biological techniques provide powerful tools for study of the environ
mental and developmental factors which control the expression of plant secondary metabol
ic pathways. The application of these techniques to the genetic manipulation of the expres
sion of such pathways offers exciting opportunities to alter the accumulation of compounds 
which may an important role in the defence of the plant. These methods are beginning to 
be applied to the manipulation of the accumulation of individual compounds but problems 
remain in their application to complex mixtures of compounds such as the essential oils.

An initial problem is the lack of efficient, reproducible methods for the transformation and 
regeneration of essential oil-producing plant species. More importantly an understanding of 
biochemical route and enzymology of formation of many flavour components is lacking 
and most of the important genes coding for enzymes controlling the levels of the flavour 
compounds have yet to be isolated. Although difficulties remain in each of these areas, 
progress towards solving some of these problems has been made with a number of essential 
oil-producing plants. The present paper will review progress towards manipulating second
ary metabolism in in vitro culture using examples from a number of different systems to 
illustrate how the complex problems of highly branched pathways might be tackled.

One area in which substantial progress has been made is the development of transformed 
plant organ cultures which produce essential oils which reflect at least qualitatively the 
aromatic plant from which they were derived. Transformed organ cultures have the advan
tage that their formation involves transfer of DNA from an Agrobacterium-vector and its 
integration and expression in the plant genome. The use of such cultures thus facilitates the 
manipulation of metabolic pathways by allowing integration of genes coding for biosynthet
ic enzymes into the cells of the culture. The present paper will describe methods for the 
transformation of Mentha spp and the properties of the transformed shoot tissue in relation 
to growth and monoterpene production.
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IV-2 Observations on Essential Oil Distillation in the Laboratory

Humphrey, A.M.

Natural Products Research, Bush Boake Allen Ltd., Blackhorse Lane, Walthamstow, London E17 5QP.

The determination of the essential oil content of plant materials as well as the collection of 
oil for subsequent examination is now a routine laboratory procedure.

It is usually done by water distillation and the use of a specially designed and calibrated 
apparatus referred to as a 'trap '. This enables the distilled oil to be collected whilst at the 
same time returning the aqueous 'condensate to the still. Whilst this procedure of 'cohoba- 
tion' has been practised for centuries by the use of Florentine flasks their application to 
laboratory bench equipment is relatively recent.

What, at first sight, seems to be a simple process turns out to be more complex and evi
dence of the difficulties encountered is shown by the large number of different pieces of 
apparatus which have been proposed for use. Variations in design and principle are very 
wide and it is not possible to combine all the best features into a single piece of apparatus.

Several of these designs are discussed and the evolution of the current apparatus of the 
European Pharmacopoeia is traced. A new apparatus is presented which includes several 
novel features. It can be used for quality control purposes as well as for research and a 
description of its application and method of use is given.
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IV-3 Function of Glandular Hairs in the Labiatae at Different

Stages of Plant Development

W erker, E .

Department of Botany, The Hebrew University of Jerusalem, Jerusalem 91904, ISRAEL.

The benefits of glandular hairs on young and mature organs of the Labiatae, during the 
vegetative and reproductive developmental stages of the plant, are discussed. 'Short term' 
glandular hairs, that start and end secretion rapidly, serve for the protection of young 
organs. All glandular hairs are produced at an early stage of organ development, and then- 
density is therefore smaller on mature leaves, which had completed their expansion than on 
younger leaves, which are more vulnerable to predators. Reproductive and vegetative 
organs, and the various reproductive organs may differ in the location, density, relative 
distribution of types, and in the composition of the essential oils of their glandular hairs. It 
is suggested that when flowers are young, they are protected by glandular hairs on their 
calyx, while at anthesis, glandular hairs on the corolla and stamens, and possibly also on 
the calyx, serve to attract pollinators.
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B ecker, H .

Pharmakognosie und Analytische Phytochemie der Universität des Saarlandes, D-6600 Saarbrücken, 
GERMANY.

The accumulation of lower terpenoids is restricted to special accumulation sites, eg. oil 
cells, oil glands, resin ducts. In undifferentiated tissue cultures such accumulation sites are 
lacking and as a consequence, lower terpenoids are not found or are only present in 
minimal amounts. Differentiated cultures do produce lower terpenoids to a certain extent, 
but these cultures are not easy to handle in large amounts.

Liverworts, one of three classes of bryophytes, contain lower terpenes in oil cells or sub- 
cellular structures, the so-called oil bodies. The structure of the respective terpenes found 
in liverworts is partly the same as in higher plants. In some cases, the terpenes are unique 
and not known in other plant species; in other cases they are enantiomeric to known struc
tures. Among the hitherto isolated terpenes are quite a number exerting biological activity. 
However, in many cases it is difficult to collect enough plant material in nature to carry out 
structure elucidation and especially isolate compounds for biological tests. In vitro culture 
of liverworts may overcome this difficulty. It has been shown that different species can be 
grown as differentiated plants and undifferentiated cells. In both cases, the terpenes accu
mulated from field collected plants are the same as those from in vitro cultures.

Although in literature it has been reported from Calypogeia azura [1] that undifferentiated 
cultures produce the same amount of terpenes than differentiated ones we have found in 
our cultures [2,3] that the amount of undifferentiated cultures is less. Some cultures show a 
fair growth rate with boubling times as low as four days, others have longer doubling 
times. So far, little work has been done to optimise these cultures.

References *
[1] Takeda, R., Katoh, K., 1981. Planta, 151: 525-530.
[2] Sauerwein, M., Becker, H., 1990. Planta Med, 56: 364-367.
[3] Wurzel, G., Becker, H., 1990. Z. Naturfschg., 45c: 13-18.
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Methyl jasmonate is a lipid derived cyclopentanone widely distributed throughout the 
higher plants. The last decade has seen interest in the biological activities of methyl jasmo
nate on plant tissues greatly increase. Applied as an exogenous solution methyl jasmonate 
can induce senescence, growth inhibition, tuberisation, stomatal closure and the synthesis 
of specific proteins. Many of these properties are in common with abscisic acid (ABA). 
Methyl jasmonate is also a volatile and several effects attributed to the vapour have been 
reported recently. Among these is the synthesis of proteinase inhibitors as a means of plant 
defence and the synthesis of vegetative storage protein to act as a nitrogen sink. All of 
these effects taken together suggest that methyl jasmonate may be a new form of plant 
growth regulator. However the mode of action behind these effects to date has been largely 
unexplored.

The senescence of excised barley cotyledons provides a system to investigate the mode of 
action of methyl jasmonate vapour. Cotyledons exposed to the vapour rapidly undergo 
chlorophyll degradation and proteolysis, which are indicative of natural senescence seen in 
plant tissues. Lipoxygenase activity is also rapidly enhanced within hours of exposure to 
the vapour. This enzyme has been implicated in the senescence of membranes and is 
known to have chlorophyll degrading properties. It is also an important enzyme for the 
biosynthesis of methyl jasmonate. Results indicate that low levels of methyl jasmonate 
vapour may act as a signal for the onset of senescence and that the regulation of lipoxyge
nase activity may be involved in the mode of action. Possible explanations for the raised 
lipoxygenase activity may include enhanced gene expression, direct modulation of enzyme 
activity by methyl jasmonate or activation of a membrane to provide a pool of fatty acid 
substrate.
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IV-6 Biological Activities of n-Alkylphenols and -catechols from

Plectranthus cdbidus BAKER (Labiatae)

Riiedi, P. and Biirgi, C.

Institute of Organic Chemistry, University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich, 
SWITZERLAND.

Activity guided fractionation of extracts of the title plant and HPLC separation of main 
fractions showing significant antioxidative activity, yielded a series of novel long-chain 
alkylphenols and catechols. Their structures have been established by spectroscopic meth
ods and total synthesis, the aliphatic part consisting of even numbered saturated and olefin- 
ic 4-(5’-oxo-n-C10-C22) chains [1].

All the compounds are in vitro strong antioxidants, the phenols inhibiting the Fe2+-cataly
sed autoxidation of linoleic acid in the same order of magnitude as a-tocopherol, whereas 
the effects of the catechols are comparable to the commercial antioxidants BHA and BHT, 
respectively.

Several compounds are potent inhibitors of enzymes of the arachidonic acid metabolism 
[2]. The dose-dependent inhibitory effects (IC50) on 5-lipoxygenase (5-LO) and cycloox
ygenase (CO) of the most effective ones are in the sub-micromole range (52nM for 
(E ,E )-l-(3 ,4-dihydroxyphenyl)deca-l ,3-diene on 5-LO, and 0.36 fiM for 1 -(3,4- 
dihydroxyphenyl)octadecane-5-one on CO), hence being more potent than the structurally 
closely related contact allergens urushiol and card(an)ol QjlM ) .  A structure-activity relation
ship cannot be established yet because the two enzymes show inconsistent effects concern
ing chain length and the position and number of double bonds.

Furthermore, the potential effects of selected compounds on DNA strand scission are 
discussed. 1 2

[1] Biirgi, C. PhD Thesis, University of Zurich, 1991.
[2] Breu, W., Sendl, A., Biirgi, C., Riiedi, P. and Wagner, H., 1990. Planta Med. 56: 

665.
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IV-7 Microwave-Assisted Process (MAP): Applications to Dried Spices

Paré, J .R .J .1, Bélanger, J.M.R.2, Sigouin, L .1 and Aubry, C .1

1 Environment Canada, R.R.E.T.C., Ottawa, ON, CANADA K1A 0H3.
2 Agriculture Canada, C.F.A.R., Ottawa, ON, CANADA K1A 0C6.

The microwave-assisted process (MAP) has been used to produce extracts from various 
dried spices. Although MAP was used to produce extracts from fresh herbs, this is the first 
report ever of MAP extracts from such dried materials. Operating conditions have been 
developed to obtain extracts identical in nature to currently comm ercially available 
products. Novel extracts have also been produced from selected dried spices in order to 
extend the flavourists' palette. These extracts demonstrate the greater versatility of MAP 
over conventional extraction processes. Yields have been optimised and the novel extracts 
have been characterised by gas chromatography/mass spectrometry analysis.
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IV-8 Biotransformation of Sesquiterpenoids and a Statistical Approach

Towards Intelligent Screening

Abraham, W-R.

GBF-Gesellschaft für Biotechnologische Forschung MbH, Abt. Mikrobiologie, Mascheroder Weg 1, 
W-3300 Braunschweig, GERMANY.

Biotransformations have the advantage of proceeding under mild conditions and with high 
regio- and enantioselectivity without producing toxic wastes. One of the main drawbacks in 
biotransformation however is the necessity to screen. Up to now a prediction of the most 
suitable strain or groups of strains for a desired transformation is very vague and depends 
on the experience of the experimenter. Because of these difficulties often a huge number of 
strains need to be tested in a screen which can be very time consuming.

Our idea was to group the strains of our collection into groups of similar biotransformation 
capacity. Such a grouping of strains will strongly reduce the screening effort: For a desired 
biotransformation a small number of strains of each group will be tested in a pre-screen 
revealing the most active group in this particular biotransformation. With this information 
in hand the main screen will be focussed to the members of the most active group. Such a 
procedure will drastically reduce the screening effort.

Because of the complexity of microorganisms containing a large number of different 
enzymes a single product (univariate analyses) is not sufficient for the grouping in such an 
approach, instead many products were used (multivariate analyses). We tested 12 sub
strates, mainly mono- and sesquiterpenoids, with 100 strains, determined the Rf values of 
the products and used these data in multivariate analyses.

The analysis revealed that the taxonomic position of the strains is mirrored in their bio
transformation capability. Fungi and bacteria could be discerned as well as the Basidiomy- 
cotina, Ascomycotina, Deueromycotina and Zygomycotina and Gram-positive and -nega
tive bacteria. A discriminant analysis yielded five groups of strains with distinct biotrans
formation activity. Such clustering will allow a more efficient screening, entering the field 
of a real intelligent screening.
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I-P l Novel Essential Oils from Southern Africa

G r a v e n , E .H . ,1 C o llin s, N .F .1 and H utchings, A .2

1 Centoil Project, University of Fort Hare, Alice, Ciskei, SOUTH AFRICA.
2 Zulu Folk Medicine Research, University of Zululand, Kwadlangezwa, SOUTH AFRICA.

T h e C en to il (C isk e i E ssen tia l O ils) P roject is d irected at u sin g  the d ev e lo p m en t o f  loca l 
a r o m a tic  p lant s p e c ie s  as a  v eh ic le  for rural d ev e lo p m en t. R e se a rc h  a tten tio n  has b een  
d e v o te d  to th e  identification  o f  prom ising sp ec ie s , th e  se lection  and c lo n in g  o f  d esirab le  
c h e m o ty p es , the developm ent o f  fie ld  m anagem ent p roced u res for the ex p o ita tio n  o f  the 
cro p s  and the investigation  o f  potential m arkets. T he p oster  d ea ls  w ith  the fo llo w in g  n ew  
essential o il crops:

Artemisia afra is  the prim e m ed icin a l plant in Southern A frica . T h e o il has an attractive  
b lu e  green  colour and a clean strong "medicinal" fragrance. A. afra appears to have poten
tial for u se  in  soap s, p erfu m es and external m ed ic in es . A lth o u g h  th u jon e  is  the m o st  
ab u n d an t co m p o n en t in the o i l ,  both  h ig h  and lo w  thujone c lo n a l s e le c t io n s  h a v e  b een  
m ade.

Eriocephalus punctulatus y ie ld s  a  dark blue o il (ch a m a zu len e) w ith  an  a ttr a c tiv e  fru ity  
fra g ra n ce . B y a ll accou nts, the o il  has prom ise for u se  in both  perfum ery and fla v o u rin g . 
O il production  has been  very  lim ited  as the w ild  p lan ts are sen sitiv e  to e x c e s s iv e  d e fo lia 
tion . W ith  the recen t developm ent o f  c lo n a l m aterial and e ffe c t iv e  harvesting  sy ste m s it 
w o u ld  appear that there are good  prospects for producing com m ercial qualities o f  o il .

Pteronia incana is  an arom atic w e e d  w h ich  is  invading la rg e  areas o f  pasture land  in  C is 
k e i ,  and from  w h ich  fa v o u ra b le  y ie ld s  o f  o il  can b e  o b ta in ed . T h e  o il  h a s  a fr a g ra n ce  
som ew hat rem iniscent o f  Juniper berries and could probably be used in industrial perfum es  
etc .

Salvia stenophylla y ie ld s  an o il w hich  conta in s up to 50%  o f  a -e p i-b iso b o lo l and w hich  
m ay have potential as a  com ponent in skin crem es, etc .

Lippia javanica is  a  w ell know n medicinal herb from w hich an o il can be extracted that has 
a high (50% ) content o f  ipsdienone. T his com pound is c losely  related to ip sd ien ol w hich  is  
o n e  o f  the p h ero m o n e  com ponents for E uropean p in e  bark b e e t le s  (Ips typomophus) .  
E ncouraging results have been ach ieved  w here the o il per se has been used for the protec
tion o f  forest logs.

O il sam ples w ill be available for olfactory evaluation.
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I-P2 Essential Oils in Hyptis suaveoUns (L.) Poit. (Lamiaceae) from 

Bangladesh: Its Medicinal and Pharmacological Significance

H u sa in , S .Z . ,1 K hanam , M . ,1 L is-B alch in ,2 M . and Hart, S .L .3

1 Department of Botany, School of Plant Sciences, Plant Science Laboratories, University of Reading, 
Whiteknights, Reading, RG6 2AS, UK.

2 Biotechnology Department, South Bank University, Borough Road, London SE1 OAA, UK.
3 Pharmacology Group, Biomedical Sciences Division, Kings College, Manresa Road, London, SE1 

OAA, UK.

T h e gen u s Hyptis Jacq. (L am iaceae) has over  4 0 0  sp ecies d istributed  throughout tropical 
A m erica . T hree  sp ec ie s  inclu d ing  H. suaveolins (L .)  P o it. a  native o f  tropical A m erica , 
naturalised in  a ll tropical countries and the on ly  strongly  arom atic sp ec ie s  from  B angla
desh . It grow s in  dry, open lo c a lit ie s ,  a lo n g  stream s, road s id e s ,  c o c o n u t p la n ta tio n s , 
tob acco  and rubber e sta te s . T h is  sp e c ie s  is  lis te d  and con sid ered  as a  poten tia l an ti-cancer  
agen t (H artley 1969; M abberley  1 9 9 0 ). In Java it  is  used as a  m ed ic in a l p lant and said to  
p rom ote  lactation  in w o m en . In T h a ilan d  the tip o f  the sh o o ts  a re  added  to food  a s  a  fla 
v o u r in g  a g e n t. T h e  le a v e s  are a lso  u sed  as a  stim u lan t, u s e fu l  a g a in st catarrh and sk in  
com plaints (B urk 1935). In the Philippines leaves are used a s  an antiseptic for w ounds and 
skin diseases. T he first report o f  essential o ils  analysis and identification by G C /M S o f  H. 
suaveolins from  B angladesh  is  in  the hop e to test and find w ays o f  their u se s  in m ed ic in e , 
b io lo g y  and fo o d  industry. M ech an ism  o f  action  w as studied on  in vitro gu in ea-p ig  ileum  
preparations to sh o w  pharm alogical significance.
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II-P3 Structure and Ontogeny of the Peltate Oil Glands of 

Monarda citriodora Var Citriodora

B ish o p , C .D . and C ollins, J.

School of Biological and Earth Sciences, Liverpool John Moores University, Liverpool, UK.

L igh t m icroscop y  and transm ission and low -tem perature scanning e lectron  m icroscop y  
h ave  been  used  to study the peltate o il g lands o f  Monarda citriodora C erv. ex  L ag . ssp . 
citriodora var. citriodora.

Gland m orphology is typical o f  that found in other members o f  the Labiatae and consists o f  
basal epiderm al c e lls . In youn g glands a th ickened cuticu lar layer is  c lo se ly  appressed  to 
the secretory  c e ll  w a lls . A s glands age  a large subcuticular sp ace  d ev e lo p s  b etw een  the 
cuticular layer and secretory c e ll w alls. O il accum ulates in the sub-cuticular space.

T h e  fin e  structure o f  the basal epiderm al c e lls  changes little during gland d eve lop m en t, 
rem aining h igh ly  vacuolate and retaining apparently active cytoplasm . T he cytoplasm  o f  the 
stalk  and secretory  c e lls  in young g lands is  characteristic o f  c e lls  in a h ig h ly  active  m eta
b o lic  state. In particular, these ce lls  conta in  a h igh ly  developed  en d op lasm ic  reticu lum , 
lobed  leucoplasts and num erous vesic les o f  varying size . U nder appropriate fixation condi
tion s the v esic les  contain electron-opaque m aterial b elieved  to be terpenoid  o ils . In o lder  
glands w h ich  have a subcuticular space filled w ith  o il, the cytoplasm  o f  both stalk cells  and 
secretory  cells  b ecom es very e lectron-opaqu e. M embrane system s sw e ll form ing m any  
sm all v esic les  and organelles degenerate, although leucoplasts remain distinguishable.

T he peltate glands are form ed at an early stage in the developm ent o f  the leaves. C om plete  
you n g  glands are present on  le a f  prim ordia w ithin 100/i o f  the le a f  m eristem . T he major 
region o f  gland developm ent occurs on  the ed ge o f  lea f primordia approxim ately 100-150^  
from  the m eristem atic tip. Gland initiation is  first evident as a  protrusion on  the epiderm is. 
A t an early  stage an anticlinal d iv ision  b isects  the c e ll  in the longitud ina l p lane. P ericlin a l 
d iv is io n  occu rs to produce the basal and stalk  c e lls . Further anticlinal d iv ision s then pro
duce the e igh t secretory cells. T he secretory c e lls  appear to flatten into a d isc , p ossib ly  by  
radial en largem en t. O il fillin g  need not occu r im m ed iately  as m ature, u n filled  g lands are 
present on  mature leaves.
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II-P4 Herbivore Induced Changes in Leaf Chemistry: Does Herbivory
Elicit Disease Resistance in Plants?

C a r lto n , R .R . ,1* W aterman, P .G .,1 Gray, A .I .1 and D eans, S .G .2

1 Phytochemical Research Laboratories, Department of Pharmacy, University of Strathclyde, Glasgow 
#G1 1XW, UK.
* Present address: Environmental Science Department, Schering Agrochemicals Ltd, Chesterford Park

Research Station, Saffron Walden, Essex, CB10 1XL, UK.
2 Department of Biochemical Sciences, SAC, Auchincruive, Ayr, KA6 5HW.

T he e ffe c t  o f  herbivory on the le a f  chem istry o f  Myrica gale (b o g  m y r tle /sw ee tg a le ) w as  
investigated. B o g  m yrtle is  an aromatic shrub w hich  grow s in  tem perate w etland s o f  w e st
ern E urope and N orth  A m erica. It grow s ex ten siv e ly  th rou ghout S cotlan d  and is  c o m m o n  
on  F landers M o s s ,  a  raised peat b o g  w est o f  Stirling in  C en tra l S cotlan d . In  su m m er it 
rarely su ffers vertebrate h erb ivory  but is  h ost to a  num ber o f  in sect h erb ivores in c lu d in g  
capsid b u gs and tortricid m oth caterpillars.

B og  m yrtle invests in  an array o f  secondary m etabolites including glandular volatile o il  and 
p h e n o lic s . In a f ie ld  exp erim en t a group o f  p lan ts on F la n d e r s  M o ss  w e r e  k e p t fr e e  o f  
in sect herbivores and a second set were a llow ed  to sustain natural herbivory. L ea v es  w ere  
collected  from  both sets on a w eek ly  basis and the surface densities o f  le a f  o il glands w ere  
determ ined. Volatile o ils  w ere extracted into pentane and profiled  using gas liquid chrom a
tograph y. L e a f  p h e n o lic s  w ere extracted into  aq u eou s m eth a n o l and p r o f ile d  w ith  h igh  
perform ance liquid chromatography.

H erbivory becam e evident towards the end o f  M ay and w as w idespread b y  the first w e e k  in  
June. Early instars o f  Lygocoris spinolai, a  capsid bug, accounted  for a lm ost a l l  herbivory  
observed  on  the plants under investigation. H erb ivory e lic ite d  a s ig n ifica n t in c r ea se  in  the  
density o f  o il glands on  wounded leaves although the density on neighbouring undam aged  
lea v es  d id n o t ch a n g e . N o  e ffe c t  on the com p osition  o f  the o il  w a s  o b serv ed . H erb ivory  
a lso  e lic ite d  a q u a lita tive  change in the phenolic  content o f  le a v e s  through  en h an ced  p ro
duction  o f  a  s in g le  f la v o n o id , k aem p fero l-3 -(2 ,3 -d ia ceto x y -4 -p -co u m a ro y l)rh a m n o sid e . 
T h e re  w as n o  e v id e n c e  that the concentrations o f  oth er  f la v o n o id s  w ere  a ffe c te d  b y  h erb i
vory.

T he volatile o il and the induced flavonoid w ere tested for fungal grow th  inhibitory proper
ties u s in g  fu n g i iso la te d  from  bog  m yrtle on  F lan d ers M o s s .  B o th  w e r e  fo u n d  to h a v e  
marked antifungal activity a t lo w  concentrations. W hen tested on  the generalist lepidopter- 
an herbivore Spodoptera littoralis the flavonoid exhibited no antifeedant or grow th  restrict
ing properties. A lthough it is likely that the volatile o il w ould  be toxic to m any in sects  the 
p la n t's  s tra teg y  o f  in crea sin g  gland d en sity  on  w oun ded  le a v e s  a lo n e  s u g g e s ts  th at th is  
phenom enon is un likely  to deter further herbivory by L. spinolai, the early instars o f  w hich  
are fligh tless  but h igh ly  m obile. H owever, the wounds caused  by herbivory are a potential 
site  o f  fu n ga l in fec tio n  and any increase in loca l con cen tration s o f  an tifu n ga l secon d ary  
m etabolites w ould  enhance bog m yrde's defenses against pathogens.

T h ese  resu lts su ggest that herb ivore induced changes in le a f  ch em istry  help  defen d  bog  
m yrtle against pathogen challenges associated with herbivore dam age.
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II-P5 Influence of Environmental Conditions and Organ Development 
on the Essential Oil Composition from the Flowerheads of Two 

Populations of Achillea millefolium L. ssp. millefolium

Figueiredo, A.C.,1 Barroso, J.G .,1 Salome, M .1 Pais, S .1 and Scheffer, J.J.C.2

1 Departamento de Biologia Vegetal, Faculdade de Ciencias de Lisboa, Bioco C2, Campo Grande, 1700 
Lisbon, PORTUGAL.

2 Division of Pharmacognosy, Center for Bio-Pharmaceutical Sciences, Leiden University, Gorlaeus 
Laboratories, PO Box 9502, 2300 RA Leiden, THE NETHERLANDS.

In a previous study we analysed the composition of the essential oils of the flowers and of 
the leaves of A. millefolium ssp. millefolium growing in the Botanical Garden of Lisbon 
(BGL) [1]. Later, a different composition of the essential oil of the same subspecies, 
growing in Canecao Garden of Almada (CGA), was found. Several data have been pub
lished in the literature showing that the essential oil composition of the yield are influenced 
by genetic, climatological and soil conditions, as well as by organ development, method of 
propagation, and the time of collection of the plant material. Therefore samples of flower- 
heads of A. millefolium ssp. millefolium in different stages of development were collected 
at the same time in both gardens, and the composition of their oils was studied by GC and 
GC-MS.

Although the monoterpene fraction was dominant in all the oils analysed (ca 80%), the 
main components differed: sabinene and 1,8-cineole were dominant in the oils isolated 
from the plants growing in the BGL, whereas camphor, B-pinene and 1,8-cineole were the 
main components of the oils obtained from CGA. Germacrene-D was the major constituent 
of the sesquiterpene fraction of all the oils analysed. All of these compounds showed fluc
tuations in their relative amounts during the flowerheads development. It is noteworthy that 
chamazulene was only detected in the oils from the flowerheads collected in CGA, its 
amount decreasing throughout the flowerheads development.

According to Maffei et al. [2], the presence or absence of several compounds, and their 
relative amounts, in the essential oils of Achillea depend on genetic and environmental 
factors. Since the plants growing in the CGA were obtained from those growing in  BGL, 
and thus were genetically similar, analyses of soil composition and meteorological data 
from both gardens, at the time of harvest, were obtained, in order to examine whether the 
differences between these oils could be related to climate or soil conditions. The meteoro
logical data did not reveal significant differences in temperature, humidity and global radia
tion with regard to both gardens. Only the insolation was four hours longer in the CGA 
than in BGL. The analysis of the composition of the soils from the two gardens revealed 
that both soils were sandy-loam, but BGL had higher levels of CaCO^. Generally the soil 
of CGA was richer in cations readily usable for exchange (Ca, Mg, K and Na), and had 
higher levels of assimilable P and K. The amounts of total nitrogen and carbon were not 
very different between the two soils.Considering that other authors reported that changes in 
oil composition and yield can be due to climate and edaphic conditions, it is likely that a 
correlation does exist between the differences found in the composition of the essential oils 
analysed and the levels of the different nutrients in the soil and the number of insolation.

The results of this study indicate that some caution should be taken when chemical data are 
used for systematic purposes within the A. millefolium aggregate, not only because differ
ences can be found within the same population owing to different stages of otgan develop
ment, but also because differences can exist between populations due to environmental 
conditions.

References and Acknowledgements:
This study was granted by Junta Nacional de Investigagao Cientifica (Invotan)
[1] Figueiredo, A., Barroso, J.G., Pais, M.S. and Scheffer, J., Flav. Frag. J, (In press).
[2] Maffei, M ., Chialva, F. and Codignola, A., 1989. J. Essent. Oil Res., 1, 57.
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1I-P6 Season Influence on the Chemical Composition of Various 
Chemotypes of Niaouli Essential Oils From Madagascar

Viano, J.1, Ramanoelina, P.A.R.2, Bianchini, J.2 and Gaydou, E .M .1

1 Laboratoire de Phytochimie de Marseille, Faculté des Sciences et Techniques de Saint-Jérome, 
Avenue Escadrille Normandie-Niemen, 13397 Marseille Cedex 13, FRANCE.

2 Department IAA, ESSA, Université d'Antananarivo BP 175, 101 Antananarivo, MADAGASCAR.

Fifty trees of niaouli (Melaleuca quinquenervia) have been chosen for following the range 
of variation in the chemical composition of the essential oils during three seasons (March, 
July and December). Among the forty seven compounds characterised by GC/MS and 
relative retention times, twenty four have been retained for the characterization of various 
chemotypes. The chemical composition of 150 samples have been used in an attempt of 
chemotaxonomic classification using Principal Component Analysis and Factorial Discrim
inant Analysis. Four chemotypes have been observed:

- a cineole type

- a cineole + Delta-3 carene type

- a viridifloral type

- a nerolidol type

No significant change in chemical composition was detected for these chemotypes during 
the three seasons investigated.
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II-P7  Essential Oils and Cold Stress in Rosmarinus officinalis L.

M a ffe i ,  M . ,  Peracino, V. and Scannerini, S .1

Dept, of Morphophysiology and Plant Biology1, University of TUrin, Viale P.A. Mattioli, 25, 10125 
Turin, ITALY.

E sse n tia l o ils  w ere  d istilled  during w inter 1 9 9 1 -9 2  from  Rosmarinus officinalis L . plants 
grow ing  in  exp erim en ta l p lo ts  o f  the B otan ical G ardens o f  the U n iversity  o f  T urin . O ils  
w ere analysed  by m eans o f  gas chrom atography and the quantitative and qualitative com p o
sition  o f  sev e r a l m onoterpenes and sesqu iterpenes w as estim ated . T em peratures w ere  d e 
tected and correlated with o il content and com position. F igure 1 show s a com parison  o f  o il  
con ten t an d  tem peratures, w h ile  F igure 2  dep icts the variations in  b o m e o l, b o m y l acetate  
and cam phor (the m ain m onoterpenes) a lon g  w ith  lim on en e and germ acrene D  (the m ain  
se sq u ite rp en e);.in  both figu res d ie  lin ear regression  o f  tem peratures is  a lso  sh o w n . T he  
data w as a ls o  s ta tis t ic a lly  p r o c e sse d  by u s in g  m u ltivar ia te  m eth o d s o f  a n a ly s is  (C lu ste r  
analysis and Principal C om ponent A nalysis).

T he results obtained indicated that b om eol and b om yl acetate w ere particularly affected  by  
lo w  tem p eratures. On the other hand lim on en e  and germ acren e D  sh o w ed  their m axim a  
w hen  tem peratures w ere low . C am phor did not sh ow  any particu lar correla tion  w ith  tem 
perature variations. T h e  poster d iscusses a lso  the biochem ical relationships am ong b om eols  
and cam phor.

- * 0 ™  Ë ip r a l lE S a n d ip s æ n  y= -2,7429 + 0,84286x R*2=0.604 homed - - - - regression Une of teirper^æs

Figure 1 Figure 2

C
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II-P8 Relationship between Canopy Temperature of Peppermint 
{Menta piperita L.)> Irrigation Requirements, Some Physiological

and Phenological Data

O v tc h a r o v a , A .N .1 and N edkov, N .K .

1 Dept, of Melioration, Agrarian University, Plovdiv, BULGARIA.
2 Research Institute of Roses, Essential Oil/Medicinal Plants, Kazanlak, BULGARIA.

In Bulgaria pepperm int (Merita piperita L .) m ust be grow n under irrigation i f  high y ie ld s  o f  
o il and leaves are to be realised . It w as found that the highest y ie ld  w as obtained w hen drip 
surface irrigation or drip subsurface irrigation w as u sed . B oth o f  these irrigation practices 
w ere found to conserve water to a greater extent than the sprinkler irrigation. F ield  exper
im en ts  w ere con d u cted  at K azanlak  during 1 9 8 9 -1 9 9 0  to  in v e s t ig a te  the u s e fu ln e s s  o f  
can op y  tem peratures in  determ ining w ater  u s e . M easurem en ts w ere  m ade b y  hand-held  
infrared therm om eter R aynger II daily  b etw een  1330h and 1 4 0 0 h . T h ree  treatm ents w ere  
investigated as fo llow s:

1. D rip  surface, the so il m oisture w as maintained at 100% o f  fie ld  capacity.
2 . D rip  surface, the so il m oisture w as maintained at 70% o f  fie ld  capacity.
3 . N on  irrigated - under water stress.

D iurnal m easurem ents o f  canopy and air tem peratures in d icated  that the grea test d iffer
en ces betw een  canopy and air temperatures occurred near so lar noon . C anopy temperature 
d if fe r e n c e s  b e tw een  w ater stress and fu lly  irrigated  crops up to  8 . 5 °C  w ere m easu red . 
S e a so n a l w ater  u se  w as estim ated via a  s o il  w ater b u d get a p p roach . G lo b a l rad iation , net 
radiation, air temperature, relative humidity and wind speed w ere m easured sim ultaneous
ly . T h e  so il tem peratures at 0 7 3 0 h , 1430h  and 2 1 3 0 h  ev ery  day on  the surface and 5cm  
into the so il w ere recorded.
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II-P9  Effects of Different Growing Conditions on Fennel and Pepper
mint Essential Oil Composition and Biological Activity

M arotti, M . ,1 P icc a g lia , R . ,1 G iovanelli, E . ,1 D eans, S .G .,2 and E aglesham , E .2

1 Istituto di Agronomia Generale e Coltivazioni Erbacee, Università di Bologna, ITALY.
2 SAC, Auchincruive, Ayrshire, Scotland, UK.

S ev era l essen tia l o ils  from arom atic plants show ed  an inhibitory action against bacteria and 
fu n g i [ 1 ,2 ] .  B io lo g ic a l activ ity  o f  the o ils  is  often  due to a syn erg istic  action  am ong the 
co m p o n en ts  [3]. G row ing and environm ental con d ition s and o n togen etic  d eve lop m en ts  
in flu en ce  the biosynthetic pathway o f  the o il constituents [4],

In  th is  r e se a r c h  the e sse n tia l o ils  ob ta in ed  by steam  d is t il la t io n  from  th ree  v a r ie t ie s  o f  
fen n el (Foeniculum vulgare M ill.)  harvested a t different ontogenetic stages and  from  Italian 
pepperm int (Mentha x piperita L .)  grown on  different fertilisation conditions and co llected  
from  tw o planting tim es (Autumn and Spring) w ere tested against several m icro-organism s  
and for their anti-oxidative properties.

Q uali-quantitative com position o f  o ils  w as determined by G C /M S . T he fennel o ils  show ed  
relevant d ifferences in the quantitative com position and their antibacterial activity w as m ore  
effective  against Brocothrix thermosphacta, Staphylococcus aureus and Alcaligenes faecalis 
w h ile  a g a in st Enterobacter aerogenes, Micrococcus luteus and Moraxella sp. w a s  n o t  
exh ib ited .

P ep p erm in t o ils  obtained from  Autumn planting show ed  higher b io lo g ica l activity than  
th ose  from  Spring.

A ll pepperm int o ils  had great e ffects  against Aspergillus niger (inhibition from 86  to 99% ).

R eferences:
[1] M orris, J .A ., Khettry, A . and Seitz, E .W ., 1979. J. A m . O il S o c .,  56: 5 9 5 -6 0 3 .
[2  D ean s, S .G . and Svoboda, K .P ., 1990. Favour and Fragrance J ., 5: 187-190.
[3] M elegari, M ., A lbasini, A ., Provvisionaato, A ., B ianchi, A .,  Vampa, G ., Pecorari, P. 

and R inald i, M ., 1985. Fitoterapia, 56: 85 -91 .
[4] P iccag lia , R .,  M arotti, M . and G alletti, 1991. J. E ss. O il R e s ., 3: 147-152 .
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II-P10 Effect of Mechanical and Chemical Weed Control on the 

Growth, Development and Productivity of Mentha Grown
for Planting Material

Z h eljazk ov , V. and Topalov, V.

University of Agriculture, Plovdiv, BULGARIA.

T hree regim es for w eed control w ere tested in field experim ents: m echanical w eed  control 
(three tilla g es); chem ical w eed  control (S inbar N P 8 0  at 2 0 0  g /d h a ); and com bin ed  w eed  
control (Sinbar N P 80  at 2 0 0  g/dha and one hoeing). The investigation  w as carried out w ith  
tw o s p e c ie s  - c lon e  N 1 from  Mentha piperita  H uds and c v .M e n to ln a -1 4  from  Mentha 
arvensis L .

It w as established  that in both species the com position and chatacter o f  essential o il w as not 
significantly affected  by the method o f  w eed  control. M echanical w eed  control provides the 
highest grow th ind ices and the lon gest rhizom es.
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Z h e lja z k o v , V ., and Topalov, V.

University of Agriculture, Plovdiv, BULGARIA.

T h ree  m ethods w ere  com pared for the propagation o f  the mint: w ith rooted cuttings in  the 
autum n; w ith  rh izom es in the autumn; and with rhizom es in the sum m er. F o r  the test m ate
rial w e  used  c lon e  N l ,  cv. T undzha and cv. Z ephir o f  Mentha piperita  H u d s; cv . M en to l-  
n a -1 4  and cv . M entolna-18 o f  Mentha arvensis.

T h e tested cu ltivars produce the highest y ield  o f  fresh  m aterial w hen propagated via rooted  
c u ttin g s , e x c e p t  fo r  c lo n e  N 1 0 1 . T h e h igh est y ie ld s  o f  essen tia l o il are obtained  from  cv. 
Z ephir, M en to ln a -1 4  and M en to ln a-18  fo llo w in g  propagation  from  rooted  cuttings; from  
c lo n e  N l  and c lon e  N 101 w ith  rh izom e propagation in the autum n; and from  cv. T undzha - 
w ith rh izom e propagation in the summer.

51

51



Z h elj azk ov , V. and Topalov, V.

University of Agriculture, Plovdiv, BULGARIA.

T h e optim um  v a lu es  w ere  estab lished  for the factors tim e and d en sity  o f  p lan tin g  under a 
n ew  m ethod o f  propagation for m int, using rooted cuttings taken in  the autumn. T h e  exper
im ental m ateria ls u sed  w ere c lon e  N 1 and cv. Z ephir from  Mentha piperita  H u d s. and cv. 
M en tolna  from  Mentha arvensis L .

It w as established  that the tested cultivars respond extrem ely w e ll to  propagation via rooted  
cu ttin gs in the autum n and at a planting density  o f  on ly  3 p la n ts /ir r  they p r o v id e  norm al 
density  for the plantation during the follow ing year. T h e  y ie ld s  o f  fresh  m aterial and essen 
tial o ils  are enhanced by increasing the density o f  planting and w hen  the planting is done at 
the start o f  Septem ber.
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II-P13 Productivity of Mentha Grown with Increasing
Levels of Fertiliser

Zheÿazkov, V.

University of Agriculture, Plovdiv, BULGARIA.

In fie ld  experim ents w e have studied the vegetative behaviour and productivity o f  Mentha, 
fe r tilised  w ith  le v e ls  o f  fertiliser  prev iou sly  calcu lated to g iv e  varia tion  o f  y ie ld s  o f  e sse n 
tia l o i l .  A s  test m aterial w e  have used  cv. Tundzha, cv. Z ep h ir  and c lo n e  N 1 o f  Mentha 
piperita  H uds and cv. M en to lna-18  o f  Mentha arvensis L . T h e  grow th  param eters in v esti
gated  in c lu d e  p lan t h eigh t, num ber o f  branches, percentage o f  fo lia g e , and the content, 
y ie ld  and c h em ica l com p osition  o f  the essen tia l o il. W ith in creasin g  rates o f  fertiliser , the  
yield  o f  essen tia l o il is increased by 16 to 119% relative to the control plants. T he highest 
yie ld  o f  essen tia l o il has been obtained from the cv. Zephir.
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II1-P14 Essential OU Composition of Two Endemic Madeira Island 
Teucrium Species: Teucrium abutiloides L'Hér. and 

Teucrium betonicum L'Hér

B a r r o s o , J . G . . 1 P ed ro , L .G .1, F igu e ired o , A .C . ,1 A n tu n es, T ., '  S ev in a te -P in to , I . 1 and  
Scheffer, J.J.C.

1 Departamento de Biologia Vegetal, Faculdade de Ciências de Lisboa, Bioco C2, Campo Grande, 1700 
Lisbon, PORTUGAL.

2 Division of Pharmacognosy, Center for Bio-Pharmaceutical Sciences, Leiden University, Gorlaeus 
Laboratories, PO Box 9502, 2300 RA Leiden, THE NETHERLANDS.

T h e g en u s Teucrium com prises m ore than 3 0 0  sp ec ie s , 4 9  o f  w h ich  are fou n d  in  E u rop e , 
m ostly in  the M editerranean basin [1 ,2 ] . M any species are currently used in fo lk  m ed icin e. 
A great num ber o f  c lerodan e-type diterpenoids have b een  iso la ted  from  Teucrium sp e c ie s , 
som e sh ow in g  an insect antifeedant activity [3 ,4 ]. M any flavonoids have a lso  been  isolated  
from  Teucrium sp ecies, and som e o f  them  have proved to be u sefu l taxonom ic m arkers [5 ]. 
Stud ies con cern in g  the vo la tile  constituents o f  Teucrium sp e c ie s  are scarce  [ 2 ,6 ,7 ] .  In this  
paper w e  report on the com position  o f  the volatile o ils iso lated  from  aerial parts o f  Teucri
um abutiloides and o f  Teucrium betonicum, respectively.

T he e sse n tia l o ils  o f  th ese tw o sp ec ie s  w ere obtained in  a lm ost s im ilar  y ie ld s  ( < 0 .5 % ) .  
T he o ils  w ere com plex m ixtures consisting m ainly o f  octen -3-o l (20%  in the o il o f  T. abuti
loides and 24%  in that o f  7. betonicum). T he m onoterpene fraction  w as re la tiv e ly  poor in  
both o ils: it represented 6% o f  the total o il o f  T. betonicum and contained m erely  linalol; in  
the o il o f  T. abutiloides a ll m onoterpenes appeared in a concentration le ss  than 1 %, linalol 
being the m o st im portant one (0 .7 % ). T he sesqu iterpene hyd rocarb on s form ed  the m ain  
fraction in  both o ils , am ounting to 45% in the o il o f  7. betonicum and to 55%  in that o f  T. 
abutiloides. H ow ever , the m ajor com ponent o f  these fractions d iffered : fi-caryop h y llen e  
w as th e m o st abundant sesquiterpene in  the o il o f  T. betonicum (1 2 % ), w h ereas germ ac-  
r e n e -D  (1 3 % ) and 5 -ca d in en e  (1 1 % ) w ere the dom inant se sq u ite r p e n e s  in  the o i l  o f  T. 
abutiloides. T he oxygen-containing sesquiterpenes represented a lso  an im portant fraction in  
the o il o f  T. abutiloides (13% ), w hereas in that o f  7  betonicum they represented 5% only. 
T h e  m o st ch a ra cter istic  featu re o f  the co m p o sitio n  o f  the e s s e n tia l o i ls  o f  th e  Teucrium 
species w e  analysed is the high am ount o f  octen-3-ol. T his com pound has on ly  been  found  
in traces in the essentia l o ils  o f  other Teucrium species [2].

R eferences:
[1] Greuter, W ., Burdet, H .M . and L ong, G ., 1986. M ed-C hecklist, Vol. 3 . C onservatoire  

e t  Jardin B otaniques, G eneva.
[2] V elasco-N egueruela , A . and Perez-A lonso, J .M ., 1990. Phytochem istry, 29: 1165 .
[3] S im m onds, M .S .J ., B laney, W .M ., Ley, S .V ., Savona, G ., Bruno, M . and C arreiras, 

M .C ., 1989 . Phytochem istry, 28: 1069.
[4] Torre, M .C ., R odriguez, B ., P iozz i, F ., Savona, G ., Bruno, M . and C arreiras, M .C .,  

1990 . Phytochem istry, 29: 579 .
[5] H arb om e, J .B ., Tomas-Barberan, F .A ., W illiam s, C .A . and G il, M .I ., 1986. 

Phytochem istry, 25: 28 1 1 .
[6] P inetti, A .,  M aleci, L .B . and Servettaz, O ., 1991. Abstracts o f  22nd International 

Sym posium  on Essential O ils. St. V incent-Aosta: 68 -69 .
[7] Sarer, E . and Yenen, M ., 1991. Abstracts o f  22nd International Sym posium  on  

E ssential O ils. St. V incent-Aosta: 70.
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III-P15 Chemotaxonomy of Commercial Buchu Species 

(Agathosma betulina and Agathosma crenulata)

C o llin s , N .F . ,1 van B eek , T .A .,2 G raven, E .H .,1 Posthum as, M .A .,2 and L elyveld , G .P .2

1 Centoil Project, University of Fort Hare, Alice, SOUTH AFRICA.
2 Department of Organic Chemistry, Wageningen Agricultural University, THE NETHERLANDS.

T w o  sp e c ie s  o f  B uchu, Agathosma betulina and A. crenulata, w hich are en d em ic  to the 
W estern C ape region  o f  South A frica, are com m ercia lly  exp lo ited . T he B uchu o il is  used  
fo r  both perfum ery and flavou ring, w ith various users show ing m arked preferen ces for  
sp e c if ic  o il types. A lthough  the exact usages for the d ifferen t qualities o f  B uchu  o il are 
u n clear  it is gen era lly  understood that the d iosp h en o l com p on en t is  used to d e v e lo p  m int
like n otes, w hereas the com plex o f  thiols (8-M ercapto-p-m enthan-3 -one and 8-A cetylthio-p- 
m enthan-3-one) are used for the "catty" note in flavouring.

E x ten siv e  hybrid isation  occurs betw een  these tw o species thus com p lica tin g  the already  
difficu lt identification o f  the species. Previous w ork has sh ow n  that the chem ical com p osi
tion m ay be used to separate these species and their hybrids.

From  the a n a ly s is  o f  5 0  B uchu  sp ec im en s random ly  c o lle c te d  from  w id e ly  d isp ersed  
com m unities it w as found that:

1. Individual plants having high 8-M ercapto-p-m enthan-3-one and 8-A cetylthio-p-m enthan- 
3 -one w ere identified.

2 . There is  very little correlation betw een chem ical com position and geographical location  
o f  the taxa. T hough there are som e generalisations: The low  diosphenol p lants are found in 
the central loca lities, and the high 8-M ercapto-p-m enthan-3-one plants in the south.

3 . E xten sive  hybridisation appears to occur betw een A. betulina and A. crenulata w ith the 
hybrids possessing m orphological and chem ical attributes o f  both species.

4 . T he three taxa can be c lear ly  separated on the basis o f  the p ercen tage  con ten t o f  p u le 
gon e, and interspecific differences on the basis o f  d iosphenol, m enthone, isom enthone and 
8-A cetylthio-p-m enthan-3-noe are le ss  clear. It can be concluded that A. crenulata does not 
contain d iosphenol and A. betulina contains little pulegone.

5 . The sp ecim en s studied w ere classified  into 5 distinct ch em o ty p es. There are three A. 
betulina chem otypes, based on the percentage o f  d iosph en ol. T he hybrids have tw o chem o
types based on high diosphenol, high m enthone plus isom enthone.
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III-P16 Chiral Constituents of Essential Oils Analysis by 

Enantioselective Gas Chromatography using Cyclodextrin Derivatives

E v e r s , R ,  Krüger, D ., Icheln, B .,  G ehrcke, B . , R un ge, T . and K ö n ig , W .A .

Institut fur Organische Chemie, Universität Hamburg, W-2000 Hamburg, GERMANY.

E ssen tia l o ils  are know n to contain  num erous chiral con stitu en ts. O w ing  to  ch ira lity  the 
contribu tion  o f  the enantiom ers to odour and taste m ay be d ifferen t. F ragran ces and f la 
v o u r s  are p e r c e iv e d  th rou gh  a d ir e c t  in teraction  o f  c h e m ic a l c o n stitu e n ts  w ith  sp e c if ic  
chiral receptors.

P rev io u s  in vestiga tion s have already show n that the en an tiom eric  co m p o sitio n  o f  chiral 
constituents o f  essential o ils  m ay vary considerably depending on  orig in  and processing . It 
is  a lso  w e ll k n ow n  that essen tia l o ils  m ay be adulterated by  a d d itio n  o f  oth er natural or 
synth etic  com pounds. T he determination o f  enantiom eric com p osition  has b eco m e possib le  
w ith enantioselective gas chromatography.

A fter  the in troduction  o f  hydrophobic cyclodextrin  d er iva tives  in  gas-liq u id  chrom atogra
ph y in  1988 [1 ] , now, on ly  four years later, it is  p ossib le  to in v e stig a te  the en an tiom ers o f  
alm ost the com plete spectrum  o f  substances o f  olfactorial im portance [2 ,3 ] .

W e have d eveloped  a num ber o f  se lec tive ly  substituted cy c lo d ex tr in s  w ith  unique proper
ties for special purposes:

- M onoterpene hydrocarbons are the m ost volatile constituents o f  essen tia l o ils. A ll im por
tant chiral and non-chiral natural monoterpene hydrocarbons, such as a -thujene, a- and B- 
p in en e , ô -3 -ca ren e , sab inene, cam phene, a- and fl-phellandrene and lim on en e  can be re
so lv ed  w ith  a dual colum n system  applying two com plem entary  c y c lo d ex tr in  stationary  
phases h ep tak is(6-0-m ethyl-2 ,3-d i-0-pentyl)-fl- and octak is(6 -0 -m eth y l-2 ,3 -d i-0 -p en ty l)-  
gam m a-cyclodextrin  [4].

T he proportions o f  m onoterpene hydrocarbons in som e selected  essen tia l o ils  w ere investi
gated and w ere found to be very similar in o ils o f  different orig in .

- M any terpene a lcohols can be investigated using m odified  cy c lo d ex tr in s: L avandu lo l, 
l in a lo o l, b o rn eo l, isob orn eo l, hotrienol, n e r o lid o la -te r p in e o l, terp in en -4 -o l e tc  [5 ] . ( - ) -a -  
B isa b o lo l is  a m ajor constituent o f  cham om ile  o il. W ith recen tly  d ev e lo p ed  cy clod ex tr in  
d eriva tives  (h ep ta k is(2 ,6 -d i-0 -m eth y l-3 -0 -p en ty l)-fl-  and o c ta k is (2 ,6 -d i-0 -m e th y l-3 -0 -  
p en ty l)-gam m a-cyclod ex tr in ) a ll four stereoisom ers can be sep ara ted . E ven  m u scone (3- 
m ethyl cyclopentadecanone), a rather bulky ketone contained in  m usk as the (-)-enantiom er  
[6] is separated with one o f  these new  phases for the first tim e.

R eferences:
[1] K ön ig , W .A ., Lutz, S . and W enz, G ., 1988. Angew. C hem . 100: 989 .
[2] W erkhoff, R , B rennecke, S . and Bretschneider, W ., 1991. C h em . M ikrobio l. Technol. 

L eb en sm . 13: 129.
[3] K ön ig , W .A ., 1991. Gas Chromatographic Enantiomer Separation with M odified  

C yclod extr in s. Hüthig Verlägsgem einschaft, H eidelberg.
[4] K ön ig , W .A ., Krüger, A ., Icheln, D. and R unge, T ., 1992. J. H igh R es. Chromatogr. 

15: 184.
[5] K ön ig , W .A ., G ehrcke, B ., Icheln , D ., E vers, R , D önn ecke, J. and W ang, W ., 1992. 

H igh  R es. Chromatogr. 15: 367 .
[6] W albaum , H ., 1906. J. Prakt. Chem . 73: 488.
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III-P17  Chemical Composition of the Essential Oil from the Rhizomes

of Pavonia odorata Willd.

N akhare, S. and G a r g , S .C

Department of Chemistry, Doctor Hari Singh Gour Vishwavidyalaya, Sagar (M.P.) 470 003, INDIA.

Pavonia odorata W illd ., belonging to fam ily M alvaceae, is a pubescent herb found in open  
w o o d s , w aste p laces and gardens in many parts o f  India. The plant is reported as a cure for 
rheum atism  in Indian system  o f  m edicine. The yellow  coloured essential o il obtained from  
th e  d r ie d  cru sh ed  r h iz o m e s  o f  P. odorata in a y ie ld  o f  0 .2 % , h as b een  a n a ly se d  u s in g  
c h e m ic a l, chrom atograph ic and sp ectroscop ic  m ethods. T h irty-n in e  co m p o n en ts  v iz . a -  
p in en e, cam p h en e, 6-p inene, sabinene, m yrcene, 53-carene, a -terp in en e, p -cy m en e , lim o
n en e , oc im en e, gam m a-terpinene, a-terpinolene, gam m a-terpinolene, lin alool, a -terp in eo l, 
-terp in eo l, 1-borneol, d ecan o l, m eth yl heptenone, fen ch o n e , furfural, iso v a le ra ld eh y d e , 
iso v a le r ic  acid, n-caproic acid, linalyl acetate, b om yl acetate, 6 -acryophyllene, ced ren e, 6 -  
sa lin e n e , arom ad en d ren e, 13-fernesene, a -b isa b o len e , gam m a-m urrolene, a -m u r r o le n e , 5- 
cad inene, a -e lem en e , cedrol, fem eseo l and eudesm ol could be identified in the o il.

T h ir ty -o n e  n ew  constituents have been  identified  w hich w ere not reported in  the earlier  
in v e stig a tio n s. M any m inor constituents con sistin g  12.60%  in the o i l ,  h o w ev er , rem ained  
uncharacterised. T h e  o il has been  found to be a rich source o f  isovaleric acid  (3 4 .6 6 % ).
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III-P18 Volatile Constituents of the Wood-Rotting Fungus
lnonotus obliquus

K a h lo s, K .,  L aakso, I. and H iltunen, R .

Pharmacognosy Division, Department of Pharmacy, University of Helsinki, Fabianinkatu 35, 00170 
Helsinki, FINLAND

T he w ood-rotting fungus lnonotus obliquus (P ers. ex  Fr. P ilat) (Basidiomycetes) is encoun
tered on liv in g  trees as fruitbodies and as sterile conks w hich  have a hard w oody to  a lm ost 
stony texture. A ccording to our earlier investigations the fu n gal m yceliu m  in vitro w as able  
to produce the sam e lanosterol type triterpenes as the natural fungus. Volatile constituents, 
how ever, can have a very different pattern [1]. T he aim  o f  th is  study has been  to com pare  
the occurrence o f  certain volatiles betw een  the natural and cu ltivated  fungus.

T he fu ngus w as co llected  from  the trunk o f  birch (Betula)  and the fungal m y ce lia  w ere  
cu ltivated  in liquid cu ltures. T he vo latile  o ils  w ere iso la ted  b y  hyd rod istilla tion  and the 
constituents w ere studied by GC and G C -M S analysis. Identification  o f  the constituents w as  
based on the library spectra and M S literature data.

T he resu lts show ed  that the m ain identified  vo la tiles  in the natural I. obliquus w ere b en 
za ld eh yd e, Z -a -  and E-fl- bergam otenes, lin a loo l, a -  and 6 -sa n ta le n e s , 6 -se lin e n e , eu d es
m ol and fa m esen e  isom ers, a -b isab olo l and free fatty a c id s . C ontrary to the lanosterol type  
triterpenes o f  natural fungus, the com position o f  the vo latiles o f  cultivated m ycelium  w ere  
quite d if fe r e n t . T he o il from  cu ltiv a ted  m y c e liu m  w as c h a r a c te r ise d  b y  so m e  s p e c if ic  
co m p o u n d s su ch  as ar-tu rm erone and b isa b o lo lo x id e -B  an d  th e  co m p o u n d s such  a s  p- 
cym ene, a -ced ren e  and or-curcum ene. H ow ever, both  o ils  contained  fa m esen e  isom ers and 
free fatty ac id s  (C 14-C .„ ). T he main fatty acids were p a lm itic  and lin o le ic  acid. T h e se  re
sults are b io syn th etica ily  in teresting  s in ce  som e in gred ien ts  in  cu ltures can stim ulate or 
inhibit the form ation o f  volatiles. T h is  study a lso  confirm s that fungal cultures can produce 
a great variety o f  volatile terpenoids w hich are not present in the natural fungus.

References:
[1] K ahlos, K ., L aakso, I ., Siirila, M . and H iltunen, R ., 1 9 9 1 .22nd International Sym po  

sium  on E ssential O ils . Septem ber 11-14. A osta, Italy (abstract).
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Sarer, E . and K o k d il, G .

Faculty of Pharmacy, Dept, of Pharmacognosy, Ankara University, 06100 Tandogan Ankara, 
TURKEY.

P lants b e lo n g in g  to the Satureja gen u s o f  the L am iaceae fa m ily  are m ain ly  d istributed  in  
E u ra sia . S o m e  sp e c ie s  o f  th ese  plants are  w e ll  k n ow n  as a cu lin a ry  h erb , and a ls o  used  
m e d ic in a lly . In c h e m o ta x o n o m ic  s tu d ies  o f  n u m erou s s p e c ie s ,  s e v e r a l c h e m o ty p e s  are  
frequently noted [1 ,2 ].

F ou rteen  Satureja sp e c ie s  are grow ing  w ild  in A natolia . Satureja cilicia P .H . D av is  is  an  
en d em ic  species w hich is  native to south Anatolia. T he com position  o f  the o il  from  Sature
ja  cilicica h as not been investigated  so  far. In this study the ch e m ic a l co m p o sitio n  o f  the  
essential o il o f  Satureja cilicica, co llected  in A ugust 1991 near Igel (southern T urkey), w as  
ex a m in ed . T h e  am ount o f  the o il w as determ ined on  hyd rod istilla tion  and its c o m p o sitio n  
w as investigated by com bined  L SC  and GLC (on  capillary co lu m n s) [3 ].

T he content o f  the essen tia l o il w as 1.6% . Carvacrol w a s  the m ain com p on en t (6 3 .7 1  %) o f  
the o il.

References:
1] N tezurubanza, L .,  Scheffer, J.J.C ., Svendsen, A .B ., S c i. Pharm . 5 5 , 1 77 -182 , 1987 .
2] P h ilian os, S .M ., L o u k is, A .,  Andriopoulou - Athanassoula, T h ., Int. J. C rude D rug  

R e s . 2 2 (4 ) , 145 -149 , 1984.
[3] Sarer, E .,  K dkdil, G ., Planta M ed . 57  (1 ), 8 9 -9 0 , 1991.
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F ock , A ., K u b e c z k a , K .H .,  Schultze, W.

Department of Pharmaceutical Biology, University of Hamburg, Bundesstrafie 43, D-2000 Hamburg 
13, GERMANY.

Skimmia sp ec ies  w h ich  orig in ate  in E ast A sia  and the H im alayas are the m ost im portant 
h ard y , w o o d y  Rutaceae cu ltivated  for ornam ent in E u rop e. T h e  m o st com m on  Skimmia 
japonica  T hun b . is  to  be found in m any parks and botanical gard en s, w h ere  it is  valued  as  
a flow ering evergreen.

In the course o f  our studies on  plants belonging to Rutaceae w e  have investigated the aerial 
parts o f  Skimmia japonica  ssp . japonica and S. japonica ssp . reevesiana w ith  respect to  its 
essen tia l o ils  by C C , GC and G C -M S.

In contrast to the ssp . reevesiana w h ich  yields an o il rich in m o n ote ip en e  hydrocarbons (up  
to  8 0 % ), o ils  from  the ssp . japonica  contain  appoxim ately  70%  o x y g en a ted  m on oterp e
n o id s, m ain ly  a lcoh ols and the respective esters.

In le a v e s  and s te m s o f  the s sp . reevesiana w e found the o i l  to  c o n ta in  fl-p h e lla n d ren e  
(5 2 % ), a -p in en e  (1 3 .9 % ), m yrcen e (5 .8% ) and lim onene (5 .9 5 % ) as m ain hydrocarbons. 
O xygenated  m onoterpenoids w hich  are prom inent constituents o f  the o il  o f  the ssp . japoni
ca are on ly  detectable in sm all amounts: linalool (1 .9% ), lin a ly l acetate (1 .7 % ), a-terp ine- 
o l (0 .9 % ), neryl acetate (1 .1 % ), geranylacetate  (2 .7% ).

T he e sse n tia l o il o f  Skimmia japonica  ssp . japonica contains m ain ly  o x y g en a ted  m on o
terp en o id s ab o v e  a ll lin a lo o l (33% ) and lin a ly l acetate (2 7 % ). A d d ition a lly  a -ter p in eo l  
(4 .9 % ), nerol (1 .5 % ), geran io l (4 .2 % ) and their acetates (a -ter p in y l acetate (1 .2 % ), neryl 
acetate (1 .8 % ), geranyl acetate (4 .3% )) have been  identified. W ith in  the hydrocarbons only  
fi-phellan dren e appears in  h ig h er  am ounts (16% ) fo llow ed  b y  a -p in e n e  (5 .5 % ), m yrcen e  
(4 .9 % ) and lim on en e (2 .5% ).
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1 Department of Pharmaceutical Botany and Pharmacognosy, Faculty of Pharmacy and Biochemistry, 
University of Zagreb, 41000 Zagreb, CROATIA.

2 Demerje 68a, 41000 Zagreb, CROATIA.
3 Chromos-Aroma, 41000 Zagreb, CROATIA.

Satureja montana L . ssp . montana L . and Satureja montana ssp . variegata (H o st) P.W. 
Ball (W ettst.) are tw o  o f  three subspecies o f  Satureja montana L . found  in  the D inarid ic  
K arst, from  150m  to 1200m  ab ove sea  le v e l . B oth plants are used  in fo lk  m ed ic in e  as an 
an th elm in tic , d iu retic , nervinum  and stim ulant. T he aim  o f  th is w ork  w a s to com p are the 
essentia l o il com position o f  these subspecies.

T he aerial parts o f  the plants w ere subjected to hydrodistillation for 3 hours in a C levenger- 
ty p e  apparatus. T h e obtained essen tia l o ils  w ere investigated by m eans o f  cap illary  gas  
chrom atography.

T able 1 . Y ield o f  som e o il sam ples and their m ain com ponents.

Plant S p ecies O il Y ield  (% v /w )
Major com ponents  
(% o f  total o il)

Satureja montana 
ssp . variegata

Thym ol C arvacrol

a) Sinj * 0 .6 6  - 0 .9 0 0 .5 8 , 2 .8 4 8 3 .8 4 , 8 4 .1 9
b) L iv n o b 
Satureja montana 
ssp . montana

0 .9 0 - 1 .0 0 1 .0 3 ,2 .3 1
%

6 3 .5 4 , 5 .5 8

a) L jub usk ib 1 .0 0 -  1 .20 2 .5 6 5 7 .2 4
b) V rgoracb 0 .6 6  - 0 .9 5 1.05 6 0 .9 3
c) "Dalm acijabilje” 1.47 13.61 3 0 .8 3
C om m ercial sam ple - 33 .84 2 4 .8 8

a =  b efore flow ering, b =  flow ering plant
Interpretation o f  com plete chrom atogram s obtained during this study w ill a lso  be  
discussed.
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III-P22 The Essential Oils of Two Iberian Teucrium Species

López-Sàez, J.A ., Pérez-Alonso, M.J. and Vfelasco-Negueruela, A.

Departamento de Biologfa Vegetal I (Botànica), Facultad de Biologia UCM, 28040-Madrid, SPAIN.

T h e vo latile  o ils  from  tw o Teucrium sp e c ie s , Teucrium valentinum and Teucrium gnapha- 
lodes, en d em ic  to  S p a in  have been  in v estig a ted  here from  the f ir s t  tim e b y  m e a n s  o f  
G C /M S .

Both sp ecies w ere submitted to steam distillation and w ere co llected  at tw o d ifferen t tim es  
(6  and 12 hours). T he four sam ples obtained w ere separately analysed .

T h e  p ercentage o f  sesquiterpenes increased w ith distillation tim e. In Teucrium valentinum 
the a m o u n t o f  m o n te r p e n e s  w a s  a lw a y s  g rea ter  than th o s e  o f  s e s q u ite r p e n e s  ( 8 3 .8 5  
-1 6 .1 5 %  a n d  5 6 .8 1  - 4 3 .1 9 % ). C on verse ly , Teucrium gnaphalodes p r o d u c e s  a la r g e r

Percen tage o f  m on oterp en es a t 6  hours (6 8 .3 9  - 3 1 .64% ) and m ore  sesq u iterp en es a t 12  
ours (2 7 .5 8  -72 .43% ).

T he essential o il o f  Teucrium valentinum was show n to contain a -p in en e  (1 5 .8  - 4 .6 % ), B- 
p in en e  (1 1 .7  - 2 .1 % ), sabinene (7 .2  - 1 .5% ), terpinen-4-ol (4 .5  -2 .3 % ), thujanol (4 .3  - 
2 .9 % ), p -cym en e (4 .3  - 1 .8% ), Um onene (3 .4  - 0 .9% ) and lin a lo o l (2 .7  - 0 .7 % ) as m ain  
m o n te rp en es  co n stitu en ts  and B -bisabolene (2 .5  - 4 .9 % ) , e le m e n e  (1 .1  - 3 .1  %) and 8- 
cadinene (0 .4  - 1.1% ) am ong the sesquiterpenes.

T h e v o la tile  o il o f  Teucrium gnaphalodes w as characterised  by a high p ercen tage  o f  s e s 
q u ite r p e n e s , m a in ly  tran s-B -caryop h yllen e (1 2 .1  - 2 5 .8 % ) , 6 -c a d in e n e  ( 4 .1 2  - 6 .0 % ) ,  
caryophyllene ep oxyd e (3 .5  - 7 .2% ), a-hum ulene (3 .4  - 6 .7 % ) and  hum ulene ep o x y d e  (0 .8  
- 1.3% ). T h e major monoterpene com pounds were thujanol isom er II (1 1 .6  - 2 .4 % ), sabi
nene (8 .1  - 0 .7 % ) ,  B -p in en e (7 .1  - 2 .3 % ) ,  m yrtenal (6 .7  - 4 .6 % ) , te r p in e n -4 -o l ( 5 .0  - 
1 .6% ), thujanol isom er I (4 .3  - 2 .0% ) and Umonene (3.1 - 0 .8 % ).
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M e n u t ,  C . ,1 Lamaty, G .,1 M olangui, T . ,1 Sow , M . ,1 A ndrianaivoravelona, J .O .,1 Am vam  
Z o llo , P .H .,2 A togho, B .M .,2 A bondo, R .,2 B essiere, J .M .3

1 Université de Montpellier II, Sciences et Techniques du Languedoc, 34095 Montpellier Cedex 5, 
FRANCE.

2 Faculté des Sciences, B.P. 812, Yaoundé, CAMEROON.
3 Laboratoire de Phytochimie, E.N.S.C.M., 34053 Montpellier Cedex 1, FRANCE.

In continuation o f  our research program on the screening o f  the essen tia l o ils  from  arom atic 
plants o f  tropical A frica, w e have undertaken a system atic study o f  the d ifferent sp ecies o f  
the genus Aframomum grow ing in Cam eroon.

T he essen tia l oils from seeds (S) o f  the e leven  species o f  Aframomum have been extracted  
and an a lysed ; for m ost o f  the sp ec ies , the le a f  (L) o il has a lso  been stu d ied . T h e sp ec ie s  
exam ined so  far are: A. albovialaceum (S and L ), A. chlamydantum (S and L ), A. citratum
(S ), A. daniellii (S  and L ), A. kayserianum (S and L ), A. melegueta (S ), A. polyanthum (S 
and L ), A. pruinosum (S and L ), A. sanguineum (L ), A. subsericeum (S  and L ) and A. 
sulcatum (S).

A ll the o ils  w ere analysed  by  capillary gas chrom atography and G C /M S . C oncern ing the  
y ie ld  in e s s e n t ia l o i l ,  it ap p ears that the se e d s  are m uch  rich er  (0 .8  - 4 .8 % ) in  v o la tile  
com ponents than the leaves (0 .2  - 2 .3% ).

T he com p o sitio n s  o f  the o ils  are very different from  sp e c ie s  to  sp ec ie s; w ithin the sam e  
species, the le a f  and seed  o ils  m ay a lso  differ.

H ow ever, som e com pou nds are present in alm ost all the sam p les  ex a m in ed , a lth ou gh  in 
d ifferen t percentages: for exam p le , a -  and B- p in en es, 1 ,8 -c in e o le , B -caryop h y llen e , a -  
hum ulene and their epoxides can be found in all the essential o ils .

T h ese  o ils  can b e  ro u g h ly  arran ged  in 3 c la sse s :  those rich in  monoterpenoids (8 o i ls ) ,  
those rich in sesquiterpenoids (7 oils) and those containing com parable am ounts o f  both  (3 
oils).

In m ost c a se s , there is no predom inant com pound in the o ils . We have, h o w ev er , found  4  
o ils  w hich  seem  to  us particularly interesting in that they contain  very  large  am ounts o f  a  
single com ponent:

- A. albovialaceum (L)
- A. citratum (S)
- A. polyanthum (S)
- A. pruinosum (S)

1,8-cineole (72.8% ) 
geraniol (68 .9% ) 
a -  and B- selin en es (7 7 .8  %) 
(-)t-nerolidol (91.7% )

T he d e ta iled  c h e m ic a l c o m p o s it io n s  o f  th ese  fou r o ils  w ill be g iv e n  and their p o ten tia l 
econom ic interest briefly  d iscussed.
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III-P24 The Essential Oils of Two Endemic Portuguese Thyme Species: 

Thymus capiteUatus Hoffmans. & Link and T. lotocephalus

G. Lopez & R. Morales

F igueiredo , A .C . ,1 B arroso, J .G .,1 P e d r o , L .G . ,1 P ais, M .S .M .1 and S ch effer , J .J .C .2

1 Department» de Biologia Vegetal, Faculdade de Ciencias de Lisboa, Bioco C2, Campo Grande, 1700 
Lisbon, PORTUGAL.

2 Division of Pharmacognosy, Center for Bio-Pharmaceutical Sciences, Leiden University, Gorlaeus 
Laboratories, PO Box 9502, 2300 RA Leiden, THE NETHERLANDS.

T hym e is  th e  com m on name o f  many species, hybrids, varieties and eco typ es b elon g in g  to  
the genus Thymus [1]. T h e  essential o ils  o f  different Thymus sp ec ies  have b e e n  ex ten sively  
s tu d ie d , as is  c le a r ly  sh ow n  b y  a r ecen t rev iew  a rtic le  o f  S ta h l-B isk u p  [ 2 ] ,  and se v e r a l  
ch em o ty p es  h ave b een  defin ed  for thym e o ils . T capiteUatus and T. lotocephalus are tw o  
vulnerable en d em ic  P ortugese thym e sp e c ie s  w ith  sp ecia l e c o lo g ic a l n ich es . In the first 
reports on  the com p osition  o f  their essen tia l o ils  Ferm andes C osta  [3 ] found 30% cin eo le  
and 30%  a lco h o ls  for T. capiteUatus, and 60% cineo le  and 12% a lcoh o ls  for 71 lotocepha
lus. A cco rd in g  to Palhinha [4 ] , the latter sp ecies  contained  lin a ly l acetate in  addition to  
c in eo le . R ecently , Salgueiro described three chem otypes o f  P ortuguese 71 capiteUatus, tw o  
o f  w hich  containing large am ounts o f  1 ,8-cineole [5 ]. In the o ils  iso lated  from  a num ber o f  
plants o f  th is sp ecies, the percentage o f  1 ,8-cineole varied from  25%  to 59% . In the sam e  
paper [5 ] , the e ssen tia l o il o f  71 lotocephalus w as d escr ib ed  to  c o n s is t  o f  large  am ou nts o f  
1 ,8 -c in e o le , cam phor, lin a lo l, lin aly l acetate and a -p in e n e , b u t m ore p rec ise  data on  th is  
sp ec ie s  w ere not given.

In th is  stu d y , w e  a n a ly sed  the e sse n tia l o ils  from  f lo w e r s  o f  71 capiteUatus and 71 loto
cephalus u s in g  G C and G C -M S . In ad d ition  the o ils  from  th e le a v e s  c o lle c te d  during the 
v e g e ta tiv e  phase o f  th ese  sp ec ie s  w ere  in vestigated . T he e sse n tia l o ils  o f  71 capiteUatus, 
iso la ted  either from  flow ers or from lea v es  o f  the plant during its vegetative  phase, show ed  
a m o re  or  le ss  s im ila r  c o m p o s it io n , but the co rresp o n d in g  o ils  from  71 lotocephalus 
show ed  m arked differences. T he o ils  o f  both sp ecies  con sisted  m ain ly  o f  oxygen-contain ing  
m onoterpenes (55-69%  o f  the total o ils). 1 ,8-cineole (50-56% ) w as the m ain com pon en t o f  
the o ils  o f  71 capiteUatus, both in the o il from  its flow ers and in that from  its le a v e s . The  
oil isolated from  the flow ers o f  71 lotocephalus w as dom inated by linalyl acetate (23% ); the 
other m ajor com ponents w ere lin a lo l (11% ) and 1 ,8 -c in e o le  (1 0 % ). H ow ever , in the o il  
from  the lea v es  o f  th is sp ec ie s  1 ,8 -c in eo le  (24% ) w as again  the m ajor com p on en t, w h ile  
lin aly l acetate and lin alo l am ounted to  5% and 6% respectively. Sesquiterpenes w ere m ore  
im portant in  the o ils  o f  71 lotocephalus (15-17% ) than in those o f  71 capiteUatus (3 -4% ). 
T he presence o f  1 ,8 -c in eo le , in relatively  large am ounts, in the o ils  analysed  w as in agree
m ent w ith  th e e a r lier  fin d in g  o f  th is com p ou n d  as a m ajor c o m p o n e n t o f  o th er  Iberian  
thym e o ils . H o w ev er , the o il iso lated  from  flow ers o f  71 lotocephalus m u st be con sid ered  
as b ein g  characterised by linalyl acetate/linalol instead o f  by 1 ,8 -c in e o le .

R eferences:
[1] S im on , J .E ., C hadw ick , A .F . and Craker, L .E ., 1984. Herbs: A n Indexed B ibliogra  

phy 1971-1980. E lsevier, Amsterdam: 92.
[2] S tahl-B iskup, E .,  1991. J. E ssent. O il. R es. (3) 61 .
[3] F ernandes C osta, A .,  1975. E lem en to sd a  Flora A rom atica (ed . Junta de Investigagoes  

C ientificas no Ultram ar). L isbon.
[4] Palh inha, R .T ., 1946. Broteria (15) 97.
[5] Sa lgu eiro , L .M .R ., 1992. F lavour Fragr. J. (7) x x x .
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111-P25 Identification of Elecampane Essential Oil {Inula heleniul L.) 
Quantization of Bacteriostatic and Fungistatic Activities

P e r in e a li, F ., B ourrel, C . and V ilarem , G.

Regional Center for Innovation and Technology Transfer, ENSCT/INPT, 118 route de Narbonne, F- 
31077 Toulouse Cedex, FRANCE.

E lecam p an e (Inula helenium L .)  is a perennia l p lant o f  hum id m eadow s and shaded areas 
o f  Central E urope. R oots  hyd rod istilla tion  g iv e  1 to  3 % o f  essen tia l o il w h ich  is  so lid  at 
room  tem p era tu re . T he co n ten t o f  th is e s se n tia l o il  is  m a in ly  m ad e o f  se sq u ite r p e n o id  
lactones m ixture (88% ), endesm a 5 ,1 1  (13) -d iene-8fi, 12-olide being the m ain  isom er.

N o  analysis o f  the total essen tia l o il has been published up to now . P rev iou s w orks g ive  the 
structure o f  the m ain constituents (7 alantolactones isom ers).

O ur study d is c lo se s  92%  o f  volatile com pounds: 7 other constitu en ts have b een  id en tified  
for the first tim e in this essential oil.

In vestiga tion  on  the use o f  natural orig inal m o lecu les  in fie ld  o f  stab ilizers, an tisep tics  or 
p estic id es  b rou gh t us to carry out m icrob io log ica l tests on  the g lob a l e ssen tia l o ils  a s w e ll  
as on  resinoid .

M ic r o b io lo g ic a l te sts  are d on e  on P etri b o x e s  (so lid  m ed iu m ) and m ic r o p la te s  (liq u id  
m edium ) on  17 anim al and vegetable (bacteria, yeast, m ould) pathogen strains. T he activity  
le v e ls  (m inim um  inhibitory concentration) are found betw een 6 2 .5  and 4000pp m  according  
to the strains and are com parable to o ils  or constituents know n to be active like Eucalyptus 
globulus, Thymus vulgaris, E ugenol, Citral, etc.

T he different contents o f  sesquiterpenoid lactones o f  the extracts w ill be correlated to b io
static variations.
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I1I-P26 A Chemotaxonomic Hybrid of Thymus from Portugal
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2 Instituto Botànico, Universidade de Coimbra, 3049 Coimbra, PORTUGAL.
3 Direcgao Regional de Agricultura de Tràs-os-Montes, 5370 Mirandela, PORTUGAL.

Thymus x viciosi (Pau) M ora les ( =  77i. bracteatus fm a. viciosoi Pau; Th. variabilis H o ff-  
m an ss. &  Link) is  an hybrid o f  Th. pulegioides L . and Th. zygis L . subsp . zygis, w h ich  
w as n ot kn ow n from  Portugal yet and w as co llected  in the N E  m ou nta in ous reg ion  (S erra  
de N ogueira).

It has m orph olog ica l intermediate features betw een the parents such  as hairy stem s on ly  on  
the a n g les  and globular glands on the leaves, w hich are typical features o f  Th. pulegioides, 
or leaves  revolute, ca lyx  3-4m m  long with the upper teeth up to  1m m , n o t c ilia te , and the 
calyx-tube 1 .5-2m m  lon g  w hich  are Th. zygis subsp. zygis features.

Its e s s e n tia l o il  has a lso  an in term ed iate  c o m p o sitio n  b e tw e e n  the p aren t o n es . In that 
r e g io n , the Th. pulegioides e sse n tia l o i l  is  o f  the t h y m o l  c h e m o ty p e  and th e  Th. zygis 
subsp. zygis one is o f  the carvacrol chem otype. T he essential o il o f  the hybrid is  a thym ol- 
carvacrol chem otype.
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III-P27 Composition of the Essential Oil of Origanum minutiflorum

O. Schwarz, P.H. Davis

S o la k e l, S . and Sarer, E.

Faculty of Pharmacy, Dept, of Pharmacognosy, Ankara University, 06100 Tandogan Ankara, 
TURKEY.

M any s p e c ie s  o f  the L a m ia cea e  are a ro m a tic , and are o ften  used a s  h erb s , s p ic e s ,  fo lk  
m ed ic in es  and as a sou rce  o f  fragrance. O ne o f  them is Origanum sp ec ie s  and it has been  
used as seasoning and m edicine since antiquity, mainly because o f  their content o f  essentia l 
o il.

21 sp e c ie s  o f  Origanum  grow  w ild  in Turkey. One o f  them  is Origanum minutiflorum O. 
S ch w a rz , P .H . D a v is , w h ich  is endem ic in southern Turkey [1 ] . T he plant m aterial w as  
co llected  on July 1991 from  K em er (Antalya) at 1500m . T he essential o il w as obtained by  
hydrodistillation, 3 h, in a C leven ger apparatus. T he yield w as 5.3%  based on dry m ateri
al.

T h e  analysis o f  the essen tia l o ils  w ere done by using LSC and G LC  techn iq ues. T h e  o il 
w as subm itted to L SC  over s ilica  using n-pentane and ethyl acetate as eluents, y ie ld in g  the 
hydrocarbons and the oxygenated  com ponents respectively [2]. T hese fractions w ere an a ly 
sed by G LC with capillary colum ns.

T he essential o il is characterised by the high content o f  carvacrol (95 .77% ).

R eferences: . .
[1] Ietswaart, J .H ., A taxonom ic revision  o f  the genus Origanum (Labiatae), T he  

H ague/B oston/L ondon 1980 , Leiden U niversity Press.
[2] Sarer, E .,  K okdil, G ., Planta M ed ica , 57 (1), 89-90 , 1991.
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III-P28 The Essential Oil of Levisticum officinale Koch

T k a c h e n k o , K .G .1 and Zenkevich, I .G .2

1 Komarov Botanical Institute RAS, St. Petersburg, RUSSIA.
2 St. Petersburg State University, RUSSIA.

Levisticum officinale K och (A piaceae =  U m belliferae) cu ltiva ted  plants from  the B otan ica l 
G ardens o f  the K om arov Botanical Institute. F resh  le a v e s  w ere  steam  d istilled  to produ ce  
an o il  in 0 .16%  (1) and 0.26%  (2 ) yield. Tw o m odified receivers o f  o il w ere used:

1. G inzberg's apparatus and 2 . receiver with forced  cooling .

T he o il w as found to be a pale yellow ish liquid with distinctive sp icy  odour.

T h e quantitative am ounts o f  the identified principal com p on en ts  o f  the le a f  o il are as fo l
low s: 1. m yrcene (1 .2 % ), lim onene w ith 1 ,8 -c in eo le  (9 .5 % ), B -terp in eo l (1 .0 % ), terpi- 
n en e-4 -o le  (1 .7% ), a- and gamma-terpineol (3 .2 % ), anethole (2 .8 % ), eu gen o l w ith  terpini- 
lacetates (7 0 .0 % ), m ethyleugenol (0 .5% ), longifo lene (1 .5 % ), a p io le  (0 .9 % ), and iseo lem -  
ic ine (7 .6% ).

2 . a -p in e n e  (0 .6 % ), B -pinene w ith  sab in en e  (1 .2 % ), m y r c e n e  (4 .2 % ) , a -p h e lla n d r e n e  
(0 .4 % ), p -cym en e  w ith  a -terp in en e (0 .4 % ), lim onene w ith  1 ,8 -c in e o le  (1 8 .6 % ), gam m a- 
terp inene (1 .4 % ), terpinolene (0 .4% ), B-terpineol w ith  m en th on e  (0 .3 % ), p in ocam p h on e  
w ith isom enthone (0 .2% ), C ..H JgO (0 .4% ), terpinene-4-ole (2 .8 % ), a -  and gam m a-terpi
n eo l (2 .8 % ) , a n e th o le  (1 .0 % ), e u g e n o l w ith  terp in ila ce ta te s  ( 6 0 .0 % ) , m e th y le u g e n o le  
(0 .4 % ) , lo n g ifo le n e  (0 .8 % ), ca ry o p h y llen e  (0 .6 % ) , a p io le  (0 .8 % ) and  is o e le m ic in e  
(2 .0 %).

T he results o f  the identification o f  the com ponents is  based on the G C and G C /M S  data in 
com bination with their partition coefficients in the hexane/acetonitrile  system .
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III-P29 Essential Oil of Cyclotrichium niveum (Boiss.)
Manden & Scheng

B aser, K .H .C .1, Sahkardasoglu , S .1 and T u m en , G .2

1 Anadolu University, Medicinal Plants Research Centre, 26470 Eskisehir, TURKEY.
2 Uladag University, Faculty of Education, Department of Biology, 10100 Balikesir, TURKEY.

T h e e sse n tia l o il o f  Cyclotrichium niveum, an en dem ic Labiatae sp e c ie s , w a s  a n a ly sed  by  
G C  and G C /M S . P u leg o n e  (56 .11  %) and isom enthone (35% ) w ere found to b e  the m ajor  
com pon en ts.
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III-P30 Occurrence of Three Chemotypes o f Thymus 

longicaulis C. Presl. subsp. longicaulis in the Same Population

Baser, K .H .C .1, O zek , T .1, K irim er, N .1 and T iim e n , G .2

1 Anadolu University, Medicinal Plants Research Centre, 26470 Eskisehir, TURKEY.
2 Uladag University, Faculty of Education, Department of Biology, 10100 Balikesir, TURKEY.

G C  and G C /M S  an a lysis  o f  the essen tia l o ils  o f  three c h e m o ty p es  o f  Thymus longicaulis 
su b sp . longicaulis co llected  from  the sam e population  g ro w in g  in  on e  square m etre area  
h ave b een  carried out. M ajor com pon en ts o f  the three c h em o ty p es  w ere characterised  a s  
fo llow s:

a) a-terpinylacetate, a-terp ineol (lavender odour).
b) geran iol - geranylacetate (rose odour).
c) thym ol - carvacrol (thym e odour).
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III-P31 Scanning Electron Microscopic Investigation on Pollen 
Morphology of Bulgarian Population of Ocimum  

basilicum L ., Lamiaceae

Z h e lja z k o v , V ., Terziisky, D. and K arageorgiev, S . 

University o f Agriculture, Plovdiv, BULGARIA.

In th is article w e  present data from  a scanning electron m icroscope study o f  the pollen  from  
tw o  B u lgarian  culdvars o f  Ocimum basilicum L . In addition, inform ation is  g iven  about the 
c h r o m o so m e  num ber ( 2 n = 4 8 )  o f  th ese  cultivars. It has b een  e sta b lish ed  that p a lyn om or-  
p h o lo g ica l features o f  the tw o cu ltivars are virtually identical. T h e tricellu lar p o llen  grains 
are fla tte n e d  - sp h ero id a l w ith  6  furrow s and 6-sid ed  c o lp i. T h e  e x in e  in  th e m e so co lp a l  
and a p o c o lp a l r eg io n s  is o f  the sam e type. Parallel cyto logica l and ultrastructural analyses  
have c o n fm n e d  the high viability o f  pollen  from Bulgarian cultivars o f  Ocimum basilicum.
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IV-P32 Sekom s, an Effective Database to Analysing Essential Oils and
Aroma Compounds

E n g e l, R .1, N ahrstedt, A .1 and W ilm ers, K .2

1 Institut für Pharmazeutische Biologie und Phytochemie der Westf, Wilhelms-Universität, 
Hittorfctr.56, D-4400 Münster, GERMANY.

2 Chemisches Landesuntersuchungsarat NRW, Sperlichstr. 19, D-4400 Münster, GERMANY.

G as chrom atograph y cou p led  with low  reso lu tion  m ass sp ectro m etry  (G C -M S ) is  a  m ost  
effic ien t m eth od  to  analyse com plex essential o ils  and fla v o u r  o f  fo o d s  w h ich  contribute to 
die num ber o f  natural products with approxim ately 10 ,0 0 0  su b stan ces [1 ] . C om puter aided  
G C -M S is  recognised as one o f  the best m ethods to realise a  fa st and reliable identification  
o f  kn ow n substances including isom ers. R esearchers w orking in  th is fie ld  usually  build up  
their ow n d atab ases su itab le to  their ow n  requirem ents r eg a r d in g  c o m p o u n d s and search  
sp ecific ity  w h ich  are not a lw ays fulfilled by  com m ercially  a v a ilab le  standard databases [2 ] . 
T hus, w e  saw  a n eed  for a  com prehensive and e ffe c tiv e  datab ase  co v er in g  as m an y volatile  
flavour com pounds as possible.

D u rin g  our w ork on the essen tia l o il o f  Cedronella canariensis (L a m ia c e a e) w e  created a 
database, SE K O M S (SE A R C H  KOVATS-INDICES A N D  M A S S  S P E C T R A ), w hich  n o w  
in c lu d es severa l thousand com pounds w ith  their K o v a ts -in d ic e s  on  tw o  standard co lu m n s  
(polar, e g . DBW axw , and apolar, e g . D B 1W ) and o f  m ass sp ectra l data.

T h e  S E K O M S  d atab ase  presents a  com p rom ise  o f  a  m ax im u m  o f  in form ation  (ob ta in ed  
from  the literature inclu d ing bib liographic data) togeth er  w ith  a h igh  w o rk in g  sp eed  (in 
d ex e d  database - d B ase(R)). N e w  com pounds can rapidly be in c lu d ed  w h ich  m akes updating  
fast and s im p le . K ey  o f  differentiation is a  K ovats-index sy stem  ex ten d ed  by M S  data. T h e  
u se  as a  stand-alone Kovats-database, how ever, is  p o ss ib le . A p p lica tion  ex a m p le s  o f  d iffer
ent search procedures are presented. T h e u se  and future p o ss ib ilit ies  are d iscu ssed .

R eferences:
[1] Petitjean, M ., V em in, G. and M etzger, J ., 1983 . Instrum ental A n a ly s is  o f  F ood s, 

R ecent P rogress (eds. Charalanabous, G . and Inglett, G .E .) ,  V o l . l :9 7 . A cadem ic  
Press, N e w  York.

[2] M cL afferty, F.W . and Stauffer, D .B ., 1989. T h e W ile y /N B S  R egistry o f  M ass Sp ec  
tral D ata. John W iley  &  S o n s In c ., Sci/T ech D iv is ion , N e w  York.
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IV-P33 Influence of a Plant Essential Oil (Thymus vulgaris) on the 

Nerve Elements in Ageing Rats (An Electromicroscopic Study)

F e h lr , E . , 1 P d nzes, L . ,2 N ob le, R .C .3 and D eans, S .G .3

1 First Department of Anatomy, 2Gerontology Centre, Semmelweis University of Medicine, Budapest, 
HUNGARY.

3 Department of Biochemical Sciences, Scottish Agricultural College, Auchincruive, Ayr, KA6 5HW, 
UK.

T h e purpose o f  the recent study w as to determ ine the ch an ges in the num ber and distribu
tion  o f  so m e  neuropeptide-contain ing  nerve e lem en ts in agein g  rats. T here is  a lm ost no  
in form ation  on the age-related  ch an ges in gastrointestinal neuropeptides w h ich  m ay have  
so m e  in f lu e n c e  on  the fu n ction a l a lterations o f  m otility  as w e l l  a s  a b so r p tiv e  p r o c e s s e s  
during age in g . T he present study is  based on the com parison o f  three groups o f  ageing  rats, 
ie . old co n tro l (2 4 -m onth-old); old  treated (for four m onths) with an essen tia l o il, Thymus 
vulgaris, and the third one was treated (16 months) with 2-m ercaptoethanol (2 -M E ).

W ith the use o f  different antisera and Avidin-Biotin P eroxidase technique, several regulato
ry neuropeptides (vasoactive  intestinal polypeptide, VIP; substance P, SP; neuropeptide Y, 
N P Y ) and so m e  transm itter (d o p a m in e-h y d r o x y la se , D B H ; and  se r o to n in , 5 -H T ) w ere  
stud ied  in the w a ll o f  sm a ll intestine w ith  the aid o f  ligh t and e lectron m icroscop y . A  large  
am ount o f  im m unoreactive (IR) neuronal e lem en ts o f  N PY , SP, V IP  w ere observed  in a ll 
layers  o f  sm all intestine and their quantity w as the m ost num erous.

After the thym e treatment the quantity o f  the IR nerve processes w ere the m ost apparent o f  
the o ld  controls. Som e o f  the D B H  and 5-H T  IR neuronal processes w ere  a lso  found in all 
layers and they w ere m ainly located around the blood vesse ls . Their num ber w as increased  
considerab ly  in com parison  to the untreated old  rats. A  few  IR nerve perikarya w ere a lso  
observed  in the m yenteric and subm ucous p lexuses. After 2 -M E  treatment only  very slight 
changes w ere found in the number o f  the different neuronal elem ents. E lectronm icroscopi- 
cally , the IR nerve processes contained a large am ount o f  v esic le s , m ost o f  them w ere large  
granulated v esic les  o f  80-120nm  in diam eter and som e o f  them w ere sm all, round vesic les  
o f  4 0 -5 0 n m  in diam eter. T hese  IR nerve fibres w ere  found in a very  c lo se  situation  to the 
sm ooth  m uscle ce lls  and to the epithelial lin ing o f  the v illi , and som etim es in association  to 
the v e sse ls . It is con clu d ed  that these neuropeptide contain ing  n erve fib res may in flu en ce  
the b lood  flow , m ay regu late the m otility  and the absorptive p ro c esses  as w e ll. T h e thym e  
treatm ent seem s to be a beneficial e ffect on the quantity o f  the d ifferen t neuronal alem ents 
o f  the sm all intestine during ageing.
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IV-P34 Mode of Action of Methyl Jasmonate in 

Barley Cotyledon Chlorosis

H e n d e r so n , A .J . and M attey, M .

Department of Bioscience and Biotechnology, University of Strathclyde, The Todd Centre, 31 Taylor 
St., Glasgow, G4 ONR, UK.

M ethyl jasm onate is  a bisubstituted cyclopentanone originally isolated  from  the essential oil 
o f  Jasminium grandiflorium. T he com p ou n d  is  now  th ou gh t to be u b iq u ito u s  in  h ig h er  
plants and potent b io logica l activities o f  growth inhibition, sen escen ce  prom otion, tuberiza- 
tion prom otion and induction o f  specific  proteins have indicated that it m ay be a n ovel plant 
grow th  regu lator. A lthough these e ffects  are now  w e ll reported there has been little re
search on die m ode o f  action. M ethyl jasm onate is s ligh d y  volatile  at room  tem perature and 
this has raised the possib ility  that gaseou s signalling may be in vo lved  in  its  m ode o f  action. 
T he e ffe c t  o f  the vapour on barley coty led on  ch lorosis  w ith  r e feren ce  to p ig m en t d estruc
tion, lip oxygen ase  activity, lip id  peroxidation and electrolyte leakage has been  exam ined.

On ex p o su re  to the vapour barley co ty led on s rapidly undergo c h lo r o s is  in  ligh t and dark
n e ss . C h lorop h y ll a and b are rapidly lo st, but the p rotective ca rten o id s and xan th op h ylls  
are lost at a s lo w er  rate. L ipoxygenase is an essential en zym e for m ethyl jasm on ate  b iosyn
thesis and the secondary reactions o f  the enzym e also have a chlorophyll degrading action  
due to the form ation o f  singlet oxygen  and lipid peroxide radicals. A ctivity is  raised rapidly 
within hours on exposure to the vapour and then declines steadily after on e day. Untreated  
tissue sh ow s a s lo w er  gradual rise in activ ity  w ith no d ec lin e . L ipid p erox id a tion  assays  
show ed  no d ifferences betw een treated and control tissue and no overa ll increase from  the 
initial le v e ls . E lectro ly te  leakage assays again  indicated no  d iffe r e n c e s  a fter  one and three 
days. It appears that the vapour d oes not dam age lip ids to the exten t that m em brane integri
ty is  lost.

T his study in d icates that the m ode o f  action o f  m ethyl jasm on ate  m ay be via the gaseou s  
ph ase in  a sim ilar  m anner to e th y len e . B arley  c o ty le d o n s  r esp o n d  to th e v a p o u r  w ith  a 
rapid but transient increase in lipoxygenase activ ity  leading to rapid ch lorosis. H ow ever the 
dam age to m em brane lipids does not appear to be extensive and m ay su ggest that the e ffect  
is  lim ited  to ch lorop last m em branes. T he activation o f  lip o x y g e n a se  m ay be d irect w ith  
m ethyl jasm onate being a p ositive  e ffector  for its ow n sy n th es is , thus lea d in g  to further  
ch lo ro sis . S p ec ific  induction  o f  lip oxygen ase  synthesis cou ld  a lso  accou nt for  the increase  
in a c tiv ity  but the lo ss  o f  activ ity  after one day seem s to d iscou n t th is id ea . A lternatively  
the m ode o f  action m ay involve the activation o f  a membrane h yd rolase  to release a p oo l o f  
free fatty ac id s  to serve  as substrates for lipoxygenase. T h ese  exp lanations for the m ode o f  
action are currently under investigation.
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IV-P35 E ffect of Matricaria chamomilla and Rosmarinus officinalis on 

Bleomycin-Induced Lung Fibrosis in Rat

J a v a d i, I .  an d  Tagavian, M .

School of Pharmacy, Isfahan University of Medical Sciences, Isfahan, l.R. IRAN.

B leom ycin  (B L M ) is  antitum or antibiotic w as found by U m ezaw a in 1974. B L M  is  a  group  
o f  (antitum or) glycopeptides isolated from Streptomyces verticullus. B L M  causes single and 
d o u b le -s ta r d  b reak s in  D N A . B io c h e m ic a l in teraction  b e tw e en  B L M  and o x y g e n  h ave  
sh o w n  that B L M  facilitates the production  o f  reactive o x y g e n  sp ec ie s  e sp ec ia lly , su p erox
ide an ion , generated  by B L M  living cells  [1 ,2 ] .

T h e  a im  o f  th is project is  to use fractions o f  Rosmarinus officinalis (R M Y ) a s  antioxidant 
and Matricaria chamomilla, (M C L) as anti-inflam m atory agent.

M ale  rats w e ig h in g  155- 175g w ere assign ed  to sp ec ific  grou p s. U n d er  ketam in (5 0 m g /k g  
ip ) an aesth esia , rats in each group received intratracheally either 50pi sterile iso ton ic  saline  
or 1 unit o f  B L M  sulphate. Each anim al received a daily injection o f  R M Y  and M C L . T he  
con tro ls  w ere  sim ilarly  treated with 0 .5 m l o f  sa lin e . R ats w ere sacrificed  on  21 d ays after  
treatm ent. T he thoracic cavity  w as opened . Each rat’s lung w as h o m o g en ised  fo r  m easur
in g  O H -p r o lin e , protein  and D N A . T otal O H -p ro lin e  lung va lu es  in  B L M  group w ere  
sig n ifica n tly  e leva ted  over  con tro l by 113%  in a ll B L M  treated an im als. A sim ilar  e ffe c t  
w as observed  in protein  data (56% ). T he sam e data obtained from  using R M Y , 105% and  
60% , for protein  and O H-proline respectively.

T h e values for the anim als treated w ith  C M L  were 12% and 43% respectively  com pared to 
the control.

It w as co n c lu d ed  from  the present study that the adm inistration o f  C M L  caused a s ig n ifi
cant red u ction  in O H -proline, protein D N A  and bod y  w eigh t but R M Y  had no  apparent 
effect on lung level o f  collagen, D N A  and protein. 1 2

[1] G iri, S .N . and W ang, Q ., 1989 . Com m ents T oxicol, 3: 145-147 .
[2] W ang, Q ., Shri, S .N . and Javadi, I ., 1990. B ioch . T oxicol. Vol 15, 3: 13-21.
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IV-P36 Transformed Roots of Aromatic and M edicinal Plants: A Novel 

Source of Biologically Active Secondary M etabolites

K en n ed y , A . I . , 1 D ean s, S .G . ,1 Svoboda, K .P .,1 W hite, R .F .,2 and W aterm an, P .G .3

1 Aromatic and Medicinal Plant Group, SAC Auchincruive, Ayr, KA6 SHW, UK.
2 Department of Plant Pathology, Rothamsted Experimental Station, Harpenden, Herts, AL5 2JQ, UK.
3 Phytochemistry Research Laboratories, University of Strathclyde, Glasgow, G1 1XW, UK.

A s part o f  an  in v e s tig a tio n  into b io lo g ic a lly  active se c o n d a ry  m e ta b o lite s  p r o d u ce d  by  
arom atic and m edicinal plants, transformed o r  'hairy* roots w e r e  produced from  a num ber  
o f  species. Stem  explants o f  Artemisia absinthium (w orm w ood) and Phytolacca americana 
(pokeroot/pokew eed) w ere transformed using Agrobacterium rhizogenes strain L BA  9402 , 
carrying plasm id p R i 1855. T h e resultant hairy roots w ere cu ltu red  in  B  5 0  m edium  in  
flasks [1 ]. R oot lin es  from  both species w ere stable, and exhib ited  very  rapid grow th rates. 
C onfirm ation o f  transform ation w as by agropine detection  [2]. T h e  roots w ere subsequently  
analysed for secondary m etabolites o f  interest.

W ormwood (A steraceae) is  a  shrubby perennial which can grow  up to 130cm  in  height and 
is  native to warm  M editerranean countries and the B ritish  I s le s . The dried le a f  m aterial 
p rod u ces a very bitter, to x ic  vo la tile  o il, w ith thujone as the m ain  co m p o n en t (4 0 -7 0 % ). 
Transform ed roots w ere  cultivated in  a on e  litre fermenter v e s s e l w h ich  yielded  155g  fresh 
w eight o f  root after 28 days growth. Norm al root material w as also harvested from  a field  
grow n plant and both types o f  root steam distilled to yield volatile o ils . N orm al roots gave  
an o il yield o f  1.4%  (v /w )  w hile transform ed roots gave o n ly  0 .7%  (v /w ) . G C , G C -M S  
and N M R  a n a ly s is  rev ea led  the m ajor com ponents in each  o i l .  T h e  n orm al root o il  con 
tained c h ie fly  a -fen ch en e  (53% ), w hile  the major com p on en t o f  the transform ed root o il  
w as identified  as neryl isovalerate (47% ). D ifferences in the o il  pro files  w ere thought to be 
due to the lack o f  maturity in the transformed root, and the absence o f  translocation effects
[3].

Pokeroot or pokew eed (Phytolaccaceae) is a  herbacious perennial, up to 3m  in  height, with  
a thick, taprooted rhizom e. The leaves o f  the plant have been found to contain strong antiv
iral agents ca lled  P o k ew eed  A ntiviral Proteins (P A P s), w hich can in h ib it protein  synthesis  
on ribosom es o f  various plants and also  prevent the transm ission o f  v iruses to plants. PAP 
I w as extracted  from  transform ed and norm al roots by the m eth od  d escr ib ed  in  [5], and 
estim ation o f  PAP levels  w as by an indirect ELISA procedure [6]. T he untransform ed root 
material w as found to contain a very high level o f  PAP I (2 .5 m g /g ) , w hile the transformed 
roots contained only  13.3/ug/g PAP I.

I^ofcrcnccs *
[1] H am ill et a l, 1987 . B iotechnol, 5: 800-804.
[2] Petit et al, 1983. M ol. G en. G en et., 190: 204 -214 .
[3] K ennedy et al, 1992. Phytochem . Submitted.
[4] O w ens et al, 1973. V irology, 56: 390-393 .
[5] C hen et al, 1991 . Plant. Path., 40: 612-620 .
[6] Barbara and Clark, 1982. J. G en. Virology, 58: 31 5 -3 2 2 .
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IV-P37 Application of Liquid Carbon Dioxide to the Extraction of 

Essential Oil of Coriander (Conundrum sativum  L .) Fruits

K a llio , H . and K e r r o la , K .

Department of Chemistry and Biochemistry, Laboratory of Food Chemistry, University of TUrku, SF- 
20500 Turku, FINLAND.

In e s s e n t ia l  o il e x tr a c tio n  e ith e r  e leva ted  tem p eratu res or  v a r io u s  s o lv e n ts  and s o lv e n t  
m ix tu res  are c o m m o n ly  u sed  and in so m e  c a s e s  b oth  are n e e d e d . T h e  c o m p o s it io n  o f  the 
extracts obtained d iffer  from  the orig inal com position o f  e ssen tia l o il  in  fresh  p lan t m aterial 
due to  artefact form ation or the loss o f  m ost volatile  com pounds during iso lation  or  concen
tration p ro ced u res . A n e ssen tia l o il, w hich  is free from  so lven t and w ith a better resem 
b lan ce to  the o il genu in ely  presen t in  botanical m aterial, can b e  a ch ie v ed  u s in g  liquid  or  
su p ercr itica l carb on  d io x id e  a s  extractant. W e investiga ted  th e  su itab ility  o f  liq u id  carbon  
d iox id e  for  essen tia l o il extraction o f  coriander fruits in laboratory sca le .

T h e  J& W  H igh Pressure Extraction Appara
tu s  w a s  m o d if ie d  b y  p r o v id in g  m ean s o f  
visu a l control o f  the extraction. T he appara
tus co u ld  b e  fil le d  w ith  optim um  am ount o f  
extractant w ith out d isassem bling the extrac-
tor. CO, IN

T h e  m o d ifica tio n  m ade it p o ss ib le  to se lec t  
the S o x h le t  un it to  fu nction  either continu
ou sly  or in siphon c y c le s . T he extractor w as  
o p e r a te d  u n d e r  s u b c r it ic a i  p r e ss u r e s  and  
relative lo w  pressures:

at 4 .7  M P a (6 8 0  psi) and 2 5 °C  
at 5 .4  M P a (7 8 0  psi) and 2 5 °C  
and finally  6 .9  M Pa (1 0 0 0  psi) and 4 5 °C.

T h e  liq u id  c a r b o n  d io x id e  e x tr a c ts  w ere  
com p ared  w ith  hyd rod istilla tes and d ieth yl 
e th e r -p e n ta n e  e x tr a c ts  u s in g  c a p illa ry  gas 
chrom atography. Som e 4 0  com pounds were  
identified by mass spectrom etry.

ii

1.
2.
3.
4.

5. 
S.
7.
8. 
9 .

10.
11 .
12.

HEATED WATER BATH 
HEAT TRAHSrra PLATE 
HIGH PRESSURE CHAMBER 
CqUEBEER  

COVER
RUPTURE DISC 
LIQUID CO, INLET 
MANOMETER 
OUTLET VALVE 
OUTLET DIP TUBE 
GLASS 'WINDOW'
SOXHLET EXTRACTOR

N o  significant d ifference w as found in the total y ie ld  o f  isolated extract b etw een  hydrodis
tilla tion  and carbon  d io x id e  extraction: 0 .7 2 g  and 0 .7 0 g /1 0 0 g  fresh  w eigh t, resp ective ly . 
Iso la tion  w as p erform ed  as trip licates and extracts w ere a n a ly sed  th ree tim es . We d eter
m ined the co effic ien t o f  variation for each  com pound in order to  com pare the reproducibili
ty  o f  the ex tra ctio n  proced ures. In both hydrod istilla tion  and so lv e n t  ex tra ctio n  the c o e f f i
c ien ts varied  from  3 to 15% . In the carbon d ioxide extractions the co effic ien ts  o f  variation  
w ere significantly larger, w ith 25%  as average. T he variation w as exp la in ed  b y  inaccuracy  
o f  v isu a l a d ju stm en t o f  the am ou n t o f  C 0 2 in the app aratus and in s u f f ic ie n t  c o n tr o l o f  
pressure during ex traction . T h e  total am ount o f  m onoterpenes w a s  lo w e r  in C 0 2-extracts  
(about 13.5% ) than either in hvdrodistillate (20% ) or so lv en t extract (2 4 .5 % ). O xygenated  
m on oterp en es constitu ted  the largest group o f  com pounds: in  h y d ro d istilla tes  abou t 7 9 % , 
the so lv e n t ex tracts  72%  and C O ,-ex tracts from  68 to 81 %. L in a lo o l, a -p in e n e , 8 -terpi- 
n en e, cam phor, geraniol, D -lim onene, geranyl acetate and b o m e o l w ere m ajor com pounds  
in a ll extracts.
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IV-P38 Study on the Rooting of Kazanlak Rose In Vitro

K o r n o v a , K .1 and M ihailova , J.2

1 Research Association, Fruit Growing Institute, 4004 Plovdiv, BULGARIA.
2 Research Association, Institute of Roses, Aromatic and Medicinal Plants, 1600 Kazanlak, 

BULGARIA.

T h e w orld  fam ous attar o f  roses is obtained from  the K azanlak rose . T h e n e c ess ity  o f  h igh
vo lu m e production o f  planting m aterial for Kazanlak r o ses , forced  the beginn ing o f  investi
ga tion s fo r  its propagation  in vitro. A fter the introduction  o f  exp lan ts  into a sterile  cu lture  
and a period o f  m ultiplication, a  series o f  experim ents have been  carried  out for  finding out 
the optim al nutrient m edium  and conditions for cultivation that enable the ach ievem en t o f  a 
higher rate o f  rooted  p lants w ith  vita l p ow er  and norm ally  d ev e lo p ed  root sy stem . T h e  
e f f e c t  o f  sev e r a l fa c to rs  on  the p r o c e ss  o f  rooting  has b een  an  o b ject o f  stu d y , ie .  the  
p resen ce  o f  N A A  at a  concentration  o f  0 .0 5  and 0 .1  m g/1 , the e x is te n c e  o f  p h lo ro g lu c in o l  
in th e nutrien t m ed iu m  and the variab ility  o f  the quantity o f  m in era l c o m p o sitio n  (1 /4  and  
1/8 M S ).

A t the sam e tim e, the conditions for the growth o f  m icro-plants w ere an ob ject o f  study; A  
- grow ing  in a cham ber at ligh t intensity o f  2 5 0 0  lu x e s , temperature - 2 0 °C  and photoperi
o d - 1 6  hours; B - in itia lly  grow in g  w ith out any ligh t (for  2 0  d a y s) at the tem perature o f  
2 ° C , fo llo w e d  by  introduction  into a cham ber w ith  the sam e c o n d itio n  as A . T h e  b est re
sults are obtained in a nutrient m edium  with 1/4  M S salts, 0 .1  mg/1 o f  N A A  and including  
p h lorog lu cin o l, in the presence o f  light.

A s a third stage o f  the present experim ent, the changes in the rhizoid p rocesses  have been  
studied , w h en  the plants have been  grow n in a tw o-p h ase  nutrient m edium  - so lid  contain
in g  the ab ove-m en tion ed  nutrient m ed ia  p lus 2  M S  salts w ithout grow th regu la tors. T h e  
m icrop lan ts have b een  grow n  at regim es A and C . T h e  optim um  results con cern in g  the  
p ercen tage  o f  rooting  and the ab ility  o f  adaptation under in vitro co n d itio n s , have b een  
obtained in  the tw o-p h ase  nutrient m edium  at the p resen ce  o f  ligh t w ith  an in essen tia l d if
feren ce  b etw een  the prevailing num ber o f  the experim ental m edia .
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IV-P39 Data of the Plant Antioxidants Used for 

Gerontological Research

L e m b e r k o v ic s , E . , 1 P 6nzes, L . ,1A D eans, S .G .,2 N oble, R .G .2 and R ockenbauer, L .3

1 Semmelweis University o f Medicine (SOTE), Institute o f Pharmacognosy and Gerontology(tA>, Ulloi 
ut 2 6 IU, H-108S Budapest VIII, HUNGARY.

2 Scottish Agricultural College (SAC), Department o f Biochemical Sciences, Auchincruive, Ayr, UK.
3 Central Chemical Research Institute, Budapest, HUNGARY.

In this p resen ta tion , a short dem onstration o f  a part o f  the jo in t research  program m e is  
g iven . It in v o lv e s  the tech n o logy  and phytochem ical analysis o f  so m e esse n tia l o ils  and 
other plant extracts used as antioxidants for animal experim ents in gerontology.

Q ualita tive and quantitative gas chrom atographic analyses w ere carried o u t on  the fo llo w 
ing essentia l o ils: C lo v e , T hym e, N utm eg, Pepper and Alm ond o ils . T h e o ils  w ere found to 
be esp ec ia lly  rich in arom atic (phenyl propane derivative) com pounds.

For the investigations a Jeol JGC 1100 gas chromatograph w as used , n itrogen  carrier gas, 
F ID  - d etector , packed colum n coated by 3% OV-17 and linearic tem perature program . 
T h e co m p o n en ts  o f  each  o il w ere  id en tified  by standard addition  m eth od s a lso  u s in g  the  
data o f  earlier  essen tia l o il research w orks [ 1 ,2 ,  3].

In addition, three arom atic plants w ere selected (Lavender, Pepperm int and C elery) - w ell 
know n in traditional and folk m edicine - and several plant products o f  three d ifferen t polar
ities w ere prepared: polaric (lyop hylizate), sem ipolanc (tincture) and apolaric (essentia l o il)  
extracts.

For the p h ytoch em ica l evaluation  o f  the plant products the flavon o id , tannin and p o ly p h e
n o l c o n te n ts  o f  t in c tu r e s , ly o p h y liz a te s  and the c o m p o s it io n  o f  th e e sse n tia l o ils  w ere  
determ ined.

On the base o f  the h igh  flavon oid  content, it w as estab lished  that the pepperm int tincture  
has as e x p e c te d , the stron gest an tio x id a n t e f fe c t . Our su p p o s it io n  w as v e r if ie d  b y  the 
animal experim ents.

leferen ces:
1] L em berkovics, E ., 1984. J. Chrom atog. 286: 293-300 .
2] L em b erk ovics, E. and Verzdr-Petri, G .,1 9 8 5 . J. Chrom atog. 318: 1 25 -131 .
3] L em berkovics, E . and Petri, G ., 1988. J. Chrom atog. 446: 2 6 7 -2 7 4 .
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IV-P40 Multi-Dimensional Gas Chromatography as a Tool 
in the Determination of Enantio-Purities o f the M onoterpene 

Hydrocarbons in a Galbanum Oil

L in d str ö m , M .

Research Laboratories, Firmenich SA, PO Box 239, CH-1211 Geneva 8, SWITZERLAND.

A m u lti-d im ensional GC system  w h ich  a llow s the s im u lta n eo u s u se  o f  tw o  d ifferen t en a n -  
tio -selective capillary colum ns as w e ll as the possibility  to  u se , w ithout any co lu m n  ch an g
in g , a  p o lar  or an  apolar co lu m n  for  the pre-separation , is  p resen ted  to g eth er  w ith  the re
su lts  from  an analysis o f  the m onoterpene hydrocarbons in  a  G albanum  o il.

T he d ifficu lty  to find reference com pounds for the determ ination  o f  en an tiom eric  co m p o si
tions w ill b e  d iscussed .

A ,C ,L : In jectors; B : A polar colum n; E ,G : V aleo m icro  v a lv es; F ,I ,K :  F lam e Ion isa tion  
D etectors; H : E nantio-selective co lum n 1; J: E nantio-selective co lu m n  2 .
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IV-P41 Comparative Accumulation of Indole and Non-Indole 'Mustard 

Oil' Glucosinolates by Cell Cultures of Three Species of Cruciferae

B elkhiri, A . and L o ck w o o d , G .B .

Department of Pharmacy, University of Manchester, Manchester M13 9PL, UK.

H y d ro ly sis  o f  'M ustard o i l1 g lu cosin o la tes y ie ld s  pungent, vo la tile  flavou r com p on en ts. 
T h e se  are  im portant in the food  industry, but a lso  have a range o f  b io lo g ica l a c tiv itie s , as  
w e ll a s  p la n t-in sec t in tera ctio n s. T h ere  h a v e  b een  a num ber o f  in v e s tig a tio n s  in to  the 
'M ustard  o il' g lu c o s in o la te s  prod u ced  b y  tissu e  cu ltu res d erived  from  m em b ers o f  the  
C ruciferae.

M o st w orkers are either unable to detect them , or revea l low er  le v e ls  than in the intact 
plant. W e w ere ab le to dem onstrate the occu rren ce  o f  ser ies o f  in d o le  g lu co sin o la tes  in  
callus cultures o f  Brassica napus var. napobrassica and B. oleracea var. botrotys b y  GC o f  
tr im eth y lsily l derivatives. N either ca llu s nor suspension  cultures o f  Hirschfeldia inccma 
a c cu m u la ted  an y  o f  the g lu c o s in o la te s  p resen t in  m ature p lan t. H o w e v e r  fe e d in g  o f  2 -  
p rop en y l g lu cosin o la te  to suspensions o f  the latter w as sh ow n  to  lead  to production o f  the 
iso th io cy a n a te . T h e  results obtained sh ow  total degradation o f  e x o g e n o u s  g lu cosin o la te  
over  the 21 day period after feed ing . Previous w orkers detected the presence o f  m yrosinase  
e n z y m e , w hich  is  responsib le for m etabolism  o f  g lu cosin o la te  to volatile  d er iv a tiv es, in  
c u ltu re s  o f  C r u c ifera e . C o -p ro d u ctio n  o f  both 'M ustard o il' g lu c o s in o la te  and e n z y m e  
r esp o n sib le  for  its breakdow n in near proxim ity  in vitro cou ld  e x p la in  rep orted  lo w  lev e ls  
o f  d ie  flavour precursors.
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IV-P42 Antifungal Properties of the Essential Oil of Summer Savory 
[Satureja hortensis] as Determined by a Radio-isotope Assay for Chitin

Synthesis in Aspergillus niger

M c E w a n , M . ,1 D ea n s, S .G .,1 Svoboda, K .P .,1 and Tokai, Z .1 2 3 4

1 Aromatic and Medicinal Plant Group, Scottish Agricultural College Auchincruive, Ayr, UK.
2 Semmelwies Medical University, Budapest, HUNGARY.

A n in v estig a tio n  w as conducted  into the e ffe c t o f  Sum m er S a v o ry  [Satureja hortensis L .]  
essen tia l o il  on  the sp o ilage  fungus Aspergillus niger u sing tw o  seperate tech n iq u es. T h e  
f ir s t  b e in g  a s im p le  d ry  w e ig h t d eterm ination  u s in g  the w h o le  o il  and f iv e  o f  its  m ajor  
con stitu en ts on  the fu n g i. T h e  second technique in vo lved  a ra d io -iso to p e  a ssa y  to  in v e s ti
gate the e ffe c t o f  the w hole oil on chitin synthesis within the fu ngi.

T he dry w eigh t determination indicated that the w h o le  o il can  cause inh ib ition  o f  the fu ngi 
at con cen tra tion s a s  lo w  as S /tim i'1 Y E S b roth , w h ile  the f iv e  m ajor con stitu en ts sh ow ed  
greater  a n tifu n g a l e f fe c t  by causing inhibition at con cen tration s as lo w  a s  0 .5  /t im i'1. T h e  
r a d io - iso to p e  a ssa y  em p h a sised  the dry  w e ig h t d eterm in a tio n  r esu lts  b y  in d ic a tin g  that 
chitin synthesis w as indeed  affected by  the presence o f  th e o il.

R eferences and Acknow ledgem ents:
SAC receives financial support from the Scottish O ffice A griculture and F isheries D epart
m ent. M .M . gratefu lly  acknow ledges financial support from the Perry F ou n d ation . T h e  
au th ors w is h  to  thank E lizab eth  E ag lesh am  fo r  her  te c h n ic a l a s s is ta n c e  and Frank F o x  
[C an b erra  P a c k a r d ], K ev in  C onn er [H annah R esea rch  In stitu te] an d  A n n e  H u m p h rey s  
[U niversity  o f  L iverpool] for their advice.

[1] B inks et al., 1991 . J. G en. M icro ., 137: 615-620 .
[2] D ean s and Svoboda, 1990. Flav. Frag. J., 5: 187-190.
[3] P olunin  [1969] F low ers o f  Europe. Oxford U niversity P ress.
[4] Svob oda et al. ,1 9 8 9 . Proceedings o f  the 20th International Sym posium  on  E ssential 

O ils, W urzburg, Germany.
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IV-P43

SIMULTANEOUS DISTILLATION-EXTRACTION UNDER STATIC VACUUM: 
AN ISOLATION OF VOLATILE COMPOUNDS AT ROOM TEMPERATURE.

L. MAIGNIAL- n e s t e c  r e s e a r c h  c e n t e r . La u s a n n e  S w i t z e r l a n d .

VARIOUS SOLVENTS CAN BE USED ALLOWING TO EXTRACT UNDER 
THE FOLLOWING TEMPERATURES:

NEW DESIGNED 
GLASWARE

SOLVENT FLASK

SAMPLE 
T deg.C

SAMPLE FLASK

SOLVENT 
T deg.C

n-OCTAÆ 19 2 6

2-PCNTANOÆ 25 17

TOLUEÆ 30 2 0
HEPTAIC 30 1 7

ISOOCTANE 3 7 2 0

HEXANE 5 0 2 2

COMPARISON BETWEEN STANDARD AND STATIC VACUUM S.D.E.

Distillation-extraction of LINALYL-ACETATE Distl1lation-extraction of MEXICAN HONEY

Recovery yields of various Molecules (%) (Internal standard quantitation) .

COMPOUND ATM SDH VACUUM SDE

ETHYL BUTYRATE 110 / 13 92 / 13

LIMONENE 109 / 2 103 / 2

2-E-HEXENAL 91 / 3 7C / A

2-ACETYL PYRAZINE 55 / 2 A A / 2

E-ANETHOL 102 / 2 92 / 2

DODECANOL 97 / 2 92 / 2

■  CONCLUSION ;

- Selective extraction of volatile coMpounds in a single step:

- Thereal artefacts discarded:

- Choice aaong several solvents allows to optiaize each application;

- One saaple can be analysed with several techniques (GC / FID. MS, FTIR. Sniffing);

- Efficient extraction yields;

- Accurate quantitative aeasureaents (ISTD).
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IV-P44 Biotransformation of (+)-Arom adendrene 

and (-)-Globulol in Rat

M iy a z a w a , M .,  Y agi, S . and K am eoka, H .

Department of Applied Chemistry, Faculty of Science and Engineering, Kinki University, Kowakae, 
Higashiosaka-shi, Osaka 577, JAPAN.

T h e  b iotran sform ation  o f  (-F )-arom adendrene (1 ) and (- ) -g lo b u lo l (4 ) in R at w e re  ^ e s t i 
mated. From  (1 ) , tw o major acidic m etabolites w ere purified by chrom atographic m ethods, 
to g ive  arom adendrene-10,14-d iol-12-carboxilic  acid (2) and arom adendrene-lO  14-d io l-13-  
c a r b o x y lic  a c id  (3 ) .  O n the o th er  han d , (4 )  w as trn sform ed  to  1 3 -h y d r o x y g lo b u lo l (5 ) ,  
globu lo l-13 -carb oxy lic  acid (6 ) and C 15H 260 2.

OH OH
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IV-P45 Biological Activity of Several Aromatic Plants Grown in the
Mediterranean Area

P ic c a g lia , R . , 1 M arotti, M . ,1 G iovanelli, E . ,1 D eans, S .G .,1 2 3 and E aglesham , E .2

1 Istituto di Agronomia Generale e Coltivazioni Erbacee, Università di Bologna, ITALY.
2 Aromatic and Medicinal Plant Group, SAC, Auchincruive, Scotland, UK.

In recen t years  an in crea sin g  interest in  the u se  o f  natural substan ces instead o f  syn th etic  
ch e m ic a ls  has prom oted  m ore d eep  stud ies on  p lant reso u rces . A rom atic  p lan ts and their  
essen tia l o ils , used  since antiquity in folk  m ed ic in e  and in preserving  food , are a source o f  
secon d ary  m etab o lic  products having b io lo g ic a l activity such as an tib acteria l, an tifun gal 
and antiox idan t action s [1 ,2 ].

T he e ffectiv en ess  o f  essential o ils  depends on  their com position w hich is  greatly influenced  
both b y  the g en o ty p e  and by the geograp h ica l orig in  [3 ] . In th is research  w e  stud ied  the 
antim icrob ial and the antioxidant properties o f  e le v e n  essen tia l o ils  obtained by steam  distil
lation o f  arom atic plants grow n in the M editerranean area. T he tested plants w ert\Lavandu- 
la angustifolia M ill, x  L. latifolia M ed ., Thymus vulgaris L .,  Satureja montana L . ,  Ros
marinus officinalis L .,  Salvia officinalis L .,  Mentha x  piperita  L . (L a m ia c e a e  fa m ily ) ,  
ChamomilLa recutita (L .)  R aush, Anthemis nobilis L . ,  Artemisia dracunculus L . (A sterac- 
eae fam ily ), Foeniculum vulgare M ill. var. vulgare and var. dulce (A p iaceae fam ily).

B io lo g ic a l a ssays w ere  perform ed against tw en ty -five  bacteria  in c lu d in g  food  p o iso n in g  
organism s and anim al and plant pathogens.

A ll the o ils  show ed  antibacterial activ ity  w ith a w ide range o f  e ffe c t iv e n e ss  d e g r e e . T h o se  
from  T. vulgaris and S. montana p o sse sse d  the h igh er  ac tiv ity  probab ly  d u e  to their h igh  
content o f  p h en ols. O ils from A. nobilis and L. hibryda had the higher antioxidant effects.

1 D ean s, S .G . and Svoboda, K .R , 1990. A gB iotech  N ew s and Inform ation, 2: 2 1 1 -2 1 6 .
2 M orris, J .A ., Khettry, A . and Seite , E .W ., 1979. J. A m . O il C hem . S o c .,  56: 5 9 3 -6 0 3 .
3 R hyu , H .Y . J. Food S e i . ,  44: 7 58 -762 .
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IV-P47 Black Truffle Essence: A Potential Industrial Flavouring 

Recovered from Processing of Flavoured Atm osphere o f Cold Storage

T a lo u , T .,  L aven u , Y. and G aset, A .

Laboratoire de Chimie des Agroressources, ENSCT, 118 route de Narbonne, F-31077 Toulouse Cedex, 
FRANCE.

B la c k  T r u ffle s  ( Tuber melanosporum Vitt.) are the fru itin g  b o d ie s  o f  h y p o g e o u s  fu n g i 
w h ic h  grow  in  s y m b io s is  w ith  certain  trees , e s p e c ia lly  o a k s . T h e p r o d u c t io n  a rea s  are  
lim ited  to  sev era l reg io n s o f  southern E urope, particularly F r a n c e , Italy and Spain . T h e  
harvesting is ex c lu siv e ly  carried out with anim als during w inter. D u e to its  typ ical flavour, 
black  truffles are very  m uch appreciated by gourm ets and traditionally used b y  the French  
food  industry to flavour its products.

Later to  be sold  on  p ro fessio n a l production m arkets, truffles are co ld  stored  for severa l 
d ays b efo re  being  industrially processed , generally by heat treatm ent. D uring this period o f  
s to ra g e , truffles lo se  a part o f  their typ ical arom a and in  the sam e tim e the co ld  storage  
atm osphere b e c o m e s  rich in  such v o la tile s , but the a ssoc ia ted  fan n el d e v ic e  con tin u ally  
elim inate these arom atic com pounds.

First, isolations o f  volatiles from the odorous atm osphere o f  a  15m 3 cold  storage for black  
tru ffles  are p erform ed  b y  using a portable vacuum  pum p co n n e c te d  to  s ta in le ss  steel traps 
(active charcoal and T E N A X  G C) for analytical purposes. T he chrom atographic analysis o f  
the traps are carried  out w ith  a D .C .I . d ev ice  (d ynam ic h ead sp ace  in jector) co n n ected  on
lin e  to  a gas ch rom atograph . D ual detections are carried w ith  both a F ID  detector and a  
sn iff in g  port, in  order to  instrum entally and sen soria lly  e v a lu a te  the traps. In  com bin ation  
w ith  the com p arison  o f  the fin ger  p rin ts, a  qu alitative sen sory  a n a ly s is  (d efin itio n  o f  the 
arom atic notes) and a quantitative on es (titration o f  the arom atic intensity o f  each  chrom at
ographic peak by  using a notation scale with 5 levels) are perform ed .

T h en , large  sca le  experim en ts are carried out w ith  a specia lly  d esign ed  adsorption  concen
tration pilot unit a llow in g  the use o f  130g o f  active charcoal. T h e  ethanol e lu tion  o f  the trap 
i s  th en  p e r fo r m ed  w ith  a S o x lh e t  d ev ice  prior to  c o n c e n tr a t io n  w ith  a K u d ern a -D a n ish  
concentrator. A cco rd in g  to both GC (F ID  and sn iff in g  d e te c tio n s )  a n a ly se s  and sen so ry  
eva lu ation  carried  out by  a p an el o f  experts, the organ o lep tic  q u a litie s  o f  the extracts ob 
tained a llow  us to p rop ose  a potential new industrial arom atic b ase , "a truffle essen ce" , for  
industrial u ses.
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TV-P46 Natural Antioxidants from Thymus vulgaris (Thyme) Volatile Oil: 
The Beneficial Effects Upon Mammalian Lipid Metabolism

S im p s o n , E . , 1 D ean s, S .G . ,1 N ob le , R .C .1 M acP herson , A .1 and P en zes, L .2

1 Department of Biochemical Sciences, SAC, Auchincruive, Ayr, Scotland, UK.
2 Gerontology Institute, Semmelweis Medical University, Budapest, HUNGARY.

B io lo g ic a lly  active secondary m etabolites have been  recogn ised  in  num erous arom atic and  
m ed icin a l p lants. In the food  industry, oxidative rancidity is the m ost im portant type o f  fat 
sp o ila g e . A ntioxidants act primarily as hydrogen donors or free rad ica l acceptors. A ntioxi
dants from  natural sources have been  rece iv in g  increased  attention o v e r  the last d ecad e  
d u e, at lea st in  part, to the possib le toxicity o f  the synthetic ch em ica ls  used  as antioxidants 
such as butylated hydroxyan iso le  (BHA) and butylated hydroxy toluene (B H T ).

P relim in ary  screen in g  o f  p lant v o la tile  o ils  sh ow ed  Thymus vulgaris (T h ym e) o il  and a 
num ber o f  its  constituent com pou nds to p o ssess  strong antiox idative p rop erties . T able 1, 
sh o w s the f iv e  m o st a c tiv e  constituents to  be lin a lo o l, th ujon e, cam p h en e, carvacro l and  
th ym ol. T o a vo id  sy n erg istic  e ffe c ts , w h o le  thym e o il w as u sed  in  the m ice  feed in g  tria ls. 
720/* g o f  th ym e o il  w ere  adm inistered  e v er y  alternate day ora lly  to  groups o f  y o u n g  (6  
m onth) and a g e in g  (2 2  m onth) m ice.

F o llo w in g  the feed in g  reg im e, the anim als w ere sacr ificed  and the polyu n satu rated  fatty  
a c id s  (P U F A s) in  sev era l organs w ere an a lysed . Table 2 , sh o w s that o il  o f  th ym e had a  
dram atic e ffe c t  upon the liver PUFA lev e ls  in  the m ice. A nim als fed the d iet supplem ented  
w ith thym e o il  show ed  sign ifican tly  h igher le v e ls  o f  P U FA s w ith  arach id on ic  and d o c o so -  
hexaenoic a c id s  having particularly elevated levels. In addition, le v e ls  o f  the e n z y m e  gluta
th ion e  p e r o x id a se , a  k ey  en zy m e in lip id  m etab o lism , w ere e lev a ted  in  an im als fed  thym e  
o il. B oth the very  young and the very  old have a high dependence on  PU FA s; in  both cases  
o f  p a r ticu la r  im p o rta n ce  is  the m ain ten an ce o f  adequ ate le v e ls  o f  a r a ch id o n ic  acid  and  
docosohexaenoic acid.

It is  k n o w n  that during the ageing p ro c ess , le v e ls  o f  PU FA s d ec lin e  with co n co m ita n t lo ss  
o f  cellu lar in tegrity  and function. It is  therefore o f  prim e im portance, particularly in  tissues  
such  as c e ll m em b ran es having a h igh  PU F A  content and con seq u en tly  a p o ten tia lly  high  
free  r a d ic a l and o x y g e n  co n ten t, to  have an  ad eq u ate  a n tio x id a n t supply. C le a r ly , p la n t  
volatile o i ls  capable o f  reversing this trend have an im portant r o le  to  p lay in hum an health. 
D ise a se  co n d itio n s  such  as sen ile  dem entia  and acute m em ory  lo s s  are n o w  seen  as m ani
festations o f  inad eq uacies in the cellu lar leve ls  o f  P U F A s.
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Table 1: A ntioxidative screening o f  the 
major com ponents o f  T hym e volatile  o il.

C om pound Z one Diam eter[m m ]

W hole Oil 2 5 .0

L inalool 2 0 .6 0
T hujone 19.3 0
C am phene 16.2 0
T hym ol 13.2 0
C arvacrol 13 .2 0
r  - Terpinene 12.3
ß - C aryophyllene 12.3
B o m e o l 11 .4
M yrcene 10.8

Table 2: L iv e r  p h o sp h o lip id  profile in m ice  fed  o il  o f  thym e o v e r  a fiv e  m on th  p er iod  (% 
total lip id).

Young C ontrol A ged  C ontrol T h ym e O il

L in o le ic  A cid  [18:2] 2 0 .1 6 ±  1 .58 1 6 .2 0 ± 1 .6 3 1 6 .8 9 + 0 .9 0

L inolen ic  A cid  [18:3] 0 .7 2 ± 0 .2 8 0 .6 1 + 0 .0 9 0 .3 6 + 0 .1 1

Arachidonic Acid [20:4] 1 3 .4 7 + 2 .6 9 7 .2 6 + 0 .3 6 16.47+2.62

Docosohexsenoic Acid [22:6] 3 .6 0 ± 1 .9 0 2 .3 5 + 0 .6 2 6.77+0.25

Total PUFAs 37 .95 2 6 .4 2 40.49

R eferen ces  and acknow ledgem ents:
SAC rece iv es  financial support from  the Scottish O ffice A gricu lture and F ish eries D epart
m en t. E .S . g r a te fu lly  a c k n o w le d g e s  fin a n c ia l su p p ort from  th e  P e r ry  F o u n d a tio n . T h e  
authors w ish  to  thank E lizabeth E aglesham  and  Ruth M cC artney for  their technical assist
ance. 1 2 3

[1] Araujo and Pratt, 1985. C ienc. T ecnol. A lim ent, 5(2): 5 7 -6 0 .
[2] D e a n s  et al, 1992. P roceed in gs o f  F irst W orld C ongress on  M ed ic in a l and A rom atic  

Plants for H um an W elfare (1992) M aastricht, The N etherlands.
[3] D ean s et al, 1992. A g e . In Press.
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IV-P48 Investigation of Some New Fungicides for the Control o f Rust
(Puccinia Menthae Pers.) on M int

M argina, A .1 and Zhejjazkov, V.2

1 Institute of Rose, Kazanlik, BULGARIA.
2 Dept, of Plant Growing, University of Agriculture, Plovdiv, BULGARIA.

D uring the period  1989 -90 , in the laboratory and field experim ents, w e  studied the e ffects  
o f  so m e n e w  s y s te m a tic  fu n g ic id es  on  m int rust (Puccinia menthae P e r s . ) ,  w ith in  tw o  
species: Mentha piperita H uds and Mentha arvensis L . The influence o f  th e  fiin g ic id es on 
the quantity and quality o f  the essential o il w as exam ined too.

T he b est resu lts w ere  ach ieved  by using the fungicides Folicur-plus and B icor.
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B-P49 Inhibition of Fungus Germination and Growth by Essential

Oil Components
Caccioni, D.

CRIOF - University of Bologna, Via F. Re 8, 40126, Bologna - ITALY.

S evera l essen tia l o il  com ponents w ere  studied in order to  d e term in e  their fu n g ista tic  and  
fungicidal activ ity  against fruit and vegetable post-harvest p ath ogen s.

In vitro tria ls w ere  carried  out to study the inh ibition ac tiv ity  o f  fu n g a l spore germ in ation  
and m yceliu m  grow th.

T h e  essen tia l o il  com p on en ts studied included A n eth o le , A n isa ld é h y d e , C a r v a cr o l, C ar- 
v o n e , 1-8 C in e o le , L im o n en e , M yrcen e , a -P h ellan d ren e  and a -P in e n e  at co n cen tra tio n s  
ranging from  31 to 1000 ppm.

T h e  inh ib ition  activ ity  o f  these com p on en ts w as exam in ed  a g a in st Botrytis cinerea P e r s . , 
Monilinia laxa (A d erh . e t  R u h l.)H on ey , Mucor piriformis F isc h e r , Pénicillium digitatum  
(P e r s .)S a c c ., Pénicillium italicum W ehm , Pénicillium expansum L k . and Rhizopus stoloni- 
fer  (E hrem b.)L ind.

B est results w ere obtained w ith Carvacrol. A t a concentration o f  125  ppm  the grow th o f  all 
pathogens m ycelium  tested w as com pletely  stopped, w h ile  the inh ib ition  o f  spore germ ina
tion w a s  con siderab le  e sp ec ia lly  aga inst M. laxa, M. piriformis and R. stolonifer. A t 6 2  
ppm , the control o f  spore germ ination and m ycelium  grow th w a s  not com pletely  ach ieved  
(excep t for M. piriformis sp ore  germ ination).

A nisaldéhyde and C arvone at 250  ppm exhibited a fungistatic activity, w hile A nethole w as  
seen  to  be active only against certain parasites at d oses higher than 5 0 0  ppm.

A ll rem aining essential o il com ponents tested at concentrations o f  1000  ppm , show ed  lim it
ed  or no  fungistatic activity.
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B-P50 Essential Oil From Roots of Edelweiss, Leontopodium alpinum

C o m e y , N . ,  H ook , I. and Sheridan , H.

Dept, of Pharmacognosy, School of Pharmacy (Trinity College Dublin), 18 Shrewsbury Road, Dublin 
4, IRELAND.

Leotopodium alpinum C ass . (C om p ositae; Inuleae) is  a p rotected  plant in d ig e n o u s  to  the 
alp ine reg ion s o f  Europe and com m on ly  know n as E d elw eiss . A lthough the plant has tour
istic a ssocia tion s w ith alpine countries and som e suggested m edicin al properties [1 ,2 ] , few  
researchers have exam ined for the presence o f  various secondary m etab olites. C om pounds 
w hich  have been identified in aerial parts include hydrocarbons [3], sterols [4 ], flavonoids
[5] and h yd roxyc in n am ic  acid esters [4 ]. A lthough these latter e ster s  w ere fou nd  to occu r  
in  sm a ll am ounts in the roots [4 ] , the paucity o f  in form ation  a ssoc ia ted  w ith  th ese  p lant 
parts led  us to exam ine them  for the possible presence o f  an essen tia l o il.

P lants w ere  derived from  com m ercially available seed  material and cultivated under garden  
co n d itio n s  in  a peat-based  com p ost. R oots w ere obtained by sep aration  from  aeria l parts, 
w ash ed  and d r ied . P ow d ered  m aterial w as subjected to steam  d istilla tio n  for f iv e  hours 
u s in g  an  A p p aratu s fo r  the D eterm in a tio n  o f  E sse n tia l O ils  in  V e g e ta b le  D r u g s  [6 ] . A 
p ercen tage  (v /w )  w as recorded and the separated o il w as used  for c h e m ic a l exam in ation . 
GC A n a ly s is  used  a co lum n packed w ith  C arb ow ax  2 0 M  and o p era ted  a t 1 2 0 - 2 0 0 °C  
(2 °C /m in  r ise), w ith a N itrogen flow  o f  3 0m l/m in . G C -M S w ere recorded on  a quadropole  
instrum ent fitted with an SE  54  colum n and operated at a tem perature range o f  5 0 -2 8 0 °C . 
S eparation  o f ind iv idu al com pou nds w as carried out on a Si g e l - a s ilv e r  n itrate co lu m n , 
gradient elu ted  w ith pet.ether : e th y l acetate or chloroform  : m ethanol m ixtures.

T he roots w ere found to produce 2 .0%  o f  an essential o il. G C an a ly s is  o f  this indicated  
the presence o f  15 com pounds, tw o o f  w hich w ere present in m ajor concentrations (35 and 
24% ). G C -M S  show ed  the m ajority o f  com pounds to b e  various sesq u iterp en e  hydrocar
bons and oxygen ated  derivatives. T h is is in keeping w ith  literature reports o f  essen tia l o ils  
from  other m em bers o f  the Inuleae [7 ]. E xam ination  o f  o il y ie ld s  and co m p o sitio n  ov er  a 
12 m onth  period fa iled  to ind icate any m ajor seasonal trends. Id en tifica tio n  o f  in d iv id u al 
con stitu en ts has proved  d ifficu lt b ecau se  o f  (1 ) ch em ica l in stab ility  and (2 ) sm all am ounts  
o f  ava ilab le  e sse n tia l o il through in su ffic ien t natural root m ateria l. T o  o v e rc o m e  (2 ) fast
g ro w in g , transform ed (ie . "hairy") roo ts  o f  L  alpinum have b een  d e v e lo p e d  b y  in fectin g  
s ter ile  p lan ts w ith  a strain o f  Agrobacterium rhizogenes. T h e se  roo ts  h ave b een  found to 
produce an essential oil identical in com position  to the natural root o il. It is  hoped that they 
can be used as an a lternative source for the o il and so  facilita te  the id en tifica tio n  o f  indi
vidual constituents. 1 2 3 4

[1] H artw ell, J.L . (1 9 6 8 ), L loydia  31 (2): 71 -170 .
[2] C h iez , R . (1 9 8 4 ). T he M acD onald  Encyclopaeidia o f  M ed icinal P lants. M acD onald , 

L ondon .
[3] B icch i, C .,  N an o . G .M . and T ira , S . (1975). Planta M ed ica  2 8  (4): 3 8 9 -3 9 1 .
[4] H ennessy, D ., H ook , I .,  Sheridan, M . and M cG ee, A . (1 9 8 9 ). Phytochem istry 28  (2): 

4 8 9 -4 9 0 .
T ira, S . ,  G allo fi, C . and D i M od ica , G . (1970). E xperientia 2 6  (11 ): 1182 .
British Pharm acopoeia Vol. II (1 9 8 0 ), A ppendix X IE . L ondon , H .M .S .O .
H arb om e, J.B. (1977). Inuleae - C hem ical R eview . C h .2 2 , T h e B io lo g y  and C hem istry  
o f  the C om positeae [E ds. H eyw ood , V .H ., H arbom e, J.B. and Turner, B .L .] .
A cadem ic P ress, L ondon.
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B-P51 MAP: Production of Novel Extracts from Achillea millefolium

Paré, J .R .J1, Bélanger, J .M .R .2, Bélanger, A .3, S igou in , L .S .1 and D e x tr a z e , L .3

1 Environment Canada, RRETC, Ottawa, ON, CANADA K1A 0H3.
2 Agriculture Canada, CFAR, Ottawa, ON, CANADA K1A 0C6.
3 Agriculture Canada, St-Jean-sur-Richelieu, QC, CANADA J3B 3E6.

T h e essen tia l o il o f  Achillea millefolium obtained by steam  distillation is  w ell-k n ow n  for its  
deep blue co lo u r  resu lting from the presence o f  cham azulene as o n e  o f  its constituents. T h e  
o lfa c tiv e  p rop erties  o f  the o il how ever, are le ss  in terestin g; co n seq u en tly  the o il  is  o f  lit tle  
va lu e  to the p erfu m ers. C ham azu len e its e lf  is  produced  v ia  a h yd ro ly tic  reaction  o f  a la c 
ton e that o ccu rs during the steam  distillation process.

A n ovel ex tract w as obtained using the m icrow ave-assisted  p r o c e ss  (M A P ) on  Achillea 
millefolium g ro w n  in the Province o f  Q uébec (Canada), w ithout the addition o f  any water. 
T he M A P  ex tra ct is  produced  in a matter o f  seconds and it o ffe r s  an ex p a n d ed  ran ge o f  
fr a g r a n c e s . F u rth erm o re , the so -trea ted  p lan t m ateria l can be su b se q u e n tly  e x tr a c te d  a 
seco n d  tim e u sin g  con ven tion a l steam  d istilla tion  and still y ie ld  a va luab le  deep  b lue e x 
tract. T h e  con ten ts  o f  both type o f  ex tra cts  have been  com pared  and characterised  by  gas  
chrom atography/m ass spectrom etry work.
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B-P52 The Essential Oils of Thymus praecox Subspecies Growing in

the Alpine Region of Austria

H o lth u ijz e n , J .  and Stahl-B iskup, E .

Lehrstuhl für Pharmakognosie der Universität Hamburg, Bundesstraße 43, D-2000 Hamburg 13, 
GERMANY.

Our investigation  o f  Thymus x citriodorus prom pted us to analyse the essen tia l o ils  o f  other  
Thymus s p e c ie s  w ith  a d istin ct lem on  flavour. S tud ies at the H erbarium  H a m b u rg en se  and  
contacts w ith scien tists w orking in th is field revealed that the a n a ly sis  o f  the A lp ine Thymus 
sp ec ies  w ou ld  b e  w orthw hile on th is matter.

In July 1991 the plants w ere collected at ten different places o f  the A lp ine reg ion  o f  Austria  
(O tztaler A lpen and K arw endelgebirge). T hey w ere classified  as Thymus praecox s. 1. T he  
h y d r o d is t il le d  o ils  from  fresh  plant m ater ia l a n a ly sed  by G C  and G C -M S  gave  so m e  
rem arkable results concerning the main constituents.

In som e o i ls  geran y l acetate w as the m ain com pound (up  to 6 5% ). In su ch  o ils  the corre
sp on d in g  a lc o h o l geran io l ranged  from  1 % to 14% . O ther o ils  con ta in ed  g e ra n io l a s the  
m ain com pou nd , accom panied by the other m onoteipene a lco h o ls  nerol and citron ello l. A ll 
th ese  e sse n tia l o ils  sh ow ed  considerab le portion s o f  neral and geran ia l both  ca u sin g  the  
typical lem on  sm ell like that o f  T x citriodorus. B es id es  th ose  lem on  sm elling  typ es, plants 
w ith the w e ll know n sp icy odour, know n from  T. vulgaris, could be found . T h ey  contained  
thym ol together w ith carvacrol, -terpinene and p-cym ene. In addition, som e plants had a -  
te ip en io l rich o ils , others sh ow ed  o il com positions o f  m on o- and sesqu iterpenes, as prev i
o u sly  described  for som e chem otypes o f  the northern T. praecox ssp . arcticus.

A s a resu lt the essen tia l o il po lym orp h ism , a w idespread  ph en om en on  w ith in  th e gen u s  
Thymus [ 1 ] ,  can a lso  b e  postu lated  fo r  ou r  A lp in e  thym e p la n ts . T h e v a r ia b ility  o f  the  
essen tia l o il com p osition  w ill be show n together w ith  the locality  and som e m orphologica l 
data in detail.

R eferences:
[1] Stahl-B iskup, E ., 1991. T he C hem ical C om position  o f  T hym us O ils: A  R ev iew  o f  the 

Literature 196 0 -1 9 8 9 . J. E ss. O il R es. 3: 61-82 .
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B-P53 Effect of Sucrose on Essential Oil Formation in Caraway Fruits
of Detached Umbels

K a p p e r s , I .F ., V erbem e, M . and Bouw m eester, H.J.

Centre for Agrobiological Research, (CABO-DLO), PO Box 14, 6700 AA, Wageningen, THE 
NETHERLANDS.

C araw ay (Carum carvi L .) is m ainly used as a  spice. B io lo g ica l activ ity  o f  the essen tia l o il 
found in the o il  ducts in the fruits pericarp has been  rep orted , su c h  a s  in h ib ition  o f  fu n gal 
g ro w th , in sect rep ellen ce  and inh ib ition  o f  sprouting o f  p o ta to e s . C araw ay essen tia l o ils  
c o n s is ts  for  95  to  99%  o f  tw o m on oterp en es, (+ )- l im o n e n e  and ( +  )-carvon e  in a ratio  o f  
approxim ately 1:1.

T o in crea se  the econ om ic feasib ility  o f  industrial ap p lica tion s o f  caraw ay  e sse n tia l o il  a 
higher and m ore stable production o f  seed and essential o il w ith a h igh  carvon e content w ill 
b e n ecessary . T h is  paper d escr ib es a study on  the regu lation  o f  the a ccu m u la tion  o f  the 
com p on en ts o f  the essen tia l o il in developing seeds.

To e lim in a te  in flu en ces  o f  the intact plant w e  d eve lop ed  tw o in-vitro sy ste m s. In the first  
system  an u m b e lle t w as grown on liquid m edium , contain ing su crose  and nutrients accord
in g  to M urash ige and Skoog (1962) [1]. In the second system  an entire um bel w as u sed , the 
s ter ilised  stem  w as put in  a tube w h ile  the um bel its e lf  rem ained  ou tsid e . In  th is w a y  tran
sp ir a tio n  is  a ssu re d  w h ich  m ay e a se  transport o f  c o m p o n e n ts  fro m  the m e d iu m . B o th  
system s w ere used to  study the effects o f  sucrose in  th e  m edium  on  seed  grow th a n d  essen 
tial o il production.

In-vitro culture on  liquid m ed ia  w ith sucrose concentrations varying  from  0  to  8 %, show ed  
that fruit grow th and the rate o f  essentia l o il production increased b y  su crose  concentrations  
u p  to  4 % . A b o v e  4% seed  grow th and e sse n tia l o i l  fo r m a tio n  w e r e  n o t s tim u la ted  an y  
further. S evera l com binations o f  sucrose and m annitol w ere app lied  to  th e m edium  to study 
w h eth er  part o f  the e ffe c t  o f  sucrose on fruit grow th and e sse n tia l o il  form ation  w as an 
osm otic  e ffect. R esu lts o f  th ese  experim ents are presented.

From  earlier experim ents with intact plants, it appeared that lim o n en e  and carvone accum u
lation d ep en d ed  on  the developm enta l stage o f  the fru its. In-vitro , e sse n tia l o i l  accu m u la
tion  w a s  stro n g est in you n g  fruits and d eclin ed  in o ld er  fru its. A ccu m u la tio n  o f  lim o n en e  
occu rred  ear lier  during seed  developm ent than accum ulation o f  c a rv o n e . Form ation o f  both  
com pon en ts w as stim ulated by sucrose.

T h e  in-vitro s y s te m s  d e scr ib e d  here p roved  to  be su ita b le  and  w i l l  be u se d  fo r  fu rth er  
resea rch . W e in ten d  to in vestiga te  the regu lation  o f  the b io sy n th e tic  pathw ay o f  caraw ay  
essen tia l o il by using labelled (f tC or 14C) sugars, phytohorm ones and sp ecific  inhibitors o f  
its b iosyn th esis .

R eferen ces:
[1] M u rash ige, T . and S k o o g , F ., 1962. A  revised  m edium  for rapid grow th and bioassays  

w ith  tobacco tissue cultures. Physiol. Plant. 15: 47 3 -4 9 7 .
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B-P54 The Essential Oil o f Smymium olusatrum  (L.)

M o lle k e n , U .,  K ubeczka, K .H . and Schu ltze, W.

Department o f Pharmaceutical Biology, University of Hamburg, Bundesstrafie 43, D-2000 Hamburg 
13, GERMANY.

Smymium olusatrum is  a biennal um bellifer grow ing in South and W est E urope, especia lly  
in  coastal areas o f  the British Isles , the M editerranean region extending to the Caucasus and 
the C anary Islands. In ancient tim es all parts o f  the plant w ere used  as a rem edy. A ddition
a l ly  its y o u n g  sp r o u ts , stem s and roo ts  w ere  c u ltiv a ted  as a v e g e ta b le  u n til the M id d le  
A g e s.

A survey  o f  the literature revealed that there are severa l papers dealing  w ith the iso la tion  o f  
in d iv id u al com p on en ts belonging m ainly to the furanosesquiterpenes and the sesquiterpenic  
lactones w hereas the com position o f  the essential o il has not been the subject o f  any in ves
tigation b efo re . We have therefore analysed the essential fruit o il obtained by hydrodistilla
tion by m eans o f  chrom atographic and spectroscop ic m ethods (L C , G C , G C -M S , IR ).

T h e  o il is  ch aracter ised  by a high content o f  hydrocarbons (7 7 % ), m ost o f  them  m onoter- 
p e n e s  (7 5 % ) w ith  fi-p h e llan d ren e  and cr-p inene a s  major c o m p o n e n ts  (40%  and 21 %, 
resp ectiv e ly ). T h e rem aining 23% are predom inantly oxygenated  terpenoids w hich  m ainly  
co n sist o f  furanosesquiterpenes.
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B-P55 Antimicrobial Activity of Volatile Phenylpropanoids and Related

Aromatic Compounds.

P a u li, A .1 and K ubeczka, K .H .2

1 Lehrstuhl für Pharmazeutische Biologie, Universität Würzburg, D-8700 Würzburg, GERMANY.
2 Lehrstuhl für Pharmazeutische Biologie, Universität Hamburg, D-2000 Hamburg, GERMANY.

E ssential o ils  are generally m ixtures o f  m ono- and sesquiterpenoids but a sm aller number, 
e g . som e o ils  from  the A p iaceae contain  phenylpropane d e r iv a tiv e s  in m ore  or le s s  h igh  
am ou n ts . E s p e c ia lly  th is  grou p  o f  natural su b sta n ces  is  fo u n d  to  be r e s p o s ib le  fo r  the  
pronounced pharm acological, antimicrobial and toxic effects  o f  the resp ective  o ils .

In contrast to terpenoids and entire essentia l o ils  up till now, a com p reh en sive  treatm ent o f  
the antim icrobial features o f  individual phenylpropane d erivatives d o e s  not ex ist . W e have, 
therefore, exam ined  m ost o f  the phenylpropanoids occuring as constituents o f  essential o ils  
including related arom atic com pounds and determ ined their antim icrobial properties.

B y  u se  o f  a m odified  serial dilution technique (1 ,2 )  the m in im al inhibitory concentration as 
w e ll  a s the m in im a l m ic r o b ic id a l con cen tra tion  o f  ea ch  sa m p le  w e r e  e s ta b ish e d  a g a in s t  
Candida albicans (1 ) , Staphylococcus aureus ( 2 ) ,  Listeria monocytogenes ( 3 ) ,  Bacillus 
subtilis (4 ) , Klebsiella pneumoniae (5 ) , Pseudomonas aeruginosa (6 ) ,  and tw o  strains o f  
Eschericia coli (A T C C  2 5 9 2 2 )  (7 ) and N .N . (8 ). T he resu lts  w e r e  com p ared  to  data u sin g  
eu gen o l and phenol as reference (Table 1).

T ab le  1 . M inim al inhibitory concentration (M IC) and minimal m icrob iocida l 
concentration (M M C ) o f  eugenol (a) and phenol (b).

M icroorganism i 2 3 4 5 6 7 8

(a) 200 750 550 300 8 0 0 1000 5 5 0 6 0 0
M IC

(b) 2 0 0 0 1250 2500 1750 1500 1750 1750 2 5 0 0

(a) 400 950 550 450 8 0 0 2 5 0 0 7 0 0 8 0 0
M M C

(b) 3500 2 0 0 0 3500 1750 2 0 0 0 3 5 0 0 2 5 0 0 2 5 0 0

In genera l, p h en olic  d er iva tives o f  phenylpropanes ex h ib it a h igher antim icrob ia l activ ity  
than the related  ethers and are m icrob iocidal in a con cen tra tion  ran ge from  2 5 0  to  2 5 0 0  
pg/m l d e p e n d in g  on  the substitu tion  pattern o f  the a ro m a tic  r in g . A  s ig n if ic a n t  h igh er  
antim icrobial activity w as found in som e cases am on g phen olics w ith  a partially (aldehydic) 
or com pletely degradated side chain, exhibiting m inim al inhibitory concentrations from  25  
and 10 /ig /m l, respectively.

96

96



B-P56 The Effect of Different Growing Conditions on Quantitative and 

Qualitative Composition of the Essential Oil of Chamomile 

(Chamomilla recutita (L.) Rauschert)

Salamon, I.

Department of Experimental Botany and Genetics, P.J. Safarik University, Manesova 23, 041 67 
Kosice, CZECHOSLOVAKIA.

T h e cham om ile  is  on e o f  the m ost im portant m edicinal plants in the w orld . Pharm aceutical
ly  u s e fu l are p r im a rily  its  f lo w er  a n th od ia  - Flos chamomillae. T h e h e a lin g  p o w er  o f  
c h a m o m ile  drug is  du e to the p resen ce  o f  the essen tia l o il constituents. A m on g  th em , the  
m o st v a lu a b le  are [ - ] -a -b is a b o lo l  and c h a m a zu len e  a s  estim ated  on  th e  b asis  o f  th eir  
pharm acodynam ic properties.

T h e e ffe c t  o f  various edaphic and clim atic conditions on the essentia l o il content or quality  
w as fo llo w ed . T hree-year field  experim ent (1 9 8 8 , 1989 and 1990) w as perform ed w ith  our  
diploid variety "BONA" in the three various localities: B racovce - a  warm  clim atic region  
o f  the L o w la n d s  o f  E ast Slovakia; K osice - a  w arm  clim ate o f  the Basin o f  K o s ic e  with  
p rev a ilin g  N orth w inds; N o v a  L ubovna - a  m ountain region w ith  a m od erate ly  warm  c l i
m ate.

E ssential o il w as isolated by steam  distillation and its w eight w as determ ined gravim etrical
ly. G as chrom atograph y w as used  to characterize the m ain com pon en ts o f  the ch am om ile  
essential o i l .

D ifferen t co n d itio n s o f  lo c a lit ie s , w here the ch am om ile  p lan ts w ere  g ro w n , in flu en ced  the  
y ie ld  o f  e ssen tia l o il and its m ain com pon en ts but had no e ffe c t  on  the com p osition  o f  the  
essential o il.
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B-P57 The Composition of the Essential Root O ils From Several 

Species Belonging to the Genus Geum

V ollm an n , C ., K ub eczka, K .H . and Schultze, W.

Department of Pharmaceutical Biology, University of Hamburg, BundesstraBe 43, W-2000 Hamburg 
13, GERMANY.

T h e  g e n u s  Geum, b e lo n g in g  to the R o sa cea e  fam ily  c o n s is t s  o f  5 9  s p e c ie s ,  w h ich  a re  
su b d iv id ed  in 11 subgenera  (G ajew sk i, 1957 ). T h ese  sp ec ie s  m a in ly  g ro w  in  th e  h o larctic  
c irc le , but a lso  in the m ou n ta in eou s reg ion s o f  South A m erica  and m  A u stra lia . T h e  roots  
o f  one o f  these sp e c ie s , Geum urbanum L ., are o f  particular in terest s in ce  th ey  are u sed  in  
fo lk  m edicine and hom eopathy. Further m ore , the roots are u sed  in  industry fo r  flavouring  
liq u eu rs. T h e  latter app lication  is  based  on the essen tia l o il (a p p ro x im a te ly  0 .0 2  - 0 . 1 % )  
w h ic h  c o n s is t s  p red o m in a n tly  o f  e u g e n o l, a cco m p a n ied  by s e v e r a l m in o r  c o m p o u n d s  
m ain ly  b e lo n g in g  to b ic y c lic  m onoterpenes (e g .  c is /tran s-m yrtan a l, m yrten a l, c is /tra n s-  
m yrtanol and m yrtenol).

S in ce  w e  found that the com m ercia l drug "Herb Bennet" ("W ood A vens") d oes often  not 
derive from  Geum urbanum L . but from  other Geum sp ecies w e  in v e stig a te d  the essen tia l 
root o il  o f  sev era l further Geum sp e c ie s  (Geumx hybridum, Geum rivale, Geum macro- 
phyllum, Geumfauriei, Geum rhodopeum and Geum montanum, Geum rep tans and Geum 
bulgaricum) in  order to find ou t to w h ich  degree a characterisation o f  th ese  d ifferen t Geum 
roots is  p ossib le .

It c o u ld  b e  s h o w n ,  that the root o ils  o f  the s p e c ie s  Geum rivale, Geum fauriei, Geum 
rhodopeum and Geum bulgaricum are very sim ilar in com position  to  that o f  Geum urbanum 
and that these roots cannot be distinguished by m eans o f  their vo la tile  o ils . In contrast, the 
o ils  o f  Geum x hybridum (characterised  by a group o f  m o n o terp en o id s) and Geum monta
num (w ith  sm all am ounts o f  eu gen o l) exhibited a d ifferent c o m p o s it io n . T h e  sam e h o ld s  
true for the root o il o f  Geum reptans w h ich  d iffers significantly from  the before m entioned  
o ils .
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B-P58 GC/MS - Investigations on the Composition of Commercial
Samples of Parsley Oil

K ub eczka, K .H .,1 W a rn ck e , D .,2 and Schultze, W .1

1 Department of Pharmaceutical Biology, University of Hamburg, BundesstraBe 43, D-2000 Hamburg 
13, GERMANY.

2 Department of Pharmaceutical Biology, University of Wurzburg, Mittlerer Dallenbergweg 64, D-8700 
Wurzburg, GERMANY.

T h e  c o m m erc ia lly  available essen tia l o ils  o f  Parsley are obtained from  d ifferent parts o f  
Petroselinum crispum (M iller) A .W .H ill ( =  P. hortense a u c t ., P. sativum H o ffm .) , native  
to  the M ed iterra n ea n  reg ion  and now  w id ely  cu ltiva ted  around th e w o r ld . T h e o i ls  are  
offered  under th e  nam es "Parsley seed  oil" (correctley a fruit o il) ,  "P. herb and P. le a f  oil" 
and so m etim es  w ithout any specification  as "Parsley oil" . T h ey  are u sed  prim arily  in the  
food  industry for  flow erin g  m eat, sa u ces , canned food , sea so n in g s  and to  a m uch le sser  
extent in perfum ery and pharmacy.

W e h ave  an alysed  27  sam ples o f com m ercial o ills , in particular 12 "seed o ils" , 12 "herb 
o ils " , 1 " lea f oil"  and 2  "parsley o ils"  by m eans o f  chrom atographic and sp ectro sco p ic  
m ethods to  elucidate their qualitative and quantitative com position.

T h e characteristic com pounds o f  8 com m ercial "seed oils" are the phenyl propanoids apiole  
and m y r is t ic in , h o w e v e r  rem arkable d iffe r e n c e s  co n cern in g  the p e r c e n ta g e s  o f  th ese  
com pounds can be observed. In on e  o f  the o ils  the dom inating com pound w a s  found to be  
a p o ile  w ith  66% , w h ile  the content o f  m yristicin  w as considerab ly  lo w e r  (1 3 % ). 5  o ils  
w ere rich in both ap io le  (37-47% ) and m yristicin (17-28% ). In 2  further sam ples m yristicin  
w as the dom inating substance (33% and 42%  respectively), w hereas the ap io le  content w as  
lo w er , am ou ntin g  to  23%  in one case  and ev en  unusually sm all in the second  o il  (3% ). 
T etra m eth o x y -(2 -p r o p e n y l)-b e n z e n e  ( < 9 % )  w as a lso  detected  in som e o f  the 8 b e fo r e  
m entioned seed o i ls .  T h e rem aining 4  seed  o il  sam ples w ere rich in m onoterpene hydrocar
b on s w ith  a -p in e n e  (4 3 -4 6 % ) or p -m en th a -l,3 ,8 -tr ien e  (22% ) as dom inatin g  com p ou n d s, 
w h ile  the phenylpropanoids w ere o f  minor importance (below  15%).'

In co n tra st to  th e  c o m m erc ia l fruit o i ls ,  a ll in vestiga ted  herb o i ls  sh o w e d  m o n o te rp en e  
hydrocarbons as principal constituents: in  3 o ils  a -p inene (22-43% ) w a s  dom inating, in one  
o il  each  lim on en e  (32% ) and m yrcene (27% ), respectively , and in 7 o ils  p -m en th a -1 ,3 ,8 -  
triene. T h e  latter occurred in all parsley herb o ils  and m ust be regarded as the m ost charac
te r is t ic  c o m p o n en t o f  a ll th ese  o ils . A part from  that, a ll in vestiga ted  sa m p le s  w ith  o n e  
excep tion , exhibited lo w  concentrations o f  phenylpropanoids with m yristicin  (0 .3 -1 7 % ) as 
the m ain com pound. In several heib o ils  noticeable amounts o f  tetram ethoxy-(2-propenyl)- 
benzene (about 1.5% ) w ere  found, a  com pound which is  generally typ ica l for parsley  fn iit  
o ils.
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P59  A Study of the Agrochemical and Pharmacological Properties of 

the Essential Oils of Helichrysum oderatisimum (Compositae) and
Salvia stenophylla (Labiatiae)

D e a n s , S .G . ,1 Lis-Balchin, M.,2 G raven, E .H .3 and Hart, S .4

1 Department of Biochemical Sciences, SAC, Auchincmive, Ayr KA6 SHW, UK.
2 School of Applied Science, South Bank University, Borough Road, London SE1 OAA, UK.
3 ARDRI, University of Fort Hare, Alice, SOUTH AFRICA.
4 Pharmacology Department, King's College (Chelsea), Manresa Road, London SW3 6LX, UK.

B oth  the p la n ts  are  in d ig e n o u s  to  South A fr ic a  and w id e ly  u se d  a s  fo lk  m e d ic in e  fo r  a  
variety  o f  a ilm en ts. Salvia stenophylla (L abiatiae) is  a lso  burnt in d oors to  d is in fec t room s  
after s ick n ess , a lso  the leaves are som etim es m ixed w ith  tob acco  for sm okin g. Helichrysum 
oderatisimum (C om positae) found in K id d 's B ay is  used for the treatm ent o f  cou gh s, co ld s, 
stom ach ach e  e t c . , sim ilarly to that o f  Salvia stenophylla.

T h e an tim icrob ia l potential w a s  screened  aga in st 25  (G ram -p ositive  and G ram -n egative)  
m icro o rg a n ism s u sin g  seed ed  agar p lates w ith  w e lls . 10 pi o f  ex tract w a s  in trod uced  and  
in h ib ition  o f  zon es w as m easured after 48 hours. A ntifungal a ssessm en t w as against Asper
gillus niger, A. ochraceus and Fusarium culmorum in fla sk s o f  Y E S  broth . A n tiox id an t  
activ ity  o f  the essentia l o ils  w as assessed  using the b leach in g  o f  B -carotene in  agar (Araujo  
and Pratt).

T h e  e s s e n t ia l  o ils  w ere  screen ed  fo r  p h a rm a co lo g ica l a c t io n  u s in g  th e  iso la te d  f ie ld -  
stim ulated gu in ea  pig ileum , rat stom ach and Taenia coeci preparations. T he sm ooth  m us
c le  prep aration s w ere m ounted in  3 0 m l organ baths con ta in in g  K reb s b icarbonate  bu ffer  
m a in ta in ed  a t 3 4 °C  and g a sse d  w ith  95%  0 2 in  C 0 2. A  te n s io n  o f  l g  w as a p p lied  and  
ch a n g es in  te n s io n  w ere  recorded w ith  an  iso m etr ic  transducer a ttach ed  to  a p en  recorder. 
F ie ld  stim u lation  w as applied  by tw o parallel platinum  e lec tr o d e s  p la ced  e ith er  s id e  o f  the 
tissue; these w ere attached to a stimulator (0 .5  m s pu lse, 0 .1  H z, 7 0  V ).

T h e results for b acteria l inh ib ition  are sh ow n  in Table 1. T h e  essen tia l o il  o f  H. oderatisi
mum w as e f fe c t iv e  a g a in st a ll  Gram  p o s it iv e  and G ram  n e g a tiv e  o rg a n ism s e x c e p t  for  
Lactobacillus plantarum and Streptococcus faecalis ; S. stenophylla essen tia l o il w as e ffec 
tiv e  on  a ll but Beneckea natriegens, Envinia carotovora, Klebsiella pneumonia, Proteus 
vulgaris, Pseudomonas aeruginosa and Streptococcus faeca lis . B o th  He lychry sum and  
Salvia e sse n tia l o ils  w e re  e ffe c t iv e  antifungal a g e n ts , a g a in st a ll th ree  fu n g i te s ted . Both  
essential o ils  w ere potent antioxidants, but colour retention in each case w as low.

T he e s s e n t ia l  o il  d ilu ted  in  hexane p rod u ced  a co n tra ctio n  in  the e le c tr ic a l ly  stim u la ted  
guinea-pig ileum . T h is w a s  a long lasting effect and w a s reversed  by w ashout. T here w as 
a com com itant inhibition o f  the ES contractions; this e ffect lasted w e ll after w ashout.

W h en  the essen tia l o il w as diluted in m ethanol at the sam e co n cen tra tio n , there w a s  an  
increase in tone w hich w as m aintained until w ashout and again a rapid ly  d evelop in g  inhibi
tion o f  E S w hich  persisted  until w ash out. R eturning to  norm al to o k  a co n sid erab le  tim e. 
T h e  results using  the tw o solvents w ere virtually identical and o th er  tissues show ed  that an  
increase in tone w ithout a contraction w a s  possib le u sin g  the h ex a n e  diluted extracts.

T here  appears to  be tw o com ponents resp on sib le  for the d u al a c tio n  o f  the essen tia l o il. 
T he first is  a  contractory effect on sm ooth m u scle  and the second  an  inhibitory e ffec t to ES  
con traction s. A lth ou gh  the m ech an ism  o f  action  has n ot b een  fu lly  stu d ied , the inh ib itory
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either as an astringent or sm ooth m uscle relaxant. T he hexane d ilu ted  essen tia l o il  o f  Salvia 
stenophylla c a u se d  an  in crease  in  to n e  o f  th e  s im u la ted  g u in e a -p ig  i le u m . T h e r e  w as a 
d efin ite  inh ib ition  o f  resp on se  to e lec tr ica l stim ulation  (E S ) and a c o n s id e r a b le  d elay  in  
r e c o v e ry  a fter  w ash ou t. T h e  e sse n tia l o i l  d ilu ted  in  m eth an o l a g a in  p r o d u c e d  th e  sa m e  
e ffe c t . T h is  con firm ed  that the so lv en t has no e ffe c t  on  the tissu e . A  te n -fo ld  co n cen tra ted  
sam p le  sh o w ed  a profound contraction  - a  sim ilar resp o n se  w as a lso  ob ta in ed  u s in g  th e  
hexane extract. R ecovery  o f  the tissue w as extrem ely  long.

T h e  resu lts in d ica te  that m ore than on e com pon en t is  resp o n sib le  fo r  th e  p h a r m a c o lo g ic a l  
action: one com p on en t cau ses a contraction, w hilst the other c a u se s  an  in h ib ition  o f  the E S  
induced contraction , w hich  is  long lasting and  resistant to w ashout.

T h e site o f  action  o f  the second com ponent is likely  to be post-synaptic  and probab ly  due to  
the relaxation o f  the tissue. T h is v ie w  is  supported by the resu lts  in  preparations o f  Taenia 
coeci. T h ere  is  n o w  som e p h arm acolog ica l ev id e n c e  for the fo lk -m e d ic in a l u sa g e  o f  th is  
plant. T h ere  see m s  to be som e scope for th e  further developm ent o f  th e  p la n t a s  a  tob acco  
substitute as it  is  a lready m ixed with tobacco for sm oking in Southern A frica .

Table 1: M easurem en t o f  bacterial inhibition (zone in m m )

Plant Essential O il

O rganism

Acinetobacter calcoacetica 
Aeromonas hydrophila 
Alcali genas faecalis 
Bacillus subtilis 
Beneckea natriegens

Brevibacterium linens 
Brocothrix thermosphacta 
Citrobacter freundii 
Clostridium sporogenes 
Enterobacter aerogenes

Erwinia carotovora 
Escherichia coli 
Flavobacterium suaveolens 
Klebsiella pneumoniae 
Lactobacillus plantarum

Leuconostoc cremoris 
Micrococcus luteus 
Moraxella sp 
Proteus vulgaris 
Pseudomonas aeruginosa

Salmonella pullorum 
Serratia marcescens 
Staphylococcus aureus 
Streptococcus faecalis 
Yersinia enterocolitica

Hetichrysum Salvia

9 .4 2 6 .0
9 .0 2 7 .0
17 .2 2 3 .0
11.8 8 .7
8 .0 4 .0

0 .5 2 8 .2
8 .8 1 6 .0
9 .6 1 5 .0
18.5 3 1 .0
8 .2 8 .8

8 .0 4 .0
8 .2 2 .0
9 .9 1 7 .0
6 .5 4 .0
4 .0 13 .5

10.5 2 0 .0
8 .3 1 7 .4
10.8 8 .3
8 .6 4 .0
7 .0 4 .0

7 .0 7 .4
6 .0 8 .3
8 .8 1 3 .4
4 .0 4 .0
6 .9 1 0 .2
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P60 A Study of the Agrochemical and Pharmacological Properties of 
the Essential Oils of Tagetes minuta (Asteraceae), Lippia javanica 

(Verbenaceae) and Barosmia cremulata (.Rutaceae)
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Tagetes minuta, Lippia javanica  and Agathosma betulina are w id e ly  u sed  in  South A frica  
in d ifferen t w a y s . Tagetes minuta is used as a fly  and verm in  rep ellan t (largely  due to its 
d isagreeab le  od ou r). It is  m arketed in a flea-repellant d o g  sh am p oo in South  A fr ica . T he  
plan ts, grow n  as a m anure crop , have a m arked in sectic id a l action  on  the rootknot e e l-  
w orm ; h o u se flie s  and b lo w flie s  are repelled  by the o ils ; larvacida l action  is sh ow n  by the 
o il w h en  m ixed  w ith lan o lin e  and a p reservative  (G unther). U n fortu n ately  som e a llerg ic  
p h o tosen sitiv ity  has been sh ow n  in  m an w hen  the concentrated  o il  has been  applied  to the 
skin.

L. javanica is used as a fo lk  m edicinal herbal tea for cou gh s, co lds and influenza. A. betu
lina is  again  a fo lk  m ed ic in a l plant o f  lon g  standing, u sed  in  a brandy or v inegar tincture  
for k idney and urinary tract d iseases and a lso  externally for bruises, rheum atic pains. A  tea 
is  taken to stimulate perspiration in rheumatism and gout and for bladder d isease.

T he antim icrob ia l poten tia l w as screened against 25 (Gram p o s itiv e  and Gram negative)  
m icroorgan ism s using seed ed  agar p lates w ith  w e lls . 10**1 o f  extract w as introduced and  
in h ib ition  zon es m easured  after 48  h ou rs. A ntifungal a ssessm en t w as a g a in st Aspergillus 
niger, A. ochraceus and Fusarium culmorum in fla sk s o f  Y E S  broth . A n tiox id an t activ ity  
o f  the essen tia l o ils  w as a ssessed  u sin g  the bleaching o f  fi-carotene in agar (A raujo and  
Pratt).

C a b b a g e  le a v e s  w ere  sp rayed  on  the surface w ith  the in d iv id u a l e sse n tia l o ils  (ie n o n -  
s y s te m ic a lly ) .  50 fe m a le  w h ite f ly  or thrips w ere  in trod u ced  o n to  e a c h  le a f  in  sep arate  
sea led  c o n ta in e r s . R e c o r d in g s  o f  the w h ite  f lie s  se ttled  on  th e  le a f  w ere  m ad e a fter  24  
hours and 5 days.

T he e s s e n tia l o i ls  w ere  scr e en ed  for  p h a rm a co lo g ica l a c tio n  u s in g  the iso la te d  f ie ld -  
stim u la ted  g u in e a -p ig  ile u m , rat s to m a ch  and Taenia coeci p rep a ra tio n s . T h e  sm ooth  
m u sc le  p rep ara tion s w ere  m ounted  in  3 0 m l organ  b ath s co n ta in in g  K reb s b icarb on ate  
b u ffer  m aintained at 3 4 °C  and g a sse d  w ith  95% O., in CO.,. A  ten sio n  o f  l g  w as applied  
and ch an ges in ten sion  w ere recorded w ith  an isom etric  transducer attached to a pen  re
corder. F ield  stim ulation w as applied by tw o parallel platinum  electrodes placed either side  
o f  the tissue ; these w ere attached to a stimulator (0 .5  m s pu lse , 0 .1  H z , 70  V ).

Agathosma w as the m ost e ffe c t iv e  antim icrobial e ssen tia l o il  w h ile  Lippia w as the least 
effective . O verall there w as no bias tow ards e ither Gram positive  or Gram negative bacte
ria. T he antifungal action indicates that Lippia essentia l o il is  very effective  as an antim y
cotic agent , h igh levels  o f  inhibition being recorded at e v en  low er  concentrations. Tagetes 
w as a lso  effective  but at a h igher concentration. Agathosma w as not studied.
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T here w as considerable antioxidant action by Tagetes and Agalhosma e ssen tia l o ils , colour  
reten tion  w as how ever low . Lippia w as in effective  altogether. T h ere  w as no sign ifican t  
in sect rep ellen t action o f  the essen tia l o ils , aga inst w h itefly  and th rip s, su g g e stin g  that the 
in sectic id a l u se  m ay be sp ecific  and restricted to South A frican  sp ec ies  in th e  case o f  T. 
minuta.

In the case o f  the pharm acological action  o f  T. minuta there w as a rapid contraction  with  
in crease  in tone w h ich  w as m aintained until w ashout p lus an inh ib ition  o f  th e e lectr ica lly  
stim ulated contractions (E S ). In the gu in ea-p ig  ileum  the inh ib ition  p ersisted  for  a long  
period  after w ash out. T he trace show ed  that inhibition lasted m ore than an  hour and in 
cluded a 3 0  m inute period where the E S w as discontinued and w as still recoverin g  after ES  
w as resum ed. W hen the hexane extract w as diluted in m ethanol it produced an  increase in 
tone in  the E S  gu in ea-p ig  ileum  w ith  a rapid reduction in  response to E S . T h ere  w as an 
irregular recovery on w a sh o u t. T h is show s that there is virtually no  so lv en t e ffect on  the 
t is s u e . T h e h exan e  d ilu ted  ex tracts o f  L. javanica cau sed  an in c r e a se  in  to n e  o f  the ES  
gu in ea -p ig  ileum ; on  larger d oses a contraction  w as obtained. T h ere  w a s  a lso  a con com i
tant inhibition o f  the ES induced contraction. T he inhibition persisted after w ashout.

W h en  the e s s e n t ia l o il w as d ilu ted  in m eth an o l there w as a s im ila r  e f f e c t .  T he trace  
sh ow ed  that the inhibition o f  the ileum  contractions lasted for o v er  an hour a s  there w as a 
break in record ing for 3 0  m inutes w hen  the E S  w as stopped , and w h en  E S  w as resum ed  
there w as a gradual return to normal. H exane extracts caused a relaxation o f  the rat stom 
ach strip, fo llow ing an initial contraction. There w as a definite reduction in  tone and lo ss  o f  
sp on tan eou s activity. W hen the essen tia l oil w as diluted in m ethanol a re laxa tion  fo llow ed  
and the return to norm al took  a lon g  time e v en  after two w ashes.

A. betulina produces a profound contraction w hich is show n for both the unstimulated and 
E S gu inea-p ig  ileum . T his response is dose related. T he respon se is  a lso  unassociated with  
the so lven t dilution, as show n for both the hexane and m ethanol diluted essen tia l o il. There 
w as a lso  an inh ibition o f  E S  contractions w hich w as not long lasting  after w ash ou t. The  
contraction  w as resistant to atropine, w hilst acety l ch o lin e  w as ob literated  and histam ine  
w as red uced  to half. T he results su ggest the m ain e ffec t o f  the essen tia l o il  o f  A. betulina 
on sm ooth  m uscle is contractile. T here is a lso  som e evidence for secondary e ffe c t  - that o f  
in h ib ition  o f  E S  induced contractions. T his e ffect is probably p o st-sy n a p tic . T he contrac
tion s are n ot b lo c k e d  by atrop in e but p resen t resu lts d o  n o t in d ica te  the e x a c t  m ode o f  
action.

In co n c lu s io n  the essen tia l o ils  o f  T. minuta, L. javanica and A. betulina h ave at lea st tw o  
com pon en ts. One com ponent causing an increase in tone or a contraction, w h ilst the other 
ca u ses  an inh ib ition  o f  E S  induced contractions on  the gu in ea-p ig  ileu m . The e ffe c t  on  rat 
s to m a c h  w as sim ilar . The site o f  a c tio n  o f  the secon d  c o m p o n en ts  is  l ik e ly  to be p o s t
syn ap tic  and is  probab ly  due to the re laxa tion  o f  the tissu e . T h is v ie w  is  supported  by the 
stu d ies on  rat stom ach  Taenia coeci. T he relaxatory e ffe c t on  sm ooth  m u sc le  m ay exp la in  
the fo lk  m edicinal usage o f  Lippia in the treatm ent o f  coughs.
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Table 1: M easurem ent o f  bacterial inhibition (zon e in m m )

Plant E ssentia l O il

O rganism Buchu Lippia

Acinetobacter calcoacetica 6 .9 4 .0
Aeromonas hydrophila 
Alcaligenas faecatis

5 .8
5 .6

7 .9
4 .0

Bacillus subtilis 6 .2 14 .4
Beneckea natriegens 10.9 4 .0

Brevibacterium linens 11.1 4 .0
Brocothrix thermosphacta 9 .5 7 .8
Citrobacter freundii 16 .0 4 .0
Clostridium sporogenes 9 .4 4 .0
Enterobacter aerogenes 9 .4 4 .0

Erwinia carotovora 4 .0 4 .0
Escherichia coli 7 .5 4 .0
Flavobacterium suaveolens 8 .0 8 .4
Klebsiella pneumoniae 4 .0 4 .0
Lactobacillus plantarum 9 .2 4 .0

Leuconostoc cremoris 10.9 4 .0
Micrococcus luteus 8 .0 4 .0
Moraxella sp 4 .0 4 .0
Proteus vulgaris 10.8 4 .0
Pseudomonas aeruginosa 4 .0 4 .0

Salmonella pullorum 12 .2 4 .0
Serratia marcescens 19 .0 5 .8
Staphylococcus aureus 8 .2 4 .0
Streptococcus faecalis 8 .2 4 .0
Yersinia emerocolitica 8.3 4 .0

Tagetes

8 .7
10.5
9 .7
10 .5
7 .5

2 3 .0  
10.6
4 .0
4 .0
4 .0

6.1
6 .3  
14 .4
4 .0
10.1

11.3
9 .0
4 .0
8 .5
11.0

4 .0
4 .0
2 4 .0
4 .0
8.0
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P61 Flower Volatiles: Scent Cacophony or Adapted Blends?

T o lls te n , L . ,  K nud sen , J.T. and Bergström , G .

Dept, of Chemical Ecology, Göteborg University, Reutersgatan 2C, S-4-13 20 Göteborg, SWEDEN.

A  literature survey o f  publications reporting the ch em ica l com p osition  o f  floral scents c o l
lected b y  head-space m ethods w as m ade. From  174 studied p lant genera a total o f  over  700  
scen t com pou nds are reported . M o st o f  the flo w ers share so m e  "typical" v o la tile s . T he  
m ost com m on com pou nds are isoprenoids and benzenoids.

B ased  on  these data w e  su g g est a  basic floral scent to  be co m p o se d  o f  m o n o terp en es (eg  
lim onene, m yrcene, linalool) and benzenoids (eg  m ethyl 2-h yd roxyb en zoate , benzaldehyde, 
b e n z y l a lc o h o l) .  Such b a sic  scent can be a g en era l s ig n a l f o r  the p r e se n c e  o f  a  flo w e r . 
W ith m  the d ifferen t p o llination  syndrom es scen t ch em istry  is  e x p e c te d  to  be m o d ified  and 
adapted to certain groups o f  pollinators. T he basic  scen t as w e ll  as specia lised  scen t blends 
m ay be o f  m utual advantage to both plants and pollinators.

M u ltivaria te  data an a ly sis  is  used  to  reco g n ise  patterns o f  var ia tion  in  floral sc e n t ch em is
try. V ariation  am ong in d iv id u a ls , p o p u la tio n s  and taxa  is  c o n s id e r e d . T w o  d im e n sio n a l  
p lo ts  m ake g o o d  o v erv iew s  o f  ch em ica l rela ted n ess o f  in d iv id u a l p lan ts. In a study o f  tw o  
s p e c ie s  o f  m oth-pollinated  Platanthera (O rch idaceae) s p e c ie s , sce n t co m p o sitio n  varied  
m ore w ith in  than betw een sp ecies. In the m orphologically  gen era listic  Angelica (A piaceae) 
scent profiles suggest selection for specific scent chem istry in the d ifferent taxa. T h ese  tw o  
sets o f  data sh ow  pattern s o f  v a r ia tion  w hich  c o m p lica te  in te r p r e ta tio n s  o f  flo ra l scen t  
sp ec ia lisa tio n . W e w ant to  em ph asize the im portance o f  r e p lic a te  sam p lin g  fo r  b io lo g ica l  
interpretations o f  floral scent data.
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P62a APPLICATION OF MUTIVARIATE ANALYSIS IN STUDYING THE BIOGENESIS OF MONOTERPENE 
ENANTIOMERS IN PINE NEEDLE OIL
R. Hiltunen*, I. Laakso, K. Lainio and J. Pohjola

Pharmacognosy Division, Department of Pharmacy, University of Helsinki, Fabianinkatu 
35, SF- 00170 Helsinki, Finland

Finnish Scots pine populations (Pinus sylvestris L. ) are characterized by high and 
low 3-carene chemotypes with varying amounts of a-pinene (1). A considerable
enantiomeric variation of a-pinene was recently found in these chemotypes (2). 
Biosynthetic studies on sage have shown the occurrence of two stereospecific enzymes 
pinene cyclase I and II, which produce the (+)R-and(-)S-series of monoterpene 
enantiomers, respectively (3). A multivariate analyses was applied in order to study 
the enantiomeric groups of monoterpenes and their biogenesis in the needle oil of 
Scots pine.

The materials consisted of parental trees of high (N-6) and low 3-carene (N-3, 
3-carene below 4%) chemotypes and their crosses (N-11, partly resiprocal). A total 
of 147 GC analyses of monoterpene hydrocarbon fractions were made using both 
heptakis-B-cyclodextrin and achiral NB-351 columns.

Table 1. Propoportions (%) of the enantiomers in the monoterpene fraction of pine 
needle oil.
Compounds Low 3-carene chemotypes (n-63) High 3-carene chemotypes (n-84)

R(+)-series S(-)-series R(+)-series S(-)-series
Mean Range Sd Mean Range Sd Mean Range Sd Mean Range Sd

-Pinene 55.2 11.6-73.2 12.9 C
O

C
OCM 10.4-62.3 9.9 39.4 8.6-69.3 16.5 14.5 4.6-57.O 9.2

Camphene 1.2 0.7- 1.9 0.3 6.5 3.2-12.9 2.4 1.8 0.6- 2.9 0.5 5.4 0.7-12.5 2.5
-Pinene 0.5 + - 1.0 0.2 4.2 + -13.9 3.3 1.10 + - 7.8 1.5 0.8 ° + - 6.1 1.2

Limonene 0.6 0.1- 1.4 0.3 0.8 0.1- 2.9 0.5 0.5 + - 1.1 0.2 0.5 + - 1.9 0.4

0not completely separated from 3-carene

The results show that the variability of a-pinene enantiomers is rather similar in 
both chemotypes, the proportion of R(+)-a-pinene being more than twice as that of 
S)-)-a-pinene, on the average (table 1). Camphene and B-pinene occurred primarily as 
S(-)-enantiomers.

Table 2. Groups of monoterpenes most often linked with each other (cluster
analysis).

Low 3-carene chemotypes High 3-carene chemotypes

R:(+)- -pinene S:(-)-a-pinene R:(+)-a-pinene S:(-)-a-pinene
( + )- -pinene (-)-camphene, tricyclene 3-carene,. terpinolene_______ (-)-camphene,

(-)-B-pinene (+)-camphene, sabienene tricyclene
a-thujene

Enantiomeric group of the major monoterpenes could be clearly distinguished by 
cluster analysis (Table 2). R(+)-a-Pinene often formed a single group. The close 
1inkage between S(-)-a-pinene, tricyclene and (STT-T-camphene found in both 
chemotypes supports the occurrence of a common precursor for these compounds 
(4S-1-p-menthene 8-carbonium ion). The results also suggest that 3-carene and 
related compounds (Table 2) are more closely related to the R(+) enantiomeric 
pattern.
References
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