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SCENTS FROM RAIN FORESTS
Roman Kaiser
Givaudan Roure Research LTD, CH-8600 Dubendorf, Switzerland

Since the dawn of time, the secretive and fragile kingdom of the 
rain forest, which covers 11-13% of all emerged land and shelters 
eight to nine tenths of all forms of known and unknown life, harbors 
extraordinary biological treasures worth to be treated with utmost 
care. According to a further estimation, 70-80 % of these species, 
meaning around 60% of the entire biodiversity, is found for eco­
logical reasons in the canopy region of the rain forests.

Having been convinced to find this richness also reflected on the 
olfactory level we searched during the past years in the understory 
as well as in the canopy of rain forests for new attractive scents. 
This communication opens the discussion of chemical, biological 
and olfactory aspects of such scents.
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THE ESSENTIAL OIL COMPOSITION OF PIMPINELLA 
SPECIES
K.H. Kubeczka

University of Hamburg, Dept, of Pharmaceutical Biology,
D-20146 Hamburg, Germany

The genus Pimpinella, belonging to the Apiaceae (Umbelliferae) 
subfamily Apioideae comprises about 150 species, which occur large­
ly in Europe and Asia extending to China. It is a slightly uniform 
genus among the species-rich genera of umbellifers and has no gen­
eric morphological character, which can be found in all of its spe­
cies. Due to the different features which have been employed, the 
limitation of the genus Pimpinella, as well as its infra-generic divi­
sion differ considerably. Considering those difficulties, it seemed 
promising to investigate the essential oils of different Pimpinella 
species and to compare the obtained results with each other and with 
analytical results gained from other species from the Apiaceae. 
Considering the large size of the family, we decided to restrict our 
investigations to the subfamily Apioideae neglecting the other 
subfamilies. Within the Apioideae, we concentrated our attention on 
Pimpinella and related genera.

All the essential oils which have been investigated contain con­
siderable amounts of phenylpropane and sesquiterpene derivatives, 
whereas monoterpenes occur only in small amounts. Most of the 
phenylpropanoids found exhibit the unusual substitution pattern 2,5 
of the aromatic ring, which has not been found elsewhere up till 
now. In addition to these phenylpropanoids, all plants of the genus 
Pimpinella contain trinorsesquiterpenoids. In view of the extremely 
restricted occurrence of these compounds in the plant kingdom, the 
possible taxonomic value of these substances with regard of the 
delimitation of the genus Pimpinella will be discussed.
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AROMATHERAPY - A COMPILATION OF SCIENTIFIC 
FACTS IN FAVOUR OF ITS CORRECT USE

G. Buchbauer
Institute of Pharmaceutical Chemistry, University of Vienna, Centre 
of Pharmacy, Althanstrasse 14, A -1090 Vienna. Austria

In this review a survey of scientific methods in aromatherapy 
research is given. Facts obtained by serious scientific investigations 
are presented in order to stress the fact that aromatherapy has nothing 
to do with holistics, or esoterics, or magics. Data obtained by animal 
experiments as well as by human studies clearly show that fragrance 
compounds behave like pharmaca despite their psychic properties. 
Therefore the apt description of fragrance compounds and essential 
oils (as their mixtures) when used in a therapeutic manner should be 
AROMATHERAPEUTIC3. The influence of chirality of fragrance 
compounds on certain pharmacokinetic parameters is discussed 
likewise.
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RECENT DEVELOPMENTS IN PHYTOCHEMISTRY 
OF BRYOPHYTES
Yoshinori Asakawa*
Faculty of Pharmaceutical Sciences, Tokushima Bunri University, 
Yamashiro-cho, Tokushima 770, Japan:

A number of bryophytes have been used as medicinal 
plants in North America, China and Europe to treat burns, bruises, 
external wounds, etc. Some liverworts contain diuretic, 
antimicrobial, antifungal, and antitumor active substances. Some 
bryophytes show characteristically fragrant odors and intensely hot 
and bitter or saccharine-like taste. Generally, bryophytes are not 
damaged by insects, snails, slugs and other small animals. 
Furthermore, some liverworts cause intense allergenic contact 
dermatitis and allelopathy. We have been interested in these 
Bioactive substances found in bryophytes and have studied about 
800 species of Hepatica with respect to their chemistry, 
pharmacology, and application as sources of cosmetics, and 
medicinal or agricultural drugs. It has been demonstrated that 
most of the Hepaticae contain mainly sesqui- and diterpenoids and 
lipophilic aromatic compounds which constitute the oil bodies. 
The biological activities of liverworts are due to these substances. 
At present more than 300 new compounds have been isolated and 
their structures elucidated. The present lecture shows the structures 
of novel terpenoids and aromatic compounds and their biological 
activity (fragrant odor, pungency, antimicrobial, antifungal, 
antifeedant, antitumor, anti-HIV-1, piscicidal, molluscicidal, 
cytotoxic, neuritic sprouting, muscle relaxing and 5-lipoxygenase, 
calmodulin, DNA polymelase, cathepsins B and L inhibitory 
activities).
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USE OF ESSENTIAL OILS IN THE FORMULATION OF 
NATURAL FLAVOURS

D. Joulain

Research Division, Robertet S.A., B.P. 100, 06333 Grasse, France 

Outline:

Natural mixtures derived from plants: definition of an essential 
oil. Reglatory aspects: the FEMA/GRAS list in the USA; the case of 
Europe. Processing of essential oils: concentration and fractionation; 
natural isolates from essential oils. Purity assessment of essential oils in 
relation with safety regulations. Authenticity and natural character 
assessment: some analytical considerations. Application of essential oils 
in sweet flavours. The interest of using essential oils as such for 
implementing isolate-based formulations. The potential of essential oils 
in savory and fatty flavour formulations.

y
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SYNESTHESIA

A. Baydar 1 * and T. Me G ee2
1 Givaudan-Roure 19-23 voie des Bans, 95101 Argenteual,

France
2 Givaudan-Roure 1775 Windsor Road, Teaneck N J, 07666

U.S.A.

Although fragrance is something invisible it is strongly felt, 
and has always excited interest and has certain magical power 
assigned to it. In addition to their aromachological aspects, the 
psychological effect of a perfume can help in differentiation of a 
product from its competitors and strengthen its position. A lot of 
work has been done in trying to understand the influence of 
fragrance on behavior and perception. However, the 
understanding of these effects is still in its infancy. At 
Givaudan-Roure, our research program covers synesthesia, odor 
imagery, language, odor classification and sensory mapping. It is 
directed to providing insight for perfumers to help them create 
fragrances that complement or reinforce the concept of the 
product, especially their sensor psychological benefits.

Synesthesia is the interrelationship of the senses. Certain 
people can describe music and numbers in terms of color. It is a 
condition in which a person experiences a sensation in one 
sensory modality and it triggers an involuntary and automatic 
sensation in a different modality. Synesthesia was investigated 
using the Rader and Tellengen test, which classify it into two 
components : experiential and translation. This methodology has 
enabled us to understand the cross modal correspondence 
between vision and olfaction. Data bases of odor-color and 
odor-mood associations have been developed for a large number 
of aroma chemicals. The basic protocol involves subject smelling 
an odor or fragrance and distributing five point across eleven 
mood words and eleven color words, the tests being carried out 
in custom designed sensory psychology booths.
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IDENTIFICATION OF RARE SESQUITERPENE
STRUCTURES IN ESSENTIAL OILS
W. A. König*, C. Fricke, S. Melching, K. Wihstutz
Institut für Organische Chemie, Universität Hamburg

Sesqiterpene derivatives substantiate a major portion and may often 
be responsible for a specific sensoric impression of essential oils. In 
addition, an extraordinary structural variability, caused by 
numerous skeletal rearrangements during biosynthesis, is observed 
for sesquiterpenes. The elucidation of the structure and 
stereochemical properties of unknown sesquiterpenes is therefore a 
great challenge. The detection of a series of structurally related 
sesquiterpenes may also serve to recognize biogenetic correlations. 
The isolation of some novel sesqiterpene constituents from 
essential oils with the rarely found africanane, hrasilane, 
nardosinane and asteriscane skeletens by preparative 
chromatographic methods and their identifcation with modem 
NMR techniques, mass spectrometry, enantioselective gas 
chromatography, and by investigating thermally and acid catalyzed 
rearrangements and microchemical reactions will be demonstrated.
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SOME NOVEL TRICYCLIC SESQUITERPENE SKELETONS 
FROM THE ESSENTIAL OIL OF ECHEVOPS GIGANTEUS

P, Weyerstahl1*, I, Seelmann1, H. MarschaE1 and C. Memit2

1 Technische Universitat Berlin^ D-10623 Berlin, Germany;
2Universit6 de Montpellier I f  F-34095 Montpellier, France

The essential oil from the roots o f Echtnops giganteus var\ lelyi 
from Cameroon contains almost exclusively tricyclic sesquiterpenes 
(77%) with presEphiperfolane, silphiperfolane, isocomane and 
modhephane skeletons^- The main constituents are sEphiperfoi-6-ene 
(1, 27%) and presilphiperfol-7-ene (2? 9%)_ The structures of seven 
new sesquiterpene alcohols were elucidated by detailed NMR 
spectroscopy. Three alcohols with new skeletons -named cameroonan- 
7~ol (3), nopsan-4-ol (4) and echinaa-S-oi (5) were isolated. Two of 
them (3 and 5) contribute decisively to the strong woody, patchouli- 
and amber-like odor of the oil.

C. Menut, G\ Lamaty, P. WeyerstahL, H. Marschaif I. Seelmarun,
P. H. Amvam ZolIo? Flavour Fragr. 12, in press (1997)-
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ANTIFUNGAL PROPERTIES OF ESSENTIAL OIL 
COMPONENTS
Jan C. R. Demyttenaere,* Hendra M. Willemen, M. Del Carmen 
Herrera and Roland Verhé
Department o f Organic Chemistry, Faculty of Agricultural and Applied 
Biological Sciences, Coupure Links 653, B-9000 Gent, Belgium

Although considerable information on the antifungal activity of 
spices and essential oils is available, data about the antimicrobial 
properties of their constituents, especially the terpenes, is very limited.

Previously we described the bioconversion of some terpenes by 
fungi. Nerol, geraniol and citral were completely converted by 
sporulated surface cultures of P* digiiatum to methylheptenone, and 
by A. niger to linalool. Linalool on the other hand was transformed to 
linalool oxides by submerged liquid cultures of A. niger. The
biotransformation of citronellol to isopulegol and a-terpineol, was 
carried out by spomlated surface cultures of A. niger and P. 
digiiatum, but didn’t take place when the organisms were grown as 
submerged liquid cultures. The bioconversion of isoeugenol to vanillin 
by A. niger was also investigated.

In this study, the inhibitory effects of the phenolic compounds 
ferulic acid, eugenol and isoeugenol, the terpenes geraniol, nerol, 
citral, citronellol and linalool and the biotransformation products 
vanillin, 6-methyl-5-hepten-2-one and furanoid linalool oxides towards 
the fungi Aspergillus niger and Pénicillium digitatum were compared. 
It was shown that the terpene alcohol citronellol and the phenolic 
compounds eugenol and isoeugenol were the most inhibitory 
substrates, whereas the products formed through biotransformation by 
the fungi were the least antifungal: high concentrations of
methylheptenone and linalool oxide could be tolerated by the fungi, 
without loss of germination and sporulation capacity. From these 
results, it was postulated that biotransformation of terpenes might be a 
detoxification mechanism of the fungi.
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The Effect of the Essential Oil of Melaleuca alternifolia on 
Escherichia coli.

S.D.Cox, J.L.Markham*, CM.Mann and S.G.Wyllie
Centre for Biostructural and Biomolecular Research, University of
Western Sydney, Hawkesbury, Richmond, 2753, Australia.

The essential oil of Melaleuca alternifolia (tea tree) exhibits broad- 
spectrum antimicrobial activity. We have further investigated this 
activity by examining the effect of tea tree oil on the survival, 
growth rate and physiology of Escherichia coli strain AG100. 
Here we report that tea tree oil-induced cell death is accompanied 
by an inhibition of respiration and the formation of extracellular 
blebs on the cell surface observable in electron micrographs.

Kill rate data indicated that 0.125 % (v/v) tea tree oil 
inhibited glucose-dependent respiration and was lethal to cells in 
the assay conditions used. Below 0.125 %, no inhibition of either 
respiration or the growth rate of cells was detected.

Our results also show that stationary phase cells are more 
tolerant to tea tree oil than cells harvested in logarithmic phase. At
0.25 %, tea tree oil completely reduced cell numbers in suspensions 
from a 5 hour culture within 20 minutes, whereas, cells grown for 
48 hours died more slowly, with complete die-off taking 60 
minutes. Similarly, tea tree oil-induced inhibition of respiration was 
less extensive for stationary phase cells. These findings indicate 
that longer exposure times were required to cause a lethal degree of 
physiological damage to Exoli AG 100 cells in stationary phase.

Overall, the inhibitory effects of tea tree oil on respiration 
and on cell structure, as observed by electron microscopy, in Exoli 
are consistent with a disruption of membrane structure and function 
related to the accumulation of tea tree oil monoterpenes. The 
dose-dependence observed for these effects is most likely a product 
of the rate and extent of partitioning of monoterpenes between the 
aqueous phase of cell suspensions and the hydrophobic regions of 
the cells.
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BIOSYNTHESIS A ND HYDROLYSIS OF
M ONOTERPENE GLYCOSIDES

A riel Ik an ,1 B en-A m i B ravdo ,1 O ded S h o sey o v 1 and  
Raphael Ikan-
d e p a r tm e n t of H orticulture, Faculty of Agriculture, Hebrew 
U niversity, Rehovot; d e p a r tm e n t  of O rganic C hem istry, 
Hebrew University of Jerusalem, Israel.

The objective of this w ork was to study the biosynthesis 
of 14C*m onoterpenol glycosides (geranyl glucoside) in  the 
leaves and the berries of M uscat of xAlexandria. This was 
accom plished by (a) reaction  betw een the enzym e MUGT 
(isolated from the M uscat leaves) and natural geranioi in the 
presence of U D PG -14C and  (b) by reaction of glucosyi 
transferase and 14C-labeled geranioi which was prepared  by 
incubating  the leaves of G eran ium  p lan t in 14C-C02 
containing atm osphere. The other objective was to increase
the yield of [3-gIycosidase (which cleaves the (hglycosidic 
bond of the m onoterpenol glycosides of w ine and increase 
significantly the arom a (free terpenols) of wine. This was 
accomplished by introducing the inducer IPTGic (Isopropyl-
thkvp-glucoside) into the stra in  of Aspergillus niger B-l,
g row n  on b ran  as carbon  source. The enzym e ((3- 
glycosidase) was also capable of hydrolyzing  cyanogenic 
glycosides and thus has the potential of detoxification of 
foods, such as cassava.
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THE BIOSYNTHESIS OF ESSENTIAL OIL COMPONENTS 
IN AROMATIC PLANTS.
E, Lewinsohn.
Aromatic, Medicinal and Spice Crops, Newe-Yafar Research 
Center, Ramat Yishay, 30095, ISRAEL.

The unique fragrant properties of essential oils are determined 
by the chemical structure and relative abundance of their volatile 
components. These volatile compounds belong to several chemical 
groups, such as mono** and sesquiterpenes, phenylpropanoids and 
others. Plants produce and store essential oils in specialized 
anatomical structures, such as oil cells, glands and ducts, and 
possess dedicated enzymatic pathways that biosynthesize the 
essential oil components from metabolic precursors. The presence 
or absence of particular biosynthetic enzymes in a given plant 
tissue, ultimately determines the composition of the essential oils 
produced and stored. A few examples demonstrating the several 
biosynthetic pathways to mono- and sesquiterpenes, phenolic 
compounds and other important essential oil components will be 
explained, and some of their postulated ecological roles will be 
discussed.
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THE BIOSYNTHESIS OF ESSENTIAL OIL COMPONENTS 
IN AROMATIC PLANTS.
E. Lewinsohn.
Aromatic, Medicinal and Spice Crops, Newe-Ya'ar Research 
Center, Ramat Yishay, 30095, ISRAEL.

The unique fragrant properties of essential oils are determined 
by the chemical structure and relative abundance of their volatile 
components. These volatile compounds belong to several chemical 
groups, such as mono- and sesquiterpenes, phenylpropanoids and 
others. Plants produce and store essential oils in specialized 
anatomical structures, such as oil cells, glands and ducts, and 
possess dedicated enzymatic pathways that biosynthesize the 
essential oil components from metabolic precursors. The presence 
or absence of particular biosynthetic enzymes in a given plant 
tissue, ultimately determines the composition of the essential oils 
produced and stored. A few examples demonstrating the several 
biosynthetic pathways to mono- and sesquiterpenes, phenolic 
compounds and other important essential oil components will be 
explained, and some of their postulated ecological roles will be 
discussed.
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SUPERCRITICAL FLUID EXTRACTION OF TERPENE 
HYDROCARBONS FROM CITRUS OILS 
M. Budich, S. Werner, G. Brunner*
Technical University Hamburg-Harburg, 21071 Hamburg, Germany.

The separation of terpene hydrocarbons from citrus oils has been 
studied using supercritical C 02 as solvent. While conventional 
separation processes show disadvantages regarding organic solvent 
residues or high temperatures, supercritical fluid extraction (SFE) 
allows fractionation at moderate temperatures and solvent free 
products. Publications in the field of deterpenation by SFE are mainly 
about vapor-liquid phase equilibrium (VLE) data of pure components 
in supercritical C02 or about separations of model mixtures.
To study the behavior of real multicomponent mixtures orange peel 
oil was used for VLE measurements and multistage countercurrent 
extraction. This method gives the best product quality in a 
continuous mode depending on operating conditions and the height 
of the column. Experiments have been carried out in a pressure range 
from 8 to 13 MPa to observe the two-phase region at 323, 333, and 
343 K. VLE experiments gave loadings of the C 02 phase from 10 to 
100 g extract/kg C 02. To investigate the composition dependency of 
the phase behavior fractionated products from countercurrent 
experiments were also used for VLE measurements. Samples from 
both phases were analysed by GC. To evaluate the separation of 
(mono-)terpenes from oxygenated and other low volatile components 
peaks were assembled to obtain two groups, "terpene1' and "aroma" 
group. The distribution factors of linalool and decanal were also used 
as separation indicators.
The best separation was observed at low temperatures and pressures 
far from the one-phase region of the system. Unfortunately the high 
operating costs at those low loading conditions make the process 
unfavorable from an economical point of view because of very high 
solvent-to-feed ratios. Therefore, higher temperatures and pressures 
resulting in higher loadings allow much lower operating costs. The 
optimal extraction temperature will be limited by the thermal stability 
of the feed material. Regardless of economic evaluations 
deterpenation by means of SFE will give high quality products of the 
desired composition.

22



"The Evolution of a new Generation of Fine
Natural Plant Oils”

Peter F W ilde
BSc., PhD., FRSC., FLS.

Wilde & Co. The Ol-Factory 91 Front Street Sowerby Thirsk UK - Y 07 1JP 
Phone and Fax: +44 (0) 1 845 523 452 
e-mail: wiideandco@compuserve.com

ABSTRACT
Over the past ten years, our successful harnessing of the 
remarkable properties of the solvent 1,1,1,2 - tetrafluoroethane 
and the perfection of economical, industrial scale equipment to 
exploit them, has allowed us to develop over 300 new fine plant
extracts.

Many of these extracts are proving to be of major interest in the
preparation of functional, skin care products, fragrances, flavours 
and phyto-pharmaceuticals.

We initially became well known for our preparation of the first 
English Rose Oil for 250 years (prepared from our own roses 
grown in North Yorkshire, England), but now hundreds of 
freshly harvested herbs and flowers of ail kinds have yielded up 
their precious, fragile natural components without loss of 
"volatiles”, without thermal damage or mutilation with 
customary high vacuum stripping, without the use of hexane or 
alcohol and without damage to the environment.

This extraction technique may still be un-familiar to some and a 
demonstration of both the process (using hand-held equipment) 
and of some of the exquisite oils prepared by it, will be given.

This technology was recently praised as being "....the most 
significant advance in this field for 1000 years....”.
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AUSTRALIAN TEA TREE OIL:
EFFICACY, TOXICITY, IRRITANCY AND STABILITY 

David N. Leach
Australian Tea Tree Oil Research Institute, Southern 
Cross University, Lismore, NSW, Australia 2480

The Australian Tea Tree Oil Research Institute 
(ATTORI) was created in 1996 to provide a focal point for 
coordinated research on all aspects of this commercially 
important oil. An overview of current research into plant 
genetics, product formulation, efficacy in vitro and in vivo and 
clinical trials will be discussed. The use of tea tree oil for 
topical applications is supported by cell-line cytotoxicity 
studies. Of the five cell-lines tested with tea tree oil and 
various pure components, epithelial cells were most robust, 
whilst the liver cells were the most susceptible. Recent results 
from a skin irritancy and sensitivity trial conducted on 151 
panelists revealed an average daily score of 0.1922, thereby 
confirming that tea tree oil is an extremely low irritant when 
applied to the skin, even in neat (100%) concentrations. In 
various formulation bases at concentrations up to 25% the oil 
showed virtually zero irritancy (ranging from 0.0000 0.0060). 
Tea tree oil must be considered a mild allergen as 2% of the 
panelists showed an allergic reaction. Issues surrounding 
production, formulation and stability of low irritancy oil will 
be addressed.
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CHROM ATOGRAPHIC STUDY OF ESSENTIAL OILS 
FROM A R T E M ISIA  SPECIES

G.A.Atazhanova, N.F.Belyaav, S.M.Adekenov 

Institute of Phytochemistry of MS-AS, Karaganda, Kazakhstan

Essential oils of the plants which contain a great range of terpene 
compounds constitute an important group of medicines having 
spasmolitic, sedative, wound-healing, anti-inflammatory activities used 
in medical practice for the treatment of different diseases.

Asteraceae family plants are the richest ether-bearing species, 
especially Artemisia genus. Though a great number of papers regarding 
chemical study of Artemisia have been published, still, their chemical 
composition has not been studied properly.

This paper lists chemical studies of Artemisia essential oils for 
complex usage of medicinal material and development of wasteless 
technology for their processing and also in order to study the chemical 
composition of Artemisia species which are endemic in Central 
Kazakhstan. Four Artemisia species of Absinthium section were the 
subjects of this study: Artemisia glabella, A.radicans, Afilatovii and 
A,austriaca. All species were harvested in Karaganda region of 
Kazakhstan in 1995-96.

Composition and quantitative determination of the oils of four 
Artemisia species were studied by GC
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PACKED COLUMN SFC IN THE ANALYSIS OF 
TERPENOIDS
C. Bicchi*, C. Balbo and P. Rubiolo 
Dipartimento di Scienza e Tecnologia del Farmaco 
via P. Giuria 9-1-10125 Torino (Italy)

Packed column supercritical fluid chromatography (PC-SFC) 
has recently stimulated interest as an alternative to HPLC. This has 
mainly been due to the introduction of variable and programmable 
restrictors, on-line flow rate controllers and high pressure cells for 
UV detectors, which have afforded reliable quali-quantitative 
results* PC-SFC has now sample capacity similar to HPLC, operates 
with the same columns, and in general requires shorter analysis 
times because of the higher theoretical plate number per unit time.

A project aiming to evaluate PC-SFC/UV in the analysis of 
biologically active components in plant extract has been begun. This 
communication aims to focus on the advantages and disadvantages 
of PC-SFC, and the strategy adopted in the authors' laboratory to 
develop new SFC methods are illustrated through some examples 
involving terpenoids related to aromatic plants (monotepemoids, 
sesquiterpene lactones, diterpenoids, triterpenoids, carotenoids and 
related glucosides).
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Control of storage diseases of potato and sprout
INHIBITION BY PLANT VOLATILES.
Ulla Bang
Swedish University of Agricultural Sciences, Dept, of Agric. Res. for 
N. Sweden, Section of PI. ProL, Box 4097, S-904 03 Umeä, Sweden.

Experiments to control storage rots and skin blemishing diseases 
on tubers of potato (Solanum tuberosum L.) by using plant volatiles 
have been carried out during 4 storage seasons. Naturally or 
artificially infected tubers have been kept at + 10°C in an aromatic 
atmosphere obtained from homogenised fresh plant material or from 
essential oils (EO), produced by steam distillation. The treatment 
period has mostly been 2-3 weeks in order to imitate the warmer 
wound-healing period performed after harvest in practise. The 
application dose of volatiles and the start of treatments relative to 
wounding of tubers and the time of the year have been varied. The 
effects on diseases as well as on sprouting ability have been recorded. 
In addition, in Wfroexperiments on agar plates have been carried out 
to study the fungistatic/fungicidal nature of the vapours. Treatment 
doses were then similar to the ones of the in vivo-experiments.

Significant reductions of one or more of the following diseases: 
storage rots, caused by Phoma foveata Foister and Fusarium solani 
van coeruleum (Sacc.) Booth, silver scurf (Helminthosporium solani 
Dun et Mont), skin spot Polyscytalum pustulans (Owen & Wakef.) 
Ellis, and black scurf Rhizoctonia solani Kühn have been achieved 
after treatments of contaminated tubers with volatiles from plants of 
various families such as Liliaceae: garlic (Allium sativum) and onion 
(Allium cepa); Lamiaceae: sage (Salvia officinalis), basil (Ocimum 
basilicum) and spearmint (Mentha spic at a); Apiaceae: caraway 
(Carum carvi). The far best, and consistent, control of most of the 
mentioned fungi, has been obtained by the vapours of garlic. A 
treatment period of 3 weeks has often been sufficient. Better control 
of silver scurf was obtained when volatiles were added immediately 
after harvest, compared with 2 weeks afterwards. Autumn treatment 
of tubers have not had any dramatic effect on the sprouting ability in 
spring, whereas the same aromatic compounds, applied in January and 
onwards, have almost completely inhibited sprouting.
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BIO CONVERSION OF ALKENE PHENOLS FROM 
AROMATIC PLANTS TO NATURAL AROMA COMPOUNDS

Eyal Shimoni1*, Uzi Ravid2 and Yuval Shoham^
^echnion, Faculty of Food Engineering & Biotechnology,
32000 Haifa, Israel
2A.R.O., Newe Ya’ar Research Center, P.CXB. 90000, Haifa, Israel

Natural flavor and fragrance compounds are of great value to the 
food, cosmetics, and medical industries. The price for these natural 
chemicals can be extremely high due to their low concentration in the 
plant material. Many herbs and spices contain relatively high 
concentrations of essential oils that resemble desirable flavor and 
aroma compounds. By using a single or a few enzymatic steps, it is 
possible to convert these essential oils components into natural flavor 
and aroma chemicals. In this work, we describe the microbial 
conversion of alkene phenols from aromatic plants to natural aroma 
compounds.

Using enrichment culture technique, microorganisms were 
isolated based on their ability to degrade specific alkene phenols. 
These microbial strains were capable of growing on ^-anethole, 
estragole, isosaffole or isoeugenol as the sole carbon source. The 
degradation pathway of r-anethole (the major component of anise 
seed, star anise, and sweet fennel oils) was studied by isolation of 
blocked mutants, identification of metabolic intermediates, and 
detection of specific enzymatic activities. Aroma compounds such as 
anisic acid, anisyl alcohol, 4-methoxybenzykmethyl-ketone, and 
anisaldehyde are likely to be metabolic intermediates in the 
degradation pathway of r-anethole. Some of the blocked mutants 
accumulated intermediates in yields that are close to the maximal 
theoretical yields. To the best of our knowledge, the conversion 
efficiencies obtained have never been reported for these essential oil 
components. The results of this research may support further 
development of economical bioconversion processes for the 
production of natural aroma compounds from alkene phenols.

/
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METHYLTRANSFERASES INVOLVED IN THE 
BIOSYNTHESIS OF METHYL-CHAVICOL AND 
METHYL-EUGENOL IN SWEET BASIL.
I. Ziv-Raz2. E. Lewinsohn*1, N. Dudai1, U. Ravid1, E. Putievsky1 and 
Y. Shoham2
1 Aromatic. Medicinal and Spice Crop Unit. Newe Yaar Reserch 
Center, Agricultural Research Organization, P.O. Box 1021, Ramat 
Yishay. 30095, ISRAEL
"Technion - Dept, of Food Engineering and Biotechnology. Haifa, 
32000, ISRAEL

Sweet basil, Ocimum basilicum L., Lamiaceae, is an 
economically important crop. The major components of basil 
essential oils are linalol and methyl-chavicol (estragole). The 
biosynthetic pathway to methyl-chavicol in basil is poorly 
understood. Enzymatic assays using radioactively labeled SAM 
(S- of methyl transferase activity in young leaves (up to 15 mm 
length). Chavicol methyltransferase activity in inflorescences was 
only —20% of that present in young leaves, while mature leaves, 
stalks and flowers had much lower levels (5 to 1%). No 
methyltransferase activity was detected in roots. These results 
indicate that young leaves are the primary site of methybchavicol 
formation in sweet basil.

Different basil varieties differ in their essential oil composition. 
Varieties that their oil contains high levels of methyl-chavicol, also 
display high in vitro methyltransferase activity towards chavicol but 
very little activity towards eugenol. Varieties containing a high 
methyl-eugenol content display high methyltransferase activity 
towards eugenol but are also able to act upon chavicol. One variety 
that contains mostly eugenol in its oil, lacks methyltransferase 
activity, towards eugenol or chavicol. Our results indicate the 
presence of different substrate-specific methyl transferases in basil 
varieties, that might partially explain the differences in their essential 
oil composition.
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P 1

COM POSITION OF THE ESSENTIAL OILS OF 
AC  I NOS  M ILLER SPECIES IN TURKEY

A.Kaya1*, K.H.CBa^er1, F.Koca2, B.Demirci1

Medicinal and Aromatic Plant and Drug Research Centre (TEAM), 
Anadolu University, 26470 Eski§ehir, TURKEY 
2Anadolu University, Faculty of Pharmacy, Pharmaceutical Botany, 
26470 Eski§ehir, TURKEY

The genus Act nos Miller (Lamiaceae) is represented by 5 
species in the Flora of Turkey. Two subspecies of A. troodi being 
endemic, as follows:
L Acinos troodi (Post) Leblebici subsp. vardaranus Leblebici
2. Acinos troodi (Post) Leblebici subsp. grandiflorus Hartvig & Strid
3. Acinos alpinus (L.) Moench
4. Acinos suaveolens (Sm.) G. Don fil
5. Acinos arvensis (Lam.) Dandy
6. Acinos rotundifolius Pers.

Essential oils from aerial parts of Acinos species were obtained 
by hydrodistillation. The essential oils were analysed by a GC/MS 
system. Main components were determined as follows:

Germacrene D and hexadecanoic acid for A.troodi, A. alpinus, 
A. arvensis and A. rotundifolius; pulegone and isomenthone for A. 
suaveolens .

The results have shown that A, suaveolens is a distinct species 
among the others in that it has the richest oil content and the oil 
contains considerable amounts of pulegone and isomenthone. The 
compositions of the essential oils of A. alpinus and A. rotundifolius 
are of a complex nature.
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THE ESSENTIAL OILS OF LEPECHINIA BULLATA (BRIQ«> 
EPL. (LAMiACEAE) FROM VENEZUELA 
Maren Dorothea Eggers, Elisabeth Stahl-Biskup 
University of Hamburg, Institute of Pharmaceutical Biology, 
Bundesstrasse 43, D-20146 Hamburg, Germany

Lepechinia buUata (Briq.) Epf (Lamiaceae) is a shrub or even 
a small tree with a foliage similar to Salvia. The species is endemic in 
the Andean cordillera of Venezuela and Columbia and inhabits the 
relatively moist upper Andean forest and subparamo from 1700 to 
3900 m (1). The common plant name „Salvia negra“ indicates its use 
similiar to sage in traditional medicine (2).
40 samples were collected from different sites in Merida (Edo.) 
(Venezuela) during the flowering. The essential oil was obtained by 
hydrodistillation of the air-dried leaves with a yield of approximately
I %.
GC and GC-MS proved the oils to consist of monoterpene hydro­
carbons (0.3 - 50.6%; mainly a,j3-pinene, camphene, limonene, (3- 
phellandrene), oxygenated monoterpenes (0.1 - 10.1%, borneol, 
bornyl acetate), sesquiterpene hydrocarbons (23.2 - 84 1%; p-caryop- 
hyllene, a-farnesenes, eremophilene) and oxygenated sesquiterpenes 
(2.4 - 40.1%; palustrol, ledol, viridiflorol, spathulenol, T-cadinol). 
Two groups of plants can be distinguished. One group with a high 
level of monoterpene hydrocarbons and another group with a very 
low level. In addition the variability of the sesquiterpene alcohols 
indicates a considerably high chemical polymorphism of Lepechinia 
bullata.
(1) J. A. Hart: Peripheral isolation and the origin of diversity in 

Lepechinia sect. Parviflorae, Syst. Bot. J_0, 134-146 (1985)
(2) H. G. Barriga: Flora Medicinal de Colombia, Tomo III, 

pp 17, Tercer Mundo, Bogota (1992)
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CHEMICAL COMPOSITION OF TOE ESSENTIAL OILS 
OF SOME MEXTHA SPP., FROM IRA'S

RETAKE, M.B,(*); BARÀZAXDEH, M.M. ; JAIMAND, K. & 
JAMZA I), Z.

Research Institute of Forests & Rangelands, P.O. Box 13185-1 16. 
TEHRAN. IRAN.

The volatile constituents of M entha aquatica (LX Mentha  
puiegtum  (L.) and M entha X  pipe rat a were isolated by steam 
distillation using a KAISER & W. LANG apparatus and analyzed 
by GC and GC "MS. GC analyses were carried out using a 
Shimadzu GC-9A chromatograph provided with flame ionization 
detector (FTDX and cliromatopac C-R3A as data processor, 
separation was earned out on two different polarity columns (Dli- 
I & DB-wax. each one 60m x 0.25 mm, film thick. 0.25 micron). 
Composition calculated by area normalization method neglecting 
response factors. GC MS analyses were carried out on a Saturn II 
model Varian with 70 cv ionization energy on column DB-1 
temp, program mode the same as GC analyses. The major 
constituent was menthofuran (52.6% in M. aquaitca and 44% in 
M. X  pipe rata) and for M. pulegium  was pulegone (with 66.5%). 
Chromatograms and tables of compositions (including name of 
compound, its kovais retention indices and percentage) will be 
presented.

34



E F F E C T OF D IF F E R E N T PLAN TIN G  TIM ES ON  
E SSE N TIA L  OIL COM PONENTS O F D IF F E R E N T  

M IN T  (Mentha spp.) VARIETIES.

A. Ozel1 and M. Ozguven2

^Harran University Faculty of Agriculture, §anhurfa ,Turkey 
^Cukurova University Faculty o f Agriculture, Adana ,Turkey

This study was conducted to determine the effect of 
different planting times on essential oil components of 
different mint varieties (Mentha arvensis var. piperascens, 
M  piperita Mitcham, M. piperita Eski§ehir and M. piperita 
Prilubskaja). The field trials have been carried out at GAP 
Agricultural Research Station of £ukurova University 
Agriculture Faculty in Harran Plain condition in years of 
1993 and 1994. a-Pinen, (3-Pinen, 1,8-Cineol, Menthon, 
Menthofuran, Menthol, Pulegon, Mcnthylacetat and p- 
Caryophyllen were determined in essential oil of mint. 
Essential oil components were effected by planting times and 
mint varieties. Autumn transplants showed higher menthol's 
ratio than plants transplanted in spring and was appeared on 
M. arvensis var. piperascens mint variety.
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Evaluation of single plant descendants of Origanum vulgare ssp.

J. Novak, M. Marn and Ch. Franz

Institute of Applied Botanv, University of Veterinary Medicine, Josef-Baumann- 
Gassel, 1210 Wien, Austria

Plants descending from open pollinated single plants o f 5 different 
populations of O riganum  vu lgare  ssp., planted in 1995 in Groftenzersdorf, 
Austria, have been analysed in 1996.

Besides a huge variability in morphological traits like e.g. plant height 
{from 20 to 87cm) and the colours of different flower parts, also a huge 
variability in oil content and composition could be observed not only 
between but also within the offsprings.

The average content of essential oils was 1,24% with one offspring only 
containing 0,64%. Regarding the oil components 33 components could be 
identified allowing a classification in 6 different chemotypes:

no. of plants per population
chemotype pop 1 pop 2 pop 3 pop 4 pop 5
carvacrol - 5 8 1 5
thymol 2 13 10 2 -

y-terpinen 10 1 5 - -

linalool - 1 3 1 4
cis-sabinene hydrate - 2 1 3 -

mainly sesquiterpenes 10 - 3 3 -

Furthermore, 8,5% of the plants were male sterile and several partial male 
sterile confirming once more the frequent occurrence of male sterility in 
Lamiaceae,

/
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THE ESSENTIAL OILS OF T H Y M U S  SPECIES GROWING 
THRACE

G. Tumen\ K.H.C. Ba$er\ M. Kurk9uoglu2 and T. Ozek2

1 Faculty of Education, Department of Biology, Bahkesir University, 10100, 
Balikesir, Turkey
2 Medicinal and Aromatic Plant and Drug Research Centre (TBAM), Anadolu 
University, 26470, Eski$chir, Turkey

Thrace is the name given to the European part of Turkey. 
Although the area covered by Thrace is only three percent of Turkey, 
it has a very rich flora. Eight out of sixty seven taxa of the genus 
Thymus recorded in Turkey grow in Thrace.

Essential oils from aerial parts of the following Thymus taxa 
have been analyzed by GC/MS,

1\ attlcus Celak.
T. aznavourii Velen.
T> comptus Friv.
T. longicaulis C. Pres! ssp. chaubardii (Boiss. et Ffeldr. ex Reichb. 
fil.) Jalas var. chaubardii,
T. longicaulis C. Presl ssp. longicaulis var. subisophyllus (Borbas) 
Jalas
72 sibthorpii Bentham,
72 striatus Vahl var. interruptus Jalas
T. zygioides Griseb. var. zygioides
72 zygioides Griseb. var. lycaonicus (Celak.) Ronniger
References

1. Davis, P.H., Flora of Turkey and the East Aegean Islands, Vo!. 7, pp 349-382, 
Edinburg University Press, Edinburg (1982).
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EFFECTS OF SOME FACTORS ON QUANTITY AND 
QUALITY OF THYME ESSENTIAL OIL

R.Omidbaigi1, Z.Bashiri2, A.Massoudi3

'Tarbiat Modarros University and Head of the Agric. Dept, of Zarband Co.Ltd. 
Tehran, Iran
Iranian Research Organization for Science and Technology and R&D Dept. Director 
of Zarband Co. Ltd. Tehran, Iran
3DepL of R&D, Kaf S.A (Darugar), Tehran 13998, Iran

The environmental factors have significant effect on the quantity 
an quality of plants containing essential oil. In this investigation, we 
have studied the effect of N-fertilizer and harvesting time on the 
essential oil and thymol content of Thymus vulgaris L. cultivated in 
Tehran.

Optimized conditions were:

1- 100 kg nitrogen per hectar

2- Harvesting at the fruit formation stage in July

The detail of the study will be mentioned in the paper.
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MULTIVARIATE STATISTICAL ANALYSIS OF ESSENTIAL 
OIL DATA OF THYMUS PRAECOX SSP. ARCTICUS AND 
THYMUS PULEGIOIDES FROM THE SOUTH OF ENGL AND.
A. Schmidt and E. Stahl-Biskup
University of Hamburg, Institute of Pharmaceutical Biology, 
Bundesstrasse 43, D-20146 Hamburg, Germany

Continuing our research in the field of chemical polymorphism in 
the genus Thymus, studies in the South of England were undertaken. 
There two species occur, namely Thymus praecox (OPIZ) ssp. 
arcticus (E. DURAND) JALAS (syn. Thymus drucei RONN ) and 
Thymus pulegioides L.. 388 individual plants were collected at 45 
different sampling sites. 85 of these samples belong to Thymus 
pulegioides and 303 to Thymus praecox ssp. arcticus. The essential 
oils were obtained from air-dried material of individual plants by 
hydrodistillation. The composition of the oils was determined on the 
basis of GC results. The essential oil data of Thymus praecox ssp. 
arcticus was statistically analysed using factor analysis, cluster 
analysis, and discriminant analysis Thymus pulegioides couldn’t be 
examined by multivariate statistical analysis because there were too 
few cases in comparison to the number of variables. Though 5 
chemotypes could be separated with the main components linalool, 
thymol, thymol/linalool, carvacrol resp. geraniol/geranial. These 
results were similar to those obtained in other European countries In 
contrast Thymus praecox ssp. arcticus proved to be strongly 
chemically polymorph. On a high level 4 clusters could be found, but 
depending on the method used 11 to 20 clusters were visible The 
duster characterising components were; y-terpinene, trans-sabinene 
hydrate, linalool, linalyl acetate, a-terpinyl acetate, a-terpineol, 
geranyl acetate, geraniol, geranial, trans-nerolidol, germacra-l(10),4- 
dien-6-ol, hedycaryol, t-cadinol, thymol, a-cadinol, germacra- 
1{ I0),5~dien-4-ol, trans,trans-farnesol, one unknown component and 
combinations of these components. The differences between the 
various North European populations will be discussed.
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COMPOSITION OF THE ESSENTIAL OIL OF ZATARI A 
MULTIFLORA BOISS.

K.H.C. Ba§er, N. Azcan and M. Kiirk^uoglu

Medicinal and Aromatic Plant and Drug Research Centre (TBAM), Anadoln 
University, 26470, Hski$chir, Turkey

GC and GC/MS analysis were carried out on the commercial 
oil of Zataria multiflora Boiss. (Lamiaccac) Iranian origin.

30 components were identified representing 97.71% of the 
total oil. Thymol (37.57%), carvacrol (21.19%), p-cymcnc (8.96%), y- 
terpinene (7.52%), cx-pinene (4.79%) were found as the major 
components.
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RESEARCHES ON YIELD, ESSENTIAL OIL AND 
ESSENTIAL OIL COMPOSITION OF SAGE {SALVÎA  
O F F IC IN A LIS  L.) LINES

B.Gurbuz, A.Bayrak, N.Arslan and A.Gumu§gii

University of Ankara, Faculty of Agriculture, Field Crops Dep. Ankara

Four cultivated sage lines selected according to flower color and 
leaf shape were used in this study. PercentAge of essential oils and their
compositions were determined as follows:

Oil yields: Fresh herb (0.50-0.55%), Dried herb (1.30-1,60%)

Main components: a-thujone, p-thujone, 1,8-cineoie, bomeol and

a-humulene
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THE ESSENTIAL OILS OF TWO ENDEMIC 
SPECIES : S. P1SIDICA AND S. POTENTILLIFOLIA

K.H.C. Ba§er \  H.Duman2, A.Altinta$' and M. Kiirksiioglu1

Medicinal and Aromatic Plant and Drug Research Centre (TBAM), Anadolu 
University, 26470, Eski§chir, Turkey

Faculty of Science and Letters, Department of Biology, Gazi University, 06330 
Ankara, Turkey

The genus Salvia is represented in Turkey by more than 80 
species of which 50 % are endemic.

Water distilled essential oils from aerial parts of two endemic 
Salvia species, 5. potentillifolia Boiss. et Heldr. ex Bentham and S. 
pisidica Boiss. et Heldr. ex Bentham have been analyzed by GC/MS.
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THE ESSENTIAL OIL COMPOSITION OF SALVIA  

PECIES

F,Sefidkon, L.Ahmadi and M.Mirza

Research institute of Forests and Rangelands, Tehran, Iran

The composition of the essential oil from the aerial parts of six 
Salvia species growing wild in Iran were investigated by GC and 
GC/MS.

The main components of these volatile oils were as follows:

Salvia verticillata ß-caryophyllene (24.7%)
y-mu urolene (22.8%)
limonene (8.9%)

Salvia santolinifolia a-pinene (70.7%)
ß-pinene (14.8%)
limonene (4.5%)

Salvia officinalis ß-pinene (16%)
borneol (9.4%)
globulo! (9.3%)

Salvia nemorosa ß-caryophylene (44%)
germacrene B (26.4%)
caryophyllene oxide (6.6%)

Salvia hypoleuca ß-caryophyllene (45%)
ß-pinene (11%)
germacrene D (10%)

Salvia reuterana ocimene (39.6)
gurjunene (12.5%)
germacrene D (10.7%)
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COMPOSITION OF ESSENTIAL OILS FROM THREE 
NEW SIDERITISSPEC IES

N. Kinmer1, H.Duman2, N. Tabanca1 and K.H.C. Ba§er'

1
Medicinal and Aromatic Plant and Drug Research Centre (TEAM), Anadolu

University, 26470, Eski§ehir, Turkey
2

Faculty of Science and Letters, Department of Biology, Gazi University, 06330 
Ankara, Turkey

The genus Sideritis (Lamiaceae) is represented by 40 species in 
the Flora of Turkey (1, 2). During recent field studies, five Sideritis 
species have been characterized and recorded as new species, 
increasing the number to 45. Four of them are new for science (3,4).

We report on the essential oil compositions of these species: 
Sideritis vuralii, S. caesarea and S. akmanii. The water distilled oils 
were analyzed by GC/MS. Main compounds characterized in each oil 
were as follow:
Sideritis vuralii Duman et Ba§er: p-pinene (35%), p-phellandrene 
(14%)
S. caesarea Duman, Aytag et Ba§er: p-caryophyllene (8%),
caryophyllene oxide (7%)
S . akmanii Z.Aytag, M.Ekici et A.Donmez: or -curcumene (17%), 
spathulenol (15%)

References:
L P.H.Davis, Flora of Turkey and the East Aegean Islands. Vol 7, p 178- 199, 
University Press, Edinburgh (1972)
2. P.H.Davis, Flora of Turkey and the East Aegean Islands. Vol 10, p 203, 
University Press, Edinburgh (1988)
3. H.Duman,, Z.Ayta$, M.Ekici, F.A. Karaveliogullan and A.Donmez, Three New 
Species (Labiatae) from Turkey, Flora Mediterranca 5, p 22L228 (1995),
4. H.Duman, K.H.C.Ba$er and Z.Aytag, Two New Species and a New Variety 
(Labiatae) from Turkey, Tr.Doga, Journal of Botany (In press).
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ESSENTIAL OILS OF ANNUAL SIDERITIS SPECIES 

GROWING IN TURKEY

N. Kinmer1, N.Tabanca1, T. Òzek1, G.Tumen2 and K.H.C Ra$erl

1 Medicinal and Aromatic Plant and Drug Research Centre (TBAM), Anadolu 
University, 26470, Eski§ehir, Turkey
2 Faculty of Education, Department of Biology, Balikesir University, 10100 
Balikesir, Turkey

Annual Sideritis species are represented in Anatolia by four 
species and altogether five taxa. These are Sideritis lanata, 5, romana 
subsp. romana, S. curvidens, S. montana subsp. montana and 5. 
montana subsp. remota . Essential oils from aerial parts of these 
species obtained by hydrodistillation were analysed by GC/MS. Main 
compounds of these essential oils were as follow:

Sideritis lanata L. : hexadecanoic acid (10%), spathulenol (9%)

S, romana L. subsp. romana : thymol (24%), i-octen-3-o! (12%)

S. curvidens Stapf : bicyclogermacrene (20%), spathulenol (12%)

5. montana L. subsp. m o n ta n a  : germacrene D (25%), 
bicyclogermacrene (11%)

5. montana L. subsp. remota (d* Urv.)P.W. Ball ex Heywood: 
bicylogermacrene (13%), germacrene D (10%).

References:

1. P.H.Davis, Flora of Turkey and the East Aegean Islands. Vol 7, p 178- 199, 
University Press, Edinburgh (1972).
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ESSENTIAL OILS OF FOUR LARIATAE HERBS 
GROWING WILD IN TURKEY

A.Akgiil1, M.Ozcan1, F.Chialva2 and F.Monguzzi2

1Depariment of Food Science and Technology, Faculty of Agriculture, Sel^uk 
University, 42031 Konya, Turkey
2Centro Studi Maria Branca, Via E. Porro 1,20158 Milano, Italy

The essential oils obtained by hydro distillation of four Labiatae 
herbs, namely Salvia cryptantha Montbr. et Auch., Satureja cuneifolia 
Ten., Thymbra spicata L. and Thymus cilicicus Boiss. et Bal. growing 
wild in Central Anatolian provinces of Turkey, were analysed by GC an 
GC/MS. Fifty-six, thirty-five, thirty-three and thirty-eight compounds 
were identified of which major ones were camphor (18.05%), 1,8- 
cineole (17.79%) and bornyl acetate (11.35%); thymol (65.54%, p- 
cymene (9.84%) and carvacrol (7.23%); p-cymene (22.98%), y- 
terpinene (21,37%), carvacrol (21.14%) and thymol (11.77%); a- 
terpineol (16.42%), camphor (9.66%), sesquiterpene alcohol (8.79%) 
and 1,8-cineole (7.78%), respectively.
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Morphological and phytochemical characterization 
of Teucriumlucidum L. and L.

O. Servettaz * Dipartimento di Biologia - Sez. Botanica Generate, Via Celoria 26, 
20133 Milano Italy
L. Bini Maleci - Dipartimemo di Biologia Vegetate, Via La Pira 4, 50121 
Firenze, Italy
A. Pinctti - Dipartimento di Chimica, Via dei Campi 183, 41100 Modena, Italy.

Teucrium lucidum L., an endemit from Maritimes Alps, belongs to 

the Sect. Chamaedrys, being rather similar to I  chamaedrys L. 

itself However, owing possibly to the very small area of distribution, 

the former taxon had been scarcely studied. In this work we have 

compared both micromorphological and phytochemical (volatile 

compounds) characters of T. lucidum and T, chamaedrys growing in 

the same site. In both species glandular (peltate and capitate types) 

and non glandular trichomes are present, but in T. lucidum non 

glandular trichomes are scarce and short. In T. chamaedrys non 

glandular trichomes are numerous and long so that the whole plant 

appears nearly hairy. Therefore the two taxa are well distinguishable 

relying on the macro- and micromorphological characters.

The composition of essential oils, already known for 1\ chamaedrys 

because of its use in etnomedicine, do not differ notably. Particularly 

interesting is, in both taxa, the presence of two cycloeptenones, 

unusual compounds in essential oils.
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CHEM ICAL ANALYSES OF IRANIAN AND FRENCH 
ESSENTIAL OILS OF L A V A N D U L A  BY CAPILLARY 
GAS CHROMATOGRAPHY METHOD

M.M.Barazandeh

Research Institute of Forests and Rangelands, Tehran, Iran

The essential oils were prepared by steam distillation* A 
Shimadzu GC-9A with chromatopac C-R3A as data processor and FID 
as detector were used.

Relative percentAges were calculated by area normalization 
method neglecting response factors* Identification was carried out by 
coinjection of standards, using their kovats retention indices and also 
BY comparison with known chromatograms.

Two columns with different polarities (DB-WAX and DB-1; 
each one 60 m. length, 0.25 mm. ID, 0.25 micron film thick.) were 
used for confirmation of the results.

Linear temperature programming modes were used.

NINETEEN compounds were identified in each essential oil 
among them linalool was the major one (39.5% in French and 38.9% in 
Iranian oils, respectively).

Four chromatograms (two for each essential oil) and two tables 
of compositions (including name of compound, its kovats indices and 
percentage) will be presented.
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SECOND COLUMN CONFIRMATION AS A POWERFUL 
METHOD FOR QUALITATIVE/QUANTITATIVE 
ANALYSES OF ESSENTIAL OILS

M.M.Barazandeh

Research Institute of Forests and Rangelands, Tehran, Iran

Essential oils are constituted of various natural organic 
compounds with different molecular structures and many functional 
groups (such as hydrocarbons, aldehydes, ketones, esters, oxides, 
phenolic ethers) some of them are polar and others are nonpolar 
compounds.

In general, mass spectra (MS) and Kovats retention indices (RI) 
are used for identification of compounds which sire separated by 
capillary gas chromatography. References show identity of Kovats 
retention indices for some pairs of compounds on nonpolar columns 
and identity of some other pairs of compounds on polar columns.

In this method we used two columns of different polarities (DB- 
1, Dimethylsiloxane 100% methyl and DB-WAX, polyethyleneglycol 
each one 60 mxO.25 mm, 0.25 micron film thick.).

Kovats retention indices calculated using basic Kovats equation 
and also from a third order equation as the following:

I=A+Bt(r)+Ct(r)A2+Dt(r)A3 (*) 
where, I- Kovats index t(r)= retention time

A,B,C,D= constants
Softwares written separately for each column for calculating 

Kovats from basic equation and determining constants in eq. (*)
Results showing good resolution of some compounds (for 

example trans-ocimene and y-terpinene) on DBM and good resolution of 
some other compounds (for example, limonene and 1,8-cineole) on DB- 
WAX.

So in essential oil analyses it will be necessary using two 
columns of different polarities simultaneously to obtain desired 
resolution.
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RELATION BETWEEN LINALOL CONTENT AND 
FRAGRANCE OF DIFFERENT ESSENTIAL OILS 
M.Palfi-Ledniczky1 \  E.Hethelyi2 and KJJjszaszy3
1 AROMAX Ltd., Budapest, Hungary
2 Caola Cosmetics and Householding Chemicals Ltd., Budapest, 

Hungary
3 Eotvos University, Faculty o f Sciences, Budapest, Hungary

The high or substantial concentration o f linalol of essential oils 
contributes to the antiseptic, antiviral properties, as well as uplifting 
effect, however their fragrances are differring, as it will be presented 
by special fragrance-samples. The correlation between linalol 
concentration and retention time, as well as relative retention time 
differences has been studied by GC analysis.

The GC retention times o f linalol o f linalol standards, levant 
wormseed (Artemisia maritimd) and lemon-scented mint (Mentha 
citratd) oils (linalol content; 90-95%) have shifted, depending on the 
linalol quantity. This shifting range of retention times - 0,17 minute 
- has been reduced in case o f determination o f relative retention 
times onto 0,02 minute (internal standard was artemisia ketone as 
the main component o f tansy oil (Tanacetum vulgare in 85%). The 
retention time o f linalol constituent o f other essential oils such as 
coriander (Coriandrum sativum - 75%), basil (Ocimun basiiicum - 
65%), bergamot (Citrus bergamia - 20-27 %), lavender {Lavandula 
officinalis - 34-41%), petitgrain (Citrus aurantium var. amara - 16̂  
24%) and clary sage (Salvia sclarea - 30-55%) have shown much 
less shifting range in retention times since the less amount o f linalol.

It might be concluded, that the difference in retention time of 
linalol or any other component o f essential oils could be a result o f 
much or less quantity. In support o f retention time shifting relative 
retention times should be determined before it would be supposed to 
discover another chemical structure, eventually an optical isomer, 
than it was expected.
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ESSENTIAL OIL COM POSITION AT DIFFERENT BASIL 
(O C I M U M  B A S I L ! C U M  L.) ORIGINS FROM 
MEDITERRANEAN REGION

§.Nacari and S. Tansi2

]Sutgu imam University Faculty of Science, K.Mara§, Turkey 
2£ukurova University Faculty of Agriculture, Adana, Turkey

Ocimurn basilicum L. has a pleasent aromatic odour and many 
subspecies, varieties and chemotypes. The chemical composition of it’s 
essential oil changes widely depending on the origin of the plant 
material This study was conducted to determine the effect of different 
harvesting times on essential oil yields and components of basils from 
different localities of the Mediterranean Region, Plant materials were 
collected from K.Mara§, Adana and Hatay. During the experimental 
year, three harvests (June, August, September respectively) were done 
at full flowering period. The essential oil components were analysed by 
GC and GC/MS. Ratio of essential oil and components showed wide 
differences depending on origins and harvesting times. The highest 
essential oil ratio 37% and yields (3.09 1/da) in fresh flowers were 
obtained from Hatay basil and from the second harvest. Increase of 
temperature in the region enhanced the essential oil yield of basil 1,8- 
cineole, linalool, methyl eugenol and methyl cinnamate were determined 
as the main components in essential oils. Although Adana, K.Mara§ and 
Hatay basils had linalool + methyl cinnamate as the main components in 
all harvest, two oil samples from Hatay basil contained high amounts of 
1,8-cineole (30-38%) in the first harvest.
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COMPOSITION OF THE ESSENTIAL OIL OF THREE 
O C IM U M  SPECIES FROM S. TOMÉ AND PRINCIPE

A. P. Martins*, L. Salgueiro*, R. Vila ,̂ F. Tomi*, S Canigueral̂ , J. 
Casanova-*, A. Proenca da Cunha* and T. Adzet^

*Lab. de Farmacognosia, Fac. de Farmacia, Universidade de Coimbra, R. do 
Norte. 3000 Coimbra, Portugal,
2Unitat de Farmacologia i Farmacognòsia, Fac. de Farmacia, Universität de 
Barcelona Av. Diagonal, 643. E - 08028 Barcelona, Spain.
3Equipe Chimie et Biomasse. CRES-URA CNRS 2053. Route des 
Sanguinaires, 20000 Ajaccio, France.

The aim of the present paper is to present some of the results 
already achieved in the study of the essential oil of three species of 
Ocimum  from the medicinal aromatic flora of S. Tome and 
Principe. This genus is widely used for the preparation of remedies 
in African traditional medicine In S. Tome the most representative 
species are Ocim um gratissim um  L., Ocimum canum L. and 
Ocimum minimum  L. All of them are used as febrifuge, for the 
treatment of respiratory diseases (colds and sinusitis), as well as 
food flavours.
The essential oils o f these plants were obtained by hydrodestillation 
of the aerial parts. They were analysed by GC and GC-MS, using 
two fused silica capillary columns of different stationary phases 
(carbowax and methylsilicone). Identification of the compounds 
with a percentage higher than 1% was also performed by 13C- 
NMR. The major compounds in the volatile oil of Ocimum  
gratissim um  were thymol (48.1%) and p-cymene (11.9%). Ocimum  
cam m  essential oil was characterised by its high content of methyl 
cinnamate (80.6%), whereas the most important constituent of 
Ocimum minimum  essential oil was linalool (52.9%).
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COMPOSITION OF THE ESSENTIAL OIL FROM TWIGS 
OF JUNIPERUS NA V1CULARIS GROWN IN PORTUGAL

C. Cavaleiro^, L. Salgueiro^, À. C. Figueiredo^, J. G. Barroso^ and A.
Proenca da Cunha^

*Lab. de Farmacognosia, Fac. de Farmacia, Uni vers idade de Coimbra. R. do 
Norte, 3000 Coimbra, Portugal.
2Depariamente de Biologia Vegetal, Fac. de Cièncias, Universidade de 
Lisboa, Campo Grande, Bioco C2, 1780 Lisboa, Portugal.

Continuing our investigations on the genus Juniperus from 
Portugal we now report on the composition of the twig essential 
oils from three populations of Juniperus navicularis Gand 
(Juniperus oxycedrus subsp. tramtagana Franco).
The essential oils were isolated by hidrodistillation (yield 0,37- 
0,66%) and submitted to qualitative and quantitative analysis by 
GC on two columns of different polarities and by GC-MS. The 
identity of the oil components was assigned by comparison of their 
RX, relative to a homologous series of fat acid methyl esters, and 
MS with those of authentic samples.
More than 40 components were identified amounting to 83.8- 
97.3% of the total oils Monoterpene hydrocarbons were the main 
components in the oil of all populations (70.3-90.2%), limonene 
(17.9-33.2%), a-phellandrene (12.3-15.2%) and a-pinene (10.2- 
25.4%) being the major constituents.
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COMPOSITION OF THE ESSENTIAL OIL OF THE FRUIT 
OF A F R A M Q M U M  D A N IE L L I, A PLANT USED USED IN 
TRADITIONAL MEDICINE IN S..TGMÉ AND PRINCIPE

À. P. M artins*, L Saîgueiro*, R. V iîa^  F. Tomi^, S Canigueraî^ 1. 
Casanova A . Proença da Cunha] and T. Adzet^

^Lab. de Farmacognosia, Fac. de Farmada, Universidade de Coimbra. R. do 
Norte, 3000 Coimbra, Portugal.
^Unitat de Farmacologia i Farmacognosia, Fac. de Farmàcia, Universität de 
Barcelona. Av. Diagonal, 643, E - Ö8Q28 Barcelona, Spain.
^Equipe Chimie et Biomasse. CRES-URA CNRS 2053. Route des 
Sanguinaires, 20000 Ajaccio. France.

Continuing our study on the essential oils of the medicinal aromatic 
plants from S.Tomé and Principe we now present the chemical 
composition of the essential oil of the fruit of Aframomum dcmielli
L. It is used by the native population for its medicinal properties 
(for fevers and placenta expulsion) as well as for its edible spicy 
flavour. To our knowledge, this is the first time that the 
composition of the essential oil of this taxon is studied.
The essential oil of this plant was obtained by hydrodistillation of 
the air-dried fruit. It was analysed by GC and GC-MS using two 
fused silica capillary columns of different stationary phases 
(carbowax and methylsilicone). Identification of the compounds 
with a percentage higher than 1% was also performed by C- 
NMR.
The volatile oil was characterised by its high content of oxygenated 
monoterpenes and monoterpene hydrocarbons, being 1,8-cineol 
(37%), a-terpineol (11.9%) and ß-pinene (13.9%) the most 
important ones.
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m  VITRO  SELECTION FOR SALT TOLERANCE OF 
ROSEMARY {R osm arinus o fficin a lis L.)

Azza A. Tawfik
Department of Horticulture, College of Agriculture,

Assiut University, Assiut 71526, Egypt

Leaf segments of rosemary plants were cultured on callus 
induction medium (CIM) supplemented with 0, 1000, 3000, 
5000, 7000 ppm of salt in a form of NaCl and CaCl2 at ratio of 
1:1 (w/w). The induced calli were cultured on regeneration
medium (RM) containing the same levels of salt. Salt levels 
significantly affected the callus induction and its texture. Shoot 
number decreased by increasing the salt levels. Shoots formed 
roots in a medium supplemented with indole-3-butyric acid 
(IBA). Similarly in both the regenerated plants under salinity 
stress and mother plants, ten monoterpenes were identified in the 
essential oil extracts.
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Influence of Pfiytofiormones on Essential Oil composition of 
regenerated plants of M elissa officinalis

Gerald Binder, Ahmed A. Abou-Mandour, Franz-C. Czygan

Department of Pharmaceutical Biology, University of Würzburg 
Mittlerer Dallenbergweg 64, 97082 Würzburg

From callus cultures regenerated plants of lemon balm {Melissa 
officinalis, L.» Lamiaceae) have been cultivated under in-vitro- 
conditions (1). Thereby the growth of genetically uniform plant 
material was made secure under controlled conditions.
The effect of different phytohormones in various concentrations and 
combinations was studied on essential oil accumulation. For example 
some cytokinins cause a significant change of the composition of the 
essential leave oil (2). Alloaromadendren, a sesquiterpenhydrocarbon 
and trace component in regenerated control plants, accumulates up to 
10% of the total amount of the essential oil. Important changes in 
monoterpene constitution can be established, too. So with proper 
phytohormones a new and unusual type of essential oil can be 
induced (alloaromadendren-type).
Some extremely volatile components have been detected in 
regenerated plants of M elissa officinalis for the first time, by the 
application of headspace-extraction with "tenax-trapping" instead of 
water steam distillation.

(1) A. A. Abou-Mandour, T. van den Berg, F.-C. Czygan: Angew. 
Bot. 68, 163-167(1994)

(2) G. Binder, T. van den Berg, A. A. Abou-Mandour, F.-C. Czygan: 
Angew. Bot. 70, 181-184 (1996)
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Phvtohormones and processes o f the second metabolism of
V IL

peppermint and moldavian dragonhead 
Kurapov P.B.. Shain S.S.*, Dmitriev L.B.
Moscow Timiryzev Agricultural Academy, 

^Research Institute of Aromatic and Medicinal Plant,
Moscow, Russia

The actions of exogenous plant growth regulators 
(mixture o f gibberellins, chlorocholine chloride. 2- 
chloroethvlphosphonic acid) on the balance of endogenous 
plant hormones (abscisic acid, 3-indolylacetic acid, zeatin. 
zeatinriboside and gibberellinsT contents and composition

O  •- * A

of essential oils in five varities of peppermint (M enta 
piperita L.) and moldavian dragonhead (Dracocephalum 
moldavica L.) were investigated.

The treatment of aromatic plants as well the mixture 
of gibberellins as retardants blocked uo biosynthesis of

W- i  **

endogenous gibberellins. increased yieid o f essential oils, 
stimulated menthol formation (mint) and (or) increased 
the level o f abscisic acid (mint, dragonhead).

Type and direction of biosynthesis o f plant hormones 
and essential oil compounds are determined by the ability 
of genotype reaction, variety and species of aromatic 
plants.
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The hormonal regulation of the productivity of sklerocies spurred in 

biothechnological system fungus-plant.

Kurapov P.B.? *Shain S.S., Skorobogatova LV.

Moscow Timnyzev Agricultural Academy, Russia 

^Research Institute of Aromatic and Medicinal Plant, Moscow,

The influence of endogenous gibberellines and gametocydes 

on IV-V stage of organogenesis tall rye have led to increasing of crop 

capacity of sklerocies spurred and rising of contents ergoalkaloids 

(five times as much) in them. The gametocydes promoted the 

activisation of sfaciales stades fungus development of 

konidiogenesis. Gibberellins ingibit konidiogenesis and promote the 

acceleration of the approach of sklerociesal stage. This stage is a 

responsible for accumulation of ergoalkaloids in spurred. Exogenous 

gibberellins are induced the increasing of the levels of endogenous 

cytokinins and IAA in rye spikes and sklerocies spurred 

developmenting on them.

/
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COMPOSITION OF THE ESSENTIAL OIL OF THREE 
AROMATIC SPECIES FROM IRAN

P.Babakhanloo and L.Ahmadi

Research Institute of Forests and Rangelands, Tehran-Iran

The essential oils of Heracleum persicum Desf. (dried leaf), 
Bunium persicum Boiss (seed) and Stachys lavandulifolia Vahl. 
(flower) have been analyzed by GC and GC/MS.

The oils were dominated respectively by trans-anethol (61%), p- 
pinene (7%) and trans-ociniene (4.7%) for Heraclewn persicum. The 
components in the essential oil of Bunium persicum were y-terpinene 
(40.2%), cuminyl aldehyde (13.8%) and terpinen-7-al (10.5%). 
Myncene (20%) a-pinene (18%) and y-muurolene (13%) were main 
constituents in the essential oil of Stachys lavandulifolia.
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SOME ESSENTIAL OIL PLANTS IN TURKEY

M.Sanba§ and A.Allahverdiyev

Zonguldak Karaclmas University, Faculty of Forestry, 74100 Bartin, Turkey

In the present study we determined the essential oil content and 
composition in selected plants growing in Turkey.

Coriandrum sativum L. - annual herb. The seeds contain 2.5% essential 
oil.

Pimpinelia anisum - annual herb. The seeds contain 4 to 5% essential 
oil.

Foeniculum vulgare Mill. - annual and perennial herb. The fruits contain 
6% essential oil, 20% fixed oil and 2 2% proteins.

Mentha piperita L. - perennial herb. The leaves contain essential oil 
from 2 to 5.5%.

Melissa officinalis L. - perennial herb. The leaves and flowering stems 
contain essential oil.

Salvia officinalis L. - perennial herb. The leaves contain 2.5% (per dry 
weight) essential oil.
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H A IR Y  R O O T  C U L T U R E S O F A N  E T  H  V  M  
G R A  V E O L E N S  L .: E S T A B L IS H M E N T  AND
COMPOSITION OF THE ESSENTIAL OIL
P.M.L. Louren^o1, P.A.G. Santos1, A.C. Figueiredo1 *, J.G. 
Barroso1, L.G. Pedro1, M.M. Oliveira1, S.G. Deans2 and J.J.C.
Scheffer2

1 Departamento de Biologia Vegetal, Faculdade de Cièncias de 
Lisboa, Bioco C 2 , Campo Grande, 1780 Lisbon, Portugal

2 Department of Biochemical Sciences, SAC Auchincruive, Ayr KA6 
5HW, Scotland, UK

3 Division of Pharmacognosy, LACDR, Leiden University, Gorlaeus 
Laboratories, PO Box 9502, 2300 RA Leiden, The Netherlands

Transformed root cultures of dill were induced by inoculation 
of 3-4 weeks-old aseptic plantlets with Agrobacterium rhizogenes 
LBA 9402 carrying plasmid pRi 1855. The plantlets were carefully 
wounded with the tip of a sterile hypodermic needle and injected with 
one drop of the bacterial suspension grown for 48h. The plantlets 
were transferred to an MS/2 medium [= half strength MS medium 
with 30g/l of sucrose] and co-cultivated with the bacteria for 48h, in 
a 16h light/8h dark photoperiod, at 24°C. After this period they were 
transferred to fresh MS/2 medium supplemented with cefotaxime and 
carbenicillin, 250|ag/ml each. Roots developed were transferred to 
liquid MS/2 medium without antibiotics, maintained in darkness at 
24°C on orbital shakers (80 r.p.m.), and subcultured every month.

The essential oil from the hairy roots maintained in liquid MS/2 
medium, and the oils from the fruits, and from roots and aerial parts 
of the parent plant in the vegetative phase were analysed by GC and 
GC-MS and their compositions compared. In the oils from the parent 
plant the monoterpene fraction was always dominant, although in 
different amounts, whereas phenylpropanoids were the major 
components of the oil isolated from the hairy roots. These 
compounds were also present in the parent plant, except in its fruits. 
The main component of the oils from the fruits and from the roots of 
the parent plant was carvone, whereas a-phellandrene was that from 
the aerial parts and apiole that from the hairy roots.
Acknowledgement - We are grateful to JNICT for scholarships to P.M.L. 
Lourengo and P.A.G, Santos. This study was partially funded by JNICT under 
research contract PBIC/C/BIO/ 1989/95.
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THE PRODUCTION OF CUMIN SEED OIL 

S.H.Beis, T.Ozek, N.Azcan, M.Klirkfiioglu and K.H.C.Ba§er

Anadolu University, Medicinal and Aromatic Plant and Drug Research Centre 
(TBAM)t 26470 Eski§ehir, Turkey

Steam distillation of cumin seed oil was studied to show the 
effects of particle size, steam rate and batch size on oil recovery. 
Fractionation of the oil produced was also performed to obtain cumin 
seed oil high in cumin aldehyde composition of the products were 
analysed by GC/GC-MS. Experiments were carried out at bench and 
pilot plant scale.
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THE GERMINATION BIOLOGY OF INDIGENOUS

POPULATIONS OF FOENICULU L .var.
VULGARE IN ISRAEL- PRELIMINARY STUDIES 

Aaron Fait1, Oz Barazani1, Sofia Dimenstein1, Eli Putievsky2, Uzi Ravid2 and

Jacob Friedman1*
department of Plant Science. Tel Aviv University, Tel Aviv. 69978 Israel 
institute of Field Crops, Agricultural Research Organization, Newe Ya'ar, 
Haifa Post, 31 -999. Israel

Foeniculum vulgare var. vulgare (bitter fennel), is an 
aromatic hemicryptophyte. In Israel, plants occur in extremely 
diversified habitats: in the Central Negev Desert under 100mm 
of rainfall and up to the Northern regions with 1200mm. 
Variability of seed weight and germination biology of mericarps 
(so called ‘seeds’), of some populations, have been studied along 
a transect from the Mediterranean coast at Tel Aviv, to inland 
areas of the Judean Mountains, ca, 60 Km from the coastal area. 
Data indicated that seed weight of the Nachshon population (ca 
40 km from the coast), was 3.5mg/seed and significantly heavier 
compared to all other populations (an average increase of 15%); 
When planted in soil, seeds of this population exhibited also 
highest emergence of 73±9.3%. However, the time needed to 
attain 50% germination was significantly longer, as for all 
mountainous populations (G50 -11.0-13.0 days), compared to 
8.5 d of the coastal population of Tel Aviv.

To enhance germination of the least germinating population 
(15.3 % during 6.0d) of Kissalon (ca 50Km from the coast), 
seeds were immersed in KNO3 solutions (lOO-lOOOmM) during 
24h, prior setting to germinate. Data indicated that pre­
immersion in 500mM KNO3 had elevated final germination rate 
by almost 3 times (Gt=43.8%). This approach could be perhaps 
implied, when new chemotypes with a low germination rate are 
introduced into agriculture practice. At present, essential oils, 
amount, and composition in various populations, are determined.
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ANALYSIS OF THE ESSENTIAL OIL FROM FERULA  
ASSA-FO ETID A  L.

M.Mirza, F.Askari, F.Sefidkon

Research Institute of Forests and Rangelands, Tehran, Iran

Ferula assa-foetida is one of the most important plant in Iran due 
to its several attributes is exported to many countries of the world.

The essential oil composition from the gum of Ferula assa- 
foetida growing in two regions of Iran (Kerman and Yazd) were 
identified by GC and GC/MS. The yield of oil were 16-17 %. The main 
constituents of both oils were as follows:

Kerman:

1- trans propenyl S-butyl disulfide

2- cis-oeimene
3- trans-ocimene

Yazd;

1- methyl 2-methyl-l,3-oxothiolan-2-yl ketone

2- trans-propenyls-butyl S-butyl disulfide

3- cis-propenyl S-butyl disulfide
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GALBANUM

S.Haghighi, A.Darbandi Farahani

Food, Drug&ClinicaJ Labs. No. 31 Emam Khomeini Ave., Tehran 11136, Iran

Botanical source

Botanical family 
Foreign names

Ferula galbaniflua Boiss & Buhse and other 
Ferula species
Umbelliferae
Galbanurn (Fr.), Galbanum (Ger.), Galbano 
(Sp.), Galbano (It.)

Description:__ Herbaceous, tall plant that grows in northern
Persia (F.galbaniflua) or in southern Persia (F.rubricaulia and 
F.ceratophylla). F.galbaniflua is widespread also in Turkey and 
Lebanon. The plant yields a resinous exudate distinguished 
commercially in two types: Levant galbanum (soft) and Persian 
galbanum (hard). The resin has a characteristic aromatic odor and bitter, 
warm, acrid taste. It contains approximately 16-26% essential oil.
Physical-chemical characteristics of Essential oil: The essential oil is 
obtained by steam distillation of the dried resinous gum. It is a pale- 
yellow to yellow liquid with balsamic, somewhat spicy, characteristic 
odor. Its main constituents include myreene, cadinene, a-pinene, p- 
pinene and sesquiterpene alcohols.
Specific gravity at 20°C 
Refractive index at 20°C 
Optical rotation at 20°C 
Acid value 
Solubility

0.867-0.916 
1.4780-1.4870 
+3 to -r20 
2 max
1:6 in 90% ethanol
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Determination of Essential Oil Content and of Main Oil 
Components in UmbelSiferae Collections by NIRS

H.-H. Drews*; H. Kruger; H. Schulz 
Federal Centre for Breeding Research on Cultivated Plants, 
Institute for Quality Analysis, Neuer Weg 22/23, D-6484

Quedlinburg
For the breeding of grain-producing plants it is of special 

importance to investigate intact seed samples. In this context near 
infrared spectroscopy (NIRS) is well suitable in principle. Because 
collections of gene banks show a large variability in regard to 
concentrations of individual plant compounds they build up a 
suitable basis for the calibration and validation of this analytical 
method.
Therefore the aim of this study was to investigate whether the 
determination of essential oils and their main constituents can be 
performed by NIRS.
The calibration was set up upon solvent extracts received from the 
fruits of 77 coriander, 63 dill, 42 fennel and 20 caraway cultivars. 
The reference oil values were calculated by addition of the 
principal oil substances determined by GC analysis. Oil contents 
varied for coriander in the range of O.i to 1.0 %, for dill in the 
range of 3.0 to 9.1 %, for fennel in the range of 1.5 to 9.4 % and 
for caraway in the range of 2.4 to 8,1 %. Furthermore samples of 
running breeding projects were investigated. A partial least 
squares (PLS) algorithm was applied to all calibrations and the 
individual errror between predicted and reference values was 
described by the standard error of cross validation (SECV). 
Additionally, the coefficient of determination (r2) was calculated to 
describe the relationship between reference method and NIR 
analysis.
In contrast to the usually applied gas chromatography 
measurement, the described NIRS method allows to predict the 
individual essential oil content as well as main oil constituents 
already after an analysis time of approx. 3 -5  minutes.
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THE ESSENTIAL OIL COMPOSITION OF ACHILLEA  
MILLEFOLIUM L.

$. Kiismenoglu1, B. Demirci\ K.H.C. Ba§er2 

Faculty of Pharmacy, Gazi University, 06500, Ankara, Turkey

2
Medicinal and Aromatic Plant and Drug Research Centre (TBAM), Anadolu 

University, 26470, Eski§ehir, Turkey

Achillea millefolium (Asteraceae) has been used in traditional 
Turkish medicine as diuretic, appetizer, emmanagogue, carminative, 
diaphoretic. The essential oil Composition of A. millefolium growing 
in Turkey has not been reported. The essential oil was obtained by 
hydrodistillation from aerial parts and analyzed by using GC and 
GC/MS.

99 components were identified reperesenting 80.84% of the oil. 
Artemisia ketone (10.35%), piperitone (7.47%), chrysanthenone 
(7,1%), 1,8-cineole (6,61%) were found as major components.
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THE ESSENTIAL OIL COMPOSITION OF ACHILLEA  
COARCTATA POIR

Ç. Kiismenoglu\ B. Demirci\ F. Demirci2, K.H.C. Ba§er2

1 Faculty of Pharmacy, Gazi University, 06500, Ankara, Turkey
2

Medicinal and Aromatic Plant and Drug Research Centre (TEAM), Anadolu 
University, 26470, Eski$ehir, Turkey

The genus Achillea reperesented 40 species in Turkey is used in 
folk medicine as diuretic, appetizer, emmenagogue, carminative, 
diaphoretic. The essential oil has been obtained by hydrodistillation of 
Achillea coarctata and analyzed by using GC and GC/MS.

Two sample were collected from different localities in Ankara 
and Eski^ehir in Turkey, 1 ,8-cineole and camphor were found as 
main components in both samples.
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ANTIMICROBIAL PROPERTIES OF THE ESSENTIAL OIL 

OF ARTEM ISIA A SIA TIC  A  NAKAI

Danuta Kalemba l*, Krystyna Swiader 2
1 Institute of General Food Chemistry', Technical University,
90-924 Lodz, Poland

2 Institute of Biology and Botany, Medical Academy,
51-601 Wroclaw, Poland

Artemisia asiatica Nakai cultivated in the Medical Plants Garden, 
Institute of Biology and Botany, Medical Academy in Wroclaw, 
Poland, yields 1.0 % of the green essential oih Its composition differs 
from those observed for the oil obtained from A. asiatica from 
natural origin.
The main constituents are L 8-cineole (40%) and selin-1 l-en-4a-ol 
(12%). The essential oil was separated by vacuum distillation into the 
following fractions:
1 . 67 % 1 ,8-cineole
2. 30 % terpinen-4-ol, 21  % horneol and 11 % a-terpineol
3. residue, 75 % selin-1 l-en~4a-ol

From the 1st fraction 1,8-cineole and from the 3rd fraction selin-11- 
en-4a-ol were isolated by flash chromatography in pure forms (>98% 
purity).

The antimicrobial properties of the total oil, second fraction 
consisting of oxygenated monoterpene as well as 1 ,8-cineole and 
selin-1 l-en-4a-ol were studied against following fungi: Candida 
albicans, Rhodotorula rubra and Aspergillus fumigatus, by using 
well test.

C.albicans was more resistant than other fungi.
There occur signicifant differences in activity of the oil and its 

components. Selin-1 l-en-4a-ol showed the highest activity and 1 ,8- 
cineole the lowest one.

This study was supported by State Committee for Scientific Research 
No. 5 P06B 103 08.
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larmacy, Zagazig

Constituents of The Essential Oil of Artemisia ahsynthium
Grown in Egypt

E.A, Aboutabl*, A.M. Elazzounv^^ a n d  S.I. ElDahmy***
* Pharmacognosy Bepf*, Faculty of Pharmacy, Cairo uniy^ 

Kasr-el-Aini Street, 11562 Cairo, e-mail: AboutabliSl 
FRCU.EUN.EG

** Pharmaceutical Sciences Laboratoiw, National Research 
Centre, Tahrir Street, Dokki, Giza, E gyp t 

*** Pharmacognosy Dept., Faculty of r n a n  
Univ*, Zagazig,T£gypL

Artemisia ahsynthium L. .(Asteraceae) has been used as 
an anthelmintic to destroy intestinal, worms, hence the name 
‘Wormwood” Its leaves and flowering tops are ysed as an 
aromatic bitter or tonic, a diaphoretic and as a flavoring agent. It 
is employed in small amounts to flavor some of the arpmatic 
alcoholic beverage and to impart a fragrance to certain liniments

The hydrodistilled essential oil frpm fresh aerial parts of 
Artemisia ahsynthium L ..(0 -78 vieldlcultivated in the Medicinal 
and Aromatic plants station or theTaculiy of Pharmacy, Cairo 
University, was analysed by CQC-MS. identification of the 
components of the oil was established by their retentipn times 
and mass spectra which were compared with the respective ones 
reported in literature. The oil was tound to contain 72.3% mono- 
and sesquiterpene hydrocarbons and 27.7% oxygenated 
compounds. Monoterpene hydrocarbons (61.24%) comprised a- 
phelfandrene {50.52%;, y-terpinene (2.99%) a-pinene f  1.92%), 
tricyclene (1.82%), a-terpinene (1.57%) and limonene ( 1 .12 %) 
as the major compounds. Sesquiterpene hydrocarbons amounted 
to 11.05% of the oil, caryophyllene (4.12%) and trans- 
isoelemicine (3.56%) . being tne major compounds. Oxygenated 
compounds were mainly alcohols; terpinene-4-ol (11.9s%) and 
linalool (10.48%) being the major ones. Chamazulenes and 
thujoncs known to be present in oils obtained from A.absynthium 
grown abroand, were not detected in the oil obtained from the 
plant grown in Egypt. Several chemotypes were recognized for 
the plant grown in Italy, France, Siberia and Romania (2 ). 
A.absynthium L. under investigation represents another 
chemotype.
References
1 - Tyler, V.E., ‘The Honest Herbal” 3rd Ed., p. 321, 

Pharmaceutical Products Press, Inc., hf.Y. (1993).
2- Chialva, F.; Liddle, P A P. and Dogiia, X}.: Z Lebensm. 

Unters/Forsch., 17(5(5), 363-6(1983J.
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Composition of The Essential Oil o f A rtem isia  vulgaris L.
Grown in Egypt

E.A. Aboutabl*, A.M. Elazzouny** and S.l. ElDahmy***
* Pharmacognosy Dept*, Faculty of Pharmacy, Cairo Univ., 

Kasr-el-Aini Street, 11562 Cairo, e-mail: Aboutabl®  
FRCU.EUN.EG

** Pharmaceutical Sciences Laboratory, National Research 
Centre, Tahrir Street, Dokki, Giza, Egypt.

*** Pharmacognosy Dept*, Faculty of Pharmacy, Zagazig
Univ., Zagazig, Egypt.

Several species of the genus Artemisia (Asteraceae) have 
been the subject of numerous chemical studies (1). Analysis of 
the essential oil from Artemisia vulgaris L. was reported (2,3). 
In this study, we report on the CGC-MS analysis of the 
hydrodistilled essential oil from fresh A, vulgaris (0.65% yield) 
cultivated in the Medicinal and Aromatic Plants Station of the 
Faculty of Pharmacy, Cairo Univ. The analysis was carried out 
on a BA-70 OV31-OH capillary column. Compounds were 
identified by their retention times and mass spectra which were 
compared with the respective ones reported in literature. 
Hydrocarbons constituted 66.12% of the oil comprising 
monoterpene hydrocarbons (38.42%) and sesquiterpene 
hydrocarbons (27,70%). The main monoterpene hydrocarbons 
are a-phellandrene (17.30%), 'A carene (4.27%) and camphene 
(4.19%). The main sesquiterpene hydrocarbons are: trans- 
isoelemicin (15.14%) and y-elemene (8.82%). Oxygenated 
compounds amounted to 31.46% of the oil, lyratol (15.14%) 
being the major comound. Several compounds were found in 
traces and constituted together 2.56% of the oil

References:
1 - Marco, J.A. and Barbera, O. in Studies “Natural Products 

Chemistry” (Atta-ur-Rahman, ed), vol. 7 A, p 201 
Elsevier, Amsterdam (1990).

2- Mizazowa, M. and Kakeoka, H., Phytochemistry, .16, 
1054-1057 (1977).

3- Lawrence, B.M., Perfum. Flav, 7 (5), 44-46 (1982).
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QUALITATIVE - QUANTITATIVE COMPOSITION OF 
CHAMOMILE OIL IN EGYPT

I.Salamon',I.Danielovic1 and E.N. Abou-Zied2

'Research Institute o f Agroecology, Michalovce, Slovakia 
2National Research Centre A.R of Egypt, Cairo, Egypt

Cooperation between the Egyptian herb specialists and 
researchers from Slovakia was started in 1993. Our mutual study 
o f Chamomile, C ham om illa r e c u t i t a  (L.)Rauschert, 
chemotypes belongs to a veiy important field o f a research. The 
purpose of this contribution is presented the qualitative - 
quantitative characteristics o f Chamomile, which is cultivated in 
Egypt.
The results are presented in table:
production
area

the qualitative - quantitative composition 
(in%) o f Chamomile essential oil

Fa BoB BnA Bo Ch BoA Dc-s

El-Faiyum 18.2 4.9 9.8 5.5 2.0 40.1 9.7

El-Kanather
Shalaka

5.1 2.7 8.7 2.4 1.7 50.7 8.7

El-Tahrir
Sahra

3.5 2.4 7.3 11.2 2.0 51.1 5.9

Giza
Cairo

2.4 1.6 2.7 3.6 2.6 68.2 7.6

Fa: Famesene, BoB: /-/-a-Bisabololoxid B, BnA: /-/-a- 
Bisabolonoxide A, Bo: /-/-a-BisaboIol, Ch: Chamazulene, Bo A: 
/-/-a-Bisabololoxide A, Dc-s: En-in-dicycloethers

In regard to these GC-results the Chamomile, which is 
cultivated in Egypt, belongs to the bisabololoxide chemotype. 
The % composition of /-/-a-Bisabolol and Chamazulene in 
essential oil is from 4.1 to 14.2.
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THE COMPOSITION OF ESSENTIAL OILS FROM SOME 
TAN AC ETU M  SPECIES OF TURKEY

N.Gören', K.H.C.Ba§er2 and B.Demirci2

Department of Chemistry, Marmara Research Centre, TUBITAK, 41470 Gebze,
Kocaeli, Turkey 
2

Medicinal and Aromatic Plant and Drugs Research Centre (TRAM), Anadolu 
University, 26470 Eski§ehir, Turkey

Water distilled essential oils from some Tanacetum (Compositae) 
species of Turkey were analyzed by GC/MS. A summary of the results 
are as follows:

I Species Province Plant
part

Oil yield
(% )

Main components (%)

T.argyrophyU um  
var. argyrophyllum

Gümü§hane leaf 1.03 a-thujone (51.8)

T ,argyroph yllu m  
var, argyroph yllu m

Gümü§hane flower 0.96 a-thujone (62.8)

T.arm enum Ankara leaf 0.62 1,8-cineole (31.3), camphor 
(8.6)

T.arm enum Eski§ehir herb 0.67 camphor (26.7), 1,8-cineole 
(11.3), bomeol (10.6)

T.balsam ita Culture herb 0.38 carvone (52.4, a-thujone 
(H.7)

T.haradjani Adana Leaf 0.55 camphor (15.9), 1,8-cineole 
(10.0)

T .praeteritu m  subsp. 
praeteritum

Mugla herb 1.09 borneol (28.1), 1,8-cineole 
(12.3), bomyl acetate 
(10.0%)

T .praeteritum  subsp 
m assicy ticu m

Antalya herb
. ■ ■ — .—

0.92 a-thujone (51.1), ß-thujone 
(10.0)
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Compostion of the Essential Oil of Coiinus coggygria 
Scop, From Turkey

B. Demirci *, F.Demirci, K.H.C.Ba§er

Medicinal and Aromatic Plant and Drug Research Centre AM), 
Anadolu University,
26470 Eski§ehir, TURKEY

Water distilled essential oil (0.87%) from the leaves of 
Cotinus coggygria Scop. (A nacardiaceae) was analysed by 
GC/MS. Fourty two components were characterized representing 99.6 
% of the total components. The major constituents were identified as 
limonene (48.5%), (Z)-|J-ocimene (27.9%) and (E>p-ocimene (9.7%).
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CHEMICAL STUDIES ON BO SW ELLIA A N D  
COM M IPHORA  SPECIES OF AFRICA

E.Dagne

Department of Chemistry, Addis Ababa University, P.O.Box 30270, Addis Ababa, 
Ethiopia

Boswellia and Commiphora species (family Burseraceae) are 
mainly found in Africa although a few species are known to occur in 
Arabia and India. These plants are sources of the culturally and 
economically important resins olibanum (frankincense) and myrrh 
respectively. The resins are used as incense, for fragrance and flavour 
purposes not only in the countries of origin but in many parts of the 
world. Somalia and Ethiopia are by far the biggest producers of these 
resins.

The chemistry of frankincense and myrrh has attracted the 
attention of several workers for many years. Limitation in the taxonomic 
and botanical knowledge of the genus has hindered chemical work on 
resins from properly authenticated species. Earlier reports that were 
based on these resins obtained from commerce lacked consistency and 
could not be reproduced. Thus it is clear that there is need to determine 
the composition of these resins from botanically defined species. In our 
laboratory chemical investigation is in progress on resins obtained from 
botanically authenticated Boswellia and Commiphora species.

The pressure of increasing population and accelerated 
urbanisation is leading to increased destruction of forests and people 
tend to cut trees for fuel and charcoal-making rather than tapping the 
resins and benefiting from these resources. The resins in the producing 
countries are very cheap because they are exported unprocessed to far 
away lands such as Far East and Europe where value adding takes 
place. It is therefore important to take measures to conserve these 
resources and at the same time increase ways and means of adding value 
to the resins in the countries of origin so that the producing communities 
derive more benefits from these species and become aware of their 
sustainable utilisation.

Results of our investigations on the above resins as well as on 
several other essential oil bearing plants of Ethiopia will be presented.
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SOME NEW SESQUITERPENES FROM LABDANUM OIL 
K. Thefeld*, P. WeyerstahL, HL Marschall and M'. Weiraucb 
Technische Universität Berlin. D-10623 Berlin. Germany

The commercial oil was separated by distillation and repeated flash 
chromatography. 180 components representing about 95% of the oil 
could be identified. The main constituents are ledene (9%), viridiflorol 
(4%), copabomeol (2%), Iedol (1%) and the new cubeban-ll-ol (1, 
4%). Typical for this oil are oxidized cadinane (2) and aromadendrane 
(3-5) derivatives. The structures of the new compounds 1-5 were 
elucidated by GC-MS, !H- and 15ONMR spectra.

OH
1 2

3 4 5
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SESQUITERPENOIC CONSTITUENTS OF THE
ESSENTIAL OIL OF SOME SPECIES

|
M. Mekem Sonwa. Y. Saristas and W. A. König,

Institut für Organische Chemie, Universität Hamburg, Hamburg / 

Germany

Previous studies of the essential oil of the C y p e ra c e a e  reveafcd that 

the major sesquiterpenotc representents in this family are those of the 

classes of eudesmane and patchoulane^. The first part of our work*' 

was in agreement with these results. The present contribution a ls o  

confirms this tendency, with the isolation and identification of new 

eudesmane and rotundane type sesquiterpenes. The compounds were 

isolated from the hydrodistillated extract of the rhizomes of the plants 

by preparative gas chromatography. The structure elucidation was 

done by spectroscopic methods and chemical transformations. !

1) Satinder K, Uppal, B. R. Chhabra and P.S. Kalsi P h y to ch em is try  

(1984), 23, 2367.

2) B, Nyasse, T. Ohogomu Thi, B. L. Sodengam, M.T. Martin and B. 

Bodo P h y to ch em is try  (1988), 27, 179.

3) M. Mekem Sonwa, W. A. König, K. H. Kubeezka and O. Motl 

P h y to ch em is try  (1997), 45, 1435.
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CO M PO SITIO N  OF ESSENTIAL OILS OBTAINED BY 
W A TER-D ISTILLA TIO N  AND HEAD-SPACE OF 
P E LA R G O N IU M  ENDLICHERIANUMFEN ZL.

B.Bozan, T.Ozek, M.Kiirk^tioglu, N.Kinmer and K.H.C.Ba§er

Anadolu University, Medicinal and Aromatic Plant and Drug Research Centre,
26470 Eskigehir, TURKEY

Pelargonium endlicherianum (Geraniaceae) is an endemic plant 
of Turkey. Water-distilled essential oil and head-space volatiles from 
fresh flowers of Pelargonium endlicherianum were subjected to GC and 
GC/MS analysis.

More than 100 components were identified, representing over 
75% of the water-distilled oil. The main constituents of the oil were 
germacrene-D (15,8%), phenylethyl-2-methyl butyrate (12.5%), 
tricosane (5.5) and T-cadinol (4.7%), while germacrene-D (27.1%), p- 
caryophyllene (11.3%), a-phellandrene (9.8%, p-pinene (7.3%) and a- 
pinene (4 .9%) were of head-space volatiles.
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HÎSTOCHEMICAL LOCALIZATION OF CITRAL 
ACCUMULATION IN LEMONGRASS LEAVES 
(CYMBOPOGON CITRA TUS (DC.) STAFF., POACEAE).

E. Lewinsohn*1, N. Dudai', Y. Tadmor2, U. Ravid1, E. Putievsky1 
and D. M. Joel3

'Aromatic, Medicinal and Spice Crops Unit, 2Corn Breeding Unit, 
and 3Department of Weed Research, Newe Yaar Research Center, 
Agricultural Research Organization, P.O. Box 1021 Ramat Yishay 
30095 ISRAEL.

Lemongrasses {Cymbopogon spp., Poaceae) are a group of 
commercially important C4 tropical grasses. Their leaves contain up 
to 1 .5% (dry weight) essential oils with a typical lemon-like aroma, 
consisting mainly of citral: a mixture of the isomeric acyclic 
monoterpene aldehydes géranial and nerak In order to specifically 
locate the sites of citral accumulation in lemongrass we have 
employed the Schiffs reagent, that stains aldehydes. Using this 
technique, single oil-accumulating cells were detected in the 
abaxaial side of leaf mesophyll, commonly adjacent to the non­
photosynthetic tissue, and between vascular bundles. The cell walls 
of these oil cells are lignified.
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Nater Stress effects on aroiatic plants of coa&ercia! importance 
growing in India.

Prof (Dr) S K Chatterjee,
Research Laboratory, W8PPDCL, 1 & 3 M8T Sarani, Iliaco House, 
Calcutta-700 001, India

One of the recent trends in plant-soil-water management research 
is the possib il i ty  of commercial cultivation of crops under 
water-stress conditions. In the present study the formation of 
essential o i l  in relation to developmental physiology of three 
important spices of Cymbopogon viz, winterianus (Citronella), 
L_ flexuosus (Lemon grass) and martini (Palmarosa) under water- 
stressed condition and its  alleviation by a bio-regulator of 
growth, n-Triacontanol have been investigated.

Water stress condition in a l l  the three species lowers per 
hectre yield of essential o i l ;  disturbing the proper correlation 
between different growth enti t ies. Stress inhibi t ing effects on 
essential o i l  yield are manifested through shortening the 
duration of particularly reproductive and post reproductive 
phases. n-Tria application releives the water-stress inhibiting 
effects on o i l yield by strengthening the specific correlation 
between different functional entit ies as well as of different 
developmental phases.

The study claims that inhibit ion of essential o i l  synthesis 
by water stress is monitored through modification of durations of 
different developmental phases and revival of inhibit ion by n- 
Tria is manifested through suitable adjustments of different 
developmental phases towards normalcy. The functional parameters 
l ike linear and leaf growth, flower formation, contents of 
nitrogenous and CHO fractions are disturbed in a specific way by 
water stress condition which can be modulated by n-Tria 
application to the advantage of the species.
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Acorane-Type Sesquiterpenoids from the Liverwort 
Jungemiannia lanciolata

Yücel Santas, Mesmin Mekem Sonwa and Wilfried A. König

Institut für Organische Chemie, Universität Hamburg, Martin-Luthcr-King-Platz 
6, D-20146 Hamburg, Germany

The bryophyte plant group produces a remarkable variety of rare and unknown

natural compounds. In particular, liverworts (H ep a tica e) contain a large number of

structurally diverse sesquiterpenes, which are the major constituents of their 
J)

essential oils . Recently we studied the chemical constituent of the liverwort

Jungerm annia lan cio la ta  and isolated compounds 1-4. The structure of the
2 )

isolated compounds was determined by GC-MS, ID- and 2D-NMR techniques . 

The stereochemical aspects of these compounds were investigated by two- 

dimensional enantioselective gas chromatography and by conversion into known 

compounds.

1) Asakawa, Y. (1995) in P rogress in the C hem istry o f  O rgan ic N atural 

Products  (Herz, W., Moore, R. E., Stegiich, W., Tamm, Ch. and Kirby. G.W. 

eds.) Vol. 65, p, 1, Springer, Wien

2) We thank Prof. K. H. Kubeczka and Dr. D. Joulain for helpful discussions.
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The Composition of the Essential Oils of Some H ypericum  
Species Growing in Turkey

K.H.C.Ba§er, F.Demirci*, B.Demirci, A.Kaya, N.Kinmer

Medicinal and Aromatic Plant and Drug Research Centre (TBAM), 
Anadolu University,
26470 Eski§ehir, TURKEY

Guttiferae - St. John's Wort family is represented throughout 
the world by 40 genera and 1300 species. 400 of them are Hypericum 
species and distributed mainly in temperate regions, tropical mountains.

The genus Hypericum is represented in Turkey by 77 species 
including 30 endemics. Hypericum species have a wide range of use as 
dye, flavouring, as medicine in wound healing, astringent, for anti­
viral, anti-depressive and anti-hepatotoxic properties in Turkish folk 
medicine as well in the world. Anti-AIDS properties of Hypericum 
extracts are being studied in USA.

In this initial study three different species from different 
localities: H . perforatum L. (Bozdag-Eski$ehir), H, calycinum L. 
(Inegol-Bursa), H. cardiophyllum Boiss. (Kilis-Diyarbakir) were 
investigated. Air dried flowers and leaves were water distilled to obtain 
essential oils which were then analysed by GC/MS. The main 
components were identified and reported in detail for the first time for 
Turkish Hypericum species.
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EUCALYPTUS SPECIES CULTIVATED AT UNIVERSITY 
COLLEGE DUBLIN: CUT FOLIAGE PRODUCTION AND 
CHARACTERISTICS OF VOLATILE OILS.
M Forrest1*, KP. Svoboda2, J.B Hampson2 and T Hashimoto3.
1 University College Dublin, Department of Crop Science 
Horticulture and Forestry, Belfield, Dublin 4. Ireland 
2Plant Science Department, SAC Auchincruive. Ayr. Scotland. 
KA6 5HW
^Faculty of Pharmaceutical Sciences, Tokushima Bunri 
University, Yamashiro-Cho, Tokushima 770, Japan

Native to Australia, the genus Eucalyptus (Myrtaceae) 
comprises some 500 species, varying in stature from low shrubs 
to large trees. Eucalyptus is grown for timber, biomass, essential 
oil and cut foliage. There are many c-hemotypes of Eucalyptus, 
the most common being 1,8-cineole, citronellal, a- and fi-pinene, 
limonene, eudesmol and trans-methyl cinnamate It is a low 
yielding species, with oil content between 0.1-1.2%, rarely with 
1.2-2.5%. The plants in this experiment were cultivated in grey- 
podzolic soil of pH 6.0-6.9, in temperate climate as a coppiced 
plantation. Marketable size of foliage is achieved after 2 years. 
Adult and juvenile foliage was harvested, distilled and analysed by 
GC and GCMS. E. globulus, E. rubida and E, vnnmahs belong 
to the same chemotaxonomical groups, producing alpha-pinene 
(12-46%) and 1,8-cineole (18-68%), with significant differences 
between juvenile and mature leaves. E. gunn contained p-cymene 
(15%), bicyclogermacrene 1 and 2 (8% and 14%), ent- 
spathulenol (27%) and viridifiorol (7%). These results compare 
favourably with production of oil scented species in tropical 
climate. The foliage is becoming more popular and strong scent 
of leaves is an important characteristic. E. gitrtii proved to be a 
promising species for cut foliage, with yield of 5.4kg/plant and 
7.5 kg/plant in 2nd and 3rd year respectively. E. globulus has too 
large leaves for cut foliage, E. viminalis with narrow leaves and 
broad side shoots does not appeal to florists and E. rubida, 
although very attractive, has a low yield (2.1 kg/plant).

83



ESSENTIAL OILS OF LEAVES AND FRUITS OF 
JUNIPERUS FOETIDISSIM A  W llld.

Z. Tunalier, N. Kirimer, K.H.C. Ba§er

Anadolu University Medicinal and Aromatic Plant and Drug Research Center 26470 
Eski§ehir, Turkey

Juniperus foetidissima Willd. (Cupressaceae) is known in Turkey 
as "Kokar Ardif”. Two samples were collected from different localities 
in Eski§ehir-Turkey. Leaves, fruits, seedless fruits, seeds and branches 
of the two collections were subjected to hydrodistillation for 3 h using a 
Clevenger-type apparatus to produce oils in 0.32-1.37% yields. The 
essential oils were analyzed by GC and GC/MS techniques. The main 
components of these parts were as follow:

Leaves

Fruits

Seedless fruits

Seeds

Branches

(Lthujone (21-22 %), sabinene (11-21 %)

sabinene (31-35 %), a-pinene (23-39 %)

sabinene (13-17 %), a-pinene (10-24 %), 
terpinen-4-ol (5-13 %)

sabinene (10-20 %), a-pinene (14-17 %)

a-pinene (56-71 %)
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THE CHEMICAL COMPOSITION OF THE VOLATILE 
OILS OF PINUS BRUTIA, PÏNUS NIGRA, PINUS
SYLVE ST RIS  GROWING IN TURKEY

E.Sezik3, O.Üstün1, K.H.C.Ba§er2, M.Kürkçüoglu1

3 Gazi University, Dept. Pharmacognosy,Pharmacy Faculty, Hipodrom, 06330 
Ankara, Turkey
2 Anadolu University, Medicinal and Aromatic Plant and Drug Research Centre 
(TBAM), 26470 Eski§ehir, Turkey

The genus Pinus is represented by five species in Turkey. 
Among these species only P.brutia, P.nigra and P.sylvestris tire used to 
produce timber bv the Forestry Department. The needles of these three 
species were collected periodically from the Antalya, Bursa, Denizli, 
[gel, Kastamonu, Kutahya, Mugla, Samsun and Sinop provinces.

The composition of volatile oils were analysed by means of GC 
and GC/MS.

Forty seven constituents were identified in the essential oil of 
P.brutia. The constituents identified in high amounts and their 
percentages tire as follows: a-pinene (10.98-33.45%), p-pinene (8.60- 
51.97%), A3-carene (0.05-11.45%), p-caryophyllene (2.95-10.87%), 
germ acre ne-D (2.26-17.63%).

Forty two constituents were identified in the essential oil of 
P.nigra. The constituents identified in high amounts and their 
percentages are as follows: a-pinene (4.51-49.53%), p-pinene (1.15- 
43.10%), p-caryophyllene (5.26-21.48%), germacrene-D (1.81- 
21.38%).

Forty three constituents were identified in the essential oils of 
P.sylvestris. The constituents identified in high amounts and their
percentages are as follows: a-pinene (19.44-56.88%), p-pinene (2.87- 
17.09%), camphene (0.44-16.84%).

This is the first detailed report on the volatile constituents of the 
needles of P.brutia, P.nigra and P.sylvestris growing in Turkey
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PRODUCTION OF ROSE ABSOLUTE FROM ROSE 
CONCRETE AND DETERMINATION OF IT’S PROPERTIES

M. Kürkçiioglu', K.H.C. Baçcr1, M. Tuta§\ M. AydmlT

Medicinal and Aromatic Plant and Dmg Research Centre (1 BAM), Anadolu 
lUniversity, 26470, hskisdur, Turkey
’ Department of Chemistry, Faculty of Science and Letters, Akdcniz University, 
P.O. Box 510, Antalya, Turkey

Turkey is one of the most important rose oil and rose concrete 
producer in the world. Especially in the region of Isparta and Burdur, 
rose-cultivation is densely done and the grown oil-rose flowers (Rosa 
damascena M.) are processed with two different methods (steam 
distillation and volatile solvent extraction) by domestic and foreign 
firms.

The products obtained by steam distillation and solvent 
extraction arc named as rose oil and rose concrete, respectively. 
Neither of the products are consumed domestically, but arc exported.

In this study the conditions of absolute production and the yields 
of rose absolute from rose concretes of four different firms were 
examined and the physicochemical properties and chemical 
composition of the product, rose absolute, has been determined by GC 
and GC/MS.
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CALIFORNIA ROSE CONCRETE 
Karl Lee
Spagyrica, Partington, Big Sur 
California 93920, USA

California, a state rich in agricultural 
diversity, a world-class producer of fine fruits, 
flowers and produce with a growing international 
market and appreciation, lacks an agricultural aroma 
industry of the same world-class quality.

Thirty years ago, California had no varietal 
wine or grapes available. Innovative thinkers 
imported and planted the truly great varietals of 
today's California wine industry. My work suggests 
an aroma industry is possible in California that is 
equal in quality to Grasse.

The environment for my study is the Central 
Coast of California above the fog, lined with well- 
drained hills of sandy-clay soil high in limestone. 
The exposure is severe with east, south and west 
sun— a natural site for a rose study.

Three rose varietals of importance were selected following a twenty—year acclimation 
evaluation. It is not surprising that after twenty 
years of neglect and harsh environment, the 
survivors are: Rosa. Damascena Trlglntlpetala, the
standard of Rose Otto; Rosa Galllca Officinalis, the 
rose of medicine; and, a moss rose so oily it coats 
one's fingers with sticky resin.

Evaluation of these rosa chemotypes will 
hopefully stimulate a more extensive study of these 
roses with detailed component analysis and 
comparison with the Bulgarian, French and Moroccan 
concretes.

Renewable botanical resources are the wave of 
the future.
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THE ESSENTIAL OILS OF DICTA L. FROM 
THREE DIFFERENT REGIONS OF TURKEY

M. Ko§ar‘, K.H.C. Ba§er 1 and H. Malyer*

1 Medicinal and Aromatic Plant and Drug Research Centre (TB AM), Anadolu
University, 26470, Eski^ehir, Turkey
2

Faculty of Science, Department of Biology, Uludag University, Bursa, Turkey

A single species of the genus Dictamnus (Rutaceae) is recorded 
in the flora of Turkey. D. albas L. grows in the north and west 
Anatolia (1). This species is locally known as "akgiritotu" and 
"gazelotu" and is used in folk medicine as antipyretic, nervetonic and 
digestive.

Aerial parts of D . albus collected from Samsun, Bursa and 
Safranbolu provinces of Turkey were subjected to hydrodistillation 
for 3h using a Clevenger-type apparatus. The essential oils so 
obtained were analysed by GC and GC/MS techniques. Oil

Oil from the Samsun material contained dictagymnine, 
feniculine, methyl chavicol and anethole as major constituents (2), 
while p-pinene, limonene, cis-p-ocimene, y-terpinene were main 
compounds in the Bursa and Safranbolu materials.

References

1. Davis, P.H., Flora of Turkey and the East Aegean Islands, VoL 2, 506, Edinburg 
University Press, Edinburg (1967),

2. Ba§er, K.H.C,, Ko§ar, M„ Malyer, H., Ozck, T„ The Essential Oil Composition 
of D ictam nu s a lbu s from Turkey, Planta Medica. 60,481-482 (1994).
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INVESTIGATIONS ON THE EXTRACTION OF ESSENTIAL OIL FROM 
DIFFERENT HERBAL DRUGS DURING AQUEOUS EXTRACTION

B Kief! * and G. Franz

Institute of Pharmacy. Universitity of Regensburg, 93040 Regensburg. Germany

Reliable indications and recommendations for an appropriate dosage should be 
the basis of a rational phytotherapy. For that reason especially traditional 
formulations of crude drugs, like aqueous extracts, have to be examined critically. 
According to a market research for the year 1994, concerning the western part of 
the Federal Republic of Germany, about one 1.2 billion DM have been turned 
over for tea and related products in retail trade (1). About 300 million DM of this 
amount were spent for „non black tea".
After extensive investigations about storage stability of herbal drugs, it was very 
interesting for us to know, if the crude drugs' content of essential oil is important 
for the quality of the aqueous extract prepared out of it. Only little is known about 
the extraction yield of the lipophilic essential oil components into aqueous 
extracts.
Different methods in view of a quantitative isolation of the essential oil 
compounds of aqueous extractions were tested for an easy and rapid GLC 
analysis. A new microdistillation technique (Capillary Distiller 5325. Fa. 
Eppendort) was shown to produce good results.
Sage leaves (Salviae folium, DAB 1996) and Peppermint leaves {Menthae pip. 
folium. DAB 1996) are commonly used for the preparation of aqueous extracts 
for oral application. The German Pharmacopoeia explicitly demands a quality of 
sage, which is rich in thujon. As a consequence of its well known toxicity, the 
grade of aqueous extraction for this substance is of considerable importance. 
Depending on the mode of extraction, the particle size and the quality of the 
herbal drug, ranges of extraction from 15 % to nearly 50 %  of the essential oil can 
be found in the aqueous extracts. Remarkable differences between the total 
essential oil and the lipophilic components of the aqueous extract were found (see 
also 2,3). In contrast to other components of the essential oil of Salviae folium, 
thujon can be found in higher proportions.
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GC-ANALYSIS OF NEROLI OIL ON CHIRAL COLUMNS

M. Schwarz*. D. H. Paper und G. Franz 
Institute of Pharmacy, University of Regensburg 
D-93040 Regensburg, Germany

In recent years a large number of racemic adulterations of different 
essential oils has been detected by GC-analysis on cyclodextrin 
phases (Ref 1/2). If this method is to be used in the European 
Pharmacopoeia, general applicability is necessary. A two-step 
temperature gradient must enable the separation of all important 
components by a single one-dimensional GC-run, It must be possible 
to separate these components on commercially available columns 
and to check them by easily accessible substances as standards.
The development of an appropriate a chiral GC-method is difficult, 
due to the overlapping peaks of different ingredients in these oils. 
The elution sequence of the single components with cyclodextrin 
phases shows a strong variability depending on temperature (Ref 3). 
A number of cyclodextrin phases have been examined, and the 
results with Neroli oil are reported. Different amounts of the 
enantiomeres of the main component linalool are detected in Neroli 
oils of different commercial origin. Similar results are found in so- 
called ’’artificial“ Neroli oils. Three different adulterations must be 
taken into account;

- addition of racemic linalool,
- addition of (-)-linalool from sources rich in (-)-linalool (e.g. the 

essential oil from the wood of Bursera delpechiana),
- the artificial ’’composition" of Neroli oil.

A chiral GC-analysis represents a convenient method for a Neroli oil 
monograph.
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ESSENTIAL OIL ANALYSIS OF PLANTS FROM  
CAMEROUN BY GC/FID AND GC/MS

L. Jirovetz1, G. Buchbauer1 and M.B. Ngassoum2
1 Institute of Pharmaceutical Chemistry, University of Vienna,

Centre of Pharmacy, Althanstrasse 14, A-1090 Vienna, Austria
2 Department of Chemistry, Ngaoundere University, BP455 

Ngaoundere, Cameroun

The essential Oils of various plants from Cameroun were 
analyzed by GC/FID and GC/MS to identify the volatiles responsible 
for applications in traditional folk medicine of Cameroun as well as 
their interesting odour impressions for perfumery.

Using different GC/MS systems (GC-QP5000, GC-MSD, 
GCQ) the essential oils of Callistemon rigidus (Myrtaceae, leaves 
and seeds), Dorstenia psilurus (Moraceae, roots), Hyptis suaveolens 
(Lamiaceae, leaves and flowers), Irvingia gabonensis (Irvingaceae, 
fruits) and Laggera pterodonta (Asteraceae, leaves) were 
investigated. Especially mono- and sesquiterpenes are dominating 
among the nearly 200 different constituents of these oils.

After olfactoric evaluation (by professional perfumers) and 
quantification (by GC/FID measurements) each compound was 
correlated to a possible odour impression as well as to a reported 
medical application of the corresponding oil. Also the composition 
of the investigated essential oils is presented and discussed for a 
possible use of them in fine perfumery applications.
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A SHORT SYNTHESIS OF NEW KETONE WITH AMBER­
LIKE ODOR FROM LONGIFOLENE

J.Kula1, A.Masarweh1 and S.Lochynski2

1 Institute of General Food Chemistry, Technical University of Lodz, 90-924 Lodz, 
ul. Stefanowskiego 4/10, Poland
2 Institute of Organic Chemistry, Biochemistry and Biotechnology, Technical 
University of Wroclaw, 50-370 Wroclaw, Poland

Using a tongifolene-rich fraction isolated by distillation for the 
residue of Polish turpentine oil* the three-step synthesis of ketone
3 from longifolene 1 via acid-catalysed isomerisation, followed 
by ozonolysis of alloisolongifolene 2 is presented.

The title ketone 3 possess very interesting olfactory activitity 
by showing an amber-like odor, which belongs to the most 
appreciated scents in perfumery. Synthesis* structure and spectral 
details are presented.
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SYNTHESIS AND ODOR-STRUCTURE-RELATIONSHIP OF 
SEVERAL SATURATED AND UNSATURATED KETONES

A, Kohne* and P. Weyerstahi

Technische Universität Berlin, D-10623 Berlin, Germany

The mixture of sesquiterpene ketones identified from solitary 
beesfl1 was found to be pleasantly smelling. For the investigation of 
odor-structure-relationship these compounds of type 1-3 were 
synthesised and olfactorily evaluated.
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SYNTHESES AND OLFACTORY PROPERTIES OF 
ALCOHOLS AND KETONES W ITH DECALIN SKELETON

B. Volkert* and P. Weyerstahl

Technische Universität Berlin, D-10623 Berlin, Germany

Geosmin (1), a compound with earthy odor, is one of the strongest 
fragrance chemicals which is known today (threshold 0.1 ppb). It is- 
formed by various soil microorganisms of the Streptomyces family 
and Myxobacteria.
For better knowledge of the relationship of structure and earthy odor, 
the syntheses and olfactory properties of the two nor-geosmins 2 and 
3 and several derivatives with decalm skeleton and different functional 
groups such as the saturated 4 and 5 and the cgß-unsaturated ketones 
6-9 are presented.

R

1 2 ,3

R = H or Me
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ANTIHEPATOXIC EFFECT OF LIPOSOMIZED PREPARATION CONTAINING 
VOLATILE OIL OF CURCUMA XANTHORRHIZA AND CURCUMINOIDS OF 

CURCUMA DOMESTICA ON LIVER DAMAGE INDUCED BY CCL4
Sidik

Laboratory o f Pharmacognosy, Padjadjaran University 
Bandung, Indonesia

C urcum a xan tho rrh iza  Roxb and C urcum a do m e s tica  Val. have 
been used long in traditional medicine. The rhizomes are used 
traditionally fo r tonic, stomache, rheumatism, and liver disorder. The 
main components are volatile oil and curcuminoids.

The e ffect o f antihepatotoxic effect of, Curcuma Complex and 
Curcuma Complex plus on mice liver damage induced by CCi4 has been 
carried out. Curcuma Complex (CC) consisted o f Volatile oil {isolated 
from Curcum a xan tho rrh iza ) and curcuminoids (isolated from C urcum a  
d o m e s tic s ). Curcuma Complex Pius (CCP) is liposomized preparation o f 
CC. Antihepatotoxic effect were examined histopathologically

Ninety mice were randomly divided into 6 groups. Group I was 
natural control group; group II received CCi4 only; group III received CCI4 
and CC o f dosis 3; Group IV received CCI4 and CCP o f doses 1 and 
group V received CCI4 and CCP o f dosis 2 and group VI received CCI4 
and CCP o f dosis 3.

The results showed that CCP o f doses 2 (liposomized CC 
preparation o f 0 ,1 4  mg volatile o il/kg  b.w and 0 ,572  mg curcum inoid/kg 
b.w ) had the best antihepatotoxic effect compared with CC (0 ,28  mg 
volatile o il/k g  b.w and Curcuminoid 1 ,144 m g/kg  b.w) and CCP o f dosis 
1 (0,07 mg vo l.o il/kg  b.w and Curcuminoid 0 ,2 86  m g/kg b.w) and CCP 
o f dosis 3  (0 ,28  mg vo l.o il/kg  b.w and Curcuminoid 1 ,144 m g/kg b.w).

However the antihepatoxic effect o f CCP can not stop the 
process o f liver fibrosis caused by CCI4 toxicity twice a week fo r three 
weeks.
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GLOBAL VISION LEADERSHIP TRAINING 
Kathryn Degraff-Keady
Aroma Research Institute, P.O. Box 63, Boulder Creek, 
California 95006, USA

This paper is a survey of the efforts and progress made in 
the USA since 1988 to develop university level training in the 
growing and processing of aromatic and medicinal plants for use 
in fragrance, flavor and pharmaceutical applications, and how 
TBAM might be instrumental in helping the Americas obtain the 
kind of education in aromatic extraction technology and basic 
training in perfumery that is needed everywhere on this continent.

Both Aromatherapy and Perfumery are a combination of Art 
and Science. Therefore the Aroma Trades need staff with broad 
cultural background and inter-disciplinary perspective. In France 
today there are two schools of perfumery, Roure-Givaudan in 
Grasse, and at Versailles, a government and fragrance industry 
sponsored school. Both accept French speaking students with 
broad liberal arts backgrounds from all over the world. However, 
despite great need, there is no university associated training in 
perfumery and aromatics available to the general public in the 
USA.

Following World War II, the global fragrance industry 
became overloaded with chemists and technicians, trained in 
scientific discipline, but lacking in history, philosophy and the 
arts. By the mid sixties the industry realized that chemistry alone 
was not adequate foundation for perfumery. Therefore, Stephan 
Arctander, a visionary leader, began recruiting aspiring perfumers 
with liberal arts backgrounds for the two year course on 
perfumery & essential oils he taught at Rutgers Univerity, 
College of Pharmacy in Newark, New Jersey, USA.

The course was taught until 1969. No high level training in 
perfumery has been available in the USA since then, 
Consequently, there is now a backlog of pent-up demand for 
training in perfumery in North America, as well as in all the 
countries of the Middle East, Asia, Africa, S.E. Asia and the Far 
East where English is a linguafi'anca. As France is the only 
country where there is a school of perfumery open to the public, 
they are inundated with requests for some kind of instruction in 
the English language. It is time the English speaking world took 
action to meet this demand.
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ESSENTIAL OIL INDUSTRY IN IRAN 

S.F. Mirbaha

ISIRl (Institute of Standard and Industry Research of Iran) PO Box: 31585, 163 
Karaj/lran

The world production of the essential oils is estimated to be 
45000 tons a year. The developing countries have an active role in this 
field. We are going to discuss crucial problems in Iran and suggest 
suitable methods in this regard. The main point are as follows.
1- Information

In the Essence industry the dispersion of information seems 
more evident. Each plant needs an information pyramid containing 
different species, their geographical condition, manner of cultivation, 
processing and harvesting and also their application, suitable technology 
and their quantity and effective substances and so on...
1- Industrial Structure

The main points to be covered thoroughly are as follows:
a) The existence of internal and foreign markets.
b) The rationalization of production lines and quality control.
c) Requirements for the acauisition of tools and equipments and final 
products in rural production units and cultivation, industrial complexes.
3- Training

The manner of promoting the culture of application of 
technology and information through an efficient system. Special 
organizations are engaged in this section. Some general methods are 
suggested to be applicable from rural up to the university level.
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THE USES OF ESSENTIAL OILS IN FOOD INDUSTRY 

S.Otles, O.Polat, Y.Hi$tl

Ege University, Engineering Faculty, Food Engineering Department, Bomova, Izmir

Essential oils are the volatile oils obtained from plants or from 
parts thereof by (1) water distillation (2) steam distillation (3) enzymatic 
action followed by steam distillation, or (4) water and steam distillation.

In Food Industry, essential oils tire widely used as a herb and 
spice extract instead of direct usage of plants. The main purpose of this 
is to render food products more attarcive to human taste. Essential oils 
are widely used in food production due to their antimicrobial, 
antioxidative, coloring and flavoring properties.

Some examples of spices that contain important essential oils 
used in Food Industry are cloves, turmeric, cumin, caraway, 
cardamom, coriander, cinnamon, fennel, fenugreek, nutmeg and mace.
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ESSENTIAL OILS AND PLANT SUBSTANCES - AN 
ALTERNATIVE OF SYNTHETIC GROWTH ENHANCERS 
IN ANIMAL FEEDING

R, Thomann1, U. Bauermann1, L. Hagemarm2

11GV fnslitut fur Getreideverarbeitung GmbH, Bergholz-Rehbrucke, Germany 
2Lehr-und Versuchsanstalt, RuhlSdorf, Germany

The administration of synthetic growth enhancers came under 
criticism because of the suspected development of vancomycin-resistant 
enterococci. In some EU countries, the administration was prohibited 
(Avoparcin Germany, 1997). As with growth enhancers the daily 
growth rate of the animals can be increased by 5-9% the farmers 
demand secure and economic alternatives. Traditional compounds of 
active substances (Bio-tonic, Livol) as well as new preparations with 
essential oils (CRINA, Micro-plus) are commercially available. Tests in 
Brandenburg have shown that it is possible to store freshly harvested 
grain (18% moisture) with an addition of 0.2% Origanum, Caraway and 
Clove oil, resp. In fodder acceptance tests grain which was stabilized by 
essential oils was added. Forty days pig fattening tests (38 kg-72 kg) 
have demonstrated the following fodder utilization.

Control O riganum  oil 
0.1%

C innant. oil 
0.1%

Daily weight 
increase, g 882 882 892
Feed per animal 
and day, kg 2.50 2.36 2.42
Feed per kg weight 
increase, kg 2.83 2.69 2.71

Alternative preparations of high efficiency and acceptance will 
be developed by the combined use of essential oils and prebiotic inulin.

IGV is interested in integrating the work into European research 
projects and is searching for partners within the 4th framework 
programme of EU.
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08.30-10.00 Registration

10.00-10.15

Atatürk Kültür ve Sanat Merkezi 
(Atatürk Culture and Art Centre)

Opening Ceremony

- K.H.C. Ra^er. President, Organizing Committee

- A. Ôcal. Rector. Anadolu University. Eskisehir. Turkev

- Chamber Music Concert

10.15-10.45 Tea Break

Chairpersons K.H.C.Baçer - E.Stahl-BiskuD

10.45-12.00 Opening Lecture

Scents from  Rain Forests. R. Kaiser

12.00-12.45 Plenary Lecture

The Essentia l O il Com position o f P im pinella Species , 
K.H. Kubeczka

12.45-14.30 Lunch, Yemekhane (Cafeteria) 

Chairpersons  K.H. Kubeczka - R.lkan

14.30-15.15 Plenary Lecture

Arom atherapy- A Com pilation o f Scientific  Facts in 
Favour o f its Correct Use. G. Buchbauer

Oral Presentations

15.15-15.35 A ntifunga l Properties o f Essentia l O il C om ponents , 
J.C.R. Demvttenaere

15.35-15.55 The E ffect o f the Essentia l O il o f M elaleuca a lternifo lia  
on Escherich ia colti. J. L. Mark ham

15.55-16.30 Tea Break

16.30-18.30 Posfer Session - Kütuphane ”Sergi Salonu” 
(Library- Exhibition Hall)

19.00-21.00 Welcome Reception- Yemekhane (Cafeteria)
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09.00-09.45

Chairpersons D.Joulain - W A KbnLSI 

Plenary Lecture

Recent Developments in Phytochem istry o f Bryophytes, 
Y. Asakawa

Ora1 Presentations

09.45-10.05 Biosynthesis and Hydrolysis of M onoterpene G lycosidesr 
R. Ikan

10.05-10.25 The Biosynthesis o f Essentia l O il Com ponents in A rom atic  
Plants. E. Lewinsohn

10.25-11.00 Tea Break

Chairpersons P. Weverstahl - C.Bicchi

11.00-11.45 Plenary Lecture

The Use of Essentia l Oils in the Form ulation o f N atura l 
Flavours. D. Joulain

Oral Presentations

11.45-12.05 Supercritical F luid Extraction o f Terpene Hydrocarbons from  
Citrus Oils. M. Bu.dich

12.05-12.25 The Evolution o f a New Generation of Fine N atura l P lant 
Oils. PR Wilde

12.30-14.00 Lunch, Yemekhane (Cafeteria) 

Chairpersons G.Buchbauer - E. Sezik

14.00-14.45 Plenary Lecture

Synesthesia. A. Bavdar 

Oral Presentations

14.45-15.05 Australian Tea Tree O il: Efficacy, Toxicity, Irritancy and  
Stabiiitv. D.N. Leach

15.05-15.25 Chrom atographic Study o f Essentia l Oils from Artem isia  
Species. S.M.Adekenov
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16.00-18.30 Poster Session - Kütüphane "Sergi Salonu" 
(Library- Exhibition Hall)

20.00- Symposium Dinner- Turkuaz Restaurant

3 S E P T E M B E R  19 97

ChairDersons Y. Asakawa - E.Levinsohn

09.00-09.45 Plenary Lecture

Identification o f Rare Sesquiterpene Structures in Essentia l 
Oils. W.A. Konia

Oral Presentations

09.45-10.05 Packed Column SFC in the Analvsis o f Terpenoids. C. Bicch

10.05-10.25 Control o f Storage D iseases o f Potato and Sprout Inhibition  
bv Plant Volatiles. U. Bana

10.25-11.00 Tea Break

Chairpersons Ch. Franz - A.Bavdar

11.00-11.45 Plenary Lecture

Some Novel Tricyclic Sesquiterpene Skeletons from the 
Essentia l O il o f Echinoos a ia ante us. P. Weverstahl

Oral Presentations

11.45-12.05 Bioconversion of A lkene Phenols from Arom atic Plants to 
Natural Aroma Compounds. E. Shimoni

12.05-12.25 M ethyltransferases Involved in the B iosynthesis o f Methyl- 
chav icoi and M ethvl-euaenol in Sweet Basil. I. Ziv-Raz

12.25-13.00 Closing Session

13.00-14.00 Lunch, Yemekhane (Cafeteria)

14.00-18.00 Botanical Excursion (Optional)
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PARTICIPANT LISTS

Aboutabl, E.A.
Pharmacognosy Dept, Faculty of Pharmacy, 
Cairo Univ,, Kasr-el-Aini Str., 11562 Cairo, 
EGYPT
Tel.: 20-2*330 44 57 
Fax : 20-2-362 41 05 
e-m a il: aboutabl@frcu.eu.eg

Adekenov, S.M.
Institute of Phytochemistry of MS-AS,
Erzhanov st.pB 19,470032, Karaganda,
KAZAKHSTAN
Tel: 321-251 1012
Fax:321-251 10 23
e-mail: Kms@phytokaraganda.su

Ahmadi, L.
Research Institute of Forests and Rangelands,
Tehran-Karaj Highway Km. 15,13185-116,
Tehran, IRAN
Tel.: 98-21-602 65 71-7
Fax: 98 21-602 65 75
e-mail: -

Asakawa, Y.
Faculty of Pharmaceutical Sciences,
Tokushima Bunri University, Yamashir/cho,
Tokushima 770 Japan
Tel: 81-886 22 96116521
Fax:81-886 55 30 51
e-mail: hqlo7117a@mftyserve.or.jp

A skari, F.
Research Institute of Forests and Rangelands,
Tehran-Karaj Highway Km, 15,13185-116,
Tehran, IRAN
Tel.: 98-21-602 65 71-7
Fax: 98-21-602 65 75
e-mail: *

Azcan, N.
Anadolu University, Medicinal and Aromatic
Plant and Drug Research Centre (TBAM),
26470 Eski^ehir, TURKEY
Tel.: 90-222-335 29 52
Fax:90-222-335 01 27
e-m ail: nazcan@vm.baum.anadolu.edu.tr

Babakhanloo, P.
Research Institute of Forests and Rangelands,
P.O.Box 13185-116,Tehran,IRAN
Tel.: 98-021-602 6571-7
Fax: 98-021-602 65 75
e-mail: -

Baerheim Svendsen, A.
Department of Pharmaceutics Faculty of
Science University of Oslo, Blindern Campus
0316 Oslo, NORWAY
TeL: 47-22-85 65 94
Fax: 47-22-85 74 94
e-mail: jan karlsen@farmacy uio.no

Ba§erf K.H.C.
Anadolu University, Medicinal and Aromatic 
Plant and Drug Research Centre (TBAM), 
26470 Eski$ehir, TURKEY 
TeL: 90-222-335 29 52 
Fax: 90-222-335 01 27
e-mail: khcbaser@vm.baum.anadolu,edu.tr 

Bang, U.
Swedish Universtiy of Agricultural Sciences, 
Department of Agricultural Research for 
Northern Sweden, Section of Plant Protection, 
Box 4097, S-90403, SWEDEN 
Tel. 46-90-786 94 80 
Fax:46-90-786 94 04 
e-mail: ulla.bang@njv.siu.se

Barazandeh, M.M.
Research Institute of Forests and Rangelands,
Tehran-Karaj Highway Km. 15,13185-116,
Tehran, IRAN
Tel,: 98-21-602 65 71-3
Fax:98-21-602 65 75
e-mail: -

Bashiri Sadrt Z.
Iranian Research Organization for Science and 
Technology and R&D Dept. Director of 
ZARDBAND Co. LTD. Tehran, IRAN 
T e l / ­
Fax: 98-21-276103 
e-mail: -
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Bauerm ann, U.
Institut FurGetreide Verarbeilung GmbH, A- 
Scheunert-Allee 40/41, 14558 Bergholz- 
RehbrCtcke, GERMANY 
Tel.: 49-33200-89207 
Fax: 49-33200-89220 
e -m a il: -

Bay da r, A.
Givaudan-Ftoure, 19-23 vaie des Bans, BP98
95101 Argenteuil Cedex, FRANCE
Tel.: 331-39 98 16 30
Fax: 331-3998 17 15
e -m a il: ahmet_baydar@roche.com

Beis, S. H
Anadolu University, Medicinal and Aromatic
Plant and Drug Research Centre (TBAM),
26470 Eski^ehir, TURKEY
Tel.: 90-222-335 29 52
Fax:90-222-335 01 27
e-m a il: shbeis@vm.baum.anadolu. edu.tr

Bicchi, C.
University of Turin, Department of Science
and Technology, Faculty of Pharmacy, Via P.
Giuria 9-1-10125 Torino, ITALY
Tel: 39-11-670 76 62
Fax:39-11-670 76 87
e -m a il: blcci@ch.unito.it

B inder, G.
Department of Pharmaceutical Biology
University of Wurzburg, Mittlerer
Dallenbergweg 64, 97082 Wurzbur,
GERMANY
Tel: 49-931-888 61 79
Fax:49-931-888 61 82
e-m a il: binder©botanik.uni-wuerzburg de

Bozan, B.
Anadolu University, Medicinal and Aromatic
Plant and Drug Research Centre (TBAM),
26470 Eski?ehir, TURKEY
Tel.: 90-222-335 29 52
Fax: 90-222-335 01 27
e-m a il: bbozan@vm.baum.anadolu.edu.tr

Buchbauer, G.
Institute of Pharmaceutical Chemistry, 
University of Vienna, Centre of Pharmacy, 
Atthanstreet 14, A-1090 Vienna, AUSTRIA 
Tel.: 43-1-313 36 86 10 
Fax: 43-1-313 36 771
e-m a il: buchbaue@speedy.pch.univie.ac.at

Budich, M.
Besucher-u Lieferanschrift, Eibendorfer
Strabe 38,21073, Hamburg, GERMANY
Tel.: 49-40-7718-2830
Fax: 4^40-7718-2573
e-m a il: budich@tu-harburgh d400.de

Bruetl, M arcet
POLARME International, 200 Thedore Conrad
Drive, 07305 U.S.A
Tel.: 1-201-333-8700
Fax:1-201-433-0638
e-mail: mbruell@ polarome cam

C hatterjee , S.K.
Research Laboratory, West Bengal 
Pharm aceutica l and Phytochemical 
Development Corporation lllaco House, 
Calcutta-700 001, INDIA 
Tel.:91-33-337 3437 
Fax:91-33-220 2087 
e -m a il: -

C hrzaszcz, M.
Pollena-Aroma Ltd. ul. Klasykow 10 03-115
Warszawa, POLAND
Tel.: 48-22-11 42 21/216
Fax:48-22-11 92 28
e-mail : -

Dagne, E.
P.O.Box 30270, Addis Ababa, ETHIOPIA 
T e l / ­
Fax: 2511 551244 
e -m a il: -

D anielovic, I.
Research Institute of Agroecology, Spitalska 
St. 1273, SK-071, Michalovce, SLOVAKIA 
Tel.: 421-946 443 888 
Fax:421-946420 205 
e -m a il: ovua@in4.sk
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Danielsson, K.
Swedish iUniversity of Agricultural Sciences,
Department of Agricultural Research for
Northern Sweden, Section of Plant Protection,
Box 4097, S-904 03, SWEDEN
Tel.:46-90-786 94 86
Fax:46-90-786 94 04
e-mail: karin.danielsson@njv.slu.se

Dar ban di Farahani, A.
Food, Drug & Clinical Labs., No:31, Emam 
Khomeini Ave., Tehran 11136, IRAN 
Tel: 98- 21-640 00 81 
Fax:98-21-640 43 30 
e-mail : -

Degraff-Keady, K.
Aroma Research Institute of America (ARIA), 
P O Box 63 95006 Boulder Creek California, 
USA
Tel.: 1-408-338-6122 
Fax: 1-408-338-4364 
e-mail: -

Demirr E.
Erdogmu§ Parfüm Sanayi, ozden Pasaji 
No:22, Etiler 80630, istanbul, TURKEY 
Tel.:90-212-257 40 30 
Fax 90-212-263 20 53 
e-mail: -

Demirci, B.
Anadolu University, Medicinal and Aromatic 
Plant and Drug Research Centre (TBAM), 
26470 Eskî ehir, TURKEY 
Tel.: 90-222-335 05 80/3662 
Fax: 90-222-335 01 27
e-mail: bdemirca@vm.baum.anadolu.edu.tr

Demirci, F.
Anadolu University, Medicinal and Aromatic
Plant and Drug Research Centre (TBAM),
26470 Eskî ehir, TURKEY
Tel.: 90-222-335 05 80/3662
Fax: 90-222-335 01 27
e-mail fdemirci@vm.baum.anadolu.edu.tr

Dem yttenaere, J.C.R.
Faculty of Biological Applied Biological
Science Depl. of Organic Chemistry State
UniversSy Gent, Coupure Links 653, 9000
Gent, BELGIUM
Tel.: 32-9-264 59 64
Fax: 32-9-264 62 43
e-mail: jan.demyttenaere@ rug ac be

Durukan, $.
Erdogmu§ Parfum Sanayi, Ozden Pasaji 
No 22, Etiler 80630 Istanbul, TURKEY 
Tel: 90-212-257 40 30 
Fax:90-212-263 20 53 
e-mail: -

Eberhardt, R.
Akras Post Box 104, A 2340 Modling, 
AUSTRIA
Tel.; 2236-62550-230 
Fax: 2236-62443 
e-mail: -

Eggers, M.D.
Department of Pharmaceutical Biology, 
University of Hamburg, Bundesstrasse 43, D- 
20146, Hamburg, GERMANY 
Tel.: 49-40-41233896 
Fax:49-40-4123 3895 
e-mail: eggers@chemie.chemie. uni. 

hamburg.de

Elazzounyr A.
Pharmacognosy Dept, Faculty of Pharmacy, 
Cairo Univ., Kasr-el-Aini Str, 11562 Cairo, 
EGYPT 
Tel : -
Fax:2-02-36 24105 
e-mail : -

Emrey O.
Kali Kimya Sanayi ve Ticaret A Birahane 
Sokak No 50, Bornonti80280, Istanbul, 
TURKEY
Tel.: 90-212-234 06 45 
Fax -
e-mail : kali@kali.com.tr
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Erdo§m u§, H.
Erdogmu$ Parfüm Sanayi, özden Pasaji 
No22, Etiler 80630, istanbul, TURKEY 
Tel.:90-212-257 40 30 
Fax:90-212-263 20 53 
e-mail: eps@turknet.com.tr

F a rre ll, G.
Hygeia School of Holistic Therapy, 7-9 
Springfield Road, Altrincham Cheshire, WA14 
1 HE. UK
Tel.:44-161-941 50 27 
Fax:44-161-926 84 23 
e-mail: geoff_farrell@msw.com

F arre ll, M.
Hygeia School of Holistic Therapy, 7-9 
Springfield Road, Altrincham Cheshire, WA14 
1HE UK
Tel.:44-161 9415027 
Fax: 44-161 9268423 
e-mail: geoff_farrell@msw.com

F ig u e ired o , A.C.
Faculdade Ciencias Lisboa, Dep. Biofogia
Vegetal, Bloco C 2 Piso 1, Campo Grande,
1780 Lisboa, PORTUGAL
Tel.:35-117-50 00 69
Fax:35-117-50 00 48
e-mail: ac@ dnagel.bio.fc.ul.pt

F ranco , F.
Kali Kimya Sanayi ve Ticaret A.§., Birahane
Sokak No:50, Bomonti 80280, istanbul,
TURKEY
Tel.:212-234 06 45
Fax:
e-mail : kali®kali com.tr 

Frank, B.
Kneipp-Werke Steinbachtal 43,97082 
Wurzburg, GERMANY 
Tel.:49-931-6102-271 
Fax: 49-931-6102-275 
e-mail : -

F r a n z , C.
Institute of Applied Botany, University of
Veterinary Medicine, Josef-Baumann-Gasse
1,1210 Wien, AUSTRIA
Tel 43-1-250-77 31 01
Fax 43-1-250-77 31 90
e-mail: -

Freund , D.
Scents and Scentsibility, 519 Whiton Road,
08853 USA
Tel 1-908-369 4537
Fax: 1-908-369 4537
e-mail: debbie@fastbreak.com

Friedm an , J.
Dept, of Plant Sciences, Tel Aviv University,
Tel Aviv 69978, ISRAEL
Tel.: 972-3-642 4406
Fax:972-3-642 4406
e-mail: jfried@post.tau.ac.il

Goren, N.
Marmara Research Centre, TUBITAK, 41470
Gebze, Kocaeli, TURKEY
Tel.: 262-641 23 00/4103
Fax: 262-641 23 09
e-mail: goren@mam.gov.tr

G u/er? N.
Konurlar S.A., Buyukdere Cad. 64/7 
Mecidiyekoy, 80290 Istanbul, TURKEY 
Tel.: 90-212-275 17 96 
Fax 90-212-275 7513 
e-mail: -

G urbuz, B.
University of Ankara, Faculty of Agriculture, 
Reid Crops Department, Ankara, TURKEY 
Tel 90-312-317 05 50/1286 
Fax:90-312-318 26 66 
e-mail -

lka n t R.
Hebrew University of Jerusalem, 91904 
Jerusalem. ISRAEL 
Tel.: 972-2-658 53 28 
Fax: 972-2-658 53 45 
e-mail: -
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Joutain, D.
Robertet SA, 37 Avenue Sidi-Brahim, PO.Box 
100, F-06333 Grasse Cedex, FRANCE 
Tel.: 33-4-93403366 
Fax: 33-4-93-70 68 09 
e-mail : -

Kaiser, R.
Givaudan-Roure Research Ltd, CH-8600
Dubendorf, SWITZERLAND
Tel: 411-824 23 55
Fax: 411-824 29 39
e-mail: roman.kaiser@roche.com

Kinmer, N.
Anadolu University Medicinal and Aromatic
Plant and Drug Research Centre (TBAM),
26470 Eski?ehir, TURKEY
Tel.: 90-222-335 29 52
Fax: 90-222-335 01 27
e-mail : nkirimer@vm.baum.anadolu.edu tr

Kitiki, A.
Ege Tarimsal Ara§tirma Enstitösü, PK 9, 
35661 Menemen, Izmir, TURKEY 
Tel.:90-232-84613 31 
Fax:90-232-84611 07 
e-mail: -

Kaiemba, D.
Institute of general food chemistry, Technical
university, 90-924 Lodz, POLAND
Tel.: 48-42-31 34 23
Fax: 48-42-36 28 60
e-mail: dakal @ snack, p, lodz.pl

Karlsen, J.
Department of Pharmaceutics, Faculty of
Science University of Oslo, Blindern Campus
0316 Oslo, NORWAY
Tel.: 47-22-8565 94
Fax:47-22-85 74 94
e-mail: jan .karlsen©farmacy.uio.no

Kaya, A.
Anadolu University, Medicinal and Aromatic 
Plant and Drug Research Centre (TBAM), 
26470 Eski?shir, TURKEY 
Tel: 90-222-335 05 80-3643 
Fax:90-222-335 01 27 
e-mail: -

K aya, NL
Ege Universitesi, Ziraat Fakuitesi, Tarla 
Bitkileri B6lumu, Bornova 35100 izmir 
TURKEY
Tel: 90-232-388 40 00-2676 
Fax:90-232-388 1864 
e-mail: kaya@ ziraat.ege edu tr

Kieft, B:
University of Regensburg, Institut for 
Pharmacy, Universitaes Str. DFE 31. D-93 
040 Regensburg. GERMANY 
Tel.: 49-941 943 47 61 
Fax:49-941-943 47 62 
e-mail bemhard.kiefl@chemie 

uniregensburg.de

Ko$ar, M.
Anadolu University, Medicinal and Aromatic 
Plant and Drug Research Centre (TBAM), 
26470 Eski?ehir, TURKEY 
Tel.: 90-222-335 05 803664 
Fax:90-222-335 01 27 
e-mail: mkosar@vm.baum.anadolu.edu.tr

Köhne, A .
Institut für Organische Chemie, Technische 
Universität Berlin, Strasse des 17 Junit 135. 
10623 Berlin, GERMANY 
Tel.: -
Fax:49-30-31423619
e-mail: anja@wap0104.chem.tu-berlin.de 

Kokdil, G.
; (g. Department of Pharmacognosy, Faculty of 

Pharmacy, Ankara University, 06100 Ankara, 
TURKEY
Tel.: 90-312-212 68 05-202
Fax:90-312-2131081
e-mail: kokdil@io.pharmacy.ankara.edu.tr

113

mailto:roman.kaiser@roche.com
mailto:nkirimer@vm.baum.anadolu.edu
mailto:mkosar@vm.baum.anadolu.edu.tr
mailto:anja@wap0104.chem.tu-berlin.de
mailto:kokdil@io.pharmacy.ankara.edu.tr


König, W.A.
Institut für Organische Chemie, Martin-Luther- 
King-Platz 6, D-20146 Hamburg, GERMANY 
Tel; 49-40-4123 2824 
Fax: 49-40-4123 2893
e-mail: wkoenig®Chemie uni-hamburgde 

Krügerf H.
BundesausialtfürZühtungsforschung an
Kulturplauzen, Neuer Weg 22/23 D-06484
Quedlinburg, GERMANY
Tel.: 49-3946 47282
Fax: 49-3946 47255
e-maif: -

Kubeczka, K.-H.
Bundenstrasse 43, D-2000 Hamburg 13,
GERMANY
Tel.:49-40-4123 3899
Fax 49-40-4123 3895
e-mail: kubeczka @rrz uni-hamburg.de

Kurapov, P.
Moscow Timiryzev Agricultural Academy, 
Moscow 127550 , RUSSIA 
Tel: 77-95-976 12 73 
Fax:77-95-977 56 14 
e-mail: -

Kürkgüogtu, M.
Anadolu University, Medicinal and Aromatic 
Plant and Drug Research Centre (TBAM), 
26470 Eski§ehir, TURKEY 
Tel.:90-222-335 29 52 
Fax: 90-222-335 01 27
e-mail: mkurkcuo@vm baum anadolu edu tr 

Küsmenoglu,
Gazi University, Faculty of Pharmacy, 06330 
Hipodrom, Ankara, TURKEY 
Tel.:90-312-212 60 30 
Fax:90-312-223 5018 
e-mail: -

Leach, D. N.
Austrialian Tea Tree Oil Research Institute,
Southern Cross University, Military Road,
Lismore NSW 2480, AUSTRALIA
Tel.:61-66-223211
Fax:61-66-223459
e-mail: dleach@scu.edu au

Lee, H-K.
Kor.Res.lnst Biosci Biotechn ,P O Box 115 
Yusong, Taejon 305-600, KOREA 
Tel/­
Fax: -
e-mail: hykytee@kribb4680,kribb.re kr 

Lee, K.
Spagyrica, Partington, Big Sur, California
93920, USA
Tel: 1-408-667-2492
Fax 1 -408-667-2492
e-mail: -

Lewinsohn, E.
Aromatic, Medicinal and Spice Crops Newe-
Ya’ar Research Center Agricultural Research
Organization P.O. Box 1021, Ramat Yishai
30095 ISRAEL
Tel: 972-4-953 9552
Fax: 972-4-983 6936
e-mail lew)nson @volcani.agri.gov.il

Lochynski, S.
Institute of Organic Chemistry, Biochemistry 
and Biotech, Technical University of Wroclaw, 
Wroclaw, Wybrzeze Wyspianskiego 27, 50- 
370 POLAND 
Tel.:48-71-320 2400 
Fax:48-71-224 064
e-mail: lochynski @kchf.ch.pwr.wroc.pl 

M ated  Bini, L.
Dip.Biologia Vegetate, University of Florence,
Via La Pira4, 50121 Firenze, ITALY
Tel.: 39-552757 396
Fax: 39-55 275 73 98
e-mail: bini@ntt.it

M anteüffef, E.
Institut für Organische Chemie, Technische 
Universität Berlin, Strasse des 17 Juni, 135 , 
10623 Berlin, GERMANY 
Tel/­
Fax: 49-30-31423619 
e-mail; -
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M arkham , J.
University of Western Syney, Hawkesbury,
Centre for Biostructural and Biomolecular
Research Locked Bag No. 1,2753 AUSTRALIA
Tel.:61-045-701221
Fax:61-045-701 267
e-mail: j.markham@uws.edu.au

M epulam , E.
Cendere Yolu 15, Ayazaga, 80670 Istanbul, 
TURKEY
Tel: 90-212-289 06 10 
Fax: 90-212-289 06 25 
e-mail: erol.meshulam@gulcicek.com.tr

Mekem  Sonwa, M.
Institut für Organische Chemie, Martin-Luther- 
King-Platz 6, D-20146 Hamburg, GERMANY 
Tel.:49-40-41 23 28 31 
Fax: 49-40̂ 1 23 28 93 
e-mail: mesmin_mekem_sonwa@public. 

uni-hamburg.de

M irbaha, S.F.
Institute of Standard and Industry Research of 
Iran ISIRI, P.O.Box 31585-163 Karaj, IRAN 
Tel.: 98-21-827 20 49 
Fax:98-21-827 22 49 
e-mail: -

M irza , M.
Research Institute of Forests and Rangelands,
Tehran-Karaj Highway Km. 15, 13185-116,
Tehran, IRAN
Tel.: 98-21 -6026571 -7
Fax:98-21-602 65 75
e-mail: -

Mumcuoglu, N.
Altes Ltd. §ti., Barbaras Mah. Hamit Ef. Sk., 
No.6, 07100 Kaleigi, Antalya, TURKEY 
Tel.:90-242-25611 40 
Fax:90-242-237 1746 
e-mail -

Nacar,
Universit of Kahramanmara? Siitfu imam ,
Faculty of Science and Education, Department
of Biology, Karacasu Campus,
Kahramanmarâ , TURKEY
Tel.: 90-344-236 40 25
Fax: 90-344-236 43 08
e-mail: -

Naef, R.
Firmenich Sa, Route des Jeunes 1, Case
Postale 239,1211 Geneva 8, SWITZERLAND
Tel.: 41-22 7803532
Fax: 41-22 7803334
e-mail: regula.naef ©firmenich.ch

N o v a k , J.
Institute of Applied Botany, University of
Veterinary Medicine, Josef-Baumann-Gasse
1,1210 Wien, AUSTRIA
Tel.: 43-1-250 7731 01
Fax:43-1-250 77 31 90
e-mail: johannes.novak@vu-wien.ac.at

ozakat, M.
POLARME International, 200 Thedore Conrad
Drive, 07305 U.S.A
Tel: 1-201-333-8700
Fax:1-201-433-0638
e-mail: mbrueil@polarome.com

Ozcan, M.
Selguk Universitesi Ziraat Fakultesi Gida 
Muhendisligi Bblumu, 42031 Konya, TURKEY 
Tel.: 90-332-241 00 41/1686 
Fax:90-332-241 01 08 
e-mail: -

ozek, T.
Anadolu University, Medicinal and Aromatic
Plant and Drug Research Centre (TBAM),
26470 Eski§ehir, TURKEY
Tel.: 90-222-335 29 52
Fax: 90-222-335 01 27
e-mail: tozek @ vm .bau m. anadolu.ed u ,tr
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ozel, A.
Harran University, Faculty of Forestry 
Department of Crop Plant, 63200 $anliurfa, 
TURKEY
Tel.: 90-414-247 03 86/302 
Fax: 90-414-247 03 85 
e-mail: -

o ztu rk , N.
Anadoiu University, Medicinal and Aromatic 
Plant and Drug Research Centre (TBAM) 
26470 EsKî ehir TURKEY 
Tel.: 90-222-335 05 80/3662 
Fax:90-222-33501 27 
e-mail: nozturk@vm.baum.anadolu.edii.tr

P alfi-Ledn iczky, M.
AROMAX Ltd. XXI., Szallitok utja 4 , H-1211,
Budapest, HUNGARY
Tel: 36-1-277 44 44
Fax:36-1-277 79 01
e-mail: -

Pofat, d .,
Ege University, Engineering Faculty, Food 
Enginering Department Bornova, Izmir, 
TURKEY
Tel 90-232-420 07 25 
Fax: 90-232-388 75 99 
e-mail: -
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26470 Eskî ehir, TURKEY
Tel.: 90222-335 05 800664
Fax: 90-222-335 01 27
e-mail: ztunaiie@vm.baum.anadolu.edu.tr

Tuta§, M.
Department of Chemistry, Faculty of Science 
and Letters, Akdeniz University , P O Box 510, 
Antalya, TURKEY 
Tel/­
Fax: - 
e-mail: -

Tümen, G.
Balikesir University, Faculty of Education 
Balikesir, TURKEY 
Tel.: 90-266-241 27 62 
Fax: 90-266-249 71 25-241 12 12 
e-mail: gtumen @balikesir.cc.karesi

On sal, A.
Halit Ziya Bulvari, 33/83, 35210 Izmir, 
TURKEY
Tel.:90-232-441 18 90 
Fax: 90-232-489 37 96 
e-mail: -

Volkert, B.
Institut für Organische Chemie, Technische 
Universität Berlin, Strasse des 17 Juni, 135 , 
10623 Berlin,GERMANY 
Tel -
Fax: 49-30-31423619
e-mail: bert@wap0104.chem.tu-berlin.de

W eyerstah l, P.
Institut für Organische Chemie, Technische
Universität Berlin, Strassedes 17Juni, 135 ,
10623Berlin, GERMANY
Tel.:49-30-31422355
Fax: 49-30-31423619
e-mail; -

Wilde , P. F.
The Ol-factory, 91 Front Street, Sowerby 
ThirskY07 1JP, UK 
Tel. 44-0-1 -845 523 452 
Fax:44-0-1-845 523 452 
e-mail: wildeandco@compuserve.com

Z iV ’ R a z ,L
Aromatic, Medicinal and Spice Crops Newe- 
Ya ar Research Center Agricultural Research 
Organization P.O. Box 1021, Ramat Yishai 
30095, ISRAEL
Tel.: 972 4 953 9552 
Fax: 972 4 983 6936 
e-mail: vfnefram@volcani agri.gov il

118

mailto:kathe@wap0104.chem.tu-berlin.de
mailto:igv-regrow@gsbl.ins-coin.de
mailto:ztunaiie@vm.baum.anadolu.edu.tr
mailto:bert@wap0104.chem.tu-berlin.de
mailto:wildeandco@compuserve.com


119



28th ISEO

28th INTERNATIONAL SYMPOSIUM
ON

ESSENTIAL OILS

1-3 September 1997 
Eskiçehir-TURKEY

SUPPLEMENT

Sponsors / Exhibitors 
Abstracts (69-73)

List of Additional Participants

Anadolu University
M e d ic in a l an d  A ro m a tic  P la n t and D ru g  R e s e a rc h  C e n tre

(TBAM)

120



SPONSORS

Anadolu University 

Allured Publishing 

ALTES

Erdogmus Parfüm Sanayii 

Eyüp Sabri Tuncer A.S. 

FAKO ilaclan A.$. 

IFEAT

EXHIBITORS

Evcin Ith. ihr.Paz.Ltd.Sti. 

Evfay Gida San. A.$. 

TETRA

Official Travel Agency

ARISTO TOURS

121



ESSENTIAL OIL COMPOSITION AND BIOLOGICAL ACTIVITY 
STUDIES OF LAVANDULA S T O E C H A S  SSP. S T O E C H A S

G. Topçu1, M.N. Ayral1'2, and A. Aydin

' TUBiTAK, Marmara Research ( 'entre, MKT AI I, 41470 Gebze-Kocacli, 1'urkcy 

-  Marmara University, I'acuity of Science and Arts, Department of Chemistry. Gd/.tepe- 
Istanbul, Turkey

Hydrodistillcd oil of L a v a n d u la  ssp. was analysed
by GC-MS and camphor and fcnchonc were found as main componenls 
besides bornyl acetate, a-tlnijcnc, a-pincnc, camphcnc, limoncnc, cuca- 
lyptol, fcncholc, lcrpincn-4-ol, fcnchyl acetate, u-lcrpincol, 2-norpincn-2- 
carboxyaldchydc, aromadcndrcnc, cadincnc, palustrol, ledol, globulol, y- 
cadinol and lcvomcnol.

GC-MS analysis of the essential oil obtained by supercritical fluid 
extraction of the same plant, led to the identification of cucalyptol, fcn­
chonc, camphor, bornyl acetate, aromadcndrcnc, y-muurolcn, calamcnc, 
ledol and globulol.

The essential oils obtained by hydrodistillation and supercritical fluid 
extraction were evaluated for their antibacterial and cytotoxic activities 
and found to be moderately active against S ta p h y lo c o c c u s  a u r e u s  and 
P r o te u s  m ir a b i l is , and weakly active against COL 2 (9.8 pg/rnl) and 
LNCaP (17.6 pg/ml) cancer cell lines.
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THE ESSENTIAL OIL COMPOSITION OF EU CALYPTU S  
CAM ALDULENSIS  FROM MOZAMBIQUE

F. Pagula12, P. Bacckstrom2, K.H.C. Baçcr3 and M. Kürkçüoglu3

 ̂ E. Mondlane University, Faculty ol Sciences, HO. Box 257, Maputo, Mozambique

- Dep. ol Chemistry - Org. (Chemistry, Royal Institute of'Technology -10044 Stockholm, 
Sweden
3 Anadolu Universitiy, Medicinal and Aromatic Plant and Drug Research Centre 
(TBAM) 26470 Eski$ehir, Turkey

The composition of essential oil, obtained by hydrodistillalion of the 
leaves of E u c a ly p tu s  c a tn a ld u le n s is , using a Clevenger apparatus, have 
been investigated.

It was observed that the yield oil obtained from the older growth 
leaves of 4 and 11 years old trees yield of varied in the range of 1.3-1.6%.

GC-MS analysis of the oil revealed, as major components: cx-pincnc 
(4.63-0.78%), (3-pincnc (9.20-0.05%), limoncnc (2.88-1.05%), y-tcr- 
pincnc (5.27-10.39%), p-cymenc (4.68-11.60%), alloaromadendrcne 
(1.56-0.92%), tcrpincn-4-ol (12.79-5.45%), cx-lcrpincol (5.45-2.15%), 
epiglobulol (1.09-2.15%), globulol (5.39-9.61%) and viridiflorol (1.05- 
1.75%). It was also found that the 4 and 11 years old samples contain 1,8- 
cincolc (39.9-37.09%) respectively, as the major constituent.

Keywords: 1,8-cincolc, E u c a ly p tu s  c a tn a ld u le n s is , Clevenger, GC-MS
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THE EFFECT OF DIFFERENT SOWING TIME ON ESSENTIAL 
OIL OF C O R IA N D E R

O. Tontjcr1, S. Tansi2 and S. K izil1

* Dicle Univcrsily, Agriculture Faculty, Diyarbakir, Turkey 

2 (,'ukui'ova University, Agriculture Faculty, Adana, Turkey

Coriander ( C o r ia n  drum s a t i v u m  L.) is naturally grown in the 
Southeastern Anatolia Project (GAP) area, which covers Adiyaman, 
Diyarbakir, Gaziantep, Mardin, Siirt, §anliurfa, Batman and §irnak 
provinces. The area is very rich in terms of biological diversity.

Coriander is traditionally used as a spice and medicinal. Its essential 
oil has analgesic, sedative, tonic, aperitif, anthelmintic, carminative, 
aphrodisiac and diuretic effect.

This study was conducted to find out the most suitable sowing time 
for essential oil production in GAP region in 1996 and 1997. Field trials 
were done in Diyarbakir province, representing the GAP region; 5 differ­
ent sowing times (November 15, December 15, January 15, February 15, 
March 15) were investigated; as a result, the highest essential oil content 
was found as 0.36 % .

I | J +  | | I

- C.Crj-|«--v>T , ^  i A - L . - O  JLfc
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TI-IE LIPID ACl'IVE EFFECTS OF ESSENTIAL OIL EXl'RACT­
ED FROM OREGANO (01(/GANUM VULGAJ(E' SSP. H/J(TUM) IN 
ADIPOSE

J-,
1-IEART AND KIDNEY rfISSUES FROM A PREGNANT 

RAT EXPe,RIMENTAL MODEL 

H.J.D. Donnan and S.G. Deans 

Department of Biochemistry and Nutrition, Scolli�h Agricultural College, Auchincruive, 
Ayr, Scotland, K/\6 51-1\V, UK. 

Essential oil extracted from oregano ( Origunum vulgare ssp. /zirtum) was adminis­
tered orally at three concentration levels: 165 mg/kg (a), 334 mg/kg (b) and 835 mg/kg 
(c), to pregnant rats to investigate its capacity to change the fatty acid (FA) % composi­
tion in the four lipid fractions in a number or organs: cholcstcryl (CE), t.riacylglycc1idc 
(rG), free fatty aci<l (I-:FA) an<l phospholipid (PL) fractions. 

Two fractions were analysed from adipo�c tissue. CI 6:0, 31.04±2. 15 n=4 to 
23.81±0.41* n=4 (b) and 24.74±0.22* n=3 (c); C22:5(N-3), 0.63±0.02 n==2 to 0.48 
±0.02** n=4 (h) and C22:6(N-3), 0.63±0.02 n=2 tol .21+0.04** n=2 (b) all differed sla­
tistically from the control animal samples taken from the 'T'G fraction. In tl1c PL fraction, 
C14:0, C18:0, C18: l(N-9), Cl 8: l(N-7)� C20: l(N-9), C20:4(N-6) and C22:6(N-3) FAs 
differed from the control T7As significantly over the treatment levels. 

In the heart, ClG:0, C18:0, Cl8:2(N-C>), C20:4 (N-6) and C22:6(N-3) in the CE 
fraction all differed significantly, relative to the control al one or more concentration lev­
els. 

In the kidney CE fraction, C18: l(N-9), 14.79±0.71 n=2 lo 19.49±0.57** 11=3; 
C 18:2(N-6), 14.57±0.17 n=2 lo 25.37± 1.33** n=3 and C20:4(N-6), 28.08±0.87 n=2 to 
10.87±1.23*** n=4, changed at the highest trcalmcnt level. In tl1c TG fraction, Cl4:0, 
0.93±0.08 n=4 lo 1.31 ±0.04** n=3 (a), 1.28±0.08* n=4 (h) and 1.29±0.06* n=2 (c\ 
C14: l(N-5), 0.09±0.01 n=2 to 0.02+0.00*** n=4 (b)� C18: l(N-7), 2.56±0.11 n=4 to 
0.08±0.0 I*** n=3 (a) and 0.08±0.00*** n=3 (b). Other FAs which demonstrated signif­
icant changes included Cl 8:3(N-6), C20: 1 (N-9) and C22:6(N-3). Only three l¾s in the 
FFA fraction showed significant changes: C 17:0, 0.33±0.01 n=4 to 0.25±0.00** n=2 (a); 
C18:l(N-9), 11.31±0.27 n=4 to 12.91±0.34** n=3 (b) and Cl8:2 (N-G), 14.91±0.27 n=4 
to 16.03±0.29* n=4 (c). In the PL fraction Cl 6:0, 28.86±0.33 n==3 to 24.08±0.83** n=2 
(a), 24.69±1.15* n=4 (b) and 22.20±0.59*** n=2 (c); C17:l(N-7) 1.03±0.08 n=2 to 
0.24±0.02** n=2 (c)� C20:5(N-3), 0.69±0.0 l n=2 to 0.90±0.01 ** n=2 (a), 0.87±0.04* 
n=2 (c) and C22:5(N-3), 4.04±0.14 n=4 to 0.52±0.24*** n=2 (a), 1.11±0.40*** n=2 (b) 
and 1.19±0.06*** n=2 (c) all showed significant changes. 

These experimental data ,voul<l suggest that the essential oil extracted from oregano 
may cause significant changes in the FA % composition profile in different lipid fractions 
of adipose, heart and kidney organs under these experimental conditions and concentra­
tion levels. 
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EFFECT OF THYME OIL AND THYMOL ON PHOSPHOLIPID 

C20:4(N-6) AND C22:6(N-3) LEVELS IN AGEING RATS TISSUES. 

K.A. Youdim and S.G. Deans 

Scottish Agricultural College, Biochemical Sciences Department, Ayr, Scotland. 

Ageing can be defined as a progressive accumulation of changes with time, associ­
ated with or responsible for the ever increasing likelihood of disease and death that 
accompanies advancing age. Free radicals can account for a number of the ageing phe­
nomena, but it is often the direct role that free radicals play on our cell membranes par­
ticularly the polyunsaturated fatty acids (PUT¼) that contribute to most of the changes 
occurring. This study shows that supplementing tl1e diets of rats during their lifespan, 
with thyme oil (Thymus vulgaris L.) and thymol, has a beneficial impact on phospholipid 
PUFA in the rat liver and brain. 

Results showed no significant change ,vith age in the mean liver C20:4 concentra­
tions from 7-28 months of age. Likewise, individual comparisons between the aged (28 
months) control, thyme and thymol values (20.03±0.38, 21.59±0.22, 21.76±0.49; weight 
percentage of total fatty acids present), with the young (7 months) control value 
(22.24±0.96), were also not significant. Hmvcvcr, both thyme and thymol at 28 months 
were significantly different from the aged matched control (P<0.05). For C22:6 levels, 
there was a significant increase with age (P<0.001). There were also significant changes 
between the aged control (9.22±0.40), thyme (10.27±0.20) and thymol (10.25±0.25) with 
the young control value (7.43±0.48) at P<0.05, P<0.01, P<0.01 respectively. No level of 
significance was reported between any treatments at 28 months. In the brain, like that of 
the liver there was no significant change with age in the C20:4 concentrations. Also, no 
significant differences was found between the aged control, thyme and thymol values 
(9.58±0.28, 10.52±0.25, 10.58±0.25) and that of the young control ( I 0.13±0.47).

However, significant differences were found between the aged thyme and thymol values 
and that of the aged control value (P<0.05). Finally the brain C22:6 levels showed sig­
nificant changes with age (P<0.01). �he aged control (10.95±0.32) decreased signifi­
cantly from the young control (13.23±0.31),...., P<0.01, where as tl1c aged thyme and thy­
mol concentrations (13.40±0.29 & 12.75±0.36) showed no significant changes. However, 
comparisons between the aged concentrations found hoth thyme and tJ1ymol to differ sig­
nificantly from the control at P<0.00 I and P<0.0 I respectively. In conclusion, as the rats 
age, there appears to be significant chartges with age in both liver and brain phospholipid 
C22:6 concentrations, but not C20:4 concentrations. Both dietary supplements have sig­
nificant effects on C20:4 and C22:6 levels in the Ii vcr and brain, the most significant 
being in the brain C22:6 levels. 
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Proceedings of the 28th International Symposium on Essential Oils will be 
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S C E N T S  FROM R A IN  F O R E ST S

R. Kaiser
Givaudan Roure Research Ltd, CH-8600 Dubendorf, Switzerland 

A B ST R A C T

Since the dawn of time, the secretive and fragile king­
dom of the Rain Forest, which covers 11-13% of all emerged 
land and shelters eight to nine tenths of all forms of known 
and unknown life, harbors extraordinary biological treasures 
worth to be treated with utmost care. According to a further 
estimation, 70-80% of these species, meaning around 60% of 
the entire biodiversity, is found for ecological reasons in 
the canopy region of the Rain Forests.

Having been convinced to find this richness also re­
flected on the olfactory level we searched during the past 
years in the understory as well as in the canopy of Rain For­
ests for new attractive scents. This communication opens the 
discussion of chemical, biological and olfactory aspects of 
such scents.

IN T R O D U C T IO N

There are no other places with so much light, warmth and 
humidity as in West Africa, South East Asia, on the Western 
Pacific Islands and in South America, from South Mexico 
across the Amazonian Basin down to South Brazil. Based on 
these conditions, at least 2'000 mm of precipitations homoge­
neously spread over the total year, an average humidity be­
tween 75-80% and an annual average temperature between 26- 
270C, the most diverse vegetation has developed in these re­
gions forming as a whole the Rain Forest. In total it covers 
today around 11-13% of the emerged land and hosts, according 
to a rough estimation, 80-90% of all species of plants, mush­
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rooms and animals (Figure 1). In Amazonia, for example, over 
100 big tree species may be encountered per hectare which 
give home to an enormous number of other plant species and 
animals. The majority of all these species, according to an­
other estimation 70-80% (corresponds to at least 60% of the 
entire biodiversity), are living in the canopy region of the 
Rain Forest, until recently nearly inaccessible and still be­
longing to the least explored biospheres. All these made it 
most likely that the canopy would also be an olfactory treas­
ury.

During the past 10 years, modern technical systems have 
been developed to get direct access to the canopy, the ful­
filment of many botanists and biologists dreams. As I will 
illustrate during the second part of my lecture, one of the 
most efficient systems was available to us to search in the 
canopy of Lower Amazonia for new scents.

From various scent-oriented expeditions to tropical re­
gions - we call them "ScentTreks™" - I would like to discuss 
in the following some parts of our studies in the Atlantic 
Rain Forest in the region of Morato, near Guaraquegaba, in 
the Brazilian State of Parana, and in the Rain Forest of 
Lower Amazonia in French Guiana.
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tropical Rain Forest deciduous foreSt 
and savannas 111D

sem i-desert 
and desert area fo&fel high mountain area

Figure 1 Climatic Zones of the Tropics

S C E N T S  FROM THE A T L A N T IC  R A IN  F O R E ST

At the time Brazil was discovered, the Atlantic Rain 
Forest stretched along the entire eastern coast, from the 
states of Rio Grande do Norte to Rio Grande do Sul, corre­
sponding to 12 % of the Brazilian territory. Today, it is one 
of the world's most threatened ecosystems representing only 
4% of the original forest cover (Figure 2). Fortunately, the 
1988 Brazilian Constitution declared it to be a part of the 
National Heritage and the Foundation of the Atlantic Rain 
Forest Consortium has found in the meantime also vital sup­
port from Brazilian private companies.
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Amazonian Rain Forest

Atlantic Rain Forest

Anden

Figure 2 Rain Forest of South America
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The visited region of Morato, near Guaraquegaba, is 
characterized by a rather low average annual temperature of 
22°C, but on the other side by a very high average relative 
humidity of over 80 %. These conditions favor the growth of 
an enormous amount of epiphytes. Especially the trees at the 
border to open land are often so heavily covered with species 
of Gesneriaceae, Bromeliaceae, Araceae, Orchidaceae and even 
Cactaceae, especially Rhipsalis and Epiphyllum species, that 
branches occasionally break. It is not only very humid, eve­
rywhere is water, as creeks flowing down the slopes and en­
tering soon the mangrove belt, or as impressive falls as at 
Salto Morato. The ground vegetation is tighter here than in 
Amazonia, consisting e.g. of large stand of Heliconias and 
various understory palms. At transitions to open land or 
wherever light comes to the ground various Solanaceae can be 
found. During my visit in early spring, this means second 
part of September, Solanum variabile Mart., the so-called Ju- 
rubeba, was the most abundant species in bloom. Their white 
flowers look similar to those of Solanum tuberosum (potato) 
and they emit a very characteristic melony, watery scent, ac­
companied by rosy and aromatic-floral notes.

Responsible for these attributes are especially the 
(Z,Z)-3,6-Nonadienol (1) , accompanied by its dihydro deriva­
tives £ and £, and (E) -Geranylacetone (£) together with the 
corresponding alcohol £ (Figure 3). Remarkable is also the 
occurrence of the epoxide 4/ which is derived from the 
homoterpene 3. the latter occurring in an extremely” high num-
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2(3.5%) 4(0,1%) 5(19.1%) 5(0,9%)

w w v 0H
Z (10.2 %) 5 (0,4 %) 9 (0.2 %)

Main Components: Limonene 12,8%, ß-Phellandrene 22,2%, Linalool 1%, ß-Bisabolene 9,1%, 
3,5-Dimethoxy toluene 0,4%, Indole 0,2 %

*’ trapped on Porapak, 10.45-17.00, Sept. 9, 1996, Saito Morato

Figure 3 Floral Scent of Solanum variabile (Solanacea)

ber of natural scents and being in certain species involved 
in highly fascinating biological systems of communication
[1] . Also the spiroketals IsL/h and 2a/b are known to be of 
semiochemical importance. The mixture of the latter two iso­
mers is known under the name chalcogran as a part of the ag­
gregation pheromone of the bark beetle [2] while la/b have 
been found by Franke a co-author [3] in female workers of 
Paravespula vulgaris. These compounds have been identified by 
us as minor constituents already in various flower scents [4] 
but it is quite remarkable to note that the (E) - and (Z) -7- 
methyl -1,6-dioxaspiro[4.5]decanes (la/b) could now be even
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found as dominating constituents. Thus, they represent around
10 % (E: Z - 9:1) of the floral scent of a Dorstenia species 
(Moraceae) occurring in the Morato region. In the Amazonian 
Dorstenia turner i folia Fisch. & Mey. la/b occur to even 
around 30 % (Figure 4) . Olfactorily, this scent is strongly 
dominated by geosmin (IQ.) , which is accompanied by a trace of 
dehydrogeosmin (11). Among a large number of plant species 
analytically investigated in our laboratory as well as in 
others [5] geosmin (IQ) and dehydrogeosmin (11) were only 
identified in a series of Cactaceae species and, as an inter­
esting exception, in Dorstenia turner!folia [6] (Figure 5). 
Geosmin creates together with the esters 12 - IQ an extremely 
unusual musty-fruity scent.

la (27,0%) lb (3,2 %) 10(0,2%) 11.(0,01%)

o

12 (20.0 % )

o
AAAÂa

15(1.2%)

Figure 4 Floral Scent of Dorstenia turneri folia (Moraceae)

Acnistus arborescens (L.) Schlecht. the so-called 
"Maria Mole" - is another Solanaceae typical to the Southern 
Atlantic Rain Forest which is in bloom during early spring. 
This species occurs often together with Solanum variabile, is
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(+)-rfehydrogeos.7iin (-)-geosmin
0//o %

R eb u tia  m arson eri W erd. 33.0 0.01
R eb u tia  naruaecense (Card.) Donald 26.5
E ch in opsis coronata Card. 15.0
S u lcorebu tia  kruegeri (Card.) R itt. 7.6
E ch in opsis  m a m illo sa G urke, var. tam boensis 6.0
D olichothele lon g im am m a Br. c t R. 5.5
P eresk ia  acu lea ta Mill. 0.05 1.3
D orsten ia  tu rneraefo lia Fisch, e t  Mey. 0.01 0.2

Figure 5 Occurrence of Dehydrogeosmin and Geosmin

of shrub-like to tree-like growth habit and develops along 
twigs and branches a great number of white flowers which are 
reminiscent of a Cestrum species. They emit a characteristic 
sweet aromatic-floral scent, which is based on an accord gen­
erated by 3,5-dimethoxy toluene (15.)/ jasmone, anis aldehyde 
and methyl anthranilate (Figure 6)

The most characteristic early spring scent in the 
Guaraquegaba area has its origin, however, in blooming trees 
of Inga marginata Will. (Leguminosae) The bottle-brush-like 
white inflorescences covering these trees emit an extremely 
diffusive fruity-floral scent which is characterized by a 
strong black-currant note the latter showing a tendency to
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Limonene 2,9

ß-Pehllandrcne 4,6

(Z)-Ocimene 1,2

(E)-Ocimcnc 46,0

Linaloo! 1,0

Methyl benzoate 1,6

3,5-Dimcthoxy toluene 32,0

Jasmone 1,1

Anis aldehyde 0,2

Methyl anthranilatc 0,2

15 (32,0%) 1Z (0.03%) 15 (0.03%)

•* trapped on Porapak, 09.50-14.00. Sept- 23, 1996, Salto Morato

Figure 6 Floral Scent of Acnistus a r b o r e s c e n s
the so-called "Maria Mole"
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(E)-Ocimene 17,0

trans-Linalool oxide (furanoid) 5,8

2.6.6- Trimethyl-2-vinyl-THP-5-one 2,6

cis-Linalool oxide (furanoid) 2,9

Linalool 6,9

Caryophyllene 47,2

Humulene 3,0

Linalool oxides (pyranoid) 7,0

2.6- Di methyl-3,7-octadiene-2,6-diol 0,9

Caryophyllene epoxide 0,3

55 (0,2%)

HS

2D (0,00001%)

22 (0.2%) 24(0.3%)

•• trapped on Porapak, J5.00-19.00. Sept. 25,1096, Salto Morato

Figure 7: Floral Scent of Inga m arg in a ta
the so-called "Inga Feijao"
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cat urine if the nose is to close. This note could be local­
ized by sniffing at the exit of the GC and, after pre­
concentration of the corresponding region, a mass spectrum 
could be recorded which was identical with that of 4- 
mercapto-4-methylpentan-2-one (2.2.), the adduct of hydrogen 
sulfide to mesityl oxide (li) (Figure 7) . This mercapto- 
ketone shows an extremely low perception threshold of around 
0,05 ng/1 air and has been recently described as an aroma im­
pact product of sauvignon wines [7]. Furthermore, 2.2. has been 
identified as one of the many compounds formed during Mail­
lard reactions involving cysteine, ribose and phospholipid 
[8]. In the scent of Inga marginata it is accompanied by the 
structurally and olfactorily interesting isobutyraldoxime-0- 
methyl ether (2.2.) and 2-methyl-butyraldoxime-0-methyl ether 
(2.2.) (E:Z for 2.2. and 2.2. ~15:1).

Over the last 15 years the oximes of isobutyraldehyde,
2-methylbutyraldehyde (ll), and isovaleraldehyde (2.2.) have 
been identified in a great variety of natural scents [5]. In 
contrast, the oxime ethers are less common as natural prod 
ucts. Thus, the methyl ether 2.2. was so far only detected in 
the headspace above some microorganisms [9] and the two 
methyl ethers 2.2. and 2.2. have been recently described as oc­
curring in the headspace volatiles of spider mite-infested 
cucumber leaves [10]. Undamaged leaves do not produce these 
oxime ethers.
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Carissa macrocarpa Apocynaceae
Cerbera odollam Apocynaceae
Coffea arabica Rubiaceae
Curcumis melo Curcurbitaceae
Dioclea rejlexa Papilionaceae
Inga marginata Leguminosae
Hedychium gardnerianum Zingi beraceae
Lonicera caprifolium Caprifo Iiaceae
Nicotiana alata Solanaceae
Nicotiana suaveolens Solanaceae
Posoqueria latifolia Rubiaceae
Salix caprea Salicaceae
Tabernaemonta ventricosa Apocynaceae

F igure  8 Occurence of the  Oxime- 
in  N atu ra l Scents

l l l l lS

% % %

0,6
0,2
1,5
0,2 0t05
1,1

>,2 0,2
0,07
0,02

0,03 0,4
0,2

0,1 0, 1
0,6

0,08

-methyl e th e rs  l l ,  l l  and .2S.

v o l a t i l e  c o m p o n e n ts  i n  a  w h o le  s e r i e s  o f  f l o r a l  s c e n t s  [ 1 1 ] .  

T hey  o c c u r ,  f o r  e x a m p le , t o g e t h e r  w i th  h ig h  a m o u n ts  o f  t h e  

c o r r e s p o n d i n g  o x im e s  a n d  i n  t h e  w h i t e - f l o r a l  s c e n t  o f  

Posoqueria latifolia, a  R u b ia c e a e  o c c u r r i n g  i n  C e n t r a l  A m er­

i c a  a s  w e l l  a s  i n  t h e  s o u t h e r n  p a r t  o f  B r a z i l  ( F ig u r e  9) . 

T h is  s m a l l  t r e e  g ro w in g  n o t  h i g h e r  t h a n  7 m h a s  i t s  h a b i t a t  

p r e f e r e n t i a l l y  a lo n g  r i v e r  b a n k s  i n  low  l a n d s .  The i n f l o r e s -
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white flowers with extremely long corolla tubes, well adapted 
to pollination by hawk moths. In fact the flowers begin to 
open an hour before dusk, and shortly thereafter they fill 
the night with a very enjoyable intense spicy white-floral
scent.

Main Components Are a %

(E)-Ocimene 2,2

1- Nitro-2-methylbutane (27) 0,8

2- Methylbutyraldoxime (24) 9,0

Isovaleraldoxime (26) 10,1

Methyl benzoate 6,7

Germacrene D 34,1

Benzyl acetate 1,5

Methyl salicylate 1,0

Benzyl alcohol 0,6

Benzyl tiglate 0,9

Eugenol 1,2

Benzyl salicylate 2,5

23 (R = CH3, 0,1%) 
^  (R = H, 9,0%)

25 (R = CH3, 0,1%)
26 (R = H, 10,1%)

21. (0,8 %)

(0.1%) (0,2 %, 1:1)

FigUre 9 Floral Scent of Posoqueria latifolia
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In a unique project we had the opportunity to search in 
the canopy as well as in the understory of the Amazonian Rain 
Forest of French Guiana for new natural scents. The project 
was divided into two missions: the first mission took place
from September 30 to October 16, 1996 in the region of Camp
Parakou, 3 0 km west of Kourou; the second mission was from 
November 29 to December 11, 1996 in the region of Camp Vol­
taire, 80 km south of Saint Laurent du Maroni.

The technical infrastructure to get access to the canopy
consisted of a dirigible of 50 m x 20 m holding 8’500 m3 air 
and additionally equipped with a diesel engine for the fine 
approach, which is designed to carry either

a raft (the so-called radeau des cimes) of hexagon
shape measuring 600 m2 to be placed on the canopy 
for stationary studies over a few days 

or
a so-called skimmer or sledge (triangle with sides of 
5,5 m) with up to three researchers on it being dir 
ectly brought to the trees of interest.

This highly efficient system was developed and is oper­
ated under the guidance of Francis Halle, professor for 
tropical botany at the University of Montpellier, Dany 
Cleyet-Marrel, designer and pilot of the dirigible, and 
Gilles Ebersolt, inventor and designer of the raft.

One of our first discoveries in the canopy of Parakou
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Sabinene

1,8-Cineole

trans-Linalool oxide (furnnoid)

cis-Linalool oxide (furanoid)

a:-Cubebene

Linalool

Germacrene D

trans-Linalool oxide (pyranoid) 

Benzyl alcohol

Ao
^ ^ ( 0,3 %)

^  (0.9 %)

4.3 

8,2

21.1

1.4

2.4

31.1

6.4 

7,2 

2,9

33 (0.1 %)

*’ trapped on Porapak, I 0.00-14.00, Oct. I 0, 1996, Camp Parakou 

Figure 10 Floral Scent of Macoubea guianensis

was Macoubea guianensis Aubl., a rather frequent Apocynaceae 
in Lower Amazonia, which blooms in September and October with 
clusters of white star-like flowers similar to those of Tab- 
ernaemontana species. In the late evening up to early morning 
flowering trees are perceivable from far by their very ex-
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traordinary scent of joghurt and milk, which turned bad, ca­
lamus, algae and "white flowers". Linalool and the linalool 
oxides, accompanied by the structurally related isomers of 
lilac alcohol (29a-d) and lilac aldehyde (28a-d), represent 
the main components of this scent (Figure 10). Much more 
relevant to the olfactory characteristics are, however, the 
uncommon ClO-lipid metabolites The dienal and
the corresponding alcohol ll we recently also found in the 
floral scent of Brassavola flagillaris [11], an orchid native 
to Minas Gerais in Brazil, where they represent not only re 
garding their olfactory contribution but also regarding their 
quantities dominating constituents (Figure 11).

C 10-Lipid Metabolites in Brassavolaflagillaris (Orchidacea)
(Z,Z)-4,7-Decadienal (30) 2,6%

(Z)-4-Deccnol 0,2%

(Z)-7-Decenol 0,3 %

(E,Z,Z)-2,4,7-Decatrienal ( l l ) 0,05%

(Z,Z)-4,7-Decadienol (32) 18,4 %

Decan-4-olide 0,1 %

(Z)-7-Decen-4-olidc 0,2%

C10-Lipid Metabolites in Rodriquezia refracta (Orchidacea)

(E,Z)-2,4-Decadienal (34) 85,0 %
(E,E)-2,4-Decadienal 3,7%

(E,Z,Z)-2,4,7-Dccatrienal Gil) 2,4%

(E,Z)-2,4-Decadienol 2,5%

(E,E)-2,4-Decadienol 0,1 %

(E,Z,Z)-2,4,7-Decatrienol (33) 0,03 %

Figure 11 C10-Lipid Metabolites in Brassavola flagillaris and
Rodriguezia refracta
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The ( Z,Z)-4,7-decadienal (.3J1) has been described as a 
minor compound with character impact in the oil of Acorus ca­
lamus [12] and the (E,Z,Z)-2,4,7-decatrienal as an off-flavor 
of strongly autoxidized oils [13] and other food as well as a 
lipoxygenase cleavage product in freshwater diatoms (Melosira 
varians) [14] .

On the other side we found in the most unusual scent of 
the Venezuelan orchid Rodriguezia refracta Rchb. f. [4b] 
around 85 % of (E,Z)-2,4-decadienal (3..i), accompanied by 2,4 
% of its precursor (E,Z,Z)-2,4,7-decatrienal C.ll) contribut­
ing a typical codliver aspect and the corresponding alcohol 
ll, which is also present in Macoubea guianensis (Figure 10). 
It may be assumed that the c^-lipid metabolites of all these
floral scents are formed from linolenic acid via the common 
intermediate (E,Z,Z)-2,4,7-decatrienal (ll) (Figure 12).

& related 
Products

Typical for e g. Rodriquezia refracta Typical for e.g. Brassavola RagiHaris
Macoubea guianensis

Figure 12 {E,Z/Z)-2,4,7-Decatrienal, the Intermediate of many C10-Lipid 
Metabolites
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Preferred reduction of the C7(8)-double bond leads to the 
typical constituents of Rodriguezia refracta, that of the 
C2(3)-double bond to those of Brassavola flagillaris and Ma- 
coubea guianensis, respectively. The structural prove for .ll 
was given by synthesis following in principle the procedure 
described by Meizboom and Stroink [13] by coupling 1-bromo-2-

0
Cl +1

Figure 13 Synthesis of {E/Z/Z)-2,4-7-Decatrienal (31)
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pentyne with (E)-2-penten-4-ynol and subsequent selective 
oxidation and hydrogenation using Lindlar's catalyst 
(Figure 13). Reduction of .3.3. with lithium aluminium hydride 
finally gave the trienol .3.3., which was not yet known as natu­
ral product.

Some other highly interesting lipid metabolites we could 
identify in the scent of Coryanthes elegantium Linden Rchb. 
f., a rare epiphyte native to the hot and humid Rain Forests 
of Western Ecuador and Western Colombia. Besides the olfacto­
rily dominating (E,Z)-1,3,5-undecatriene (.3.3.) the scent trap­
ping consisted to around 50 % of an oxygen-containing 
compound of molecular weight 194 showing a much longer reten­
tion time (Figure 14). Based on its mass fragmentation, a 4 - 
or 5-dodecadienolide could be assumed. Fortunately, the abso­
lute amount of the trapping allowed to isolate 2 0 pg by 
preparative capillary gas chromotography and to elucidate its 
structure by NMR to be the (Z)-2,6-dodecadien-5-olide (.3.3.). 
Having a look at Figure 14 it becomes clear that .3.3. has to be 
the biological precursor of the (E,Z)-1,3-5-undecatriene (.3.3.) 
which is present in high isomeric purity. This is in contrast 
to galbanum oil which contains the (E,Z)- and (E,E)-isomere 
in a ratio of approximately 3:1 [15]. A literature search re­
vealed that .3.3. was described already in 1977 by Priestap and 
co-authors [16] as a constituent of the rhizomes of Aris­

tolochia argentina and that it was synthesized 4 years later 
by Fehr and co-authors [17] together with a series of other 
6-substituted 5,6-dihydro-2(2H)-pyranones using the approach
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• )  Percentage refer to the trapped scent Coryanlhes elegantium

Figure 14 (E,Z)-1,3,5-Undecatriene (H) and its Precursor (ll) in 
Coryanthes Species

outlined in Figure 14. This possible metabolite of linolic 
acid is accompanied in the scent of Coryanthes elegantium on 
the level of minor constituents by the (Z)-5(6)-epoxy-(E)- 
1,3-undecadiene massoia lactone (.3..8.) , ( Z)-2,6-decadien-
5-olide (.3..2.), (Z)-2,6-undecadien-5-olide (^) and the 2- 
dodecen-5-olide (il). The dienolides ll and which are not 
yet known as occuring in nature, have been synthesized by ap-
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plying the same method as for 1.5. The epoxide ll, which is 
also a new natural product, was obtained by epoxidation of 
36. We found 1.5 and 1.5 in a whole series of Coryanthes spe­
cies all belonging to the section Coryanthes. According to 
Dr. D. Joulain [18] (Z)-2,6-dodecadien-5-olide and the corre­
sponding (E)-isomer are present in minor amounts also in massoia 
bark oil, where they are accompanied by similar amounts of (E,Z)- 
and (E,E)-1,3,5-undecatriene in a ration of ca. 1:1. He considers 
the later two isomers as being formed in massoia bark oil by ther­
molytic decarboxylation of 1.5 and the corresponding (E)-isomer.

Main Components Area%*>

(E)-Ocimene

Linalool

Neral

12,0
1,0
1,7
1,6
13.8 
2,6
31.8
2.5
2.5
7.5
3.5
2.5

Geranial 

Nery I acetate 

Geranyl acetate

Nerol

Gcraniol

Phenylcthyl alcohol 

Cugcnol 

(E)-Isoeugenol 

(E,E)-Famesol

*' trapped on Porapak, 10.00 - 14.00, Oct 11, I 996, Camp Parakou

Figure 15 Floral Scent of Couroupita guianensis (Lecythidaceae), 
the so-called Cannon Ball Tree
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Let us come back to the Amazonian Rain Forest of French 
Guiana, in which the family of Lecythidaceae (Brazil nut fam­
ily) is often among the most abundant and specious tree fami­
lies. Correspondingly, we trapped a respectable series of 
fragrant representatives at Camp Parokou and Camp Voltaire. 
The majority of species turned out to be dominated by a sin­
gle floral scent component (e.g. 1,8-cineol, ocimene, li­
nalool, a-farnesene, methyl salicylate, indole; compare 
[19]), a few, however, give off more equilibrated fragrances 
as, for example, the most impressive flowers of the famouse 
Cannon Ball Tree (Couroupita guianensis), with their unmis- 
takeable rosy-floral and spicy scent. As summarized in Figure 
15 it is based on nerol and neral and related products in­
cluding derivatives and eugenol and isoeugenol (compare also 
[19]). Also the yellow flowering Lecythis sp. FG 44 (voucher 
FH 4397), which we trapped also at Camp Parakou, shows a more 
complex scent composition worth to briefly discussed. Olfac­
torily, this scent is dominated by ionones, especially 
ionone (ll), which is accompanied by comparatively high 
amounts of its photo cyclization product il and its interme­
diate, the (Z)-retro-y-ionone (U) (Figure 16).
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(E)-Ocimene 31,1

Caryophyllene 49,0

Methyl benzoate 1,6

Cyclic-p-ionone (42) 1,3

Humulene 0,7
Methyl salicylate 3,8

Dihydro-p-ionone 1,8

P-lonone (̂ ) 1,0

Caryophyllene epoxide 1,1

trapped on Porapak, 10.00-15.00, Oct. 15, 1996, Camp Parakou

Figure 16 Floral Scent Composition of Lecythis sp. FG 44

Correspondingly, caryophyllene (.4.5), the main component of 
Lecythis sp. FG 44, seems to undergo partial photo­
isomerization to isocaryophyllene (.4.5) (Figure 17), a compo­
nent all too often described as naturally occuring. Among 900 
plant species investigated so far in our laboratory, caryo­
phyllene (.4.5) was found in 300, isocaryophyllene (.4.5) only in 
6 representatives. Important to the woody aspect of Lecythis 
sp. FG 44 are the caryophyllene epoxides .4.5 and .4.5 including
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M  (P OH, 0,05 %) ^ ( a OH, 0,1 %)
.51 (ex OH, 0,2 %) .5.3 (p o h , 0,02 %)

Figure 17 Caryophyllene Derivatives in Lecythis sp. FG 44/1

the isocaryophyllene epoxide il as well as the caryophylladi- 
enols - .5.3..

Ocimene and caryophyllene, accompanied by an astonishing 
high amount of indole, are also the main constituents of the 
magical aquamarine blue Lecythis persistens subsp. persis- 
tens which we discovered during our mission at Camp Voltaire.

In this scent, the main component caryophyllene is ac­
companied by its epoxide and the caryophyll-5-en-2-a-ol 
(.5.3.) (Figure 18).
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Myrcene 8,1

(Z)-Ocimene 1,7

(E)-Ocimene 25,0

(E)-3(4)-Epoxy-3,7-dimethyl-1,6-octadiene 0,8

Linalool 19,0

Germacrene D 7,0

Phenylacetonitrile 1,4

Caryophyllene epoxide 0,2

l-Nitro-2-phenylethane 0,2

Indole 21,1

IA
11  ( 0,8 % ) ^  ( 0,1 % ) M  ( 0,1 % )

trapped on Porapak, 10.00-12.30, Dec.9, 1996, Camp Voltaire

Figure 18 Floral Scent of Lecythis persistens subsp. persistens

Up to now we found il only in the floral scent of the Colom­
bian orchid Bollea coelestis [4c], but in this case as main 
constituent totally characterizing its distinct woody fra­
grance. The tertiary alcohol il is formed to about 0.5 %, to­
gether with other side products, by the oxymercuration / 
cyclization / reduction of caryophyllene (il) to the caryo- 
phyllan-2,6-a-oxide (il). Selectively, it is accessible from
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fill f il n2

Figure 19 Caryophyll-5-en-2-a-ol, a Minor Scent Constituent of Le- 
cythis persistens subsp. persistens

the described diepoxide [21] by reductive cleavage of the 
2(12)-epoxy group with lithium aluminium hydride to the epoxy 
alcohol ^  followed by desepoxidation with Zn / Cu couple 
(Figure 19}.

In 30 minutes hiking distance westward Camp Voltaire is, 
surrounded by the intact Rain Forest, a small savanna-like 
biotope of about 300 x 200 m with an extreme biodiversity. It 
was generated by a landslide which blocked a creek and, as a 
consequence, inundates now during the rainy season the entire 
place. The trees already partially lost their leaves and are
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now heavily covered by epiphytes, parasitic plants, vines and 
lianas, which were blooming here even near the ground. In 
this biotope we had the chance to find many spectacular 
tropical plants in bloom, such as Philodendron nobile, a 
Clitorea species with a very delicate creamy vanilla-like 
scent, Passiflora maliformis, emitting an enjoyable aromatic­
floral scent elegantly rounded off by a note of tropical

Main Components Area%*>

(E)-Ocimene 8,5

(E)-Ocimene epoxide 10,2

2-Methylbutyraldoxime 8,2

Isovaleraldoxime 0,6

Linalool 53,0

Methyl benzoate l,8

Germacrene D 2,4

(E,E)-4,8, l 2-Trimethyl-1,3,7 , 11-tridecatetraene 6,9

*' trapped on Porapak. 20.00-22.00, Dec. I 0, 1996, Camp Voltaire

Figure 20 Floral Scent of Epidendrum ciliare (Orchidaceae)
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fruits, or Catasetum barbatum, one of the amazing euglossine 
orchids, attracting with a balsamic aromatic-floral, indolic 
fragrance, the respective euglossine bees or Epidendrum cili­
are growing as big clusters on the trunks of palm trees. This 
commonly occuring species has spread from Central America 
down to Amazonia and has, in contrast with many other or­
chids, adapted itself to widely differing living conditions. 
As a typical moth orchid it emits its appealing refreshing 
white-floral scent, which is based on high amounts of li­
nalool, (E)-ocimene epoxide (ll) and 2-methylbutyraldoxime 
(24) (Figure 20), exclusively during night. As illustrated by 
Figure 21 the absolute amount of scent given off from one 
flower per hour dramatically increases after sunset, reaching 
a peak at between 10 pm and 11 pm, and gradually subsiding

Figure 21 Epidendrum ciliare: Emanation of Scent in the Course of 
two Subsequent Nights
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Figure 22 Epidendrurn ciliare: Changes in the Amounts of two Scent 
Constituents during one Night

during the early morning hours. If the analogous graphs are 
plotted for the individual scent constituents as illustrated 
by Figure 22, it becomes clear that the maxima do not have to 
coincide. This explaines the well-known fact that not only 
the quantity but also the quality of the scent given off by a 
flower or plant may be time-dependent, an aspect very impor­
tant to us in connection with the reconstitution of such 
scents.

With another highly scented epiphyt typical for such bi­
otopes, with Cochleostema odoratissima, I would like to con­
clude my discussion of some selected scents encountered in 
neotropic Rain Forests. This Commelinaceae emits a very dis­
tinct fragrance, which is composed of rosy-floral, ionone- 
floral and refreshing hesperidic notes and a high portion of
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Main Components Area %*>

(E)-Ocimene 5 0

6-Methyl-5-hepten-2-one 2,8

Linalool 5?0

Neral 1 ,o

Gerania) 2,0

Citronellol 3 0

Nerol 39,5

Dihydro-p-ionone 2,0

(E)-Gcranylacetone 53

(E)-6,10-Dimethyl-5,9-undecadicn-2-ol q,5

(EV2f3VDihvdrofarnesal f64) 15

(E)-2(3)-Dihydrofarnesol (65) 5^

Indo! ii,5

* ’ trapped on Porapak, t f .00-15.00, Dec. 1 1, 1996, Camp Voltaire

Figure 23 Floral Scent of Cochleostema odoratissima (Commelinaceae)

indole. Especially worth mentioning is the occurence of the 
(E)-2 (3)-dihydrofarnesal (£1) (Figure 23) , which adds an at­
tractive fresh aldehydic "lily of the valley"-type note to 
this rich floral scent, and that of the corresponding alcohol 
65 rounding it off by a tender note of cyclamen. As we re -
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cently described il plays also an important role in the flo­
ral scent of Citrus limon [21]. This product has found in the 
meantime its way to the perfumer's shelf and helps to give 
modern fragrances a unique natural floral freshness. With a 
last glance back to this biotope full of death and thriving 
life I would like to end my presentation and to thank you 
for your attention.
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THE ESSENTIAL OIL COMPOSITION OF PIMPINELLA SPECIES 

K.-H. Kubeczka

Department of Pharmaceutical Biology, University of Hamburg, Bundesstrasse 43,
D-20146 Hamburg, Germany

Introduction

The genus Pimpinella belongs to the plant family Apiaceae (Umbelliferae), which was 

one of the first families of flowering plants recognized as such. The dominant features of the 

family are the umbellate inflorescence, the reduction in flower size and the specialized fruit 

consisting of two one-seeded mericarps suspended from a common stalk, the carpophore. Due 

to the uniformity of characters within the umbellifers the family can be easily differentiated 

from other families. On the other hand, this has the effect of obscuring relationships within the 

family and of making the subdivision into tribes, subtribes and genera difficult.

The genus Pimpinella comprises about 150 species (1), which largely occur in Europe, 

extending to Russia, Asia and China. The highest density of 23 species is found in Turkey, 

whereas in the middle of Europe only 3 species are found. Pimpinella is a slightly uniform 

genus among the species-rich genera of umbellifers and has no generic character, which can be 

found in all of its species. Only the occurrence of more than one vitta between each pair of 

vascular bundles in the pericarp of the fruit seems to be characteristic for nearly all species. Due 

to the different features, which have been employed, the limitation of the genus Pimpinella 

differs considerably. The same can be said of the infra-generic division. The preferred and most 

often accepted division of the genus is that proposed by Wolff (2), who classifies 3 sections. 

The section Reutera comprises species with yellow petals, whereas the petals of the species 

belonging to the sections Tragium and Tragoselinum are white, rarely pink or purplish. The 

latter 2 sections are characterized by hairy fruits (Tragium) and by the absence of hairs on the 

fruit surface in the section Tragoselinum.

As the generic limitations and the infra-generic separation of the species-rich genus 

Pimpinella are still subject to speculation and not clearly defined by conventional morphological 

characters, it seemed promising to investigate the chemical constituents of Pimpinella species, 

especially the volatiles, which have proven useful as taxonomic characters.
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Results

Pimpinella anisum

Our first investigations on essential oils of Pimpinella species date back more than 20 

years (3). At that time we looked for the composition of the essential fruit oil from Pimpinella 

anisum, which is mainly used as a spice, in flavours, alcoholic beverages and in pharmaceutical 

preparations. The commercial available so called "Anise Seed Oil" (4) contains about 80-90% 

trans-anethole and minor amounts of estragole, anise aldehyde, cis-anethole and some sesqui­

terpene hydrocarbons, above all y-himachalene. A more detailed gc analysis of the hydrocarbon 

fraction is given in Figure 1, showing numerous sesquiterpene hydrocarbons besides some 

monoterpenes 1-8. Dominating compounds are the mentioned sesquiterpene y-himachalene (20) 

together with the respective a - and 8-isomers (19, 21), a-zingiberene (22), B-bisabolene (23), 

5-elemene (12) and fi-elemene (17) as well as the thermally instable trinorsesquiterpene 

pregeijerene (15), which undergoes during the distillation process and the gc-separation a Cope- 

rearrangement forming geijerene (10) and isogeijerene. These ^-com pounds have been found 

in nearly all Pimpinella oils as will be seen later on and seem to be a useful taxonomic character 

for the delimitation of the genus Pimpinella. However, the percentage of these compounds 

(Table 1) is rather low (ca. 2 %) in the hydrocarbon-fraction of the fruit oil.

Figure 1. GC of Pimpinella anisum fruit oil
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Table 1. Hydrocarbons of Pimpinella anisum fruit oil

No. Compound %
1 a-Pinene 0.24
2 6-Pinene 0.12
3 Sabinene 0.06
4 3-Carene 0.14
5 Limonene 1.11
6 fi-Phellandrene 0.11
7 y-Terpinene 0.46
8 p-Cymene 0.42
9 Isogeijerene 0.09

10 Geijerene 0.99
11 a-Longipinene 0.65
12 5-Elemene 2.96
13 a-Ylangene 0.78
14 a-Copaene 0.20
15 Pregeijerene 1.14
16 fra/is-a-Bergamotene 0.36
17 fi-Elemene 1.43
18 fi-Caryophyllene 0.24
19 a-Himachalene 4.79
20 y-Himachalene 50.47
21 B-Himachalene 8.05
22 a-Zingiberene 10.21
23 fl-Bisabolene 3.83
24 5-Cad inene 0.42
25 8 - Sesqu iphellandrene 0.90
26 a-Curcumene 1.85
27 Germacrene B 0.37
28 a-Calacorene 0.12

Besides these components we have isolated at that time an unknown compound, which 

was present up to 5 % in the fruit oil of Pimpinella anisum (5). By MS-, IR- and especially by 

NMR spectroscopy the structure of the unknown has been established as 2-methyl-butyric acid 

ester of 2-hydroxy-5-methoxy-r/ms-propenyl-benzene and many years later we discovered in 

addition the respective epoxide (6). This type of unusual 2,5-substituted phenylpropane 

derivatives, which have been found in all of the investigated Pimpinella species, can be 

considered as a second important marker for the delimitation of the genus Pimpinella.
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Recent studies concerning the biosynthesis of these unusual phenylpropanoids by 

Reichling and co-workers (7), who have named that type of skeleton "Pseudoisoeugenol" (8), 

have proved the steps indicated in Figure 2 by using labelled compounds. Starting with L- 

phenylalanine, p-coumaric alcohol is obtained by stepwise reduction via taz/is-cinnamic and p~ 

coumaric acid. Prior to reduction of the alcoholic function to a methyl group, the p-hydroxy- 

group was methylated yielding rraras-anethole an important intermediate. The next step, the 

introduction of the phenolic hydroxy group caused the side chain to shift to the adjacent ring 

position, a metabolic process known as NIH-shift (9). The postulated mechanism of this key 

steps in the formation of 2,5-substituted phenylpropanoids can be taken from Figure 2, 

exhibiting the possible intermediates in the formation of pseudoisoeugenol derivatives.

Figure 2a. Biosynthesis of pseudoisoeugenol derivatives
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Figure 2b. Postulateci mechanisms of NIH-shift

Some years ago, we continued to examine Pimpinella species and in course of these 

analyses, the essential oils from different parts of Pimpinella anisum have been investigated. In 

contrast to the fruit oil, the essential oil of the herb contained considerably higher amounts of 

sesquiterpene hydrocarbons (Table 2). Among these, germacrene D (21) is dominating besides 

minor amounts of y-himachalene (20), a-zingiberene (23) and B-bisabolene (24). The content of 

tams-anethole has decreased to about 55 %, whereas the pseudoisoeugenyl 2-methylbutanoate 

and its epoxide have increased. The latter compound is the main constituent of root oil, which 

shows the lowest concentration of rrcms-anethole. In addition to B-bisabolene (24), the C12- 

hydrocarbons pregeijerene (15) and geijerene (8) as well as trinoranastreptene (9) shall be 

mentioned. The percentual compositions of the fruit, herb and root oil given in Table 2, show 

the decreasing proportions of rm/w-anethole from the fruit, the herb to the root. In contrast, the 

percentages of the epoxy-trans-pseudoisoeugenyl 2-methylbutanoate are increasing from 0.11 to 

75 %.

Table 2. Composition of the essential oils from different parts of Pimpinella anisum  L.

No. Compound fruit herb root
1 a-Pinene 0.01 * trace
2 n-Heptanal - 0.10 0.18
3 Limonene 0.01 trace trace
4 y-Terpinene 0.01 trace trace
5 p-Cymene 0.01 - trace
6 n-Octanal - 0.03 0.18
7 Isogeijerene trace trace 0.20
8 Geijerene 0.02 0.28 2.14
9 T rinoranastreptene - - 0.53
10 a-Longipinene (?) 0.01 - 0.14
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11 S-Elemene 0.06 0.12 trace
12 ct-Ylangene 0.01 0.05 -

13 ct-Copaene trace 0.05 trace
14 Linalool 0.09 0.07 trace
15 Pregeijeren 0.02 0.82 3.75
16 ß-Elemene 0.02 0.06 trace
17 ß-Caryophyllene trace 0.13 0.05
18 ct-Himachalene 0.11 0.32 trace
19 Estragole 1.79 2.21 0.05
20 y-Himachalene 0.76 3.07 0.10
21 Germacrene D - 11.57 trace
22 ß-Himachalene 0.11 0.18 0.04
23 ct-Zingiberene 0.12 2.28 0.32
24 ß-Bisabolene 0.04 2.99 8.10
25 Bicyclogermacrene - 0.69 -

26 c/s-Anethole 0.18 0.28 trace
27 ß-Sesquiphellandrene trace 0.12 0.50
28 ct-Curcumene trace 0.21 0.62
29 /raws-Anethole 95.32 54.00 1.16
30 Germacrene B trace 0.14 -

31 Anisaldehyde 0.22 trace -

32 trans-Pseudoisoeugenyl-2-methylbutanoate 0.66 8.76 3.51
33 Epoxy-c/s-pseudoisoeugenyl-2-methylbutanoate - 0.37 0.22
34 Epoxy-frans-pseudoisoeugenyl-2-methylbutanoate 0.11 5.31 75.21

Sesquiterpene hydrocarbons have shown their highest concentration in the herb oil, as can be 

taken more easily from Table 3, showing the percentages of the most important groups of 

components in the essential oils from the different parts of Pimpinella, anisum. The 

phenylpropanoids have been splitted into 2 groups, the 4-substituted and the "unusual" 2,5- 

substituted aromatic components which are the dominating compounds in the root oil.

Table 3. Groups of components in different parts of Pimpinella anisum L.

Group fruit herb root
Tri-nor-sesquiterpenes 0.04 1.10 6.62
Sesquiterpenes 1.16 21.98 9.87
4-substituted phenylpropanoids 97.29 56.49 1.21
2,5-substituted phenylpropanoids 0.77 14.44 78.94
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These observed significant differences in the oil composition of the individual parts of one plant 

induced us to reinvestigate the previously analyi.ed Pimpine/la, species and to study in addition 

to the root oils the essential oils of the herbs and fruits.

Pimpinella peregrina

The next species from the genus Pimpinella which has been examined was Pimpinella 

peregrina. This biennial plant, native to the south of Europe extending to Asia Minor and Egypt 

is cultivated in the south of Germany erroneously as a medicinal plant to yield the drug 

"Pimpinella Radix” whereas the true drug should be obtained either from Pimpinella major or 

from Pimpinella saxifraga. Although the discrimination of the living plant and its hairy fruits is 

no problem, the dried roots can hardly be distinguished from the true crude drugs. Therefore, 

the root oil composition could be useful to distinguish the individual drugs. The eonstituents of 

the essential root oil of Pimpinella peregrina (Table 4) belong mainly to 2,5-substituted 

phenylpropane derivatives, representing more than 70 % of the total volatiles.

Tabe 4. Composition of the root oil from Pimpinella peregrina L.

No. Compound %
1-11 Monoterpenes 0.92
12 Isogeijerene 0.05
13 Geijerene 0.53
14 Pregeijerene 1.00
15 Methylthymol 0.11
16 trans-ct-Bergamotene 2.28
17 Methylcarvacrol 0.16
18 trans-B-Farnesene 1.03
19 Germacrene D 0.06
20 Zingiberene 0.18
21 B-Bisabolene 1.22
22 Bicyclogermacrene 0.24
23 B-Sesquiphellandrene 10.66
24 frans-Anethole 0.08
25 Spathulenol 0.13
26 mw 178 0.35
27 fraro-Anyl 2-methylbutanoate 0.38
28 trans-Pseudoisoeugenyl 2-methylpropanoate 0.74
29 Epoxy-trans-anyl 2-methyl butanoate 0.96
30 Epoxy-cis-pseudoisoeugenyl 2-methylpropanoate 0.13
31 trans-Pseudoisoeugenyl 2-methylbutanoate 1.81
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32 Epoxy-trans-pseudoisoeugenyl 2-methylpropanoate 30.65
33 Epoxy-cis-pseudoisoeugenyl 2-methylbutanoate 0.23
34 Epoxy-trans-pseudoisoeugenyl 2-methylbutanoate 41.79

Main constituents are two epoxy-pseudoisoeugenol esters, the 2-methylbutanoate (34) and the 2- 

methylpropanoate (32), am the respective non-epoxidized products (31,28). in the group of 

sesquiterpene hydr̂ ocarbons most abundant constituent is B-sesquiphellandrene (23).

Additionally, the presence of small amounts of two anol derivatives can be observed: the anyl 2- 

methylbutanoate (27) and the respective epoxide (29).

Although all these phenylpropanoids can be found in the herb oil from Pimpinella 

peregrina, too, the dominating constituents of that part of the plant are sesquiterpene 

hydrocarbons (Table 5), above all trans-a-bergamotene (18) with ca. 70 % . The herb oil and 

more pronounced the fruit oil with more than 80 % of this sesquiterpene hydrocarbon are - to 

our knowledge - by far the richest natural source of [rans-a-bergamotene.

Table 5. Composition of Pimpinella peregrina herb and fruit oil

No. Compound herb fruit
1-8 Monoterpenes 1.78 0.02
10 Geijerene 0.06 ~
11 (Z)-3-Hexenol 0.18 trace
12 (Z)-3-Hexenyl 2-methylpropanoate 0.11 -
13 1-Octen-3-ol 0.05 -

14 a-Copaene 0.08 -

15 B-Bourbonene 0.10 -

16 1-Nonen-3-ol 0.12 trace
17 Pregeijerene 0.08 -
18 trans-a-Bergamotene 69.12 82.09
20 trans-B-Farnesene 0.82 0.15
21 y-Muurolene 0.15 0.17
22 Germacrene D 4.43 0.02
23 B-Bisabolene 0.95 0.96
24 (E, ̂ -a-Farnesene 1.96 -

25 B-Sesquiphellandrene 0.24 0.27
27 mw 154 (68,43,82,95,57) 0.76 -

28 2-Methy1-5-methoxybenœfuran 0.15 0.39
29 mw 174 0.16 0.32
30 trans-Anyl 2-methylbutanoate 0.05 0.04
31 trans-Pseudoisocugenyl 2-methylpropanoate 0.50 0.02
32 Epoxy-trans-anyl 2 methylbutanoate 0.32 0.33
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33 Epoxy-c«-pseudo: eugenyl 2-methylpropanoate 0.10 0.04
34 fra/zs-Pseudoisoeugenyl 2-methylbutanoate 0.11 -

35 Epoxy-rra/w-pseudoisoeugenyl 2-methylpropanoate 11.57 9.42
36 Epoxy-ds-pseudoisoeugenyl 2-methylbutanoate 0.03 trace
37 (£)-Phytol 1.49 -

38 Epoxy-rraws-pseudoisoeugenyl 2-methylbutanoate 1.03 0.11

Pimpinella saxifrasa

The third Pimpinella species, which shall be discussed is Pimpinella saxifraga sensu stricto. 

This perennial plant, growing throughout most of Europe extending to Asia, is very variable in 

morphological characters, especially in the leaf dissection. The same is true for the 

phytochemical features. Recent investigations have shown, that the essential root oil 

composition differs considerably from plants with simple segmented and dissected leaves, 

respectively (10). The results of our reinvestigation account for plants with dissected leaves.

The essential root oil from plants harvested in spring is characterized by several 

sesquiterpene hydrocarbons, C -̂hydrocarbons such as geijerene (9), trinoranastreptene (11), 

and pregeijerene (16), aliphatic aldehydes and pseudoisoeugenol derivatives. The detailed 

results are given in Table 6 from which the percentages of the identified components can be 

taken.

Table 6. Pimpinella saxifraga L. (root)

No. Compound %
1 a-Pinene 0.06
2 n-Undecane 0.33
3 Myrcene 0.37
4 n-Heptanal 0.22
5 y-Terpinene 0.68
6 p-Cymene 0.11
7 n-Octanal 2.99
8 Isogeijerene 0.53
9 Geijerene 5.58
10 n-Nonanal 2.09
11 Trinoranastreptene 3.38
13 5-Elemene 7.64
14 Longicyclene 0.20
15 r/72«j-2-Nonenal 0.40
16 Pregeijeren 8.43
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17 Methylthymol 0.44
20 Methylcarvacrol 1.10
21 13-Elemene 0.50
22 J3-Caryophyllene 0.49
24 unknown 1.86

25 y-Elemene 0.28
26 trans-2-Decenal 3.60
28 mzras-H-Farnesene 0.35
29 a-Humulene 0.30
30 Germacrene D 1.04
32 13-Bisabolene 0.71
34 13-Sesquiphellandrene 2.37
36 3 ,10-Dihydro-l ,4-dimethylazulene 3.94
37 Germacrene B 4.47
38 2,5-Dimethoxy-p-cymene (?) 0.18
39 C15H24O 0 .6 8
40 mw 178 0.41
41 trans-\ny\ 2 -methylbutanoate 0.94
42 C15H24O 1.66
43 C15H24O 0.97
44 C15H24O 0.30
46 fraras-Pseudoisoeugenyl 2 -methylbutanoate 5.04
50 Epoxy-mz/w-pseudoisoeugeny 1 2- meth y lp ropanoate 12.12
52 Falcarinol 1.51

The most abundant constituents are geijerene and pregeijerene, 5-elemene, 13- 

sesquiphellandrene, 3,10-dihydro-1,4-dimethylazulene, germacrene B and the phenylpropane 

derivatives pseudoisoeugenyl 2-methylbutanoate as well as its epoxide. In course of plant 

development oxidation processes take place resulting in an increase of higher oxidized products 

at the expense of hydrocarbons and lower oxidized products. Especially the occurrence of a high 

amount of germacrone and the epoxidized pseudoisoeugenol ester shall be mentioned (10).

The essential oil of the herb from Pimpinella saxifraga (Table 7) exhibits a quite different 

composition: phenylpropanoids are found only in small quantities.

Table 7. Composition of Pimpinella saxifraga L. herb.and fruit oil

No. Compound herb fruit

1 a-Pinene 1.91 0.36
2 Hexanal trace trace
3 n-Undecane 0.99 0.23
4 J3-Pinene 2.40 0 .7 7
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5 Sabinene 0.38 0.11
6 Myrcene 48.94 10.78
7 Limonene 0.90 0.21
8 B-Phellandrene 0.66 0.14
9 cis-B-Ocimene 0.43 trace
10 y-Terpinene 5.39 1.26
11 trans-B-Ocimene 8.08 0.78
12 p-Cymene 0.14 0.15
13 (Z)-3-Hexenyl acetate 0.94
14 (Z)-3-Hexenol 0.24
15 B-Ylangene 0.19
16 B-Caryophyllene 1.17 0.46
17 (E)-B-Farnesene 0.27 28.81
18 a-Humulene 0.16
19 Germacrene D 12.35 0.97
20 (Z, E)-a-Farnesene 3.39 2.47

B-Bisabolene * 5.37
21 Bicyclogermacrene 2.52 0.28
22 (E, E)-a-Farnesene 0.25 0.36
23 S-Cadinene 0.15
24 n-Dodecanol 0.55 _
28 trans-Anyl 2-methylbutanoate 0.39 5.53

trans-Anyl 3-methylbutanoate * 0.61
29 trans-Pseudoisoeugenyl 2-methylbutyrate trace 0.20
32 (E)-Phytol 2.86 _
33 Epoxy-frans-pseudoisoeugenyl 2-methylbut. 0.80 7.89

The dominating constituents in that oil are mono- and sesquiterpene hydrocarbons, above all 

myrcene, y-terpinene and (Z,EJ-a-farnesene together with B-bisabolene and bicyclogermacrene. 

The observed (E)-phytol with nearly 3 % might be regarded as a result of hydrolysis of 

chlorophyll in the leaf during the hydrodistillation process. It is completely absent in the other 

parts of the plant such as the roots and the ripe fruits, which do not contain any chlorophyll. 

Interesting to notice is the considerably different composition of the fruit oil in which 

germacrene D, one of the main constituents of the leaves is lacking. The most abundant 

components of the fruit oil are the farnesenes (Z,E)-a-farnesene and (E)-B-farnesene, B- 

bisabolene, epoxy-pseudoisocugenyl 2-methylbutanoate and the 4-substituted phenylpropanoids 

trans-anyl-2- and 3-methylbutanoate as well as their epoxides. These results are in agreement 

with the basical observation mentioned before, that the fruit oil of a Pimpinella species contains
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higher amounts of 4-substituted phenylpropanoids than the other parts as has been demonstrated 

impressively at Pimpinel/a, anisum.

Pimpinel/a, nigra

Pi,mpinel/a, nigra Mill., which is considered by several authors to be a subspecies of Pimpinel/a, 

saxifraga, yields an essential root oil which differs considerably with respect to the qualitative 

composition from the before mentioned oil. This plant can be determined easily by cutting the 

fresh root from which a blue oil emerges, indicating the formation of an azulene derivative. 

Main constituents of the essential oil obtained from roots are several C 12-hydr̂ ocarbons which 

represent more than 70 % of the oil (Table 8). These components, which have been isolated 

and identified previously (10) may be considered to be intermediates, arising by stepwise 

dehydrogenation and cyclization during the formation of 1,4-dimethylazulene, the constituent 

responsible for the blue colour of the root oil.

In contrast to several other blue coloured essential oils it is remarkable, that this azulene 

derivative is not a distillation artifact as e.g. in the chamomile oil. This is worth to mention, 

because in the volatile oils from Thapsia garganica and Ruta graveolens 1,4-dimethylazulene is 

a decomposition product formed during hydrodistillation.

Phenylpropane derivatives are found only in relatively low quantities, only the epoxy- 

pseudoisoeugenyl 2-methylbutanoate has been identified in a higher proportion. In contrary, the 

non-coloured oil from Pimpinella nigra fruits consists of approximately 50 %

phenylpropanoids. The dominating constituents of this class are 4-substituted epoxy-anol esters 

of 2- and 3-methylbutanoic acid. In addition, small amounts of the respective non-epoxidized 

products have been identified, aecompanied by the 2'-oxopropyl derivatives, probably formed 

during hydrodistillation by opening of the oxirane ring in the acidic medium.

In addition to these mentioned constituents, the essential fruit oil of Pimpinel/a, nigra 

exhibits relatively high amounts of sesquiterpene hydrocarbons, above all 6-bisabolene, (Z,E)-a- 

farnesene, germacrene D and two up till now unknown sesquiterpenes.

182



Table 8. Composition of the essential oils from different parts of Pimpinella saxifrage 
ssp. nigra Mill.

No. Compound fruit herb root
1 a-Pinene 0.24 0.58 -

2 n-Undecane 1.89 15.42 1.50
3 B-Pinene 4.76 0.60 »

4 Sabinene 0 .1 0 0.73 -

5 Limonene » 1.16 -

6 Isogeijerene * - 1.69
7 Geijerene 0.09 0.63 17.44
8 Trinoranastreptene 0.06 0.37 3.18
9 mw 162 - - 0.57

10 ds-a-Bergamotene 0.24 0.74 0.60
11 Pregeijerene - - 19.58
12 mz/w-a-Bergamotene - 0.32 0.21
13 6 -Caryophyllene 0.09 0.67 0.71
14 Q 5H24 1.10 3.51 1.45
15 C i5H24 3.61 10.21 4.56
16 (£)-6 -Farnesene 0.46 1.16 trace
17 Germacrene D 2 .6 6 23.86 1.66
18 (Z, £)-a-Farnesene 6.99 14.69 -

19 B-Bisabolene 21.90 - 0.45
20 Bicyclogermacrene 0.98 1.74 -

21 (E, £)-a-Farnesene 0.47 2.78 -

22 6 -Sesquiphellandrene 0.28 - 0 .8 8
23 3,10- D ihydro-1,4-dimethy lazulene - 0.64 23.90
24 mw 178 - - 1.13
25 1,4-Dimethy lazulene - - 6.61
26 trans-hnyA 2-methylbutanoate 1.02 0.84 -

27 trans-kny\ 3-methylbutanoate 2 .0 2 1.50 -

28 Epoxy-ds-anyl 2-methylbutanoate 0.14 - -

29 Epoxy-ds-anyl 3-methylbutanoate 0.19 - -

30 Epoxy-rra/w-anyl 2-methylbutanoate 20.57 2.13 0.33
31 Epoxy-fra/is-anyl 3-methylbutanoate 25.75 2.49 0.26
32 4-(2 ' -oxopropyl)phenyl 2-methylbutanoate 0.33 - -

33 4-(2' -oxopropyl)phenyl 3-methylbutanoate 0.40 - -

34 Epoxy ~£r<my-pseudoisoeugenol 2-methylbut. - - 8.61

Although these two sesquiterpene hydrocarbons were found in significant higher proportion in 

the herb oil, accompanied by other constituents of this class of substances, especially by 

germacrene D and (Z, £)-a-farnesene, the isolation failed due to the very low yield of essential 

oil from the leaves. Figure 3, in which the gas chromatogram of the fruit, the leaf and the root
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oil from Pimpinella nigra are confronted, shows impressively the variation in the essential oil 

composition obtained from the different parts of a plant.

Rgure 3. GC of essenial oils from different Parts of Pimpinella saxifraga ssp. nigra Mill.

Pirrpinella aromaXica

A closely related oil composition with respect to the qualitative make up of the Pimpinella nigra 

root oil has been observed in course of the investigation of the root oil from Pimpinella 

aromatica, a biennial plant endemic to Easternmost Anatolia and the Caucasus. A sample of the 

dark blue oil, kindly provided by Prof. Baser, was analyzed and yielded the gas chromatogram 

given in Figure 4. By GC/MS and comparison of the obtained mass spectra with those of our 

own respective data-base including retention data, the following main constituents could be 

identified: the C12-hydrocarbons geijerene (4), isogeijerene, pregeijerene (6), trinoranastreptene 

(5), two dihydro-1,4-dimethylazulenes (15,16) and 1,4-dimethylazulene (24), which is 

responsible for the dark blue colour of the oil. In addition four constituents with the molecular 

weight 178 (19-23), which seem to be oxygenated derivatives of C12-constituents with the 

empirical formula C12H180  and which have also been found in some other Pimpinella oils, 

remain up till now unknown. The group of phenylpropane derivatives is represented by
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pseudoisoeugenyl 2-methylbutanoate (25) and a high amount of its epoxide (26), as well as by 

small amounts of f/ms-anethole (17) and significant higher proportions of estragole (11).

Figure 4. GC of Pimpinella aromatica root oil

The latter compound was found by Baser and his co-workers (11) to be the main constituent 

with 92 % of the aerial parts from Pimpinella aromatica collected in Turkey at the same place 

where the investigated roots came from.

The percentages of the individual components from our investigation of Pimpinella 

aromatica root oil are given in Table 9. As can be taken from this table sesquiterpene 

hydrocarbons were detected besides the before mentioned constituents only in minor 

concentrations, above all germacrene B, its cope-reanangement product y-elemene and 

germacrene D.

Table 9. Composition of Pimpinella aromatica root oil

No. Compound %
1 y-Terpinene 0.27
2 p-Cymene 0.14
3 Isogeijerene 0.71
4 Geijerene 7.07
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5 Trinoranastreptene 5.13
6 Pregeijerene 4.84
7 B-Caryophyllene 0.46
8 mw 160 0.12
9 y-Elemene 0.23
10 unknown 0.25
11 Estragole 2.49
12 mw 204(93,105,91,133,41) 0.32
13 Germacrene D 0.53
14 mw 204 (41,69,93,67,79) 4.29
15 Dihydro-1,4-dimethylazulene 2.93
16 3,10-Dihydro-1,4-dimethylazulne 29.89
17 fra/w-Anethole 0.26
18 Germacrene B 1.78
19 mw 178 0.13
20 mw 178 0.27
21 mw 178 0.18
22 mw 178 0.78
23 mw 178 0.23
24 1,4-Dimethylazulene 7.62
25 rra/w-Pseudoisoeugenyl 2-methylbutanoate 1.27
26 Epoxy-rra/w-pseudoisoeugenyl 2-methylbutanoate 26.83
27 Hexadecanoic acid 0.48

Pimpinella isaurica

The oil of a further Pimpinella species, which was also kindly provided by Prof. Baser was 

obtained from Pimpinella isaurica, a bushy perennial plant which is a Turkish endemism and 

which has been allied to P. tragium. The gc of the essential oil obtained from the respective 

herb exhibited numerous peaks, most of which were identified by GC/MS (Table 10). Beside 

the commonly found monoterpene hydrocarbons (1-7), the sesquitperpene hydrocarbons 6- 

caryophyllene (12), germacrene D (26), a-zingiberene (17), a-curcumene (23) and germacrene 

B (25) could be identified. The main constituent in the higher boiling range of the gc displayed 

a mass spectrum similar to that of anyl angelate, which was also present in this oil (39), with the 

same molecular peak at 216 and the same two strong signals with the masses 55 and 83. This 

suggested the unknown to be an isomer of anyl angelate. In order to proof this suggestion, a °C  

NMR investigation of the total oil was performed, in which the unknown was represented with 

75 %. From the obtained spectrum the unknown constituent could be easily identified to be the
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angelic acid ester of chavicol, a compound which has not been found up till now in any 

pimpinella oil.

The percentages of the main constituents found in the herb oil of Pimpinella isaurica, 

which are summarized in Table 10, exhibit, that a second derivative of chavicol, the 2- 

methylbutanoate and non-esterified chavicol have also been identified, however, in relatively 

small concentrations. Comparing the herb oil of P. isaurica with the herb oil of the before 

mentioned Pimpinella aromatica, which contains estragole as the main constituent, a similar 

biosynthetic pathway can be postulated which includes isomerization of the 1-propenylic side 

chain to form ally lie substituted phenylpropanoids.

Albovia tripartita

A third species endemic to Asia Minor and the Caucasus which we have investigated is Albovia 

tripartita Schischk., a perennial plant which is treated by taxonomists in different ways and 

included by some of them into the genus Pimpinella as Pimpinella rotundifolia M.B.. It was 

therefore interesting to see, whether this species contains any trinorsesquiterpenoids and 

pseudoisoeugenol derivatives which have been found up to till now only in the species of the 

genus Pimpinella and none of the other species of the umbellifers (12).

The gc of the essential root oil from Albovia tripartita exhibits a number of peaks most 

of which could be identified by GC/MS (Table 11). The main constituent with approximately 

50 % is the epoxy-pseudoisoeugenyl angelate. In addition, the respective tiglate (25) and 2- 

methylbutanoate (23) as well as the non-epoxidized angelate could be identified. In addition, 

some common monoterpene hydrocarbons, the geijerenes, the methylethers of thymol and 

carvacrol and some up till now unknown compounds with the molecular weight 178 and 180 

were detected. The latter constituents 18, 20 and 21 seem to be oxygene containing C12- 

derivatives with the emperical formula C12Hi80  and C]2H20O, which we are going to isolate for 

structural elucidation.

The percentages of the individual root oil constituents given in Table 11 are confronted 

to the very preliminary results obtained from the fruit oil, which consists mainly of pregeijerene 

and geijerene whereas sesquiterpene hydrocarbons and phenylpropanoids are found only as 

minor constituents. Although the given analytical data must be considered as preliminary 

results, they point out unambiguously, that this species belongs to the genus Pimpinella because
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of the extremely restricted occurrence of geijerenes and pseudoisoeugenol derivatives in 

umbellifere, which have only been found up till now in Pimpinella species.

Table 11. Composition of the essential oils from Albovia tripartita roots and fruits

No. Compound root fruit
1 a-Pinene 0.09 -

2 B-Pinene 0.05 -

3 Sabinene 0.08 -

4 Limonene 0.39 -

5 B-Phellandrene 0.03 -

6 y-Terpinene 0.15 -

7 p-Cymene 1.39 -

8 Isogeijerene 1.11 3.02
9 Geijerene 13.17 36.61
10 mw 162 (147,91,162,43,105) 0.66 0.70
11 Pregeijerene 9.98 51.35
12 Methylthymol 1.23 -

13 Methylcarvacrol 1.58 -

14 6-Caryophyllene 0.82 0.47
15 mw 204 (204,133,105,93,91) 0.52 -

15a Germacrene D - 0.14
16 Isohumulene 1.20 -

16a 6-Bisabolene - 2.48
17 frms-Anethole 0.17 0.39
18 mw 178 (105,43,79,91,92) 0.63 0.06
19 2-Methyl-5-methoxybenzofuran 0.32 trace
20 mw 180(43,95,162,93,122) 0.87 0.51
21 mw 178 (43,91,105,79,120) 6.81 0.27
22 rivmy-Pseudoisoeugenyl angelate 2.02 0.02
23 Epoxy-frmy-pseudoisoeugenyl 2-methylbutanoate 1.28 0.03
24 Epoxy-f/my-pseudoisoeugenyl angelate 48.29 0.61
25 Epoxy-tazws-pseudoisoeugenyl tiglate 1.15 1.58

Pimpinella villosa

The last investigations to be discussed refer to Pimpinella villosa, a perennial umbellifer 

endemic to the Iberian peninsula, which has been collected in Spain Western to Salamanca. The 

main constituent of this oil with more than 50 % (Table 12) has been identified to be the 

epoxide of frmy-pseudoisoeugenyl angelate (30). This compound is accompanied by the 

respective tiglate (31) and the non-epoxidized angelate (28). In addition to the homologous n- 

aldehydes from C6 to C9 several sesquiterpene hydrocarbons were found. The main constituent
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of this group 5-elemene (8) points to the occurrence of germacrene C, which undergoes thermal 

rearrangement during gas chromatographic separation which can be recognized by the raising 

base line. In addition, the occurrence of the seldomly found "kessane" (21), a bicyclic 

sesquiterpene oxide is worth to mention. The same is true for the 2-methyl-5- 

methoxybenzofuran (25), probably a decomposition product formed from pseudoisoeugenol. 

The more detailed results are shown in Table 12 in which the percentages of the individual 

components are given.

Table 12. Composition of the root oil from Pimpinella villosa

No. Compound %
1 Hexanal 0.07
2 n-Heptanal 1.04
3 n-Octanal 2.51
4 Geijerene 0 .2 2
5 Nonanal 0.03
6 T rinoranastreptene 0.48
7 5-Elemene epimer 0.53
8 5-Elemene 11.86
9 trans-2-Nonanal 0.36

10 Pregeijerene 0.13
11 Cascarilladiene 0.18
12 fl-Elemene 0.47
13 6,9-Guaiadiene 0.52
14 J/my-2-Decenal 1.12
15 C ,5H24 0.65
16 a-Humulene 0.27
17 y-Muurolene 0 .1 2
18 C15H26Û 0.48
19 Germacrene D 3.21
20 5-Cadinene 0.18
21 Kessane 3.09
22 Angelica acid 1.64
23 Germacrene B 0.33
24 unknown 0.80
25 2-Methyl-5-methoxy benzofuran 1.83
26 C15H24O 3.12
27 Anyl angelate 1.08
28 rra/u-Pseudoisoeugenyl angelate 1.87
29 Epoxy-ris-pseudoisoeugenyl angelate 0.67
30 Epoxy-fraws-pseudoisoeugenyl angelate 52.42
31 Epoxy-fraws-pseudoisoeugenyl tiglate 0.79

189



Due to the high proportion of the two main constituents, the percentages of most of the 

remaining components are close to, or below 1 %.

The gc of the essential oil from the herb of Pimpinella villosa (Figure 5) shows three 

separated groups of constituents: at the beginning several monoterpene hydrocarbons, in the 

middle diverse sesquiterpene hydrocarbons and at higher retention times several oxygenated 

sesquiterpenes. Main constituent is by far germacrene D (18) with nearly 60% followed by two 

peaks with significant lower concentrations, the first of which was identified as B-caryophyllene 

(14). The second (15) displayed a mass spectrum of an uncommon sesquiterpene, which was 

not found in our ms-database and other commercially available libraries.

Figure 5. GC of herb oil from Pimpinella villosa

Therefore we decided to isolate this constituent by preparative gc to perform structural 

elucidation. From the *H- and 13C NMR-spectra a bicyclic compound with 4 methyl groups and 

2 conjugated double bonds in one of the 2 rings could be deduced, which led us finally to 

suggest the unknown to be a acora-6,8-diene. In order to proof this suggestion, we isolated from 

two Chaerophyllum hirsutum chemotypes species, which we have investigated before (13), the 

two epimeric spiro-ketones acorenone and acorenone-B. The acora-6,8-diene obtained from
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acoreneone after reduction of the oxo-group with lithium-aluminium-hydride forming two 

acorenols and successive dehydratization finally proved the obtained product to be identical 

with the natural component. The detailed percentual proportions of the individual constituent 

found in herb and fruit oil from Pimpinella villosa are given in Table 13.

Table 13. Composition of the herb and fruit oil from Pimpinella villosa

No. Compound herb fruit
1 a-Pinene 0.49 trace
2 a-Thujene 0.21
3 Camphene 0 .11 -
4 B-Pinene 1.12 trace
5 Sabinene 0.26 trace
6 Myrcene 0.23 trace
7 Limonene 0.97 21.06
8 B-Phellandrene 0.04 -
9 rij-Ocimene 0.63 -

10 J/my-Ocimene 2.50 -
11 5-Elemene 0.06 4.05
12 a-Copaene 0.67 0 .6 6
13 B-Elemene 0.83 2.05
14 B-Caryophyllene 4.40 2.73
15 Acora-6 , 8-diene 4.38 3.83
16 a-Humulene 1.04 0.81
17 y-Muurolene 2 .2 0 2.29
18 Germacrene D 58.81 42.25
19 B icyclogermacrene 1.17 1.06
20 8-Cadinene 2.29 2.08
21 y-Cadinene 0.23 0.45
22 Cadina-1,4-diene 0.35 0 .22
23 Cubebol 0.11 0 .10
24 T-Cadinol 0.56 0.49
25 T-Muurolol 1.00 0.65
26 8-Cadinol 0.30 -
26a a-Bisabolol 0.16 2.25
27 a-Cadinol 2.05 1.35
27a C15H24O 0.37 6.67
27b C 15H24O 0.06 1.34
28 (2£',6E)-Farnesol 0.56 -
29 C15H24O 0.24 2 .1 0
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In the fruit oil, which exhibited a composition very similar to that of the herb oil, the 

acoradiene was also present in nearly the same concentration. However, a remarkable difference 

of both oils is the high proportion of limonene and 6-elemene in the herb oil.

Finally it is worth to mention that both oils of the above ground parts of Pimpinella 

villosa do not contain geijerene and phenylpropane derivatives in remarkable quantities. 

Therefore, in general only the root oils from Pimpinella species seem to be suitable for the 

delimitation of the genus Pimpinella using these types of components.
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ABSTRACT
In this review a survey of scientific methods in aromatherapy research is given. They 

are designed to enhance the knowledge about effects of fragrance compounds and essential 
oils and the reaction of the human body upon treatm ent with these aroma chemicals. New 
results in brain research as to the effects of fragrance compounds are described and 
discussed as well as some exemplary and interesting animal experiments. The correct 
definition of the term  aromatherapy is stressed again.

INTRODUCTION

At the beginning of this short review on methods in aromatherapy research some 
comments on the history of the term  aromatherapy will be given as well as the new, 
modern. u p -to -d a te  and -  from the standpoint of recent research results -  correct 
definition of this word.

The use of essential oils and also of single fragrance compounds for healing purposes 
is known in folk medicine since ancient times and is discussed nowadays because of the 
trend back to natural drugs and therapies in medicine1. The term  oromot/Jeropp has been 
coined in the late twenties of our century by the French cosmetic chemist Catte/oss? 
who noticed the excellent antiseptic properties and skin permeability of essential oils and 
defined it as any therapy with essential oils2. Using the trends of the eighties, "New Age" 
and esoterics .R. JJsaeranrJ revived this term  by including it into a general natural healing 
method with a lot of wholistic, cosmic. anthroposophic and other phenomena3. Nowadays 
many of the so-called aromatherapists devoid of any serious scientific training use this 
definition for their own purposes combining it with mystic elements4 and uttering such 
nonsenses, like "essential oils are the soul, the spirit. the personality of the plant"5. All 
this leads to a confusion or even misinterpretation of the word aromatherapy which is a 
combination of aroma , which means "fragrance. sweet smell, a subtle quality"7 and 
therapy, which implies a handling only by doctors or persons trained in medical sciences. 
Many aromatherapists also deny the close correlation of aroma to volatiles, although 
volatility is the main quality of fragrance compounds and essential oils!
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Therefore a universal definition of the term aromatherapy on a scientific basis has 
been proposed by the author, as follows:

Therapeutic uses ef fragrances m: a t mere volatiles to 
^ r e  and to mitigate e r  to l!reYeni diseases... infectiQDS and 

iindispositiCas .onlJ by means ef inhalation0-9.
Following this definition serious scientific work on the biological effects of volatiles, 
especially essential oils, was compiled with the aim to put a clear line of demarcation 
between a scientifically based aromatherapy and such an aromatherapy as widely practiced 
today. The methods which have been applied in these studies to establish clear scientific 
facts of the efficiency of inhaled fragrance compounds are summarized and discussed in 
this paper.

DISCUSSION

The methods to establish proofs of the physiological. not psychological (!), and 
pharmacological activities of fragrance compounds can be divided in two groups:

-  animal experiments and 
-  experiments with human volunteers.

Animal:Animal Experim ent
Tests with various animals by administering fragrance compounds either perorally or 

parenterally to check their toxicity and their pharmacological behaviour are as common as 
skin trials to assay their allergenic potency or healing properties. But such experiments 
are not the topic of this review, because the main point in aromatherapy is the inhaktive 
uptake of the fragrance molecules, their resorption by the nasal and/or pulmonal mucosa.

In this respect only two groups of scientists are known in literature up to now, who 
studied the behaviour of test animals under the influence of fragrance compounds. The 
method of choice is to examine the motor activity of test animals, preferably mice, in a 
cage with a light barrier. The first were Korar and Ammon e t  <s/ in Tubingen, Germany, 
who showed interest in establishing an unambiguous proof of the efficiency of the essential 
oil of rosem ary10, used in phytotherapy as an activating, refeshing remedy against 
exhaustion. It could be shown that by means of the main constituent of this essential oil, 
namely the bicyclic ether 1.8-cineole, this phytotherapeutical treatm ent is justified. The 
locomotor activity of the test animals increased significantly by inhalation of this ether or 
this oil. And above all these scientists succeeded in showing a clear pharmacokinetic 
dependance of this activating efficiency of 1,8-cineole: The higher the concentration of this 
fragrance in the blood of the mice is, the higher is also the rate of interruptions of the 
light barrier indicating an increased motor activity of the test animals. Ammon finally 
showed by similar studies that the essential oils of balm leaves and valerian roots act
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calming and relaxing, whereas the essential oils of dwarf pine needles and juniper berries 
acted in the same way as the oil of rosemary11.

Buchbauer’s  team is the second one known in literature, who studied the effects of 
single fragrance compounds and essential oils upon inhalation by test animals (mice). In 
accordance with the relevant literature12J3 fragrances and essential oils were chosen and 
tested in an animal model under standardized conditions10*14*15. In total 44 fragrances and 
essential oils with ascribed sedative properties on humans have been investigated up to 
now by inhalation experiments on untreated and pretreated (over-agitation by 
intraperitoneal dosage of caffeine) mice. As a. result of these studies it was found that 
lavender oil, its main constituents linalol and linalyl acetate as well as neroli oil, 
citronellal, 2-phenylethyl acetate, a-terp ineol, benzaldehyde and East Indian Sandalwood 
oil decreased the motility of mice to an extent of 40-78% compared with 0% of the
control. Tests with pretreated mice also showed a significant decrease of activity in the
"caffeine over-agitated" animals in the case of lavender oil, linalol, isoeugenol, maltol, 
methyl salicylate, carvone and linalyl acetate (a decrease of 46-91%). In additional 
investigations, blood samples obtained from mice having inhaled such fragrance compounds 
were analysed by means of GC-spectroscopic systems to detect and identify possible active 
compounds responsible for the motility decrease (see also ref.10). In some cases volatiles 
could be identified in the blood in the range of 10.7 ppb to 0,12 ppb (benzaldehyde after 
inhalation) (see also ref.1).

Finally it should be pointed out that fragrance compounds really are resorbed and 
are able to cross the blood brain barrier. After a 15-minute inhalation of a certain
fragrance compound it could be detected in the blood and in the cortex of the test
animals, but not in the medulla16.

Experiments with Bum an Volunteers
In order to set a clear line of demarcation between aromatherapy -  where 

physiological and pharmacological activities of fragrances are dealt with -  and 
aromachology -  where the interrelationships between psychology and odors are 
discussed1? -  only those methods which offer a better insight into the complex reaction of 
the human body upon inhaling fragrance compounds are reviewed in this paper, according 
to the modern definition of aromatherapy (as already defined in the introduction). 
Naturally it is very difficult to abstract the reflectoric answer of the human body upon a 
fragrance stimulus from the biological event in the body when fragrance molecules are 
resorbed. But nevertheless it is very important to do this, because there is a great 
difference in the way of getting a body-response: Either effects which are achieved 
through stimulation of the olfactory pathways in the brain (the field of aromachology17), 
or reactions which are obtained by introduction of the fragrance molecule into the blood 
stream  by nasal and/or pulmonal resorption, -  the field of aromatherapy.

195



Regarding the methods which have been applied to put more light on the problem of 
the body response upon an inhalative uptake of fragrance molecules, it is interesting to 
notice that especially Japanese scientists are at the front of aromatherapy research. An 
excellent review on the effects of odors, already published in 1990 by K a w a sa kimakes 
it easier for the author to compile the research work done up to now on aromatherapy.

Torn investigated the effects of odors upon skin potential levels (SPL)19. SPL are 
related to mental perspiration and correspond well with the arousal level of the subject: -  
4GmV upon awakening, -60mV at times of excitement and almost OmV during sleep. Upon 
TonTs findings the psychophysiological effects induced by the scents of chamomile oil and 
jasmin are sedative in the first case and stimulating with the latter oil. Measurements of 
the SPL via the CNV (^contingent negative variation) clearly showed the variation of the 
SPL in parallel with the level of activity of the sympathetic nervous system. Such tests 
indicated -  according to Nnmfî  -  that pleasant as well as unpleasant odors raise arousal 
levels and tha t especially the latter cause relatively large potential fluctuations.

The above mentioned contingent negative variation (CNV) is a slow upward shift in 
brain waves recorded by the electroencephalograijim (EEC), occurring in situations where 
the subject is in attention, expecting that something will happen. The first to use this 
method -  already known in brain research since Walter et a l 21 -  was Ton/ and his 
team, who studied the CNV and the physiological effects of odors in humans22. The results 
obtained so far showed that jasmine oil brought about an effect similar to the 
administration of caffeine, namely an increase in CNV after inhalation, whereas lavender oil 
caused CNV to decrease, similar to the administration of tranquilizers, thus leading to a 
sedation. Other essential oils were also studied and their effects upon inhalation 
documented.

Recently also Kubota e t a l23 reported on similar investigations in this respect using 
essential oils too, not only several fractions of them obtained by vacuum distillation, but 
even single fragrance compounds. In some cases he was also able to show distinct 
differences between chiral fragrance molecules as to their ability to influence the CNV, f.e. 
1-carvon elicited a sedative activity, whereas its caraway-like-smelling antipode d-carvon 
acted as a stimulant.

Measurements of fragrance effects by plethysmography have been performed by 
Konisbi e t al. 24. This is a method which allows to observe the changes in peripheral blood 
stream  caused by the sympathetic part of the autonomic nervous system. Stress situations 
cause a constriction of the peripheral vasculature, hence increasing the peripheral blood 
pressure. Under the influence of fragrance compounds -  peppermint and jasmine oil -  the 
obtained results demonstrate that these odors possess neurophysiological activities which 
lead to a loosening of an induced stress situation and consecutively to a relaxation of the 
maximum constriction of the peripheral vasculature. Exposure to the odor of peppermint
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diminished the peripheral blood pressure to a somewhat lesser extent than it was noticed 
with the jasmine fragrance.

Another physiological event can be used to observe the effects of odors: The heart 
rate. Ogurl et a l25 showed that pleasant odors activating the CNS increase the heart ra te  
variations, whereas the sedative odors decrease them. Also AVoicin' e t al. 26 carried out 
such experiments and found tha t rose odor suppressed the deceleration of the heart rate, 
whereas lemon odor enhanced it, indicating activation. Thus the pattern of changes in the 
heart ra te  appears to show differences between stimulant odors and sedative ones.

Two other methods to examine the effects of odors on humans have been applied by 
the german fragrance chemist ¥. Steiner. Measurements of the changes of the steady 
current between two points at the skin surface by electrodermal activity furnished 
differences between 12 test odors enabling the scientist to rank them either at the 
sedative side or at the activating one2?. Another method applied by him measures the 
dilatation or constriction of the pupils20: The obtained results showed tha t all odors under 
investigation caused a pupil enlargement indicating arousal. Miyazaki e t a l 29 used 
Steiner's procedure in a cognitive task and found that orange oil increased the 
parasympathetic nervous system activity (indicated by a distinct acceleration of the 
constriction rate  of the pupil), whereas the sympathetic nervous system activity was found 
to be decreased.

Coming back to the phenomenon of measurements of the electrical brain activity the 
CNV-method and its usefulness in aromatherapy-research has already been discussed 
earlier. Other methods to investigate the influence of fragrance compounds on brain waves 
still remain to be mentioned. Especially the teams of LorigiA Washington, van Toller at 
Warwick (UK) and Kobal a t Erlangen (Germany) are famous for their pioneer work carried 
out in order to study the effects of odors on mood or feelings30" 35. But these 
investigations cover more the field of aromachology than aromatherapy, especially when 
hedonic qualities exert an influence on the outcome of the results.

Nevertheless Japanese scientists again showed that evoked potentials and brain wave 
studies can be used also in arom atherapy-research. Steady-state waves can be 
distinguished by their frequency: alpha-waves are characterized by a frequency of 8-13 
Hz, while those with larger frequencies are called beta -waves and those with lower 
frequencies th e ta -  and delta-waves. Beta-waves are dominant when the subjects brain is 
engaged in concentrated thought or in a highly emotional mental state. An alpha-wave 
dominancy is characteristic for a mentally relaxed state or in meditation. The fragrance of 
lavender now is able to increase the alpha-wave activity in the EEG as well as sandalwood 
oil, whereas an increase of the beta-waves activity has been noticed by Sugano upon 
presentation of jasmine odor30*3?. Finally, Lorig and Schwartz reported that spiced apple 
aroma relieves stress and promotes a sense of relaxation, as could be demonstrated by a
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reduction of the higher frequency-EEG activity and an increase of the slow wave EEG 
one30.

SIJlfano also reported on a totally new method quasi to look into the brain37-39. 
Using the fragrances of lavender, jasmine, sandalwood and a-p inene as olfactory stimuli 
he used Xe-positron-emission tomography to measure the local cerebral blood flow in 
order to observe the events in the brain upon inhalation of these fragrances. He compared 
his findings with the results he obtained by means of measurements of the alpha-brain 
waves activity as well as with those ones obtained by CNV-experirnents and found a great 
similarity among all these data achieved by different methods: a-p inene, sandalwood and 
lavender elicited a distinct sedation, whereas jasmin exerted a stimulating effect37.39.

Finally also two new methods in arom atherapy-research introduced by the author's 
team  should be discussed. As has been mentioned earlier, Ammon stated tha t 1.8-cineole 
must affect the motor centres in the brain11. C/J. and ll. M1se/ succeeded in proving this 
results performing Xe-computer-tomographic studies on healthy volunteers with the view 
to observe the cerebral blood flow upon inhalation of the fragrant 1.8-cineole40, While 
Su,trano used the positron generating radioactive 133Xe in his PET-rnethod37, the Viennese 
group used stable, gaseous Xenon (not more than 30% in the normal breathing air) which 
serves as a contrast medium for computed-tomography-measurements during the 
examination procedure. This is a three-dimensional. high resolution method to study the 
regional cerebral blood flow (rCBF) for clinical routine, which allows direct analysis of the 
events in the blood supply within the investigated brain structures41 and which seems to 
become ever more irreplaceable in neurology. Eight neurologically healthy volunteers aged 
between 20 and 30 years and in addition one clinically tested anosrnic person thus were 
examined before and after inhaling 1,8-cineole. In all cases the CBF of these subjects was 
increased upon inhaling this fragrance compound, showing an enhanced cortical activity. 
The anosrnic woman reacted exactly in the same way. If, therefore, even an anosrnic, a 
person who really is unable to create a pleasant feeling upon sniffing a fragrance, shows 
an increased CBF, it cannot be the result of a reflectoric effect. In addition the 
concentration of this fragrant in the blood was determined. Resorption is very fast as 
could be shown by an almost linear increase of the 1.8-cineole concentration from 4 to 20 
minutes up to a maximum value of about 275 ng/rnl serum42. When the inhalation was 
stopped, also the concentration of the fragrance in venous blood dropped immediately.

With iranscraniel /lo p le r  (TCD) a sonographical. noninvasive imaging of vesselflow 
velocity is possible. TCD is an ultra sound method and is based on the D oppfer shift 
principle which means a frequency shift of a sound signal when either the source or the 
receiver is moving. A movement towards each other is defined as a positive, a movement 
away from each other as a negative shift. In such TCD measurements "speed" is expressed 
by flow velocity. Practically an ultra sound signal is sent into the tissue and is reflected by 
the moving blood particles, mainly the erythrocytes43. This new method is the second
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innovation introduced by the NaseEs of BucJibauer's team into arom atherapy-research. 
The results obtained upon examination of some healthy volunteers and the anosmic subject 
again while inhaling 1,8-cineole are nearly the same as with Xe-CT44.

Coming to a conclusion a lot of methods have been applied in aromatherapy research 
in order to verify the socalled healing effects of fragrance compounds and essential oils. 
Even if it is very difficult to separate the psychological influence furnishing the desired 
healing effect via a reflectoric action from a pharmacological, direct interaction of the 
fragrance molecules with appropriate receptor systems, many of these afore mentioned 
methods are used in aromachology research as well as in aromatherapy research. But it 
was due to the author tha t he proved for the first tim e tha t fragrance compounds -  aside 
from creating a mostly happy feeling -  do behave like pharmacologically active substances 
by applying new investigation methods on an anosmic person. For the first time it was 
possible to show that fragrance molecules really get resorbed, are transported in the blood 
stream  indeed and by this way exert distinct effects in human subjects.
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RECENT DEVELOPM ENTS IN PHYTOCHEM ISTRY OF BRY O PH Y TES

YOSHENORIASAKAWA
Faculty of Pharmaceutical Sciences, Tokushima Bunri University,
Yamashiro-cho, Tokushima 770, Japan

ABSTRACT

A number of new terpenoids and aromatic compounds have been isolated from 
bryophytes, particularly from liverworts. Some biological activity of sesqui- and 
diterpenoids and phenolic compounds isolated from bryophytes has been summarized.

INTRODUCTION

The bryophytes are placed taxonomically between algae and pteridophytes; there are 

about 24000 species in the world. They are further divided into three classes, Musci 

(mosses), Hepaticae (liverworts) and Anthocerotae (homworts). The Hepaticae contain oil 

bodies which are easily extracted with organic solvents whilst the other two classes do not 

contain oil bodies. A number of bryophytes have been used as medicinal plants in North 

America, China and Europe to treat bums, bruises, external wounds, etc. The following 

mosses and liverworts are medicinal plants and are said to possess certain biological activity 

and effect. [Musci] Bryum argenteum (antidotal, antipyretic, antirhinitic activity; for 

bacteriosis), Cratoneuron filicinum  (for malum cordis), Ditrichum pallidum (for 

convulsions, particularly in infants), Fissidens japonicum (diuretic activity, for growth of 

hair, bums and choloplania), Funaria hygrometrica (for hemostasis, pulmonary 

tuberculosis, hematemesis, bruises, athlete’s foot dermatophytosis), Haplocladium 

catillatum (antidotal, antipyretic activity; for adenopharyngitis, uropathy, mastitis, 

erysipelas, pneumonia, urocystitis and tympanitis ), Leptodictyum riparium (antipyretic; for 

choloplania and uropathy), Mnium cuspi datum (for hematostasis and nose bleed), Ore as 

martiana (for anodyne, hemostasis, external wounds, epilepsy, menorrhalgia and
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neurasthenia), Philonotis fontana  (antipyretic, antidotal activity; for adenopharyngitis), 

Plagiopus oederi (as a sedative, and for epilepsy, apoplexy and cardiopathy), Poly trichum 

species (diuretic activity; for growth of hair), Polytrichum commune (antipyretic, antidotal; 

for hemostasis, cuts, bleeding from gingivae, hematemesis and pulmonary tuberculosis), 

Rhodobryum giganteum (antipyretic, diuretic, antihypertensive; for sedation, neurasthenia, 

psychosis, cuts, cardiopathy and expansion of hear blood vessels), Rhodobryum roseum (as 

a sedative and for neurasthenia and cardiopathy), Taxiphyllum taxirameum (antiphlogistic; 

for hemostasis and external wounds) and Weissia viridula (antipyretic, antidotal; for 

rhinitis). [Hepatic ae] Conocephalum coni cum (antimicrobial, antifungal, antipyretic, 

antidotal activity; used to cure cuts, bums, scalds, fractures, swollen tissue, poisonous 

snake bites and gallstones), Frullania tamarisci (antiseptic activity), Marchantia 

polymorpha (antipyretic, antihepatic, antidotal, diuretic activity; used to cure cuts, fractures, 

poisonous snake bites, bums, scalds and open wounds), Reboulia hemisphaerica (for 

blotches, hemostasis, external wounds and bruises).

Some bryophytes show characteristically fragrant odors and intensely hot and bitter or 

saccharine-like taste. Generally, bryophytes are not damaged by insects, snails, slugs and 

other small animals. Furthermore, some liverworts cause intense allergenic contact dermatitis 

and allelopathy. We have been interested in these bioactive substances found in bryophytes 

and have studied about 800 species of Hepatcicae collected in North and South America, 

North and South Africa, India, Pakistan, Nepal, Taiwan, Australia, New Zealand, Europe 

and Japan with respect to their chemistry, pharmacology, and application as sources of 

cosmetics, and medicinal or agricultural drugs. It has been demonstrated that most of the 

Hepaticae contain mainly sesqui- and diterpenoids and lipophilic aromatic compounds 

(bibenzyls, bis-bibenzyls, benzoates, cinnamates, long chain alkyl phenols, naphthalenes,
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phthalides, isocoumarins, benzyl and (i-phenethyl acrylates and prenyl indoles) which

constitute the oil bodies. The biological activities of liverworts are due to these substances55 

At present more than 300 new compounds have been isolated and their structures 

elucidated.l,5)

The chemical structures of new terpenoids and aromatic compounds found in several 

liverworts and their biological activity will be summarized in this paper.

1) Typical terpenoids and aromatic compounds found in liverworts

Liverworts produce a number of different terpenoids, acetogenins and aromatic 

compounds as shown in Charts 1-29. They are homomonoterpenoids, tris- 

norsesquiterpenoids and sesquiterpenoids [africane, norafricane and secoafricanes ( 1- 12), 

2,3-secoaromadendranes (13-38), azulenoids (39-52), barbatanes (=gymnomitranes) (53- 

65), bazzananes (66-71), bicyclogermacranes, isobicyclogermacranes (72-82), brasilane 

(83a), lepidozane (84), chiloscyphanes, oppositanes (85-87), herbertanes 

(=isocuparanes) (89-99), monocyclofamesanes (103-108), myItaylanes, cyclomyltaylanes 

(111-116), pacifigorgiane (117), pinguisanes (118-153), norpinguisanes (154-157), 

vitranes, omphalane (158), riccardiphenols (159, 160), serpentiphenol (161), olivacane 

(163), trifaranes (164-166), chenopodane (169) and zieranes, diterpenoids [cembranes, 

clerodanes (170-181), dolabellanes (182-191), fusicoccanes (192-203), enf-kauranes 

(204-209), labdanes (210-222), chettaphanins, phytanes, sacculatanes (223-236), 

sphenolobanes (237-242), tracchylobanes, verrucosanes (243-253) and verticillanes 

(254a-259)J and aromatioc compounds [bibenzyls (260-326), bis-bibenzyls (327-383), 

long chain alkylphenols (384-395), naphthalenes (396, 397), isocoumarin (398), prenyl 

ethers (399, 400), sulfur- (401, 402) and nitrogen-containing compounds (403, 404),
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neolignane (405), phenanthrenes (406-411) andphthalides (412-416)].1,5)

On the other hand, mosses biosynthesize a number of highly unsaturated fatty acids 

(417-427) and a few diterpenoids. Neither sesqui- nor monoterpenoids have been 

isolated from the Musci. The Anthocerotae (hornworts) produce typical cinnamic acid 

derivatives, megacerotonic acid (428), anthocerotonic acid (429) and rosmarinic acid (430). 

No terpenoids have been isolated from the Anthocerotae. An important endogenous character 

of the Hepaticae is that most of the sesquiterpenoids isolated from liverworts are 

enantiomeric to those found in higher plants. It is also interesting that some different 

Frullania species produce both enantiomeric sesquiterpenoids. Table 1 shows several 

biological activity (including characteristic odor and tasting) of the isolated compounds from 

bryophytes. Some biologically active compounds will be surveyed.

Table 1. Biological activities of terpenoids and aromatic compounds isolated from liverworts 1 11

1. Characteristic odor
2 . Hot(pungent), bitter and sweet tasting
3. Allergenic contact dermatitis
4. Cytotoxic activity
5. Antimicrobial and antifungal activity
6 . Insect antifeedant and molluscicidal activity
7. Piscicidal activity
8 . Plant growth regulatory activity
9. Superoxide anion radical release inhibitory activity

10. 5-Lipoxygenase, calmodulin, hyaluronidase and cyclooxygenase 
inhibitory activity

11. Vasopressin antagonist and cardiotonic activity
12. Neurite sprouting activity
13. Muscle relaxing activity
14. Antitumor promoting activity
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15 DNA polymerase B inhibitory activity
16. Cathepsins B and L inhibitory activity
17. Anti-HIV-I activity

2 ) Biological activity
2.1. Characteristic scents

The bryophytes, particularly liverworts, emit intense sweet-woody, intense turpentine, 

sweet-mossy, fungal-like, carrot-like, mushroomy or seaweed-like scents when upon being 

crushed. Among these are Asterella odora (resembling the higher plant, Houttuynia 

cordata), Chiloscyphus pallidus (intense smell reminiscent of stink bug), Conocephalum 

coni cum (Houttuynia cardata-\)k&, strong mushroomy), Conocephalum japonicum  (also 

Houttuynia cardata-like), Fndlania species (turpentine-like), Funaria hygrometrica (sea- 

star like), Geocalyx grave ole ns, Jungennannia and Lejeunea species (turpentine-like), 

Leptolejeunea elliptica (very intense ! mixed odor of naphthalene and dried bonito), 

Lophocolea heterophylla (strongly and distinctly mossy), L. minor (strongly mossy), 

Lophozia vicrenata (pleasantresembling cedar oil), Moerkia species (intensely unpleasant), 

Pellia endiviifolia (dried seaweed-like), Plagiochila sciophila (-P . acanthophylla subsp. 

japonica) (sweet mossy and woody), Plagiochila ovalifolia etc. (turpentine-like), Porella 

cordaeana (dried seaweed-mossy like), Porella vemicosa complex (pungent and 

turpentine-like), Riella species (anise-like), Solenostoma obovata (carrot-like), Takakia 

lepidozioides (mixed odor of cinnamon and burnt wheat powder), Trichocolea tomentella 

(sulfur-like) and Wiesnerella denudata (strong sweet mushroomy).
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Almost all liverworts which smell of mushrooms contain l-octen-3-ol and its acetate but 

the strong sweet-mushroomy scent of the ether extract of Wiesnerella denudata is due to

(+)-bomyl acetate and mixtures of the monoterpene hydrcarbons, a-terpinene, (3-

phellandrene, terpinolene, a-pinene, (3-pinene and camphene. The odor of the steam 

distillate of W. denudata is weaker than that of its ether extract. The steam distillate contains 

nerol (14%), neryl acetate (27%) and y-terpinene (31%), but the content of l-octen-3-ol

(7%) and its acetate (2%) are very low. A small thalloid liverwort, Asterella species grown 

in Pulau Dayang Bunting island, Malaysia emit very intense unpleasant odor which is due to 

skatole.6) The stink bug smell of C. pallidus is attributable to (£)-dec-2-enal, (Z)-dec-2- 

enal, (£)- and (Z)-pent-2-enals.7) The characteristic fragrance of Leptolejeunea elliptica is 

due to /?-ethylanisol (431), p-ethylphenol (432) and /?-ethyl phenylacetate (433).8) 

Bicyclohumulenone (83b) isolated from Plagiochila sciophila (=P. acanthophylla subsp. 

japonica possesses an aroma reminiscent of a variety of scents based on a strong woody 

note, resembling the odor of patchouli, vetiver, cedar wood, orris, moss and carnations. 

Tamariscol (117) from Frullania tamarisci subsp. tamarisci, F. tamarisci subsp. obscura, 

F. nepalensis and F. asagrayana similarly possesses a remarkable aroma reminiscent of 

the woody and powdery green notes of mosses, foin, fluvia, costus, violets leaf and 

seaweeds. Both compounds are highly esteemed in commerce. They are used as perfumes as 

such or perfume components of the powdery floral-, oriental bouquet-, fantastic chypre-, 

fancy violet- and white rose-types in various cosmetics. After it had been shown that both 

the tertiary alcohol and the 2-methyl- 1 -propeny 1 group attached to the cyclohexane ring of 

tamariscol were necessary for the characteristic scent of (117), thirteen mini-tamariscols
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were synthesized by Grignard reactions of 2,7-dimethylcyclohexanone, 2-

methylcyclohexanone, 4-methylcyclohexanone, cyclohexanone and cyclopentanone with 

vinylmagnesium bromide, 2 -methyl- 1 -propenylmagnesium bromide and 2-methyl-2- 

propenylmagnesium bromide, respectively. 1 -Hydroxy-1-( 2-methyl-1-propeny 1)-

cyclohexane (434a) had a similar sweet mossy aroma to that of tamariscol itself. A thalloid 

liverwort Mannia fragrance emits a pleasant and intense scent which can be detected at a 

distance of many meters. This specific fragrance is caused by grimaldone (305).9) The 

strong milk-like fragrance of Cheilojejeunea imbricata is due to a mixture of (R)-dodec-2-en- 

1,5-olide (434a) and (R)-tetradec-2-en-l,5-olide (434b).8) (-)-Ambrox (443) has been 

prepared by chemical transformation of diterpenediol (438) isolated from the liverwort 

Porella perrottetiana as shown in Chart 32 (As aka w a et a l  unpublished results).

2.2. Pungency and bitterness

Some genera of the Hepaticae produce intensely pungent and bitter substances which exhibit 

interesting biological activities described in subsequent sections. Porella vemicosa complex 

contained very pungent substances and that Jamesoniella autumnalis contained an intense 

bitter principle whose taste resembles that of the leaf of lilac and Swertia japonica or the 

root of Gentiana scabra var. orientalis. The strongly hot taste of Porella vemicosa 

complex is due to polygodial (100a).

We reported that sesquiterpene lactones, secoaromadendrane-type sesquiterpene 

hemiacetals and sacculatane-type diterpene dialdehyde possessing an intensely pungent taste 

had been isolated from some Chiloscyphus and Wiesnerella, Plagiochila, and Pellia and 

Trichocoleopsis species, respectively. 0 The hot taste of Pallavicinia levieri is due to 

sacculatal (223). Polygodial and sacculatal have been obtained from cell suspension
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cultures from each liverwort. 10,113 Plagiochiline A (13) from Plagiochila species showed a 

strong pungent taste. Enzymatic treatment of (13) with amylase in phosphate buffer or with 

human saliva produced two 2,3-secoaromadendrane-type aldehydes, plagiochilal B (24) and 

furanoplagiochilal (34). Dialdehyde possesses a strong pungent taste which implies that 

the intense pungency is not due to plagiochiline A (13) itself, but to plagiochilal B (24) 

whose partial structure is similar to that of the drimane-type very pungent sesquiterpene 

dialdehyde, polygodial (100 a ).

Gymnocolea inflat a is amazingly persistent bitter and induces vomiting when one chews 

a few leaves for several seconds. The earlier review already mentioned that this is due to 

gymnocolin A (171).13 Jungennannia infusca has an exceedingly intense bitter taste. This is 

due to the presence of the infuscasides A-E (204-208).

2.3. Allergenic contact dermatitis

Frullania species (Hepaticae) are notable as liverworts that cause allergenic contact 

dermatitis. Allergy-inducing substances are sesquiterpene lactones, (+)-(101a) and (-)-

frullanolides (101b) and their related a-methylene-y-butyrolactones which have been

isolated from Frullania dilatata and F. tamarisci, respectively. F. asagrayana, F. 

bolanderi, F. eboracensis, F. franciscana, F. in f lata, F. kunzei, F. nisquallensis, F. 

riparia and the other Frullania species which contain sesquiterpene with an a-methylene-y-

butyrolactones cause strong allergenic contact dermatitis. Schistochila appendiculata 

causes allergenic contact dermatitis. The allergens are alkylphenols (Cl 1, C13, C15 and 

C17) (384, 387, 390, 394), long chain alkyl salicylic acids (C ll, C13, C15) (385, 388, 

391) and their potassium salts (386, 389, 392) as well as a long chain catechol (393).
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Such allergenic contact dermatitis is very similar to that caused by the long chain 

alkylphenols of the fruit of Ginkgo biloba and Anacardiaceae. The following liverworts and 

mosses also cause strong allergenic contact dermatitis: Marchantia polymorpha, Metzgeria 

furcata (liverworts); Eurhynchium oreganum, Isothecium stroniferum, Leucolepis 

menziesii, Mnium cuspidatum, Polytrichum juniperium, Rhytidiadelphus loreus and 

Sphagnum palustre. Their allergens have not been isolated.

2.4. Antitumor Activity

As mentioned in the earlier review0, a few eudesmanolides and a germacranolide 

possessing inhibitory activity against KB cells have been isolated from some liverworts. 

Conocephalum conicum and Wiesnerella denudata contain some guaianolides which 

exhibited antitumor activity against P-388 lymphocytic leukemia. The crude ether extract

(20jiig/ml) of the following liverworts showed cytotoxicity against P-388 in vitro. They are

Bazzania pompeana, Kurzia makinoana, Lophocolea heterophylla, Makinoa crispata, 

Marsupella emarginata, Plagiochila fruticosa, P. ovalifolia, Porella caespitans, P. 

japonica, P. perrottetiana, P. vemicosa and Radula perrottetii. Frullania diversitexta, 

F. ericoides, F. muscicola, F. tamarisci subsp. obscura, Lepidozia vitrea, Pallavisinia 

subciliata, Plagiochila sciophila, Supraceanthus semirepandus and Trocholejeunea 

sandvicensis were not active against P-388. We tried to isolate the active compounds from 

P. ovalifolia and P. fruticosa and Marsupella emarginata. 2 ,3-Secoaromadendrane-type 

sesquiterpenoids (35, 36) isolated from P. ovalifolia showed antitumor activity (ID50

0.05pg/ml) against P-388. Marsupellone (109) and acetoxymarsupellone (110) from M.
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from P. fruticosa  and P. ovalifolia showed as antitumor activity (ID50 6 |ig/ml) against 

P388 and its T/C(100%) value against P388 was estimated as 115 Riccardins A (327) and 

B (329) fromRiccardia multifida inhibited KB cells at a concentration of 10 and 12 |ig/ml, 

respectively. The following compounds isolated from liverworts also showed cytotoxic 

activity against KB cells: values in the parentheses show the concentration in pg/ml:

Plagiochiline A (13) (0.28) from several Plagiochila species and perrottetin E (366) (12.5) 

from Radula perrottetii and a few species of Marchantiales. 3-Methoxy-4'- 

hydroxy bibenzyl (267) from Plagiochila species showed cytotoxicity against monkey

kidney cells (BSC) at60|ig/well.!:)

The thalloid liverwort, Marchantia polymorpha can cause allergenic contact dermatitis, 

shows inhibitory activity against Gram-positive bacteria, and has diuretic activity. The 

methanol extract (100 g) of Japanese M. polymorpha was chromatographed on silica gel and 

Sephadex LH-20 to give cyclic bis-bibenzyls, marchantin A (MA) (335, 30 g) and its 

analogues (MB-G). Yield of MA (335) is depend upon Marchantia species. 100 to 120 

g of pure MA has been isolated from 2kg of dried M. paleacea var. dipt era. MA (335) 

showed cardiotonic [increase coronary blood flow (2.5ml/min. atO. lmg], antimicrobial (see

later) and cytotoxicity (ED5Q 8.29|ig/ml for KB cells), and its T/C value against P388 was 

estimated as 117. Bias la pusilla produces pusilatin A-D (380-383) which showed 

cytotoxicity against KB cell (ED50 13.1-20 pg/ml), and DNA polymerase (3 (IC50 5.16-

38.5|ig and weak HIV-RT inhibitory activity.13)
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2.5. Antimicrobial and antifungal activity

Several liverworts (Bazzania species, Conocephalum conicum, Dumortiera hirsuta, 

Marchantia polymo,pha, Metzgeria furcata, Pellia endiviifolia, Plagiochila species, 

Porella vemicosa complex, P. platyphylla, Radula species etc.) and mosses (Atrichum 

antustatum, A. undulatum, Dicranum scoparium, Isothecium stoloniferum, Mnium  

punctatum, Orthotrichum rupestre, Polytrichum commune, P. juniperinum, Thuidium 

recognitum var. delicatulum, Tortu/a muralis, Sphagnum fimbriatum, S. palustre and S. 

strictum.) show antimicrobial activity. Several liverworts, such as Bazzania species, 

Conocephalum conicum, Diplophyllum albicans, Lunularia cruciata, Marchantia 

polymorpha, Plagiochila species, Porella vemicosa complex, Radula species and mosses, 

Atrichum undulatum, Bryum pallens, Dicranella heteromalla, D. scoparium, 

Microbryum delicatulum, Mnium homum, Cligotrichum hercynicum, Plagiothecium 

denticulatum, Pogonatum aloides, P. umigemm, Polytrichum commune, 

Pseudoscleropodium pumm, Sphagnum nemoreum, S. portoricense, S. strictum and S. 

subsecundum display antifungal activity.

Marchantin A (335) from many Marchantia species, Marchantia chenopoda, M. 

polymorpha, M. paleacea var. diptera, M. plicata and M. tosana, shows antibacterial 

activity againstAcinetobacter calcoaceticus (MIC 6.25 .̂g/ml), Alcaligenes faecalis (100),

Bacillus cereus (12.5), B. megaterium (25), B. subtilis (25), Cryptococcus neofonnans 

(12.5), Enterobacter cloacae Escherichia coli, Proteus mirabilis, Pseudomonas 

aemginosa, Salmonela typhimurium  (100) and Staphylococcus aureus (3.13-25) and

213



A. niger (25-100), Candiada albicans, Microsprornm gypseum, Penicillium chrysogenum 

(100), Piricularia oryzae (12.5), Rhizoctonia solani (50), Saccharomyces cerevisiae, 

Sporothrix schenckii (100), Trichophyton mentagrophytes (3.13) and T. rubrum (100).

2.6. Insect Antifeedant

As mentioned earlier plagiochiline A ( 13) found in several Plagiochila species, is a very 

strong antifeedant against the African army worm (Spodoptera exempta). ° The pungent 

sacculatal (223) from Pellia endiviifolia and Trichocoleopsis sacculata, eudesmanolides 

from Oziloscyphus polyanthos and gymnocolin (171) from Gymnocolea inflata also have 

antifeedant activity against larvae of Japanese Pieris species. A series of natural drimanes 

and related synthetic compounds was tested for antifeedant activity against aphids. 

Polygodial (100a) from the Porella vemicosa complex and a higher plant, Polygonum 

hydropiper and warburganal (435) from the African tree Warburgia ugandensis were the 

most active substances. Natural (-)-polygodial (1OOa) and the synthetic (+)-enantiomer 

(436) showed similar levels of activity as aphid antifeedants.

2.7. Superoxide Release Inhibitory Activity

Excess superoxide anion radical ( O ')  in organisms causes various angiopathies, such as 

cardiac infarction, arterial sclerosis etc. Infuscaic acid (=clerod-3,13(16)-14-trien-17-oic 

acid) (170) from Jungennannia infusca inhibited the release of superoxide from rabbit

P^MN at IC50 15 Mg/ml and from guinea pig peritoneal macrophage induced by formyl
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methionyl leucyl phenylalanine (FMLP) at IC§Q 2 p,g /ml. Norpinguisone methyl ether (155)

from Pore lia elegantula exhibited 50% inhibition at 35p,g of the release of superoxide from

the guinea pig peritoneal macrophage. The same activity (IC5Q 7.5p,g/ml) has been found in

cyclomyltaylyl-3-caffeate (115) from Bazzania japonica. Other sesquiterpenoids, 

plagiochilide (19), bicyclogermacrenal (73), herbertenediol (93), isocuparene-3,4-diol (95) 

and norpinguisone (154), and the diterpenoids, infuscaside A (204), infuscaside B (205) 

and perrottetianal A (232) from liverworts also inhibited superoxide release from guinea pig

peritoneal macrophage (IC5Q 12.5-50 fig/ml). Radulanin K (325) from Radula javanica 

inhibited the release of superoxide anion radical from guinea pig macrophage (IC50 6(iig/ml).

2.8. Lipoxygenase, calmodulin, hyaluronidase and cyclooxygenasei nhibitory activity 
Marchantin A (335) from several Marchantia species showed 5-lipoxygenase inhibitory

activity [(89% at 10"5 mol, 94% at 10"6 mol, 45% at 10"7 mol, 16% at 10"® mol) against

LTB3 (=55,12Æ-dihydroxy-6,8 ,10,14-eicosatetraenoic acid)], (99% at 10"^ mol, 97% at

10_6 mol, 70% at 10"/ mol, 40% at 10"® mol) against 5-HETE (=5-hydroxy-6,8,11,14- 

eicosatetraenoic acid)] and calmodulin inhibitory activity at ID5Q 1.85fxg/ml. Perrottetins A

(311) and D (308) from Radula perrottetii and prenyl bibenzyls (280, 292, 317, 320), 

also from Radula species, riccardin A (327) from Riccardia mult ifi da and marchantins D 

(342) and E (343) from Marchanda species had calmodulin inhibitory activity (ID5Q 2.0-

95.0 [ig/ml). The simple bibenzyls (263, 268, 272, 276) from Radula and Frullania
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type diterpene diol (438) (ID5Q 82 pg/ml). Perrottetin A (311), prenylbibenzyls (283, 272,

309, 319), marchantins D (342) and E (343) and riccardin A (327), also inhibited 5- 

lipoxygenase (76-4% at 10“6 mol).

Lunularic acid (260) which is found in almost all liverworts as a very minor amount has 

anti-hyaluronidase activity (IC5Q 0 .13nM). This activity is stronger than that of tranilast (N- 

3' ,4' -dimethoxy-cinnamoylanthranilic acid) which is anti-allergenic agent developed in Japan 

for oral administration. Marchantin A (335) and its analogues showed cyclooxygenase14), 

DNA polymerase and HIV inhibitory activity (Asakawa et al. unpublished results), and its 

analogues showed cyclooxygenase inhibitory activity. MA also showed DNA polymerase 

inhibitory and anti-HIV activity (Asakawa et al. unpublished results).

2.9. Piscicidal activity

The strongest piscicides are the pungent (-)-polygodial (100a) from Porella vemicosa 

complex and sacculatal (223) from Pellia endiviifolia, Pallavicinia levied, Riccardia 

robata var. yakushimensis and Trichocoleopsis sacculatal) Killie-fish (= Oryzia 

latipes) are killed within 2 hr by 0.4 ppm solution of (100a) and (223), and within 20 min 

at 7 ppm. Killie-fish are also killed within 2 hr by a 0.4 ppm solution of synthetic very 

pungent (+)-polygodial (436). Hence piscicidal activity is not affected by the chirality of 

polygodial. Polygodial is also very toxic to fresh water bitterlings which are killed within 3 

min by a 0.4 ppm solution. On the other hand, isopolygodial (100b) from cultured cells of 

Porella vemicosa and the higher plant, Polygonum hydropiper and isosacculatal (224)
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from Pellia, Riccardia and Trichocoleopsis species showed neither piscicidal nor 

molluscicidal activity even at 10000 ppm.

2.10. Neuritic sprouting activity

Mastigophorenes A (96), B (97) and D (99) from Mastigophom diclados exhibited

neurotrophic properties at 10“5-10"7 M, greatly accelerating neuritic sprouting and network 

formation in the primary neuritic cell culture derived from the fetal rat hemisphere. 

Plagiochilide (19) and plagiochilal B (24) from Plagiochila fruticosa  showed not only 

acceleration of neurite sprouting but also enhancement of choline acetyl transferase activity in

a neuronal cell culture of the fetal rat cerebral hemisphere at 105 M  Plagiochin A (358) 

also showed the same activity at 10‘6 M.

2.11. Muscle relaxation activity

Marchantin A (335) and the related cyclic bis-bibenzyls are structurally similar to bis- 

bibenzy 1-isoquinoline alkaloids such as tubocurarine (437) which are pharmacologically 

important muscle relaxing active drugs. Surprisingly, marchantin A (335) and its trimethyl 

ether (336) also showed muscle relaxing activity. 153 Nicotine in frog Ringer solution

effects maximum contraction of rectus abdominis in frogs (RAF) at a concentration of 10’^M. 

After preincubation of marchantin A trimethyl ether (336) (at a concentration of 2 xlO‘^-2 x 

10-^M) in Ringer solution, nicotine (10“̂ ~10"^M) was added. At a concentration of 10“6 M, 

the contraction of RAF decreased by about 30%. d-Tubocurarine (437) exhibits similar 

effects as does (336) using acetyl choline and the same results as described above obtained. 

Although the mechanism of action of marchantin A (335) and its methyl ether (336) in 

effecting muscle relaxation is still unknown, it is interesting that these cyclic bis-bibenzyls 

from liverworts possessing no nitrogen atoms cause concentration dependent decrease of
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contraction of RAF. Marchantin A and its trimethyl ether also had muscle relaxing activity in 

vivo  in mice. MM2 calculations indicate that the conformation of marchantin A and its 

trimethyl ether and the presence of an ortho hydroxyl group in (335) and an ortho methoxyl 

group in (336) contribute to the muscle relaxation activity.

2.12. Cathepsin L and cathepsin B inhibitory activity 

Cathepsin L is correlated with osteoporosis16) and allergy.17) We are currently searching for 

this enzyme inhibitors from natural products to develop chemopriventive drugs for these 

diseases. Marchantin series showed both cathepsins L and B inhibitory activity. 

Isomarchantin C (354) was the strongest inhibitor against both enzymes (95% for cathepsin 

L and 93% for cathepsin B at 10'5 M). Infuscaic acid (170) exhibited the same activity as 

mentioned above (63% and 32% at 10-5 M).

At present only 5% of total bryophytes have been studied chemically. Although 

bryophytes are small plant groups, there are a number of new terpenoids and phenolic 

compounds several of which show interesting biological activity.
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(1) 3a,4a-Dihydroxyafrican- 
2(6)-en-5-one

(2) 3a-Hydroxy-5a-
acetoxy-african-2(6)- (3) Caespitenone 
en-4-one

(4) Swartzianin A (5) Swartzianin B (6) Swartzianin C

(7) Swartzianin D (g) Norafricanone (9) Secoswartzianin A

(10) Secoswartzianin B (11) Norswartzianin (12) Isoafricanol

Chart 1. Africanes, norafricanes and secoafricanes found in the Hepaticae
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(13) Plagiochiline A (14) Plagiochiline B (15) Plagiochiline C

(16) Plagiochiline D (17) Plagiochiline E (18) Plagiochiline H

(19) Plagiochilide

(22) Ovalifolienal

(20)
Acetoxyisoplagiochilide

(21) Hanegokedial
(=Plagiochilal A)

(23) 9a-Acetoxyovalifoliene (24) Plagiochilal B

Chart 2. Secoaromadendranes found in the Hepaticae
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(25) Plagiochiline J (26) Plagiochiline K
10ß-ovalifolianal

(28) 9ß-Acetoxy- (29) Plagiochilic acid
10ot-ovalifolianal (=Plagiochiline L)

(30) Methyl plagiochilate 
(=Plagiochiline M)

(31) Plagiochiline N (32) (-)-3,10-Dioxo- (33) (-)-3-Acetoxytaylorione
taylori-4-ene

(35) R1=Octanoyl, R2=H
(36) R1=2E,4E-Dodeca- 

dienoyl;
R 2=OH

(37) R^Scoum anoyl, R£=H
(38) R1=Z-coumanoyl, R2=H

Chart 3. Secoaromadendranes and norsecoaromadendranes 
found in the Hepaticae
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(39) 1,4-Dimethylazulene ; R 1=R2=M e
(40) 4-Methyl-1-methoxycarbonylazulene ;

R 1 = C 0 2Me, R2=M e  
(41 ) 4-Methylazulene-1 -carbaldehyde 

(=4-Methyl-1 -formylazulene) ; 
R 1=CHO, R2=M e

(42) 4-Methyl-1 -carboxyazulene ;
R1= C 0 2H j R2=M 8

(43) 4-Methoxymethyl-1 -carboxyazulene;
R1=C Q 2H. R2=C H 2O M e

(44) 1,4-Dicarboxyazulene ; R 1=R 2= C 0 2H
(45) 4-Hydroxymethyl-1 -methoxycarbonyl-

azulene; R 1=C Q 2Me. R2=C H 2OH
(46) 4-Carboxy-1-methoxycarbonylazulene ;

R1= C 0 2Me, R2= C 0 2H

C h a rt 4 . Azulenes and indenes found in the Hepaticae
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(58) 9-Oxogymnomitrylacetate
(56) 9a-Hydroxy-

gymnomitryl acetate ;
R1=OAc, R2=OH

(57) 9a -Hydroxy- HO*’
gymnomitryl 
cinnamate ;
R1 =OCOCH=CHC6H5, (59) (+)-Gymnomitr 
Rz=OH

H

 ̂ \ \ ?
L> :

(60) (+)-Gymnomitr- 
8(12)-en-9a-ol ®( 2)-en-9-one

(61) (+)-8ß-Hydroxy- 
gymnomitran- 
9-one

(62) (8R)- (+ ) -Gymno- (63) (-)-Gymnomitr-
mitran-9-one 8(12)-en-15-ol ;

R=CH2OH
(64) (-)-Gymnomitr-

8(12)-en-15-al ; 
R=CHO

(65) (-)-Gymnomitr-
8(12)-en-15-oic acid
r =c o 2h
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(66) a -B azza n en e (67) ß -B azzanene Bazzanenol

(70) Bazzanenyl caffeate

O H

C h a r t  6 . B azzananes found in the Hepaticae
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(72) enf-Bicyclo- (74) 3a-A cetoxy-
germ acrene; R = M e bicyclogerm acrene

(75) Bicyclo-
germ acrene-
14-al

(73) (-)-B icyclo-
germ acrenal;

(76) 2-Acetoxy-
3-hydroxybicyclo-
germ acrene

(77) 3-A cetoxy-2- 
hydroxybicyclo  
germ acrene

(78) 3 a , 14-D iacetoxy- 
2-hydroxybicyclo- 
germ acrene

(79) 3a-Hydroxybicyclo- (80) 
germ acrene

5-M ethoxybicyclo- (81) 14-M ethoxybicyclo- 
germ acrene germ acrene

(82) (-)-lsobicyclo- 
germ acrenal
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(83a) Conocephalenol (83b ) Bicyclohum ulenone (84) Lepidozenal

(85) Chiloscyphone (86) Chiloscypholone (870) enf-(5ft,6S,9fl)-4a-
Hydroxyoppositan- 
10-one

C h a rt  8 . Brasilane, hum ulane, lepidozane, chiloscyphanes, 
oppositane found in the H epaticae
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(94) (-)-Herbertenolide (®5) lsocuparene-3,4-diol
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(100a) Polygodial (100b) Isopolygodial
o

(101a) (+)-Frullanolide

(102b) Spiro- 
dilatanolide A

Chart 10. Drimanes, eudesmanes and monocyclofarnesanes 
found in the Hepaticae
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marsupellone;
R=OAc

(112) Cyclomyltaylenol (113) Cyclomyltaylane-3-ol

(114) Cyclomyltaylane-5-ol (115) Cyclomyltaylyl-3-caffeate

(116) Cyclomyltaylane 
(=Tridensene)

Chart 11. Longipinanes, myltaylanes, cyclomyltaylanes and 
pacifigorgiane found in the Hepaticae
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(119) Pinguisenol(118) a-Pinguisene
C02Me

(120) 7-Keto-8-carbomethoxy-

(121) Naviculol (122) Isonaviculol (123) Pinguisone methyl ester

(124) Porella-
pinguisenone

(125) Deoxopinguisone

(127) Dehydropinguisone (128) Dehydrodeoxopinguisone 
(=Pinguisenene)

C h a rt 12a. Pinguisanes found in the Hepaticae
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O H O R

(129) Furanopinguisanol (1 3 0 ) Dehydropinguisenol ; R =H
(1 3 1 ) Dehydropinguisenol m ethyl ether;

R = M e

(132) 2-Hydroxypinguisenene
(133) 2-Hydroxy-7-m ethoxy- 

deoxopinguisone

(134) 2 -H ydroxy-1 iÇ -m ethoxy- 
pinguis-5(10),6-d iene

(135 ) Pinguisenene  
methyl ester 
(=Bryopterin A)

C h a r t  72fr.*Pinguisanes found in the H epaticae
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(136) Deoxopinguisone 
methyl ester

M e 0 2C

(137) 4-Hydroxydeoxo- 
pinguisone-12 ,15- 

dimethyl ester 
(=Bryopterin C)

(138) Deoxopinguisone- (139) 6a,11a-Dim ethoxy- 
12,15-dimethyl ester pinguis-5(10)-ene
(=Bryopterin B)

(140) 6a, 11 ß-Dimethoxy- 
pinguis-5(10)-ene

(141) Ptychanolactone

(143) Dehydropinguisanine

235



(149) (150) Isopinguisanoiide (151) Spirodensifolin A

(154) Norpinguisone ; R1=R2=Me, R3=H2 (157) Norpinguisanolide
(155) Norpinguisone methyl ester ;

R1=Me, R2= C 0 2Me, R3=H2
(156) Bryopterin D ; R1=Me, R2= C 0 2Me, R3= 0

Chart 12d. Pinguisanes and norpinguisanes 
found in the Hepaticae
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(158) Omphalic acid (159) Riccardiphenol A (160) Riccardiphenol B

(162) Olivacene (163) Trifarienol A; R=H  
(165) Trifarienol C; R=Ac

(164) Trifarienol B; R=H (167) Trifarienol E 
(166) Trifarienol D; R=Ac (168) Rebouliadienol

(169) Chenopodene

C h a rt 13. Miscellaneous sesquiterpenoids found in the Hepaticae
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(173) Orcadensin (174) Unguifolide (175) Dihydrolinguifolide

OH

17-Acetoxy-1ß,12- 
dihydroxy-15,16-epoxy- 
ds-enf-clerod-3,13(16),14- 
trien-6a,18-olide
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(182) Barbilycopodin (= 10ft, 18-
Diacetoxy-3S ,4S  ,7S  ,8 S  - 
diepoxydolabellane) ; R=OAc

(183) 10-Deacetoxy barbilycopodin

(185) 18-Hydroxy- 
dolabell- 
7E-en-3-one

(186) Acetoxyodonto- 
schismenol
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(187 ) 6 ,12-D ihydroxy- 
dolabella-3E, 
7E-di@ne

(188) 6-A cetoxy-12,16-
dihydroxydolabella-
3E ,7E -d ien e

(190 ) 6-A cetoxy-3,4-epoxy-
(189) 6 ,16-D iacetoxy- 12-hydroxydolabeiì

12-hydroxydolabella- 7E -en -16-a l

(191) 18-H ydroxy-4,8-dolabelladiene
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C h a r t  17a . Fusicoccanes found in the Hepaticae
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(200) Fusicoplagin A;
r 1= r 2= h

(201) Fusicoplagin B;
R 1=H , R2=A c

AcO  O H  
“ ? H ?

H O

(202) Fusicoplagin C

AcO  O H
•. ? H ? _

(203) Fusicoplagin D

C h a r t  17b. Fusicoccanes found in the Hepaticae
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C h a r t  18. Kauranes found in the Hepaticae
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(210) Ptychantin A ; R 1= R 2=Ac, R 3=H
(211) Ptychantin B ; R 1=Ac, R 2= R 3=H
(212) Ptychantin C  ; R 1= R 2= R 3=H
(2 1 3 ) Ptychantin D ; R 1=Ac, R 2=H, R 3= O H

A cO

AcO AcO

C h a r t  19a . Labdanes fround in the Hepaticae
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(220)

(222) Ham atilobene A
(= (3 S  ,6 R  )-D iacetoxy-
(7 fl)h yd ro xy -
manoyloxide)

C h a r t  19b . Labdanes and halim ane (221) 
found in the Hepaticae
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CH O

O H CHO

ÇHO

(225) 1 ß-Hydroxyisosacculatal (226) Sacculatanolide

(228) 11 a-Hydroxy-
sacculatanolide ;
r 1= r 2=h

(229) 1ß,11a-Dihydroxy-
sacculatanolide ; 
R 1=OH, R2=H

r _H
(227) 1 ß-Hydroxy-

sacculatanolide
R=OH

(230) 12-Deoxo-1ß,
11 a-dihydroxy- 
sacculatanolide

C h a rt 2 0 a . Sacculatanes found in the Hepaticae
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(231) 1 ß, 11 ot-Dihydroxy- 
sacculatenolide ;

C H O

(232) Perrottetianal A ; R =H
(233 ) Perrottetianal B ; R =O H

V I I

(236 ) Sacculaporellin

C h a r t  2 0 b . Sacculatanes found in the Hepaticae
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acetoxy- 
18-hydroxy- 
sphenoloba- 
13E,16E-diene ;
R=Ac

(238) 3a ,4a-Epoxy-5a,18- 
dihydroxysphenoloba- 
13E,16E-diene ; R=H

(239) 3a,4a-Epoxy- 
5a-acetoxy- 
18-hydroxy- 
sphenoloba- 
13Z,16E-diene

R=H

C h a rt 2 1 . Sphenolobanes found in the Hepaticae
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(243) 2ß,9a, 13ß-Trihydroxy- (244) 2ß,13ß-Dihydroxy- <245 ) 2ß-Hydroxy-
9-oxoverrucosane verrucosane

O
verrucosane

j

Ö  HÖ

(246) 2ß-Hydroxy-9-oxo- (247) 20-Acetoxy-15-epi-
verrucosane neoverrucosane-5b, 12b-diol

DAc

(248) R 1=R 2=H
(249) R 1=OH, R2=H
(250) R 1=H, R2=OH

(251 ) Neoverrucosan- (252) 2ß,9a-Dihydroxy- (253) 2ß,8ß-Dihydroxy- 
5ß-ol verrucos-13-ene verrucosane

C h a rt 2 2 . Verrucosanes found in the Hepaticae
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(254a ) enf-Verticillol ; R =M e , R 2=O H , R 3=H  
(254b ) enf-13-epi-Verticillol ; R 1= Q H , R2=M e, R3=H
(255) enM /erticillanediol ; R 1=M e, R 2= R 3=O H
(256) enM 3-ep i-V ertic illaned io l ; R 1= R 3= O H , R2= M e

S £ « r  (258) venie,lene

C h a r t  2 3 .  Verticillanes found in the Hepaticae
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OH
(260) Lunula rie acid ; R=C02H (262) 3-Hydroxybibenzyl ; R=H (264) 3-Hydroxy-4-methoxybibenzyl ;
(261) Lunularin ; R=H (263) 3-Methoxybibenzyl ; R=Me R1=Me, R2=H

OH
(265) 3-Methoxy-4-hydroxybibenzyl 

R1=H, R2=Me

(266) 3-Hydroxy-4,5- (267) 3-Methoxy-4’-hydroxy- (270) 3,4'-Dimethoxy-4-hydroxy-
methylenedioxy- bibenzyl ; R’=Me, R2=H bibenzyl
blbenzy (268) 3,4'-Dimethoxy-

bibenzyl ; R1=Rz=Me 
(269) 3-Hydroxy-4'-methoxy-

bibenzyl ; R1=H, R2=Me

OMe

4'-hydroxy bibenzyl

R

(274) 3,3'-Dimethoxy-4,5-
methylenedioxybibenzyl (275) 3-Methoxy-4,5-

methylenedioxy-4-
hydroxybibenzyl

(276) 3,4;3',4'-Dimethylene-
dioxybibenzyl : R=H

(277) 3,3'-Dihydroxy-4,5;4',5'- 
dimethylenedioxybibenzyl 
R=OH

Chart 24a. Bibenzyls lound in the Hepaticae

251



bi benzyl

(280) 3-Hydroxy-5-methoxy-4-(3-methyl*2-butenyl)bibenzyl; R'=OH, R2=OMe
(281) 3,5-Dihydroxy-4-(3-methyl-2-butenyl)bibenzyl; r '=R2=OH
(282) 3,5-Dimethoxy-4-(3*methyl-2-butenyl)bibenzyl: R1 =R2=OMe

C.’R1

Chart 24b. Bibenzyls found in the Hepaticae
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(288) 3,5-Dihydroxy-4-(3,7*dimethyl-2,7-octadienyl) bibenzyl

(289) 3,4'-Dihydroxy-4-(3-methyl-2*butenyl)bibenzyl ; R’sR^H
(290) 3*Hydroxy-4-(3-methyl-2-butenyl)-4’-methoxybibenzy1 ; R’=Me, R2=H 
(291 ) 3-Methoxy-4-(3-methyl-2-butenyl)-4‘-hydroxybibenzyl ; R1=H, R2=Me

(292) 3, 5-Dihydroxy-2-(3-methyl-2-butenyl )bibenzyl ; R’=R2=H 
R2 (293) 3*Methoxy-5-hydroxy-2-(3-methyl-2-butenyl )bibenzyl ; R^H, R2=Me

(294) 3-Hydroxy-5-methoxy-2-(3-methyl-2-butenyl)bibenzyl ; R1=Me, R2=H
(295) 3, 5-Dimethoxy-2-(3-methyl-2-butenyl )bibenzyl ; R1=R2=Me

(296) 2,2-Dimethyl-7-hydroxy-5-(2-phenylethyl)chromene ;
R1=R2=H

(297) 2,2-Dimethyl-7*methoxy-5-(2-phenylethyl)chromene ;
R^Me. R2=H

(298) 2,2-Dimethyl-7,8-dihydroxy-5-(2-phenylethyl)chromene ;
R1=H, R2=OH

(299) 2,2*Dimethyl-7,8-dimethoxy-5-(2-phenylethyl)chromene ;
R1=Me, R2=OMe

(300) 2,2-Dimethyl-5-hydroxy-7*(2-phenylethyl)chromene ; 
R1=R2=H
(301) 2,2-Dimethyl-5-methoxy-7-(2-phenylethyl)chromene ; 
R1=H, R2=Me
(302) 2,2*Dimethyl-5-hydroxy-6-carboxy-7*(2-phenylethyl)- 
chromene ; R^COjH. R2=H

(303) 2(S)-2-Methyl*2-(4-methyl-3-pentenyl)-7-hydroxy-
5-(2-phenylethyl)chromene ; R1=R2=H

(304) 2( S)-2-Methyl-2-(4-methyl-3-pentenyl)-7-methoxy-
5-(2-phenylethyl)chromene ; R1=H, R2=Me

(305) 2(S)-2-Methyl-2-(4-methyl-3-pentenyl)-6-carboxy-
7-hydroxy-5-(2-phenylethyl)chromene ; R,=C02H. R2=H

Chart 24c. Bibenzyls found in the Hepaticae

253



(306) 6-Hydroxy-4-(2-phenylethyl)benzofuran

(307) 2(fî)-lsopropenyl-6-hydroxy-4-(
2-phenylethyl)dihydrobenzofuran ; R '=R2=H

(308) Perrottetin D ; R ’sH, R2=0H

(309) 3, 5-Dihydroxy-6-carbomethoxy-2-
(3-methyl-2-butenyl)bibenzyl ; R’=R2=H

(310) 3, 5-Dimethoxy-6-carbomethoxy-2-
(3-methyl-2-bdtenyl)bibenzyl ; R’=Rz=Me

(314) Tylimanthin A ; R1=H, R2=Me
(315) Tylimanthin B ; R1=R2=H
(316) Tylimanthin C ; R ^O M e, R2=Me

Chart 246. Bibenzyls found in the Hepaticae
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(317)
(318)
(319)
(320)
(321)

Radulanin A ; R’=R2=R3=R4=H 
Radulanin B ; R1=R2=R4=H, R3=Me 
Radulanin C ; R1=R2=R3=H( R4=OH 
Radulanin H ; R1=R3-R 4-H , R2= C 0 2H 
4’-Hydroxyradulanin H ; R ^ R ^ H ,
R2=C 02H, r 4^o h

(322) Radulanin L ; R1=OH, R2=R3=R4=H

(323) Radulanin I (=3-Methyl-
6*hydroxy-8*(2-phenyleihyl)- 
3, 5-cyclopropanochroman) ; 
R1=R2=H

(324) Radulanin J (=3-Methyl- 
6-methoxy-8- (2-phenylethyl)- 
3, 5-cyclopropanochroman) ; 
R1=H, R2=Me

(325) Radulanin K (=3-Methyl-6- 
hydroxy-7-carboxy-8-(2-phenyl- 
ethyl)-3, 5-cyclopropano­
chroman) ; R ’= C 02H, R2=H

Chart 2 4 b . Bibenzyls found in the Hepaticae
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OR1

(327) Riccardirt A ;
R1=R2=H, R3=Me 

(32B) Riccardin F ;
R1=Me, R2=R3=H

(331) Riccardin D ; R,=R2=r3=h (334) Isoriccardin C . (335) Marchan,i!} A ; R1_R2=H
(332) Riccardin E ; R1=R3=H R2=Me (336) R =Me R =H
(333) Riccardin G ; R1=Me R2=R3=H (337) Marchantin B ; R’ =, R2=OH

OR

(338) Marchantin C ; R1=R2=H
(339) Marchantin C dimethyl ether

R1=R2=Me
(340) Marchantin C

monomethyl ether 
(= Marchantin O ):
R^H, R2=Me

(341) Marchantin P ;
R1=Me, R2=H

(343) Marchantin E

(342) Marchantin D

(344) Marchantin F (345) Marchantin G

Chart 25a. Bis-bibenzyls found in the Hepaticae
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(35 5 ) Pakyonol (3 5 g) N eom archantin A (357) N eom archantin B
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(36 4 ) isopiagiochin C
O R 1

(36 7 ) Perrottetin F ; R '= R 2=H  
(36 0 ) Perrottetin G  ; R 1=M e, R2=H

(3 6 9 ) Perrottetin E -11'- 
methyl ether
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(370 ) 14-Hydroxyperrottetin E -  (3 7 1 ) Perrottetin H
1 1 '-methyl ether

(37 2 ) 14* Hydroxy perrottetin E ; R 1=O H  R2=H (37S) 7 ',8 ‘-Dehydroperrottetin F
(373 ) 14'*Hydroxyperrottetin E ; R ’ =H  R2=O H
(374 ) 14,14 ’-Dihydroxyperrottetin E ; R 1=R2=O H

(376) Neoisoplagiochin D (3 7 7 ) Raieatin A  (378) Paleatin B
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(380) Pusilatin A

Chart 25e. Bis-bibenzyls found in the H epaticae
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(384) 3 -U n d ecy lp h en o l; R =H
(385) 6-Undecylsalicylic acid ; R = C 0 2H
(386) Potassium 6-undecylsalicylate ; R = C 0 2K

13

(387) 3 -T rid ecy lp h en o l; R =H
(388) 6-Tridecyl salicylic acid ; R = C 0 2H
(389) Potassium 6-t ridecyl salicylate ; R = C 0 2K

15

(390) 3 -P en tad ecy lp h en o l; R =H
(391) 6-Pentadecylsalicylic acid ; R = C 0 2H
(392) Potassium 6-pentadecyl salicylate ; R = C 0 2K

(395) 5 -H eptadeca-8(Z ),11(Z ),14(Z )-trieny lresorc ino l monomethyl e ther

C h a r t  2 6 .  Long chain alkyl phenols found in the Hepaticae
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O M e

(399) Tomentellin ; R=M e
(400) Dem ethyltom entellin; R=H

(401) Isotachin A (402) Isotachin B

(403) 6-(3-Methyl-2- 
butenyl)-indole

(404) 7-(3-M ethyl-2- 
butenyl)-indole

C h a r t2 7 . Naphthalenes, isocoumarin, prenyl ethers, 
sulfur-and nitrogen-containing compounds 
found in the Hepaticae
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OH

(407) 3'9;iV dihyÄ enanthrene <408> \ 4;“ ™ ,hrtoxyt hyd,r9,10-dihydrophenanthreneOH

C h a rt 2 8 . Neolignan and phenanthrenes 
found in the Hepaticae
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(412) 3-(4'-Methoxybenzyl)-
4,6-dimethoxyphthalide

(413) 3'(3',4'-Dimethoxybenzyl)- 
7-hydroxy-5-methoxy-

C h a rt2 9 . Phthalides found in the Hepaticae
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(417) 11,14-Eicosadien-8-ynoic acid (418) 7,10,13,16,19-Docosapentaenoic acid

(419) 10,13-Nonadecadien-7-yn-2-one (420) 10,13,16-Nonadecatrien-7-yn-2-one

(421) Dicranenone A (422) 12-Oxo-PDA 1

Chart 30, Fatty acids found in the Musci
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O H

(430) (fî)-R o s m a rin ic  acid

C h a r t  3 1 . L ignans found in the Anthocerotae
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R =M e
(432) P-Ethylphenol; (434a)

R =H
(433) p-Ethylphenyl

acetate; R=Ac

(434b ) R = M e  
(434c ) R = (C H 2)2C H 3

C H O

(437) d-Tubocurarine
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(442)
(443) (-)-Am brox

Chart 32. Chem ical conversion of labdane diterpenediol (438) 
obtained from the liverwort P o re lla  p e rro tte tia n a  into 

(-)-Am brox
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K.H.C.Ba§er and N.Kirimer (Editors), Progress in Essential Oil Research,
Proceedings of the 28® International Symposium on Essential Oils, 1-3 September 1997, Eski§ehir, Turkey.

THE USE OF ESSENTIAL OILS IN THE FORMULATION OF NATURAL 
FLAVOURS

Daniel Joulain
Research Division, Robertet S .A., B . P . 100, 06333 Grasse, 
France

SOME BACKGROUND INFORMATION AND DEFINITIONS
Essential oils are obtained:

1) by distillation of a plant material, either in the 
presence of water (water distillation), or using steam; or
2) by dry distillation; or
3) by cold pressing;
4) by concentration of fruit juices.

This corresponds to the strict definition of essential oils 
according to ISO. Flavouring products obtained by other means 
are not essential oils. If the material is distilled in the 
presence of water, it can be stirred or not. If it is crushed 
and stirred inside the boiler, the process is called 
turbodistillation. When steam enters from the top of the 
vessel and the oil and water mixture is condensed from the 
bottom, the process is called hydrodiffusion. One can use
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steam under pressure, or not; today, steam distillation under 
reduced pressure is very seldom used. Processes can be con­
tinuous or not. Some technologies that are used for fruit 
juice concentration can thus yield essential oils. Dry 
distillation, sometimes called destructive distillation as in 
the case of cade oil (Juniperus oxycedrus) , involves the 
direct distillation of the natural material. The cold 
pressing process mainly involves the mechanical treatment of 
the epicarp of citrus fruits. It is thus limited to citrus 
fruits.

If a raw material is extracted with a solvent (e. g., 
hexane, acetone, ethyl acetate, dichloromethane, fluorocar­
bons, ethanol...), and the solvent is subsequently eliminated 
by concentration, the product obtained is called an 
oleoresin, a resinoid or a concrete, depending on the type of 
raw material. The latter product may be further processed 
into an absolute. In the case where a food grade solvent 
(such as ethanol) has been used as the extracting solvent and 
the extract solution is more or less concentrated, an 
infusion or a tincture are produced, depending on whether 
heat has been used or not. When a plaqt material is distilled 
with aqueous ethanol, various alcoholic distillates (so-
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called alcoholates) are produced, depending on the water and 
alcohol proportions.

Therefore, it is clear that none of these products can 
be called essential oils. The same is true for extracts 
obtained by extracting plant matter with supercritical 
fluids, or by microwave radiation in the presence of inert 
solvents. The recently developed vacuum microwave hydrodis­
tillation (VMHD) deserves special attention, but this is out 
of the realm of this presentation.

It is important to make these definitions clear early in 
this presentation since often, even in recent textbooks, 
review articles and research reports, extracts are confused 
with essential oils. I am not making this distinction because 
essential oils need to be defended against possible competi­
tion from products obtained by other technologies, albeit the 
latter sometimes display superior performance in some flavour 
formulations, but because essential oils are the only natural 
products of this type which are described using internation­
ally accepted norms. They are manufactured from defined 
botanicals according to a standard procedure, whereas 
extracts may be obtained through a variety of processes which 
would make standardisation extremely difficult. In what 
follows, I will speak about essential oils only.
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Raw materials than can be processed into essential oils 
are diverse: fresh or dry aerial parts of plants, rhizome,
root, fruit (not seed!), almond, exudate, balsam, leaf, bark, 
heartwood, flower and even flower bud. Yields can be as low 
as 0.1% in the case of lemon balm oil (Melissa officinalis), 

or as high as 18% in the case of clove oil (Syzygium aromati- 

cum). Most frequent yields are in the 0.4-1% range, as in the 
typical cases of peppermint and spearmint. It is sometimes 
preferable to refer to the yield per hectare, for example 30 
Kg in the case of basil (estragole type, Ocimum basilicum).

IFlowers are generally not processed into essential oils but 
rather solvent extracted. The only exceptions concern: rose,
ylang and orange blossom.

S<OME. RE^GULATORY A S P E C T S

In the US, the FDA defines natural flavour as: « ... the 
essential oil, oleoresin, essence or extractive, protein 
hydrolysate, distillate, or any product of roasting, heating, 
or enzymolysis, which contains the flavouring constituents 
derived from a spice, fruit or fruit juice, edible yeast, 
hulls, bark, bud, root, leaf or similar plant material, meat, 
seafood, poultry, eggs, dairy products, or fermentation
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products thereof, whose significant function in food is 
imparting flavouring rather than nutrition. » US Code of 
Federal Regulations, Title 21, Section 101-22 a 3, Federal 
Register Vol. 38, No 231, 33284-33290 (December 3, 1973).

To formulate a natural flavour in the US, it is possible 
to use essential oils provided they are registered on the 
FEMA/GRAS list, which, therefore, is a positive list. By 
strict definition of essential oils, most of them can be 
considered Kosher. As of today, out of more than 1800 
substances registered on this list, 120 are essential oils. 
It is interesting to note that since the release of the 13th 
FEMA/GRAS list (published in 1984), only one essential oil 
has been approved. This is massoya which appeared on the 1985 
14th FEMA/GRAS list. During the same period, one essential 
oil has been withdrawn: calamus. More significantly, out of 
the 14 6 new items which have been added since 197 9 on the 
FEMA/GRAS list, only three are natural complex mixtures: 
massoya essential oil, osmanthus absolute and jambu oleo­
resin. The other products are either nature-identical and 
artificial chemicals, or a very small number of defined natu­
ral products such as thaumatin, an extremely powerful sweet­
ening agent. Today, it is very difficult to get a new natural 
product (such as an essential oil) approved. The main reason
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is the necessity, totally controlled by the FEMA Expert 
Panel, to develop methods and define proper criteria for 
reviewing these products. Such procedures are still under 
study.

Concerning essential oils, the FEMA/GRAS list is not 
free of oddities and errors. For example, the essential oil 
of Anthemis nobilis is referenced twice. Once it is called 
«English camomile» (2272) and later «Roman camomile» (FEMA 
2275). It should not be confused with either «German » or 
« Hungarian camomile», Matricaria camomilla (FEMA 2273) or 
«Moroccan camomile», Ormenis multicaulis, the latter not 
being listed. The essential oil obtained by steam distilling 
orris rhizomes is improperly called a «concrete liquid oil» 
(FEMA 2829), which should not be confused with an extract 
from rhizomes (FEMA 2830), wrongly designated as roots. 
Conversely, the purified irone fraction from the iris 
essential oil, improperly called «absolute iris», is 
currently not FEMA/GRAS listed. Essential oils of peppermint, 
Mentha piperita, spearmint, M. spicata and pennyroyal
M. pulegium are registered (FEMA 2848, 3032 and 2839, respec­
tively). Registration of cornmint, M. arvensis, is not yet
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officially confirmed, whereas it represents one of the most 
important tonnage in the world !

Some essential oils which are approved for use may 
nevertheless be subject to restrictions because they contain 
a component which is controlled by a particular regulation. 
Examples in Europe include essential oils which contain 

substances such as: p-asarone, coumarin, pulegone, safrole, 

the thujones, and hydrogen cyanide. The International 
Organisation of the Flavour Industry (IOFI) currently works 
to define analytical protocols to determine the concentra­
tions of these substances in the finished products which 
reach consumers. These methods are taken into account by the 
Council of Europe Committee of Experts on Flavouring 
Substances. Each defined substance which has just been cited 
is a problem for the flavour chemist operating in Europe or 
elsewhere and who intends to market his flavours in the US. 
The converse also applies as well to the American flavour 
chemist marketing his/her products in other countries. This 
problem can be illustrated by the following examples. Since 
the utilisation of calamus oil is forbidden in the US, any

trace of p-asarone, wherever it comes from, must be excluded 

in the finished US product. Conversely, the essential oils of
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sage (Salvia officinalis), Greek sage ( S. triloba), Spanish 
sage (S. lavandulaefolia), wormwood (Artemisia absinthium) 

and cedar leaf (Thuja occidentalis), are all authorised in 
the US provided the finished product is "thujone-free". 
Interestingly, wormwood oil may be specificaly cleared 
"thujone free" when tested by a method sensitive to at least 
10 ppm in the finished food. The regulation in Europe imposes 
a more precise limit on the use of these essential oils in 
flavour applications, as the thujone content in a finished 
product cannot exceed O. 5 ppm in food products and non­
alcoholic beverages, with higher levels permitted in alco­
holic beverages. Curiously, up to 25 mg/Kg are allowed in 
« foodstuffs containing preparations based on sage ».

Essential oils can be highly complex mixtures as in the 
case of Cascarilla Croton eluteria, or very simple, as in the 

case of Bois de rose, Aniba rosaeodora, that virtually 
contains linalol only. Whatever their complexity, various 
criteria are linked to essential oils and their uses includ­
ing purity, authenticity, alteration and sensory properties 
influenced by ageing.
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Purity

Purity criteria deal with the presence of foreign sub­
stances which may have entered the product during the 
industrial processing of the oil. This may be fortuitous 
contamination, for example:

safrole may be present in massoya essential oil 
because the Papuans in Irian Jaya unfortunately may mix the 
bark of certain Cinnamomum species with Cryptocarya massoy 

bark.
- Residual solvents may contaminate an essential oil 

when they are added to facilitate the separation 
(decantation) of an essential oil from the distillate. 
Solvent addition may be necessary if some essential oil 
constituents are soluble in hot water, if the oil has a 
density close to that of water, or if the product gives a low 
yield of essential oils. Strictly speaking, however, the 
product cannot be called any longer an essential oil if a 
solvent has been used, but rather an "absolute from the 
distillation water".

In each of these cases, an efficient investigation of 
the different processing steps including raw material supply 
and distillation, appreciably limits these risks.
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Authentici ty
Authenticity criteria are important when essential oils 

or isolates are used in natural flavour formulations. The 
cases of benzaldehyde and methyl salicylate, abusively named 
bitter almond oil and wintergreen oil respectively, would 
deserve comment if I had more time. The various analytical 
techniques for determining the genuineness of such natural 
products are certainly familiar to many of you. In my 
opinion, chirospecific gas chromatography coupled to carbon 
or nitrogen isotope mass spectrometry, is today one of the 
most powerful tools (when it applies) in this domain. It also 
offers very good efficiency / tost ratio. Let us note, 
however, that the availability of sophisticated techniques 
often leads to the neglect of other more modest techniques. 
For example, gas chromatography allows one to determine that 
a so-called Spanish red thyme essential oil is in fact made 
of synthetic thymol simply by observing the presence of 
di-isopropyl-metacresol ! This product is a side product in 
the Friedel-Crafts reaction of meta-cresol with propylene, 
that is very difficult to remove totally when purifying 
thymol.
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In some applications, an isolate or essential oil frac­
tion is preferred to the total oil. Terpeneless oils ( for 
example bay oil) and folded citrus oils are well known exam­
ples of fractionated essential oils for an increased 
performance. Sometimes, fractionation also allows the reduc­
tion of undesirable notes. This is the case of anethole- 
containing essential oils such as anise (Pimpinella anisum 

L. ) , star anise (Illicium verum Hooker) and fennel 
(Foeniculum vulgare Miller) which are used for the flavouring 
of certain apéritifs in Europe. Other processing steps may be 
applied to reduce the instability of certain essential oils. 
This is the case of lemon oil, for example, which is known to 
be relatively unstable in soft drinks. Robertet has developed 
a proprietary process which allows the production of lemon 
oil containing less than 0.5% citral while maintaining 
remarkable organoleptic qualities and a noticeably improved 
shelf life in beverage applications. Contrary to what was 
formerly thought, citral is not essential to lemon flavour. 
However, it is well known to be the main culprit, although 
not alone, contributing to the off-flavour development during 
the ageing of lemon flavoured beverages.
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HOW E S S E N T IA L  O I L S  U SE D  IN  FLAVOUR F O ^ to L A T IO N S  TODAY?

In 1950, a collaborator of the French company Chiris, at 
that time a world leader, reco^ended the use of orris oil in 
a raspberry flavouring, sweet orange oil and neroli in a 
strawberry formulation and Bourbon clove bud oil, Ceylon 
cinnamon and lie-de-vin oils in a cherry flavour. Indeed, 
these natural elements were at that time only destined to 
provide original nuances to artificial flavour formulations 
largely built with synthetic products.

Today, natural flavours for the European and North 
American markets involve formulations with natural raw mate­
rials: essential oils, isolates and various extracts which 
are blended with a matrix coming from the generic natural 
product. WONF compound regulations in effect in the USA 
require that the generic natural product is unique, and that 
the added natural aroma compounds do not exceed 50%. (WONF 
stands for "With Other Natural Flavor”).

Fruit flavours are widely used today in soft drinks, 
milk products and confectioneries. For marketing reasons 
related to consumer preference, soft drink flavours are prac­
tically all natural. This is, therefore, a very high tonnage 
activity. « Red berries »: strawberry and raspberry are the 
most popular, together with blackberry, blueberry, cranberry
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etc. Outside this category, apple, peach and apricot are 
among the best sellers. One should also note certain tropical 
fruits such as passionfruit, guava and papaya that are 
increasingly accepted by the consumers. Sophisticated 
combinations of these flavours with melon-like or even cucum­
ber notes are appearing now on the market.

To a large extent, red berry formulations use defined 
natural substances, either isolated from essential oils and 
natural extracts, or obtained through biotechnological 
processes. For a strawberry flavour, it is easy to mention 
methyl cinnamate and cis-3-hexenol, isolated from certain 
basil and mint essential oils, respectively. The (S)-2- 
methylbutyric acid that is prepared by bio-oxidation of 
natural 2-methylbutanol is a key element for creating a 
cranberry flavour. The deltadecalactone, which can be 
obtained by baker's yeast bioreduction of massoyalactone, is 
a character impact element in white peach flavour. Isolates 
are, therefore, particularly convenient building blocks 
because they provide at will and in a neat manner a charac­
teristic effect such as green, fatty lactonic, flowery etc. 
which strongly intensifies the natural character provided by 
the juice or the pulp of the fruit serving as the aromatic
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matrix. However, as necessary as they may be, they cannot 
suffice to create all the flavours of interest for at least 
two reasons :
Not all constituents of a flavour fo^ulation are always 

available as isolates.
Blackberry flavour is a good example since blackberry 

requires a musky note of the macrocyclic type ( in fact, 
macrocyclic lactones with a musk character have been effec­
tively identified among the blackberry fruit volatiles). The 
only way to give such an effect in a formulation is to intro­
duce ambrette seed essential oil, or, better, a fraction of 
this oil containing higher amounts of ambrettolide, an un­
saturated macrocyclic lactone with a delicate and pronounced 
musk odour.

AMBRETTOLIDE

Ionones are indispensable constituents in every rasp­
berry flavour. Unfortunately, no essential oil has been found
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(yet) with a significant amount of a- and/or p-ionone, 

although some derivatives of this type exist in certain 
amounts in the commercial extracts of Osmanthus fragrans and 
Boronia megastigma flowers. The (quite expensive) absolute of 

the latter contains 5% p-ionone at best. The essential oil 

from henna flowers (Lawsonia inermis) does contain high 

levels of p-ionone, but it has no commercial importance. The 

only possibility available to the flavour chemist for 
bringing a characteristic violet note to the flavour is to 
resort to orris essential oil as such. Orris essential oil 
contains 5 to 10% irones (structurally and organoleptically 
related to the ionones) and when the myristic acid is removed 
it will contain 65 to 75% irones.

In a tropical fruit flavour such as passionfruit, the 
characteristic sulphury note is only provided by natural raw 
materials that already contain sulphur derivatives. In this 
respect, the usefulness of buchu essential oil (Barosma betu- 
lina) is evident. However, there are few choices available to 
the creative flavour chemist today for imparting natural 
sulphury notes.
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balanced.
Essential oils as well as other natural complex mixtures 

such as absolutes, infusions etc., provide rich nuances which 
modify or complete, sometimes through contrast, the « rough » 
aromatic character which has been made with natural isolates. 
Generally used in low dosages, the essential oils contribute 
to the body, the roundness and the fullness of a flavour 
formulation. Noteworthy, this effect seems to be even more 
pronounced when the chemical composition of the oil is more 
complex. Thus, davana essential oil (Artemisia pallens), 

which is particularly rich in oxygenated sesquiterpenoids, 
enhances dried fruit flavours, e.g. fig and raisin. Roman 
camomile oil, rich in variety and unique aliphatic esters, 
enriches numerous and various formulations, such as those of 
« yellow » fruits (peach, apricot), red berries, honey, tea 
etc.

In the area of savoury flavours, essential oils are 
unavoidable elements for seasonings, including sauces and 
condiments for cooked meats (grilled, roasted, broiled...) or 
delicatessen items. Essential oils of parsley, celery, thyme, 
rosemary, bay leaf, sariette, laurel, mustard, nutmeg etc...
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are clearly useful for those who know a bit of cooking! 
Conversely, they are of no practical interest in the formula­
tion of actual meat or seafood flavours which require very 
specific substances. These foods generally depend upon 
heterocyclic molecules for their sensory properties which 
cannot exist in essential oils for biogenetic reasons. The 
creation of natural roasted meat flavours (chicken, beef, 
mutton, pork...) with a quality comparable to that o f «  sweet 
flavours », still remains a challenge today, and amply justi­
fies research that is conducted on process flavors (sometimes 
called « reaction flavours »).

Compounding natural vegetable flavours is, in most 
cases, an easy task thanks to essential oils. Vegetable 
flavours of the Allium species (onion, garlic, leek, chive, 
shallot, and scallion) depend heavily upon onion and related 
essential oils which are used in seasoning flavours. 
Additionally, one can not omit lovage and carrot oils or Asa 
foetida contributions in this flavour area. Flavours of 
cruciferous and in particular Brassica vegetables, e.g., 

various cabbages, including broccoli and cauliflower, can 
possibly involve the same oils, including, of course mustard 
oil (Raphanus sativus). As a reminder, the particular aroma
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of these vegetables is to a large extent the result of 
glucosinolate autolysis during blanching. Particular mention 
should be made for certain vegetable flavours that require a 
green note, such as green pea, spinach or cucumber. In these 
cases galbanum essential oil (Ferula galbaniflora) can some­
times find an application.

date, there are practically no essential oils which can 
be used for compounding flavours of milk-derived products, 
including butter, yoghurt and cheeses, or fatty materials 
such as oils and margarines. To a certain extent, massoya 
essential oil is an exception. However, it is seldom used as 
such because it contains some minor constituents, such as 
benzyl benzoate, which are responsible for off-flavours. For 
this reason, one prefers to use the massoyalactone (CIO) 
after isolation and proper purification. We now know that the 
homologous massoyalactone C12 possesses very interesting 
organoleptic properties for flavour applications of the hot 
milk type. For several years Robertet has been conducting a 
research program directed at acquiring an in-depth knowledge 
of massoya essential oils and securing the supply of this 
natural raw material. As a result of these efforts, we re­
cently found some essential oils that contain a high propor­
tion of the massoyalactone C12 and no benzyl benzoate, and
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consequently are directly suitable for use in flavourings for 
milk products and margarines.

Based on this presentation, I believe it is clear that 
essential oils are very precious elements for the formulation 
of natural flavours. This is why I regret the difficulty to 
get a new essential oil registered as FEMA/GRAS. This task is 
so formidable that it may discourage further investigations 
to find new raw materials of this type for direct application 
in food systems. Today, the main goal of such investigations 
is to find new sources of natural isolates. The following 
requirements apply to these isolates:

1) They must have a very strong and characteristic or­
ganoleptic impact with a high added value. Damascenone and 
1-octen-3-ol are typical examples. One must be aware, 
however, that these substances may result from biogenetic 
pathways that may not readily occur in essential oil-bearing 
plants;

2) When it is the case, they must have a high 
enantiomeric purity to ensure the highest organoleptic 
performance;

3) The oil must have a favourable chemical composition 
for an easier separation and purification of the product of 
interest; and
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4) The oil must be free of minor compounds which may be 
undesirable from a toxicological as well as an organoleptic 
(off-flavour) standpoint.

C O N C L U SIO N

In summary, it is possible to distinguish three groups 
of essential oils:
1) The citrus orange, lemon, tangerine, lime, mandarin, 
grapefruit. This group has found, by far, the largest number 
of important applications, in tonnage as well as variety of 
flavours. In this group, we can also include the mint oils, 
although they are sometimes destined for more specific 
applications, such as tobacco, chewing gum and toothpaste 
flavouring.
2) The seasoning oils: clove bud, celery seed, cinnamon,
garlic, nutmeg, onion etc..This group is involved in more 
selected applications and in lesser quantities.
3) The «exotic» oils, which are used in even lower 
quantities, but in a more targeted manner, either because of 
their very high impact or their specificity (costus, buchu, 
rose, ambrette seed...), or for other, more subjective 

reasons (neroli, roman camomile, davana...). Subjectivity is
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the sometimes very narrow path which allows the creative 
flavourist to give his/her personal signature to the flavour, 
between the constraints of formulation and those of cost.
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ABSTRACT

Fragrance has always excited interest and has had certain magical powers assigned to it. 
It is an invisible communicator. In addition to aromachological effects the psychological 
aspects of a perfume help it to differentiate a product from its competitors. This property is 
enhanced when the fragrance is coherent with the sensory characteristics of the product.
To gain a better understanding of the sensory psychology of fragrance, Givaudan Roure is 
researching synesthesia, odor imagery, language, odor classification and sensory mapping 
techniques. This paper discusses our work on synesthesia, which is the interrelationship of 
the senses. We use a modified Rader and Tellegen methodology, which was developed to 
research the cross modal correspondence of mood, color and line elements. Specifically, 
this paper covers our work on odor-color and odor-mood associations.

INTRODUCTION

Smell is our oldest sense. It connects through the olfactory bulb directly to the part of 

the brain involved in emotional experiences, that is, the limbic system. Although the sense 

of smell has been superseded in the higher cognitive processes by vision and hearing, it is 

still an important contributor, both consciously and subconsciously, to our perception and 

feelings.

Fragrance is something invisible yet strongly felt. It has always excited interest and has 

had a certain magical power assigned to it. Aromatic substances are found in many ancient 

pharmacopoeia. Many cultures claim they are calmatives, stimulants and aphrodisiacs. 

These medicinal properties have given rise to the development of aromatherapy. 

Aromatherapy in the classic meaning is the treatment of a disease or illness by essential 

oils viz. aroma chemicals. Two schools of treatment exist. The French School treats
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health problems by ingestion of the relevant essential oil, whilst the English School 

treatment is based on massage with the essential oil. Both methods of treatment cause 

relatively large amounts of the aroma chemical to enter the bloodstream and could act 

pharmachologically.

More recently the term aromatherapy has also been used to describe the effects of 

fragrance inhaled from products. However, these usually refer to the way fragrance 

influence mood rather than to its aromatherapeutic effects and is based primarily on an 

individual’s emotional and psychological association with the specific odor. This effect 

can be likened to that o f music. For example, listening to calming music can calm the 

listener.

“Music has charms to soothe a savage breast”

William Congreve 1697

To avoid confusion with classic aromatherapy, the Fragrance Foundation introduced the 

term aromachology. It specifically refers to the associative effect of inhaled fragrance and 

does not imply any therapeutic effects.

In addition to the aromachological effects, fragrance also has a sensory psychological 

role in a product and is a powerful communicator. These aspects of a fragrance have been 

used successfully by Marketers to differentiate a product from its competitors. The effect 

o f fragrance on product acceptance is especially strong if the fragrance is coherent with the 

other sensory properties, such as color. However, despite the long history of a fragrance’s 

effect on influencing perception and behavior, our understanding of these effects is still at 

its infancy.

Thus our research program seeks to gain a better understanding of the sensory 

psychology of fragrance. Research has been carried out on synesthesia, odor imagery,
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language, odor classification and sensory mapping techniques. This paper focuses on 

synesthesia, which in its broad meaning is the translation of attributes of sensation from 

one sensory domain to another... This phenomenon is important in designing fragrances. 

Our work, therefore, examines the synesthetic interrelationship between the sense o f smell 

and our other. An extensive amount of research has been done into the relationship 

between audition and vision (1), and some on the cross modal association between colors 

and emotions (2). However, the cross modal relationship of olfaction, the other senses and 

emotions has not been systematically studied.

At the beginning of our program we examined the available techniques with potential to 

study synesthesia. We were specifically interested in non-verbal techniques. Several 

instrumental techniques have been put forward e.g., skin conductivity, contingent negative 

variation, functional magnetic resonance imaging and the like. We concluded that while 

they are capable of showing a response to aroma, the interpretation of the observations, 

especially from mixtures o f aroma chemicals is currently not possible. We, therefore, 

decided to base our studies on psychological testing techniques. We selected method 

developed by Rader and Tellegen (3), to study the synesthetic relationship between mood, 

color and line elements. We then adapted and validated the technique to study cross 

sensory relationships such as odor-color (4) and odor-mood.

This paper reviews our work to date. It will briefly describe our methodology and 

illustrate with some examples, the cross modal correspondence between odors and color 

and odors and mood. This data is used by our perfumers to design and optimize fragrances 

that complement or reinforce the concept o f a product, especially in its sensory 

psychological benefits.
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METHODOLOGY

The Rader and Tellegen method is a questionnaire based protocol that uses the 

assignment of 5 points to one or more of 11 color to describe a stimulus. They found that 

this approach reflects individual differences more sensitively than asking a person to select 

just one color. We first replicated the Rader and Tellegen study and found the method to 

be reliable. We then adapted and validated the technique to use with odors and 

subsequently with complex fragrances.

In our initial studies with raw materials, we first matched the odor intensities using the 

method of magnitude estimation. Analysis o f the results were carried out using the 

Friedman two way analysis of variance by ranks. The basic protocol involved the subject 

smelling an odor and distributing 5 points across 11 color words (white, pink, yellow, red, 

orange, green, blue, purple, brown, gray and black) and 11 mood words (angry, tired, 

proud, peaceful, surprised, sad excited, tender, ashamed, joyful, an scared). The colors 

were identified only by name to avoid problems o f hue and intensity. The modified Rader 

and Tellegen technique was shown to be robust and produce replicable results.

Our studies are carried out in custom designed sensory psychology facilities. All 

panelists are screened for their olfactive acuity, ability to use scales and color blindness to 

ensure that they are able to perform the experimental task.

RESULTS AND DISCUSSION

Unless otherwise stated, the results are from the work carried out in the custom 

designed sensory psychology facilities at Givaudan Roure, USA.

293



Allyl Cyclohexyl 

Proprionate

Odor-Color Association

1.5

Red Yellow Blue Brown Pink Btac 
Orange Green Purple White Grey

2.5 

2

1.5
Star Anise Oil

1

0.5

0
Orange Green Purple White Grey

Red Yellow Blue Brown Pink Blac

Figure 1 Odor-Color Association of two Aroma Chemicals

In the first series of experiments we examined odor-color associations for raw materials 

to provide a data base for perfumers. We showed that that associations are. Figure 1 

shows examples of two color profiles, Allyl Cyclohexyl Proprionate and Star Anise Oil.
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The Allyl Cyclohexyl Proprionate, a fruity, predominantly pineapple odor, is strongly 

associated with white, pink and green and moderately associated with brown, yellow and 

black. The Star Anise Oil, which is a licorice, aniseed, fresh, fruity odor, is strongly 

associated with black and moderately with green colors.

In the second series of experiments we examined odor-color associations of naturals, 

which are mixtures of aroma chemicals. Validation studies showed that this methodology 

is Laos appropriate for mixtures. Figure 2 shows an example of Juniper Berry oil. which is 

a fresh-piney, gin-like odor with woody resinous undertones. The color profiles indicates a 

strong associated with orange and green.

2.5 

2

1.5 

1

0.5

0
R ed  OrangSfellowGreen B lue PurpleBrownW hite P ink G re y  B lack

O do r-C o lor Association

Figure 2. Odor-Color Profile of Juniper Berry Oil

The Rader and Tellegen methodology has enabled us to developed a large database of 

odor-color correspondences for aroma chemicals and naturals. These are used by our 

perfumers to create fragrances that have strong odor-color congruence with the product 

mix.
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Additionally to studying the synesthetic relationship between odors and colors we have 

further examined whether perceptual dimensions of odor vary systematically with those of 

vision. Subjects matched Munsell color chips, which have color in a three dimensional 

space, hue, chroma and value, to odors presented at different concentrations. The results 

show that stronger odors were associated with darker colors thus suggesting cross-modal 

relationship between vision and olfaction is dimensional (3).

Increasingly we developed cross regional fragrances. To establish the influence of race 

and culture on synesthetic correspondences we carried out studies on Caucasian, Afro-, 

Japanese- Americans and Japanese bom and raised in Japan (4). We found that cultural 

experiential learning determines color congmence with odor. For example, all Americans 

associate cinnamic aldehyde with red regardless of their ethnic background. However, the 

Japanese raised in Japan do not have this association.

An example of how cultural experiential learning affects odor-color association is 

shown by the USA and French color profiles o f Star Anise Oil. This is shown in Figure 4.
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Odor-Color Association

Figure 4. Odor-Color Association of Star Anise Oil in USA and France.

The odor-color profiles of Star Anise Oil in the USA and France are markedly different. 

The dominant color association in the USA is black. This may be due to the association 

with the color of children’s licorice candies, which is black. In France, however, this smell 

is associated with white and yellow colors, probably as the French encounter this smell 

predominantly via Pastis drinks, which are mainly yellow and whitish in color. We are 

building up our knowledge base on synesthetic differences between different countries for 

use in perfume creation.

ODOR-MOOD ASSOCIATIONS

Using the modified Rader Tellegen method we have also determined the mood 

correspondence of key aroma chemicals and mixtures. An example of two mood profiles 

are shown below. The aroma chemical Lilial™, which is a floral, primarily muget,
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are shown below. The aroma chemical Lilial™, which is a floral, primarily muget, 

aldehydic odor, profiles as tender and peaceful. The profile of a mixture, exemplified by 

Bergamot Oil, a fresh, citrus, fruity, floral note, profiles as joyful and excited,, is shown in 

Figure 6

JOYFUL

PROUD

TENDER

PEACEFUL

ANGRY

SAD

ASHAMED

SCARED

EXCITED

TIRED

Figure 5. The mood profile of Lilial™.
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Figure 6, The Odor-Mood profile of Bergamot Oil

We have extended the Rader and Tellegen mood list into product specific moods. This 

enables us to develop fragrances highly associated with specific moods that are relevant to 

the product category. The data base on odor-mood association helps perfumers design and 

select fragrances that are either congruent with the mood of the product’s concept or 

develop a fragrance with an associative aromachology effect.

Similarly to color, mood associations result from cultural experiential learning and thus 

also require understanding of the culture. The strong influence odor has on our senses and 

moods is reflected in the following;

299



"In the fifth month 

When orange trees 

Fill all the world with scent 

I  think o f  the sleeve 

O f a girl who loved me. ”

Love Songs of Asia

translated by Powys Mathers

GIVAUDAN ROURE recognizes the importance of understanding how odors affect our

feelings and moods. It is committed to a research program in Sensory Psychology that

continuously refines and develops new techniques to study the psychology of fragrance.
A-
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ABSTRACT
The essential oil from the roots of Echinops giganteus 

var. lelyi from Cameroon contains almost exclusively tri­
cyclic sesquiterpenes (77%) with presilphiperfolane, silphi- 
perfolane, isocomane and modhephane skeletons. The main con­
stituents are silphiperfol-6-ene (27%) and presilphiperfol-7- 
ene (9%) . The structures of seven new sesquiterpene alcohols 
were elucidated by detailed NMR spectroscopy. Three alcohols 
with new skeletons named cameroonan-7-ol, nopsan-4-ol and 
echinan-8-ol were isolated.
Cameroonan-7-ol and echinan-8-ol contribute decisively to the 
strong woody, patchouli- and amber-like odor of the oil.

INTRODUCTION
Echinops giganteus var. lelyi C. D. Adams (Compositae) 

is an endemic species of Cameroon and Nigeria that grows in 
the high savannahs. The plant is a perennial herb, erect 
branched, 60-150 cm high, with bluish-white flowers. In the 
western province of Cameroon its rhizomes are used as an in­
gredient in different culinary preparations such as 'yellow 
sauce' which are consumed with maize and taro meals. The 
plant is also used in folk medicine as a remedy against nu­
merous diseases. The fresh rhizomes of Echinops giganteus 
were bought on the market of Bafoussam (Western Cameroon) and
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identified at the National Herbarium of Yaounde where voucher 
specimens are deposited. 12 hours of steam distillation 
yielded 1.7% of a colorless oil, [a] D -42° (neat). The oil 
smells strong woody, patchouli-like, heavy-floral with under­
tones of bacon and lemon peel. A first analysis of this oil 
was reported by Lamaty et al. and our group.1

RESULTS
The GC1 and GC-MS shows that the Echinops oil contains 

only sesquiterpenes, hydrocarbons (CP Sil 5 CB column: RRI 
1330 -1450, obviously ball-shaped or tricyclic) as well as 
oxygenated derivatives (RRI 1500-1650). Flash chromatography 
(FC on silica gel) of 8.0 g of the oil gave four main 
fractions: 4.1 g unpolar (hydrocarbons) , 1.6 g medium polar 
(less polar alcohols) , 1.8 g polar -(more polar alcohols) , 0.4 
g very polar (diols, not investigated). The three main 
fractions were further separated by repeated FC, FC on AgNO^ 
impregnated silica gel and PGC on Sil 5 and Wax columns. Four 
trivial constituents (together 12.5%) could be identified in 
the oil (Figure 1) . The main part is composed of six rare 
hydrocarbons with silphiperfolane, modhephane and isocomane 
skeletons (Figure 2). Silphiperfol-6-ene is the main consti­
tuent (27%) . All these compounds were described by previous 
authors and their structures could be completely confirmed. 
A new hydrocarbon, silphiperfola-5,7-diene, was isolated as a 
minor compound and its structure elucidated by the NMR 
spectra and comparison of these data with methyl cantabradi- 
enoate (Figure 3). Presilphiperfol-7-ene was found as a na­
turally occurring compound for the first time (Figure 4) . On 
the other hand, dehydration of presilphiperf ol an - 8 a?-ol yield­
ed a mixture of this hydrocarbon with the rearrangement pro­
duct silphiperfol-6-ene, as observed by Bohlmann4 (Figure 5).
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From the polar fraction of the oil some new alcohols were 
isolated. One of these, modheph-2-en-8-ol shows typical NMR 
data (Figure 6). Furthermore, four alcohols possessing almost 
identical MS and similar H- and C-NMR data were identi­
fied . One of these compounds had data identical with those of 
a silphiperfolan-6-ol described by Coll (Figure 7). 5 Detailed 
investigation of the stereochemistry including NOED spectra 
in pyridine-D5 evidenced that the sterical assignment in the 
literature5 was wrong, and that the diastereomers A-D should 
possess the stereochemistry as shown in Figure 7 and 8.
The secondary alcohol cameroonan-7-ol (6%), a major constitu­
ent , is the first naturally occurring representative with 
this skeleton, called 'cameroonane1 by us (Figure 9), al­
though the corresponding cation was discussed as biogenetic 
intermediate m  the literature , and the 7-trifluoro acetate 
was isolated previously as a rearrangement product of presil- 
phiperfolan-8of-ol (Figure 10) .
Cameroonan-7-ol was oxidized to the cameroonan-7-one smelling 
woody, warm, khusimone-like. LiAlH^ reduction leads to both 
the epimeric alcohols (Figure 11).
A minor compound C15H2^0 was isolated from a medium polar 
fraction by PGC. The NMR data revealed a tricyclic saturated 
tertiary alcohol, named nopsan-4-ol, containing the two se­
quences shown in Figure 12. These sequences are typical for a 
presilphiperfolane as well as for the biogenetically related 
skeletons A and B in Figure 13. Structure B was confirmed by 
a COLOC spectrum. But also a representative with skeleton A 
was found, this additional tricyclic saturated tertiary alco­
hol was called echinan-8-ol by us (Figure 14).
Biogenetic consideration should be compared with these 
findings. Already Bohlmann many years ago postulated a 
biogenetic pathway starting with farnesyl pyrophosphate
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providing the presilphiperfolanyl cation (Figure 15 and 16). 
Further rearrangements lead either to the silphinanyl or to 
the cameroonanyl cation (Figure 17). Subsequent reactions of 
the silphinanyl cation give the isocomanyl and modhephanyl 
cation (Figure 18) and the corresponding hydrocarbons (Figure
19) . Analogous rearrangements of the cameroonanyl cation 
result in the silphiperfolanyl and echinanyl cation (Figure
20) . Silphiperfola-5,7(14)-diene, the silphiperfolenes, the 
silphiperfolanols and silphiperfol-6-en-5-one are deriva­
tives of the silphiperfolanyl cation (Figure 21). Finally, a 
1,2-shift of the echinanyl cation gives the nopsanyl cation. 
These cations are precursors of echinan-8-ol and nopsan-4-ol 
(Figure 22).
All three new sesquiterpene skeletons - cameroonane, echi­
nane, nopsane - (for naming we used the country where the 
plant grows and we splitted the name Echi-nops) are biogene­
tically related as shown by three abeo-steps starting from 
presilphiperfolane (Figure 23).
The fragrance of some alcohols, particularly of cameroonan-7- 
ol and echinan-8-ol contributes decisively to the strong, 
woody, patchouli-like and floral odor complex of the Echinops 
oil (Figure 24).
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p-Caryophyllene 8.3 %

All the other constituents are tricyclic compounds.

IDENTIFICATION OF SOME RARE HYDROCARBONS

Silphiperfol-5-ene 2.4 % 7-ep/-Silphiperfol-5-ene 6.5 %

F. Bohlmann 1980; P. A. Wender 1985; P. Weyerstahl 1991

Modheph-2-ene 4.9 %

L. H. Zalkow 1978

Identification: Comparison of MS,

F. Bohlmann 1977 
L H. Zalkow 1977

1H-NMR, 13C-NMR

Silphiperfol-6-ene 27 % 

F.Bohlmann 1980

(3-lsocomene 2.5 %

F. Bohlmann 1979
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Comparison of the 1^C-NMR data

0 98 d, 6.5 with those of methyl cantabradienoate

d,2

1.73 d, 1

0.97 s

isolated from Artem isia cantabrica
Silphiperfola-5,7(14)-diene

0.4 % by A. San Feliciano 1986
or Cantabra-5,7(14)-diene

PRESILPHIPERFQL-7-ENE, A NEW NATURAL COMPOUND

i

9.4 % [a]”  -85.2 0 (C6D6, GC: 91 %)
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Presilphiperfolan-&x-ol

isolated from Presilphiperfol-7-ene

Eryophyllum staechadifolium

F. Bohlmann 1981 

MODHEPH-2-EN-8P-OL

c 15h 24o  HR-MS

1H-NMR

5.22 q, 1.5 
1.66 d, 1.5 
1.31 s 
1.05 s 
1.01 s

13C-NMR

142.8 d 
134.2 s 

79.7 s
no further doublets

1H, 13C-COSY 
COLOC

1

Silphiperfol-6-ene

Comparison of 

the NMR data 

with those of 

modheph-2-ene
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1 H-NMR shifts in

J. C. Coll 1990 

1 H- and 13q -NMR

B, 1.0%

SILPHIPERFOLAN-6-OLS II

most
polar
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6 %

FORMATION OF A CAMEROONANE TRIFLUOROACETATE

Silphiperfol-6-ene (40 %)

Cameroonan-7a-yl
trifluoroacetate

R. M. C oates 1996
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odor: woody, warm, khusimone

NOPSAN-4-OL

C15H260  HRMS, 0.9%
1H: 4 Me 6 0.94, 1.12, 1.15 (3 s), 0.95 (d)
"I3C: 81.5 (s), 60.3 (s), 37.1 (s), no double bond 
Selective decoupling and COLOC furnished two sequences

Me-CH-CH2-CH2-«  
CH—CH<£
ch2—ch2—-o

Mex Me

v  !
Me
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SKELETAL CONSIDERATIONS

Presilphiperfolane A B

Decision for skeleton B by COLOC: 

correlation of 7-H to C-2 and C-3

ECHINAN-8-OL

C15H260  HRMS, 2.2 %

1H: 4 Me 6 0.92, 1.12, 1.32 (3 s), 1.00(d)
13C: 82.0 (s), 48.3 (s), 36.8 (s), no double bond 
COLOC of 7-H with C-2, but not with C-3 
Same sequences as found for Nopsan-4-ol
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Fam esyl
pyrophosphate

• H +
I - H +

a-Hum ulene 2.0 % P-Caryophyllene 8.3 %

F. Bohlmann 1980

FORM ATION O F THE 8-PRESILPHIPERFOLANYL CATION

7t * CT

F. Bohlmann 1980

Presilphiperfolanyl
cation
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+ OH-

Presilphiperfol-7-ene

Silphinanyl cation

Presilphiperfolan-8 a-ol

Cameroonanyl cation

F. Bohlmann 1980

REARRANGEMENTS OF THE SILPHINANYL CATION

1,3 H ~

L. H. Zalkow 1978
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a-lsocom ene (3-lsocomene

3.1 % 2.5 %

-H

Modheph-2-ene  

4 .9  %

REACTIONS OF THE CAMEROONANYL CATION
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Silphiperfol-5-ene Silphiperfol-6-ene 26 .9  %

7a- Me 2.4%  
70-Me 6.5%

oxidation

Silphiperfolan-6-ol 7 -ep/-Silphiperfolan-6-ol Silphiperfolan-7p-ol

6a-OH 1.0 % 6a- OH 0.5 % 3.0 % 0.2 %
6p- OH 1.4 % 60- OH 1.0 %

REACTIONS OF THE ECHINANYL CATION
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Presilphiperfolane

11 (7 -^  8)-afceo-Presilphiperfolane

Nopsane

1 (8-*»7)-abeo-Cameroonane 3(4-*»8)-abeo-Echinane

OLFACTORY EVALUATIONS

strong woody, 
ambergris, patchouli, 
dry dusty, 
heavy floral

very strong woody, 
slightly musty wet

total oil

strong woody, 
patchouli, 
slightly greasy, 
heavy floral, 
citrus peel

Silphiperfolan-6a-ol (GC: 84 %) Silphiperfolan-7p-ol (GC: 92 %)

woody, camphoraceous strong fresh, camphoraceous, woody
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IDENTIFICATION OF RARE SESQUITERPENE STRUCTURES IN ESSENTIAL OILS

W. A. König, C. Fricke, S. Melching, K. Wihstutz
Institut für Organische Chemie, Üniversitat Hamburg, Deutschland.

Sesquiterpene derivatives substantiate a major portion and may often be responsible for a 
specific sensoric impression of essential oils. In addition, an extraordinary structural 
variability, caused by numerous skeletal rearrangements during biosynthesis, is observed for 
sesquiterpenes. The elucidation of the structure and stereochemical properties of unknown 
sesquiterpenes is therefore is a great challenge. The detection o f a series o f structurally related 
sesquiterpenes may also serve to recognize biogenetic correlations. The isolation of some 
novel sesquiterpene constituents from essential oils with the rarely found africanane, 
brasilane, nardosinane and asteriscane skeletons by preparative chromatographic methods and 
their identification with modem NMR techniques, mass spectrometry, enantioselective gas 
chromatography, and by investigating thermally and acid catalyzed rearrangements and 
micro-chemical reactions will be demonstrated.
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ANTIFUNGAL PROPERTIES OF ESSENTIAL OIL COMPONENTS

J.C.R. Demyttenaere*, H.M . Willemen, M. del C. Herrera and R. Verhé
Gent University, Faculty o f  Agricultural and Applied Biological Sciences, Department o f
Organic Chemistry, Coupure Links 653, B-9000 Gent, Belgium

ABSTRACT

The antifungal properties o f  som e essential oil components were tested. The inhibitory 
effect o f  the phenolic compounds ferulic acid, vanillin, eugenol and isoeugenol, the terpenes 
geraniol, nerol, citral, citronellol and linalool and the biotransformation products 6-methyl- 
5-hepten-2-one and furanoid linalool oxides towards the fungi Aspergillus niger, 
Penicillium digitatum and Penicillium sp. w as compared. It was shown that the terpene 
alcohol citronellol and the phenolic compounds eugenol and isoeugenol were the most 
inhibitory substrates for all fungal cultures tested, whilst the products formed through 
biotransformation by the fungi are the least antifungal: high concentrations o f  
methylheptenone and linalool oxide can be tolerated by the fungi, without loss o f  
germination and sporulation capacity. It was postulated that biotransformation o f  terpenes 
might be a detoxification mechanism o f  the fungi.

INTRODUCTION

Although considerable information on the antifungal activity o f  spices and essential oils 

is available [1-5], data about the antimicrobial properties o f  their constituents, especially the 

terpenes, is very limited [6-9]. In some cases, the com position o f  the essential oil was 

studied [9-13], but only few  authors also investigated the inhibitory effects o f  the 

components o f  these oils [9-1O].

A well studied group o f  compounds is that o f  the phenolic derivatives eugenol, thymol, 

carvacrol, trans-anethol (see Fig. 1). Curtis et al. (1996) [14] compared the inhibitory and 

lethal effects o f  synthetic versions o f  compounds found in common herbs and spices on a 

food spoilage yeast Debaromyces hansenii. Maritini et al. (1996) [9] determined the 

concentration o f  eugenol and carvacrol in ethanolic extracts o f  cloves and savory resp. by
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GC. In their study, they compared the antifungal activities o f  the Ge-analysed ethanolic 

extracts o f  both spices with those o f  eugenol and carvacrol alone in similar concentrati0nS. 

It was found that carvacrol in savory and eugenol in clove w ere exclusively responsible for 

the antifungal activity o f  these spices against Cladosporium herbarum and Penicillium 

glabrum.

Carvacrol w as also found in the essential oil o f  Thymus broussonettii (53.3% ) together 

with p-cym ene (13.5% ) and a-pinene (8.6%) [12]. Examination o f  the antimicrobial activity 

o f  this oil and tw o others (T. zygis containing 50.6% p-cym ene and T. satureioides 

containing 31.2%  borneol as main constituent) against three bacteria, tw o yeasts and tw o  

molds, revealed that the oil o f  T. broussonettii was most efficient in both killing the 

microorganisms and inhibiting their growth. To growth inhibition, the molds w ere more 

sensitive than the yeasts and the bacteria, but A. niger was shown to be more difficult to 

destroy than the m ost resistant bacterium, E. coli. The inhibitory effect o f  carvacrol alone 

was not tested by these authors.

Morozumi et al. (1988) [ 10] investigated the inhibitory effect o f  60 commercial foods 

and spices on the growth and toxin production o f  common toxigenic fungi such as 

Aspergillusjlav11s, A. ochraceus, A. versicolor and Fusarium sporotrichioides. O f these, 8 

foods showed potent antifungal activity, and 9 antifungal substances were isolated and 

identified. Apart from the minimal inhibitory concentration (MIC, expressed in pg/m l) o f  

foods on growth and mycotoxin production o f  toxigenic fungi, also the inhibitory effect o f  

some o f  the main compounds (o-methoxycinnamaldehyde, cinnamaldehyde, eugenol,
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thymol, anethol, geraniol, citronellol, etc.) w as tested. o-M ethoxycinnamaldehyde was most 

inhibitory, whilst geraniol and anethol showed the low est activity.

Another essential oil rich in phenolic compounds is the one o f  Origanum syriacum L. 

It exists in tw o phenolic chemotypes, one containing thymol as the major constituent, while 

the other is rich in its stereoisomer, carvacrol. The percentage o f  carvacrol in the essential 

oil increased to 62% after flowering and maturation, while the concentration o f  thymol 

decreased to 14% [13]. Origanum oil extracted from plants collected during mid season 

was evaluated for its antifungal activity against Aspergillus niger, Fusarium oxysporum and 

Penicillium species. The oil exhibited strong inhibitory action against the three fungi tested. 

The antifungal properties o f  the pure compounds thymol and carvacrol was not tested.

The inhibitory effect o f  phenolic compounds as eugenol, thymol and cumin aldehyde 

compared to that o f  the terpenes carvone, borneol and thujone was studied by Farag et al. 

(1989) [11]. They investigated the influence o f  spice essential oils such as thyme, cumin, 

clove, caraway, rosemary and sage on Aspergillus parasiticus growth and aflatoxin 

production. The essential oils caused complete inhibition o f  both mycelial growth and 

aflatoxin production. Thyme, cumin and clove essential oil containing thymol, cumin 

aldehyde and eugenol resp. were more effective than caraway, rosemary and sage, 

containing carvone, borneol and thujone resp. It was concluded that there was a 

relationship between the chemical structures o f  the most abundant compounds in essential 

oils and the antifungal effects. The inhibition o f  the oils was attributed to the presence o f  an 

aromatic nucleus containing a polar functional group. This explained why borneol and
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thujone had little inhibitory effect compared to thymol which has an aromatic nucleus. The 

higher inhibitory action o f  thymol could also be due to the presence o f  a phenolic hydroxyl 

group. It is well known that the HO-group is much more reactive and can easily form 

hydrogen bonds with active sites o f  enzymes.

The structure-activity relationship was also studied by Knobloch et al. (1988) [6]. A  

relation between the water solubility o f  terpenes (mM) and antibacterial properties was 

described. The antimicrobial activity o f  essential oils was found to  be due to their solubility 

in the phospholipid bilayer o f  cell membranes [7].

The higher antifungal activity o f  phenolic compounds compared to that o f  terpenes was 

also shown in a study o f  the antimicrobial activity o f  essential oils from Sicilian aromatic 

plants [15]. The highest and broadest activity, both antibacterial and antifungal, was shown 

by the oils o f  Origanum onites and Thymus capitatus both having a high carvacrol content 

(62 resp. 86%) and commercial oregano (contg. 16% y-terpinene, 25% terpinen-4-ol, 12% 

thymol), while oils from commercial sage (contg. 56% I,8-cineole, 20% limonene) and 

Laurus nobi/is (contg. 35% 1,8-cineole, 27% linalool) were almost inactive.

Only few  examples are known where terpenes rather than phenolic compounds are 

responsible for the antimicrobial properties o f  essential oils and related natural products. 

Som e o f  the flavour components responsible for the antimicrobial activity o f  green tea are 

terpenes [16]. M ost o f  the tea volatiles tested inhibited the growth o f  one o f  the most 

important cariogenic bacteria, Streptococcus mutans. Among them, nerolidol was the most 

potent, linalool was the least effective.
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The antimicrobial properties o f  the leaf essential oil o f  Clausena anisata were also 

related to its high terpene composition: 33% sabinene and 17% germ acrene-D [17]. The 

antifungal activity o f  essential oils from aromatic plants o f  Argentina against the 

phytopathogenic fungi Alternaria solani, Sclerotium cepivorum and Colletotrichum 

coccodes could again be related to the high mono- and sesquiterpene content o f  the 

essential oils [18]. It was found that the antifungal activity o f  oils containing more terpene 

ketones and alcohols or oxides was higher than that o f  the hydrocarbon rich essential oils, 

which show s that oxygen contg. compounds are more fungitoxic.

Carvacrol Thymol Eugenol trans-Anethol

Fig. 1 : Phenolic compounds with antifungal properties

It was shown that fungi as Aspergillus niger and Penicillium sp. are able to 

biotransform terpenoids [19-20]. In this paper the antifungal properties o f  the substrates 

(terpenes) are compared to the inhibitory effects o f  the biotransformation products formed, 

because it is believed that biotransformation o f  terpenes by fungi acts as a detoxification
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mechanism. In this study, the test substrates are dissolved in the agar-medium, using 

ethanol as co-solvent prior to  solidification and inoculation o f  the medium [2]. This method 

is based on the diffusion o f  the test substrates in agar and yields MIC (minimum inhibitory 

concentration) values, whereas the agar overlay technique, using filter paper discs, is also 

based on the diffusion o f  the products in agar, but gives inhibion zone diameters [1]. 

Although the agar overlay technique is the most often employed one for screening o f  

antimicrobially active oils or constituents [21] and is the easiest to use, we believe that the 

method used in this study mimics best the practical conditions to carry out 

biotransformation experiments, and hence has the strongest predictive value. However, 

since bioconversion experiments should always be carried out at sub-inhibitory 

concentration o f  the substrate, in the next inhibition tests, the maximum allowed 

concentration rather than the MIC will be searched for.

RESULTS A N D  DISCUSSIO N

The cultures were inoculated on Petri dishes filled with medium to which an ethanolic 

terpene solution was added before solidification took place. The concentration o f  ethanol 

was always 1%, the first concentration o f  the test substrate was 0.05%  (v/v). Dependent on 

the growth o f  the cultures the second concentration was higher (0.1% ) or lower (0.025% ). 

An overview o f  all tested substrates is shown in Fig. 2.
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The inhibition o f  1% (v/v) ethanol was also checked. All strains grown in the presence 

o f  1% ethanol showed germination after 1 day and normal growth. After 3 to  4 days, 

complete sporulation had occurred for all cultures on the entire surface o f  the media.

Ferulic Acid Isoeugenol Eugenol Vanillin Furan oid Linalool Oxide

A) J ^ c h 2o h A A, rS7 XL  CR,OH

x~ ST L  CHO

X
L c h 2o h

X X  A
Neroi Geraniol Citral Citronellol Linalool 6-Methyl-5-hepten-2-one

Fig. 2: Structures o f  the used compounds

The general results for all test substrates at different concentrations applied are 

displayed below:
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ferulic acid

0.1 %: The A. niger strains germinated after I day and had completely sporulated after 4 

days. The Penicillium strains germinated only on a small part o f  the surface. Once 

germination had occurred, the growth and sporulation was completed after 4-6 days.

0.2 %: The A. niger strains germinated after I day and had completely sporulated after 

4-5 days. The Penicillium strains hardly germinated and only after 3-4 days. Growth and 

sporulation was normal but only on a very small part o f  the surface.

vanillin

0.05 %: For all fungal strains, germination started after 2 days and not on the entire 

surface. Only after a week almost the complete surface o f  the cultures had sporulated.

0 .1 %: For most strains, germination was inhibited; during the first w eek the germination 

was only noticed on a small part o f  the surface with ^ N G  and WEL. These local parts 

had sporulated after a week. The other fungi only showed germination after a week and 

not on the entire surface.

isoeugenol

0.025 %: The first w eek there was no germination at all. After 8 days the only strain that 

showed some germination was CLE. It is possible that by then the concentration o f  

substrate had decreased because o f  evaporation.
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* eugenol

* 0.05 %: There w as no germination shown at all for the first 11 days, meaning complete 

inhibition.

* 0.025 %: For the A. niger strains, germination started on a few spots after 5 days and 

then growth w as very slow. CLE started germinating after 4 days and had folly grown 

and sporulated after a week.

* citral

* 0.05 %: M ost strains showed no germination at all. Only CLE started after 5 days and 

had grown and sporulated after 8 days, however not on the entire surface.

* 0.025 %: CLE showed normal growth. ^N G , COR and ROQ showed germination after 

6 days and the other strains only after 12 days. Once germinated the growth was normal.

* geraniol

* 0.05 %: M ost strains showed no germination at all. Only CLE started after 2 days, 

however not on the entire surface and had grown and sporulated after a week.

* 0.025 %: O f all A. niger strains only ^ N G  germinated after 6 days and on a small part o f  

the surface. CLE showed normal growth. The other Penicillium strains started 

germinating after 4-5 days and had sporulated after 9 days, except for CCH. It only 

started after 10 days.
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nerol

0.05 %: M ost strains showed no germination at all. Only CLE started after 3 days and 

had grown and sporulated after 7 days.

0.025 %: The A. niger strains started germination after 3 days and had grown and 

sporulated after 8 days, only ANT not on the entire surface. The Pénicillium strains 

started germinating after 2 days and had sporulated after 6 days.

6-m ethyl-5-hepten-2-one

0.05 %: Germination started after 1-2 days for all strains. They had completely grown 

and sporulated after 5 days.

0.1 %: All strains started germination after 1-2 days, however not immediately on the 

entire surface. But in the next days this improved and after 5-7 days all cultures showed 

growth and sporulation on almost the complete surface.

linalool

0.05 %: Germination started for all fungi after 2 days. The growth and sporulation was 

normal and w as completed after 6-7 days. The sporulation o f  A N A  on the other hand 

took a few  days longer.

0.1 %: The A. niger strains started germination only after 7-8 days and had grown and 

sporulated after 11 days. The germination o f  the Pénicillium strains started after 4 days.
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CLE had sporulated after 7 days, the others after 10 days. So the growth was slower 

than normal.

* citronellol

* 0.05 %; The first w eek there was no germination o f  most o f  the cultures. Only CLE 

showed a weak germination after tw o days, and had sporulated after one week, but only 

on parts o f  the medium.

* 0.025 %: After one w eek a weaker germination than normal could be observed in most 

o f  the cultures, followed by further sporulation. CLE showed normal germination, 

growth and sporulation.

* 0.0125 %: The strains o f  A, niger and also CLE and PIN were germinated after one day 

and had completely sporulated after 4-5 days. The other strains germinated the first day 

but not on the whole surface. After one week all cultures had completely sporulated.

* linalool oxide

* 0.05 %: Germination started for all fungi after one day. The growth was normal and 

sporulation took  place after one week.

* 0.1 %: The A, niger strains showed a normal germination after one day, followed by 

sporulation. The other strains showed germination after 2-3 days. ORA had a slower 

germination during the first days, but all cultures had completely sporulated after 4-5 

days.
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the A. niger strains. After one week all strains had completely sporulated.

The results show  that inhibition o f  the fungi is mostly inhibition o f  germination. Once 

germinated, growth and sporulation are quiet normal. Table 1 enlists the maximum 

concentrations per compound per fungal strain at which germination occurs within a week.

Table 1: Maximum tolerated cone (%) for several compounds on 5 A. niger and 5 Pénicillium strains

strain ferulic

acid

vanillin (iso-)

eugenol

citral geraniol 

& nerol

methyl-

heptenone

linalool citronellol linalool

oxide

AN G > 0 .2 0.1 < 0 .0 2 5 0.025 0.025 > 0 .1 0.05 0.0125 > 0.2

A N A > 0.2 0.05 < 0.025 < 0 .0 2 5 < 0 .0 2 5 > 0 .1 0.05 0.0125 > 0 .2

W EL > 0 .2 0.1 < 0.025 < 0.025 < 0.025 > 0 .1 0.05 0 .0125 > 0 .2

COR > 0 .2 0.05 < 0.025 0.025 < 0.025 > 0.1 0.05 0.0125 > 0 .2

AN T 0.2 0.05 < 0.025 < 0.025 < 0.025 > 0 .1 0.05 0 .0125 > 0 .2

CLE 0.1 0.05 0,025 0.05 0.05 > 0.1 0.1 0 .050 > 0 .2

PIN 0.1 0.05 < 0.025 < 0.025 0.025 > 0 .1 0.1 >0.025 > 0 .2

CCH 0.1 0.05 < 0.025 < 0 .0 2 5 < 0 .025 > 0 .1 0.1 0 .0125 > 0 .2

ROQ 0.1 0.05 < 0.025 0.025 0.025 > 0 .1 0.1 0 .0125 > 0 .2

ROK 0.1 0.05 < 0.025 < 0.025 0.025 > 0 .1 0.1 0 .0125 > 0 .2

For abbreviations o f the fungal cultures tested: see experimental section
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It can be concluded that the terpene alcohol citronellol and the phenolic compounds 

eugenol and isoeugenol are the m ost inhibitory substrates for all fungal cultures tested, 

whilst the products formed through biotransformation by the fungi are the least antifungal: 

high concentrations o f  methylheptenone and linalool oxide can be tolerated by the fungi, 

without loss o f  germination and sporulation capacity. From these data, it can be postulated  

that biotransformation o f  terpenes might be a detoxification mechanism o f  the fungi. It is 

also noteworhty that the more fungitoxic substrates, geraniol, nerol and citral are better 

transformed by spores than by submerged cells, since spores are more resistant, whilst the 

less antifungal substrate, such as linalool can readily be converted by submerse liquid 

cultures. These data give also important information to carry out biotransformation 

experiments: very inhibitory compounds, such as isoeugenol, eugenol and citronellol should 

not be added to the growth medium at the time o f  inoculation. The applied concentration  

should be low er than the inhibition concentration, or the substrate should be added after 

grow th has taken place, m ostly after 24-36  hr. The biotransformation with spom lated  

surface cultures on the other hand can take place with higher substrate concentrations.

EXPER IM ENTA L

Microorganisms. One strain o f  Pénicillium digitatum w as used, one Pénicillium 

lividum, one P. chrysogenum, 2 Pénicillium roqueforti and 5 strains o f  Aspergillus niger.
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The P. digitatum strain was identified by the MUCL (M ycothèque de l’Université 

Catholique de Louvain, Laboratoire de M ycologie Systématique et Appliquée, Belgium) as 

P digitatum (Persoon: Fries) Saccardo. It was assigned as P. digitatum ATCC 201167. 

Earlier research showed that this strain was able to  transform geraniol, nerol and citral to  6- 

m ethyl-5-hepten-2-one [ 19-20]. During the experiments, this strain was marked as CLE. 

The A. niger strains were marked as follows: ANG (A. niger isolated from a Cypress 

branch), ANA (A. niger DSM  821, obtained from Deutsche Sammlung von 

Mikroorganismen), WEL (isolated from an African Welwitschia plant), COR (isolated from 

a coriander branch), ANT (A. niger ATCC 9142 obtained from the American Type Culture 

Collection). Tw o Penicillium strains were isolated in the lab: PIN from a Pinus branch and 

CCH from a contaminated agar plate. One P. roqueforti ROQ w as isolated from a piece o f  

Roquefort cheese, another P. roqueforti ROK from a commercial blue cheese. The cultures 

were conserved by periodic replications (every 2 weeks) on malt extract agar (M EA).

Growth medium. For the isolation, growth and conservation o f  the fungi as surface 

cultures, the medium used was: malt extract agar (^ E A ) (OXOID®) (malt extract 2%, 

bacteriological peptone 0. 1%, glucose 2% and agar 2%). Fungi were stored in Petri dishes, 

filled with 20 ml sterile medium.

Inhibition experiments. For the experiment a solution o f  test substrate in ethanol at 

2.5%, 5% or 10% (v/v) was prepared. Every day 20 Petri dishes were filled with 20 ml 

medium (^ E A ) to which the ethanolic solution o f  the test substrate was added prior to 

solidification o f  the medium. The concentration o f  ethanol in the medium was always 1%
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(v/v). For each substrate two concentrations were tested. The first concentration o f  

substrate in the medium was usually 0.05%  (v/v). The test plates were then inoculated with 

the fungal strains, using an inoculation needle. The growth was then follow ed for a week. 

The second substrate concentration was dependent on those results. When germination and 

growth o f  the cultures were normal, the concentration was increased to 0.1 % (v/v). When 

no growth took  place or germination was very weak, the second substrate concentration 

was 0.025%  (v/v). All experiments were carried out in duplicate. As a control experiment, 

medium with only 1 % ethanol was also inoculated with all test organisms: this was done to 

test the inhibition o f  ethanol alone.

Test substrates. The following compounds were used as test substrates: ferulic acid 

(99%, Acros Chimica), isoeugenol (mixt. Z  (5%)/E (95%): Janssen Chimica), eugenol (>  

99%, Fluka), vanillin (99%, Acros Chimica), geraniol (> 99.5%, Fluka), nerol (90-95% , 

Fluka), citral (99%, Janssen Chimica), 6-m ethyl-5-hepten-2-one (99%, Janssen Chimica), 

(±)-linalool (97%, Aldrich), (±)-citronellol (97%, Aldrich), furanoid linalool oxide (mixt. 

cis/trans, > 97%, Fluka).
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ABSTRACT
The essential oil o f  Melaleuca alternifolia (tea tree) exhibits broad spectrum antimicrobial 

activity. W e have further investigated this activity by exam ining the effect o f  tea tree oil on 
the survival, growth rate and physiology o f  Escherichia coli strain AG100. Here w e report 
that tea tree oil-induced cell death is accompanied by an inhibition o f  respiration and the 
formation o f  extracellular blebs on the cell surface observable in electron micrographs.

Kill rate data indicated that 0.125%  (v/v) tea tree oil inhibited glucose-dependent 
respiration and was lethal to cells in the assay conditions used. B elow  0.125% , no inhibition 
o f  either respiration or the growth rate o f  cells was detected.

Our results also show that stationary phase cells are more tolerant to tea tree oil than cells 
harvested in logarithmic phase. At 0.25% , tea tree oil com pletely reduced cell numbers in 
suspensions from a 5 hour culture within 20 minutes, whereas, cells grown for 48 hours died 
more slow ly, with com plete d ie-off taking 60 minutes. Similarly, tea tree oil-induced  
inhibition o f  respiration was less extensive for stationary phase cells. These findings indicate 
that longer exposure tim es were required to cause a lethal degree o f  physiological damage to 
E. coli AG 100 cells in stationary phase.

Overall, the inhibitory effects o f  tea tree oil on respiration and on cell structure, as 
observed by electron microscopy, in E. coli are consistent with a disruption o f  membrane 
structure and function related to the accumulation o f  tea tree oil monoterpenes. The dose- 
dependence observed for these effects is most likely a product o f  the rate and extent o f  
partitioning o f  monoterpenes between the aqueous phase o f  cell suspensions and the 
hydrophobic regions o f  the cells.
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INTRODUCTION

The steam distilled oil o f  Melaleuca alternifolia is com m only known as tea tree oil. Its 

antimicrobial properties were first described in the literature by Penfold and Grant (1925) and  

during the follow ing decade claim s were made for its success in the treatment o f  many 

conditions including fungal infections o f  the skin and nails, vaginal infections, tonsillitis, 

catarrh, mouth ulcers and dirty wounds (Humphrey, 1930; Lassak and McCarthy, 1983). 

However, because o f  inconsistent quality and quantity o f  o il production, the demand for the 

oil declined for several decades.

Tea tree oil has regained popularity over the past twenty years because o f  its reputation as 

a safe, natural and effective antiseptic and changes in production methods have lead to  a more 

reliable supply. It is now  incorporated as the principal antimicrobial or as a natural 

preservative in many pharmaceutical, cosm etic or ‘cosm oceutic’ products for external use, 

including face washes, pimple gels, vaginal creams, veterinary skin care products, foot 

pewders, shampoos and conditioners.

The chem ical com position o f  tea tree oil has been w ell defined and consists largely o f  

monoterpenes (Brophy et al. 1989). There is a large natural variation in oil com position with 

the concentrations o f  two significant components, terpinen-4-ol and 1,8-cineole being  

inversely proportional to each other (Southwell et al. 1996). The draft standard ISO/DIS 

4730  Oil o f  M elaleuca - Terpinen-4-ol type (1994) requires a minimum concentration o f  30%
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terpinen-4-ol and a maximum o f  15% 1,8-cineole. These parameters were selected to exclude 

the higher cineole chem ical varieties o f  M. alternifolia, as such oils are less potent 

antimicrobials (Southwell et al. 1993).

The broad antimicrobial activity o f  tea tree oil has been reported in a number o f  studies 

(review ed by Markham, 1997), and this activity attributed principally to terpinen-4-ol 

(Southwell et al. 1993; Carson and Riley, 1995). Although the oil is w ell accepted in the 

marketplace for its antimicrobial properties little is known about its effect on the physiology 

o f  microorganisms. A n  understanding o f  the mode o f  action will elucidate the interaction 

betw een the various components and is a necessary foundation for the determination o f  the 

optimal composition o f  the oil. In addition, it will provide insights for formulators into the 

effects o f  com bining oil with other ingredients in cosm etic and pharmaceutical products.

This paper reports the preliminary results o f  a study into the effect o f  tea tree oil on the 

physiology o f  the Gram-negative bacterium, Escherichia coli strain AG 100. The results 

demonstrate changes to membrane function and to cell ultrastructure, with differences in 

tolerance to tea tree oil o f  logarithmic and stationary phase cells.
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RESULTS A N D  DISCUSSIO N

M inim um  inh ibitory concen tration  (M IC )

In order to establish an appropriate range o f  concentrations for subsequent experim ents, the 

M inimum Inhibitory Concentration (E .C )  o f  the oil against E, coli AG 100 w as determined. 

After 24 h incubation, the E .C  was determined to be 0.25%  (v/v).

E ffects o f  tea tree oil on cell v iab ility

Fig. 1 Viability o f  logarithmic phase cells o f  
Escherichia coli AG100 after exposure to tea 

tree oil

^ ^ o % E . o
^ ^ 0 .1 2 5  %TTO 
^ ^ 0 .2 5 %  rmO 
^ ^ 0.5%'nO

Follow ing exposure to tea tree o il, cells o f  E. coli AG 100 w hich had been harvested in early 

logarithmic phase, showed a rapid decline in viability, expressed as the number o f  colony­

forming units per mL (cfu/mL) (Figure 1). N o cells were culturable after 10 m exposure to 

concentrations o f  oil ranging from 0.125-0.5% . Cells harvested in stationary phase were less
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susceptible to tea tree oil (Figure 2). In the presence o f  0.25%  (v/v) tea tree oil (the MIC) no 

viable cells were detected after 2h exposure. The kill rate increased at higher oil 

concentrations with loss o f  viability after 30 minutes exposure to 0.5% oil, but was markedly 

reduced at o il concentrations below  the MIC. Exposure to an oil concentration o f  0.125%  

(v/v) for 2h resulted in a reduction o f  cell viability o f  approximately one-and-a-half orders o f  

magnitude.

F ig. 2 Viability o f  stationary phase cells o f  
Escherichia coli A G 100 after exposure to tea tree

oil

- • - 0  % TTO 
^---0.125 % TTO 
^ 0 . 2 5  % TTO 
^--M-0.5 % TTO

The determination o f  MIC, ÎvIBC and kill rates are important because they enable the 

correlation o f  biochem ical and physiological effects with inhibitory and lethal concentrations 

o f  the antimicrobial. However, it is more difficult to pinpoint the tim e o f  death o f  the cells,
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as what is measured in these experiments i s i n  fact, the tim e required for the irreversible 

uptake o f  a lethal dose o f  the oil.

E ffects o f  tea tree oil on respiration

The results in Figure 3 show  that at the MIC there is a 25% inhibition o f  respiration in 

both logarithmic and stationary phase cells. With cells harvested at logarithmic phase, 

increasing the concentration o f  tea tree oil to 0.5% (v/v) resulted in total inhibition o f  

respiration. Stationary phase ce lls  were more tolerant, although inhibition o f  respiration was 

dose dependent. At an oil concentration o f  1% (v/v) the rate o f  oxygen uptake was 

approximately 45%  that o f  the control. A t concentrations o f  oil below  the MIC the effects on 

respiration w ere slight. In the presence o f  tea tree oil, the tim e taken for a maximal rate o f  

oxygen consumption to be reached upon addition o f  glucose show ed an obvious delay when 

compared to assays that contained no oil (data not shown). This effect was apparent even in 

the presence o f  oil levels that did not reduce the maximum rate o f  oxygen uptake. These 

observations suggest that the effects o f  tea tree oil on respiration are not confined to an 

inhibition o f  the electron transport processes which lead to oxygen consumption.

Concentrations o f  tea tree oil which cause rapid loss o f  viability (Figures 1 and 2) correlate 

with the concentrations o f  oil which inhibit oxygen uptake (Figure 3). The fact that 

inhibition o f  respiration was not observed below  an oil concentration o f  O .125% (v/v), the 

minimum concentration causing a loss o f  viability o f  the more susceptible logarithmic phase
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cells, suggests that the plasma membrane, the site o f  the electron transport com plex in 

bacteria, may

be a primary site o f  action o f  tea tree oil in the cell. The reported experim ents do not 

distinguish which com ponent(s) o f  the respiratory chain are affected, but the lack o f  

significant inhibition below  oil concentrations determined in other assays to be inhibitory, 

suggest an effect on cellular processes related to a physical disruption o f  membrane structure.

Fig. 3 Effect o f  tea tree o il on respiration in 
suspensions o f  Escherichia coli AG 100

% Tea tree oil

E lectron  m icroscopy

Consistent with the above hypothesis, preliminary results o f  transmission electron 

m icroscope studies have demonstrated a disruption to cell ultrastructure fo llow ing treatment 

with tea tree oil. Two major changes were observed in cells cultured for one hour in the
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presence o f  tea tree oil at concentrations o f  both 0.125%  and 0.25% (v/v). Coagulation o f  

intracellular material was observable in the majority o f  treated cells and extracellular blebs 

were present on som e cells. Such blebs may result from leakage o f  intracellular material due 

to disruption o f  the cell membrane and / or wall, or may be due to  interference with other 

physiological processes in the oell, such as cell division. As in the other assays reported, the 

effects were more marked with logarithmic phase cells than with stationary phase cells. The 

technique used did not, however, demonstrate significant disruption to the membrane 

structure.

C onclusions

This study provides som e preliminary evidence that_the antimicrobial activity o f  tea tree oil is 

due to  a disruption o f  membrane structure and function. The hydrophobicity o f  the major 

active ingredients o f  tea tree oil suggest that accumulation is likely to occur in the 

hydrophobic regions o f  the cell such as in the membrane bilayer. In a study o f  the uptake o f  

radiolabelled cyclic hydrocarbons, including toluene, carvone and tetralin into liposom es, 

Sikkema et al. (1994) have reported the partitioning o f  such compounds into the lipophilic 

membrane. These authors also report that the accumulation o f  cyclic hydrocarbons in the 

membranes is proportional to the concentration o f  the compound in the aqueous phase. This 

observation could explain the greater activity o f  the oxygenated monoterpenes, such as 

terpinen-4-ol, which have limited water solubility, in comparison to the hydrocarbon
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monoterpenes, w hich are considered insoluble in water. Additionally, the increased rate at 

w hich cells lose viability as o il concentration increases, is probably a result o f  an increase in 

both the rate and extent o f  monoterpene accumulation in the membrane. This bioavailibility  

o f  the active ingredients in tea tree oil is important to consider during the developm ent o f  

formulations containing the oil.

The experimental evidence reported in this paper all demonstrates that stationary phase 

cells are more tolerant to tea tree oil than cells harvested in the logarithmic phase. In the 

natural environment, bacteria are seldom in conditions which enable exponential growth: cell 

structure and m etabolism w ill more frequently resemble that o f  laboratory-cultured stationary 

phase cells. The greater resistance o f  such cells to a variety o f  environmental stresses has 

frequently been reported in the literature (for exam ple, Kolter et al. 1993). A  number o f  

genes w hich are induced under conditions o f  stress, such as nutrient deprivation, have been 

identified in E. coli, but the mechanisms o f  increased tolerance are not w ell understood. It is 

possible that changes in the surface structures o f  stationary phase cells  o f  E. coli lim it the 

uptake o f  the monoterpenes in tea tree oil, or that there are variations in the lipids o f  the 

membrane w hich render them more tolerant to the deleterious effects o f  tea tree oil.
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EXPERIM ENTAL

Tea tree oil

Tea tree oil used in all experim ents was from a single batch o f  M ain Camp pharmaceutical 

grade oil, containing 39.8% terpinen-4-ol and 4.5%  1,8-cineole.

Growth of bacteria

Inocula for all experim ents were tw ice passaged in Isosensitest broth. A 1% inoculum was 

transferred to 500mL o f  Isosensitest broth, incubated at 37°C with shaking (200rpm ) and 

harvested at either 5 hours (logarithmic phase) or at 48 hours (stationary phase) by 

centrifugation for 10 minutes at 5000 rpm at 13°C. C ell pellets w ere w ashed in sterile 

distilled water and resuspended in lOOmM sodium phosphate buffer, pH7, containing 0.5% 

T w een 20. C ell density was adjusted to approximately 106 cells  per mL for kill rate studies 

and 1010 cells per mL for determination o f  respiration rate. C ell densities w ere confirm ed by 

the plate count method.

MIC determination

MIC values were determined in triplicate by an agar dilution method (Mann and Markham, 

1997).

Kill rate studies

Tea tree oil-induced reduction in cell viability was determined in continuously stirred 

suspensions containing a range o f  tea tree oil concentrations in lOOmM sodium phosphate
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buffer, pH 7, containing 0.5% Tw een 20 at 22°C. Suspensions were sam pled at 10m, 20m, 

30m , 60m  and 120m and transferred to an inactivation broth containing 0.1% peptone, 5% 

lecithin and 5% yeast extract. After 10m dilutions were prepared in 0.1% peptone and viable 

counts were performed on Trypticase Soy Agar to encourage resuscitation o f  sub-lethally 

impaired organisms. A ll experiments were repeated on three separate occasions.

Oxygen consumption

Oxygen consumption w as measured using a Clark-type oxygen electrode and oxygen meter 

(M icroelectrodes, Inc.) connected to a chart recorder. Cell suspensions (2mL final volum e in 

lOOmM sodium phosphate buffer, pH 7, containing 0.5% Tween 20) were treated with a 

range o f  tea tree oil concentrations and pre-incubated with stirring (5 minutes, 25°C). The 

change in oxygen concentration was measured after the addition o f  25 pm oles o f  D-glucose. 

Oxygen concentration was calculated as nm oles O2 consum ed per 2mL suspension and 

respiration rates are expressed as a percentage o f  the control activity which contained no tea 

tree oil. M easurements were carried out in duplicate and the experiment repeated on three 

separate occasions.

Electron microscopy

Logarithmic phase cells in Luria broth (Gibco BRL) were treated with 0.125%  or 0.25%  (v/v) 

tea tree oil for one hour, and untreated cells were included as controls. C ells were harvested 

by centrifugation and resuspended in 2.5% glutaraldehyde in 0.05M  cacodylate buffer, pH
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7.2, and fixed at room temperature for tw o hours. The cells were then washed in two changes 

o f  cacodylate buffer and stained in tannic acid  solution overnight. Stained cells were 

embedded in 1.25% (w /v) agar follow ed by dehydration and em bedding in increasing 

concentrations o f  alcohol, follow ed by epoxy propane and Epon 812. Polymerisation o f  the 

resin w as carried out overnight at 70°C. Sections were stained w ith uranyl acetate fo llow ed  

by lead citrate.
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In̂troduction

M onterpenes play an important role in grape and wine flavor (1,2). Cordonnier 
and B ayonove (3) were the first to suggest that grapes o f Vitis vinifera c v  M uscat o f  
Alexandria contain non-volatile form s o f  monoterpene glycosides. In grapes and 
w ines o f that variety, as w ell as o f  variety Rhine Riesling, W illiam s et al. (4 )  
identified a series o f glycosides o f  monoterpene alcohols.

The glycosides are not hydrolyzed during the fermentation process and remain 
as a non-utilized potential source o f  aroma (5).

The ratio between the potential (bound) and the free m onoterpenes varies 
between 5:1 in M uscat o f  Alexandria and 1:1 in som e non-muscat varieties (6).

1 * i.Lioalool- 2 - 3 - Nerol; 4 - Ô tronellol; 5- Hotrienol; 6- p-Menth-l-ene-9-ol; 7 - cis-Furan linalool
oxide; 8 - t̂rans-F^an linalool; 9 - cis-^^m linalool oxide; 11 - t̂rans-^^rn linalool oxide; 11 - 3,7- 
Dimethyl<octa-l-ene-3,7-diol; 12 - 3,7-Dimethylocta-l.5-diene-3.7-diol (and also Benzyl- and 2-phenylethyl- 
alcohols).
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The free monoterpenes are present in different quantities in different grape 
varieties: in muscat in particular, they form the major part of the aroma and consist 
essentially of terpenols in various states of oxidation and of terpenoid polyols (7).

The above figure shows the main aroma compounds in wine.

The non-volatile glycosidically bound terpenols in wines have been isolated 
and characterized by several investigators (1,5). The distribution of monoterpene 
glycosides in various plants has been summarized in a review by Stahl-Biskup (8).

Biosynthesis

In order to clarify the mechanism of formation and transportation of 
glycosidically bound monoterpenes in the leaves and the berries of grapes, we have 
accomplished a biosynthetic study of the formation of 14C-monoterpenyl glucoside 
(geranyl glucoside) in the leaves of Muscat of Alexandria. This was accomplished 
by two pathways (9):

Isolationof Monotereenvl UDP-GIucosvl Transferase (MUGT) 

Blending of muscat leaves in Tris solution
I

Filtration
I

Centrifugation at 4000 rpm (4°C)
1

Precipitation of MUGT by ammonium sulfate
I

Centrifugation at 9000 rpm (4°C)
I

MUGT precipitate
I

Dialysis of MUGT in Tris solution

Storage in deep freeze 
[in glycerol (20%) solution]

(a) By the reaction of the enzyme MUGT (Monoterpenyl Uridine
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Diphosphate Glucosyl Transferase), which was isolated from the leaves of Muscat of 
Alexandria (see the above flowsheet), and natural geraniol in the presence of !4C- 
UDPG (Uridine Diphosphate Glucose). The biosynthesis was carried out in a 
solution of Bis-tris propane (pH 6.9) containing magnesium chloride and DTT, at 
32°C, for periods of 1 and 24 hours. Upon termination of the incubation 14C-geranyl 
glucoside and the remaining reactants were adsorbed on a Cis-column. After elution 
with distilled water (which eluted the unreacted reactants), the column was eluted 
with methanol which eluted the glycosidic fraction. Removal of methanol yielded 
14C-geranyl glucoside as a solid product.

It was analyzed by thin-layer chromatography (TLC). The reference 
compound (geranyl glucose) was synthesized by treating glucose pentaacetate and 
geraniol, followed by a mild alkaline hydrolysis of geranyl glucoside pentaacetate 
with sodium methoxide.

The elution solvent for TLC was n-propanol-ethyl acetate 9:3). The spots on 
the chromatogram were detected by spraying with a solution of diphenylamine (2% 
in acetone) - 5 parts, aniline (2% in acetone) - 5 p@rts and phosphoric acid (85%) - 2 
parts followed by heating the plate at 120C. Rf of geranyl glucoside was 0.7. The 
identity of 14C-labeled geranyl glucoside was also detected by means of 
autoradiogram.

Glvcosvlation oflzeraniol by MUGT 

Incubation of MUGT, UDPG and Geraniol-C14

14
C-Geranyl glucoside + reactants

Adsorption on C1 s-column

Elution with water

l
Elution with methanol

l
Evaporation of methanol 

leaves ^C-Geranyl glucoside as solid product

Purification by preparative TLC

14,

(b) The alternative biosynthetic approach for the fonnation of geranyl 
glucoside was by the reaction of glucosyl transferase (MUGT) with 14C-labeled
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geraniol in the presence of UDPG. (See the above flowsheet).

The yield of 14C-labeled geranyl glucoside was lower by this pathway, 
probably due to the low specific activity of I4C-geraniol which was formed by 
incubating leaves of Geranium plant in 14C-CO2 containing atmosphere for 3 days, 
followed by steam distillation and extraction with a mixture of freon 11 and 
dichloromethane. Its specific activity and identity were measure by scintillation 
counter and verified by gas chromatography.

Enzymatic hydrolysis of monoterpenyl glycosides

It has been reported (6) that terpene flavorants of grapes are derived from a 
pool of non-volatile monoterpene glycosides which are regarded as "hidden” 
aromatic potentials. The glycosidic part was found to be mostly diglycosidic, 
whereas the aglycone moiety was terpenolic such as linalool, a-terpineol, citronellol, 
geraniol, hotrienol, linalool pyranic oxides and aromatic alcohols such as benzyl and 
2-phenylethyl.

In order to determine the bound fraction of the aroma of glycosidic hydrolysis, 
two methods were attempted. Acid hydrolysis was discarded because it induces 
considerable structural modifications of the free terpenols (3, 10). Enzyme treatment 
of grape juices and wines to increase the concentrations of volatile monoterpene 
flavorants could provide considerable benefit to wine making. Commercial enzymes 
such as rohapect C and other available pectinases were inactive for cleaving the 
glycosidic bonds at vinification temperature and pH levels, as well as in the presence 
of glycose and ethanol (2).

Recently we have isolated an endo-b-glycosidase from a unique strain of 
Aspergillus niger. Its optimum pH was 3.4 and its optimum temperature was 65°C 
(11). The enzyme's activity was not inhibited by fructose, sucrose, sulfur dioxide 
and was enhanced by ethanol. This enzyme was utilized during juice fermentation 
and also in wines for the enrichment of aroma by the hydrolysis of monoterpene 
glycosides.

Banthorpe et al (11) and Skopp and Horster (12) have attempted to clarify the 
possible involvement of monoterpene glycosides as the transport form of the free 
monoterpenes.

Feeding experiments with Muscat of Alexandria with 14C-labeled mevalonic 
acid indicated that monoterpene glycosides were transformed from the leaves to the 
berries (13).

The present study is in agreement with that proposal.
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ABSTRACT

The unique fragrant properties of essential oils are determined by the chemical 
structure and relative abundance of their volatile components. These volatile 
compounds belong to several chemical groups, such as mono- and sesquiterpenes, 
phenylpropanoids and others. Plants produce and store essential oils in specialized 
anatomical structures, such as oil cells, cavities, glands and ducts, and possess dedicated 
enzymatic pathways that biosynthesize the essential oil components from metabolic 
precursors. The presence or absence of particular biosynthetic enzymes in a given plant 
tissue, ultimately determines the composition of the essential oils produced and stored. 
This short review presentation focuses on a few examples demonstrating the several 
biosynthetic pathways to mono- and sesquiterpenes, phenolic compounds and other 
essential oil components. Some of the postulated ecological roles of essential oils are 
also discussed.

INTRODUCTION

The ecological roles of essential oils

Essential oils are volatile secondary metabolites largely responsible for the odors of 

aromatic plants. Most of them have biological roles that are still unknown, but in a few 

cases, their ecological roles, such as defense and biological recognition, is well established. 

For example, many plant pests are repelled by plant volatiles, while sometimes pest
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predators are attracted by the same volatiles (Takabayashi et al., 1994). Essential oils inhibit 

stored-product insect development, and studies are currently underway to test if  they could 

replace chemical fumigants to preserve grain during storage (Shaaya et a l, 1991). Essential 

oils also have allelopathic properties and inhibit plant germination (Dudai et a l,  1994). It is 

also well known that plant volatiles attract pollinators and entomophages (D obson 1993, 

Langenheim 1994), and serve as precursors for insect pheromones (Gijzen et a l,  1993).

Anatomical Specialization for Essential Oil Accumulation

Since essential oils are often water-insoluble products and toxic to  the plants that 

produce them, they are usually secreted into and stored in special metabolic compartments. 

Anatomical specialization to form unique secretory structures such as oil cells, oil glands, 

oil cavities and oil ducts are often encountered in aromatic plants. For example, in 

lemongrass (Cymbopogon citratus) the essential oil is stored in individual cells, scattered in 

the mesophyll tissues o f  leaves (Lewinsohn et a l. In Press). Other aromatic plants, such as 

those belonging to  the mint family (Lamiaceae) store and produce their essential oils in 

multicellular secretory glands (also called glandular trichomes), that are normally located on 

the surfaces o f  both sides o f  the leaves (Werker 1993). Other plants, such as citrus and 

patchouli store their essential oils in internal multicellular cavities (Fahn 1979). Many 

conifers store their resin in interconnected systems o f ‘ resin ducts’ by which the resin can be 

transported from one site o f  the plant to another (Fahn 1979). All these specialized tissues
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not only store the essential oils, but in most cases investigated, these tissues are also found 

to be the sites o f  their biosynthesis, and contain the enzymes involved in the special 

biosynthetic pathways to the different essential oil components (Croteau 1986, Gershenzon 

1994).

The biosynthetic pathways to essential oil components

The components o f  the essential oils are formed by discrete biochemical pathways, and 

therefore, they can be classified according to  their biochemical origin. Highly refined 

biosynthetic pathways that consist o f  arrays o f  specific enzymes that concertedly divert the 

metabolic flow  through well defined biosynthetic pathways. The biochemical and molecular 

regulation o f  these enzymes often follows well defined and discrete patterns. For example, 

the production o f  monoterpenes in grand fir (Abies grandis, Pinaceae ) is regulated by 

wounding (Lewinsohn et a l, 1992). In wounded grand fir stem tissues, the levels o f  several 

o f  the biosynthetic enzymes to mono- and diterpenes are expressed in very high levels, 

corresponding to  between 10 and 100 fold from the levels normally found in non-wounded 

tissues (Funk et al., 1994).

Many o f  the enzymes involved in menthol biosynthesis in peppermint, are active only during 

discrete stages during leaf development (Gershenzon 1994), and linalool emission from 

Clarkia flowers seems regulated by an increase o f  linalool biosynthetic activity and
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linalool-synthase gene expression both in discrete flower tissues and during flow er 

development and senescence (Pichersky et al. , 1994, Dudareva et a l, 1996).

Volatile metabolites are formed by distinct biochemical pathways and they are grouped 

according to their biochemical origin:

The terpenes comprise the largest biochemical group o f  natural products known. More than 

22,000 different terpenic chemical structures are known, and they share a common 

biosynthetic origin (McGarvey and Croteau 1995). Terpenes are derived from the enzymatic 

fusion o f  five-carbon isopentenyl pyrophosphate units (Croteau and Karp 1991), that are 

normally go to processes o f  cyclization and further modification to give rise to the vast 

majority o f  terpenes known. Many o f  the enzymes involved in these reactions have been 

studied and characterized (Croteau 1986, Gershenzon and Croteau 1993, McGarvey and 

Croteau 1995).

Other essential oil components, such as the short chain alcohols and aldehydes 

(l-octen -3-o l, hexanal) are formed by metabolic conversion or degradation o f  phospholipids 

and fatty acids (Croteau and Karp 1991).

The phenylpropanoids are important components o f  essential oils. This group includes 

fragrant compounds such as estragole, (found in tarragon and basil); eugenol (clove), 

myristicin (nutmeg), cinnamaldéhyde (cinnamon), and /-anethole (anise). Phenylpropanoids 

are all derived from the amino-acid phenylalanine by the action o f  the key enzyme 

phenylalanine ammonia lyase (PAL) that removes the amino group o f  phenylalanine to
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generate the key metabolic precursor /raws-cinnamic acid, which is also a precursor o f  

lignin, and the anthocyanin pigments in flowers and fruits. /-Cinnamic acid is modified by 

series o f  enzymes, including hydroxylases, methyltransferases, oxidoreductases and ligases 

that concertedly catalyze the reactions needed for the biosynthesis o f  the specific 

compounds (Croteau and Karp 1991). Methyltransferase enzymes that catalyze the specific 

methylation o f  the /?-hydroxyl groups o f  eugenol and chavicol generating methyl eugenol 

and methyl chavicol respectively, have been described in this symposium (Ziv-Raz et al., 

1997)

Conclusion

Essential oils are a unique class o f  secondary metabolites. They are responsible for the 

aromas and flavors o f  many plants and serve as chemical defenses against pathogens and 

pests. They are stored and biosynthesized in special anatomical organs, such as oil cells, oil 

cavities, ducts and glands. Arrays o f  enzymes normally present in these anatomical 

structures act upon their corresponding precursors in a well regulated manner to form the 

final products stored in such cavities or cells. Small chemical modifications, such as the 

degree or position o f  oxidation, often have profound effects on the aroma characteristics o f  

the essential oil components. Thus, evolutionary related enzymes catalyzing analogous 

reactions can give rise to products with diverse chemical and biological characteristics. This 

is reflected in the large diversity o f  the essential oils and their components found in nature.
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ABSTRACT
The separation o f terpene hydrocarbons from oxygenated aroma components was 

investigated using supercritical carbon dioxide for the fractionation o f  orange peel oil. To 
understand the process behavior o f this multicomponent system , phase equilibrium  
measurements and countercurrent column experiments were carried out. Extraction 
conditions were set within the temperature range from 323 to 343 K and pressures from  
8 MPa up to 13 MPa yielding loadings from 10 to 120 g extract/kg CO2. All samples were 
analyzed by gas chromatography. Comparing conditions at low and high loadings, a 
decrease in selectivity is observed with increasing loading at a constant temperature. At 
constant solvent-to-feed ratios, the separation is improved at high loading conditions using  
external reflux. Short-cut stage calculations with the method o f Janecke enabled the 
estimation o f process conditions depending on the desired product quality.

INTRODUCTION

Citrus oils, obtained by cold-pressing o f citrus peels during ju ice processing, are usually 

fractionated into terpene hydrocarbons and oxygenated aroma components to meet special 

demands for use in food, detergent, or other chemical industry. Since monoterpenes tend to 

decom pose at high temperatures, separation processes at moderate temperatures such as 

vacuum distillation, solvent extraction, and adsorption are used commercially. All o f them  

show disadvantages like toxic solvent residues or high process costs. One o f  the most 

prom ising alternatives is gas extraction, also called supercritical fluid extraction (SFE). 

Fractionation may be performed at moderate temperatures and without any remaining 

organic solvent in the products. Carbon dioxide is preferred as a supercritical solvent 

because it is nontoxic, nonflammable, inexpensive, and chem ically stable [1].

364

mailto:brunner@tu-harburg.d400.de


Up until the present, many researchers have studied the separation behavior o f  different 

aroma components o f citrus oils in supercritical CO2. M ost o f the papers report binary data 

for systems containing CO2 and a pure component with the objective to find suitable 

correlation methods based on equations o f  state. Studying the separation o f  real or model 

mixtures, it was found that supercritical CO2 is suitable to selectively extract the more 

volatile and non-polar monoterpene fraction [10].

There are only few studies on real multicomponent mixtures. Som e were carried out at low  

loading conditions [6] which are unfavorable from an economical point o f view . M ost o f  

the results found in literature are qualified for estimations but not sufficient to elaborate a 

large scale process. Therefore, to get reliable data for citrus oil deterpenation by means o f  

supercritical gases, the system CC>2+orange peel oil was studied with the objective to 

enable scale-up calculations.

MATERIALS A N D  ANALYTICAL M ETHODS

Valencia orange peel oil from Brazil was used in this study. Carbon dioxide was used 

with a purity higher than 99.95 wt.% (KW D, Germany). Ethanol p.a. (Merck, Germany) 

was utilized for sample preparation.

Gas chromatographic analysis was established using a Perkin Elmer (Germany) glass 

capillary GC type 8320 with FID detection. A non-polar capillary column o f type XTI-5 

(30 m, 0.25 mm ID, 0.25 pm df, by Restek, Germany) was used to enable the elution o f  

high-boiling components like flavonoids. Furthermore, retention behavior o f this type o f  

column is similar to the fractionation behavior o f CO2, and peaks within a certain retention
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time range can be lumped to pseudocomponents [2]. Helium (M esser Griesheim, Germany) 

served as carrier gas at an inlet pressure o f 145 kPa. 2 p 1 o f  diluted sample (10  mg sample 

in 1 ml ethanol) were injected using a split ratio o f 1:100. The follow ing temperature 

program was established: 313 K, 5 min constant, 3 K/min to 423 K, 5 K/min to 593 K, 15 

min constant; injector: 593 K, detector: 623 K. Samples with a high concentration o f 

oxygenated aroma components were diluted at 2 mg per ml ethanol to enable a good peak 

resolution. D ue to the variety o f com ponents, all response factors were set equal to one.

The feed material contained around 95 wt.% d-limonene, 3.25 wt.% o f  components with a 

lower boiling point than d-limonene, and 1.75 wt.% o f low  volatile components 

(oxygenated aroma components, sesquiterpenes, flavonoids). To sim plify the study, two 

pseudocomponents were defined. D -lim onene together with the more volatile components, 

mostly other monoterpenes, are referred to as a “terpene“ group. All other com ponents with 

a higher retention tim e than d-limonene are called ”aroma fraction” and include oxygenated 

components as well as sesquiterpenes, w axes, and flavonoides.

PHASE EQUILIBRIA

The temperature and pressure range for supercritical deterpenation was defined with 

respect to the follow ing considerations. Terpene solubilities below  1 wt.% in supercritical 

CO2 at extraction conditions should be avoided in order to allow econom ic processing. To 

enable loadings above 1 wt.%, temperatures o f 323 K and up are required due to the shape 

o f the phase diagram. Concerning product stability, a temperature limit may be around 

343 K [10], but it was never investigated under inert CO2 atmosphere. The pressure range
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was set starting from 8 MPa up to the one-phase region o f  the quasi-binary system  

CC>2+orange peel oil. Since the critical pressure for a mixture changes with temperature, 

the pressure lim it for VLE measurements for the system C 0 2+orange peel oil was around 

9.8 MPa at 323 K, 11.5 MPa at 333 K, and 13.2 MPa at 343 K. Deterpenation using  

supercritical C 0 2 has to be carried out below  these critical pressures.

Two different apparatus were used in the study o f vapor liquid equilibrium (VLE) data and 

are described elsewhere [9, 5]. Both are o f  the static-analytical type, and sampling o f the 

two phases is realized by means o f capillaries, using cold traps to collect all condensable 

material, and a burette system to measure the amount o f C 0 2. Additionally, one apparatus 

was designed to sample a large amount o f  the vapor phase using a second autoclave in 

series with the equilibrium cell. After circulating the vapor phase, this sampling autoclave 

contained 300 ml o f the vapor phase in equilibrium with the liquid phase. The autoclave 

was separated from the apparatus by means o f valves, and the entire content was 

withdrawn yielding larger amounts o f extract compared to the cold-trap method. However, 

results from both sampling procedures are in good agreement.

The mutual solubility o f the quasi-binary system can be illustrated in a P-x diagram with 

reference to the C 0 2 content o f both phases in equilibrium. Figure 1 show s VLE data 

measured at 323, 333, and 343 K. The measured vapor phase com position is in clear 

contrast to previously published data for the system C 0 2+orange peel oil [10]. The latter 

study reported no significant change in vapor phase com position for 323, 333, and 343 K. 

The reason for the discrepancy is assumed to be the unsuitable experimental method, using 

a dynamic C 0 2 flow  through just 10 ml o f feed.
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Liquid Phase Vapor Phase

Figure 1: VLE data for the system CO2+orange peel oil

A more detailed comparison with literature data for the system CO 2+lim onene is given 

elsewhere [3], and it confirmed the accuracy o f the data measured in this study. The phase 

behavior o f the system CO2+lim onene is very similar to that o f CO2+orange peel oil due to 

its high d-lim onene content. This is shown here by the good agreement o f the critical points 

for the binary system CO2+lim onene [11] with the phase boundary line for the real system  

data. However, the binary system ’s critical points are located at lower pressures than those 

for any pseudoternary system CO2+terpenes+aroma. Critical points will shift to higher 

pressures with an increasing amount of aroma in the mixture [3].

It can be seen from Figure 1 that extract solubilities in CO2 at 323 K are rather low. 

Therefore, high solvent-to-feed ratios are required to produce highly concentrated aroma 

fractions at 323 K. Even if loadings around 25 g extract/kg CO2 can be realized at 323 K
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and 9.6 MPa, this pressure is too close to the critical point of the mixture. Besides the 

similarity in density of both phases, what is unfavorable in countercurrent processing 

because of flooding, the major disadvantage to work close to a mixture’s critical point are 

the huge changes of mutual solubilities with very small changes in pressure.

To evaluate the selectivity of supercritical CO2, all samples were analyzed by GC and 

treated like pseudobinary mixtures of “terpenes” (T) and “aroma” (A) as explained above. 

The separation of both groups is expressed by the separation factor (X t / a  in a solvent-free 

representation:

^ T / A
Yt / x t 

Y a / X a

yi = concentration of i in liquid dissolved in the vapor phase
with

Xj = concentration of i in the CCVfree liquid phase

Figure 2 illustrates the dependency of the separation factor on loading at the three different 

temperatures for the system CCh+orange peel oil. While pressure is only an operation 

variable, the influence of the loading on selectivity was chosen due to its economical 

significance. Additional data from previous measurements are included in this figure [3].
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Figure 2: Selectivity of supercritical CO2 on the deterpenation of orange peel oil

Algebraic relationships were selected to describe the dependency of both separation factor 

and loading on pressure for each temperature. The lines in Figure 2 are calculated from 

these pressure depending functions. Since supercritical CO2 shows a higher affinity to 

terpenes than to aroma components, separation factors aT/A exceed the value of 1. It is clear 

that a high separation factor represents a good selectivity and is favored in multistage 

processing. On the other hand, high loading conditions are requested to minimize the 

solvent-to-feed ratio. Unfortunately, selectivity decreases with increased loading due to the 

fact that very close to a mixture’s critical point, both phases become very similar resulting 

in separation factors close to 1. This was observed for all temperatures.

At low loading conditions, the selectivity is best for low temperatures. This can be 

explained by the different increase in vapor pressures of the mixture’s components with 

increasing temperature. The relative change of vapor pressures is more distinct for high-
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boiling oxygenated aroma components than for monoterpenes. With an increasing amount 

of aroma components in the vapor phase, the separation factor decreases. The vapor 

pressure ratio of d-limonene and linalool, decanal, and geranial is shown in Figure 3.

Figure 3: Vapor pressure ratio for orange oil components (data from [8])

Another effect predominates at higher loadings. Since the critical loading increases with 

temperature (see Figure 1), there is still a reasonable selectivity at a loading around 

I 00 g/kg at 343 K while the system’s critical point is around 100 g/kg for 323 K. 

Therefore, the selectivity is best for high temperatures at high loading conditions, and the 

curves of Figure 2 have to intersect. The scattering in data at 323 K can be explained by the 

difficulty in sampling due to the low loading and distinctive sensitivity of solubility on 

pressure.

No significant change in liquid phase composition was observed for all measurements 

using a large amount of liquid feed (200 ml) and a solvent-to-feed mass ratio around 1: 1.
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However, there is a change in phase behavior with changing composition of the liquid 

phase. To enable stage calculations for a countercurrent process, both the dependency of 

the selectivity on composition and the change in mutual solubility of solvent and liquid has 

to be known. Assuming a constant separation factor will give no reliable scale-up 

calculation.

Since the McCabe-Thiele method does not account for the solvent, the stage calculation 

method of Janecke was applied in this study. Both short-cut methods are described in 

literature [ 1]. Figure 4 gives an example for the change of separation factor with liquid 

phase composition at 333 K and 10 MPa for the quasi-ternary system 

C02+terpenes+aroma. Measurements were carried out using both terpene fractions and 

concentrated aroma fractions obtained from countercurrent column experiments.

The decrease in selectivity with increasing terpene content is due to the different 

contribution of the variety of aroma components to the separation factor. Since high 

molecular weight components like flavonoids, sesquiterpenes, and its derivatives are hardly 

dissolved in the vapor phase, they contribute to a relatively high selectivity of CO2 for 

monoterpenes when using the feed material or aroma fractions. Fractions rich in terpenes 

only contain some volatile oxygenated aroma components like linalool and decanal, and 

these are more difficult to separate from monoterpenes. Consequently, the separation factor 

becomes smaller resulting in many theoretical stages needed to produce a terpene fraction 

of high purity.

372



Figure 4: Selectivity of CO 2 on the separation of terpenes and aroma components

V L E  data at 333  K, 10 M P a

Figure 5: Janecke diagram for the system C02+terpenes+aroma at 333 K and 1O MPa

The corresponding change in mutual solubility is illustrated in Figure 5 using Janecke 

coordinates. The composition of both phases is expressed by the ratio of solvent to
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condensable liquid, which is either extract or raffinate. Due to the low solubility of extract 

in the solvent, the solvent ratio for the vapor phase is high and changes significantly with 

composition. The tie lines connect points in equilibrium. Using analytical expressions for 

the three curves shown in both figures, equilibrium phase composition can be calculated 

easily. This enables the estimation of stages needed for a given separation task.

MULTISTAGE COUNTERCURRENT EXTRACTION

A typical example for a deterpenation process is the production of a 5-, IO-, or 25-fold 

aroma concentrate from orange peel oil. The concentration factor is defined as the mass 

flow ratio of feed and raffinate. Processing 100 kg orange oil and withdrawing 90 kg 

terpenes with the solvent will give IO kg of a I0-fold aroma concentrate. Due to the loss of 

small amounts of oxygenated aroma components with the terpene fraction, the real aroma 

concentration factor is less than IO for a I0-fold product. Aroma loss can be greatly 

reduced by establishing extract reflux at the top of the column. For example, a reflux ratio 

of 5 will result in a reflux flow of 450 kg/h, and 540 kg of terpenes have to be dissolved in 

the vapor phase. At low loading conditions of IO g/kg, the solvent flow needed to dissolve 

this amount of terpenes is easily estimated to be around 54000 kg/h. With increasing 

solubility, the solvent-to-feed ratio decreases and is around I00 for loading conditions of 

50 g/kg. This explains the need of high solubilities in order to reduce process costs.

The data shown in Figure 6 are calculated with the short-cut method of Janecke based on 

VLE data measured in this study. Additionally, data for the binary system CO2+limonene 

were taken from literature [7]. Some other assumptions have been made to enable the
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calculation. A linear decrease of the separation factor from xj=98.25 wt.% to xj=100 wt.% 

was assumed using a minimum separation factor of 1.1, while the larger value for 

xt=98.25 wt.% was calculated in analogy to that shown in Figure 2. The separation factor 

was set constant to this value at lower terpene contents. This is believed not to affect the 

calculation procedure since a high number of stages is only calculated in the enriching 

section at very low separation factors. At a constant temperature only pressure was used as 

a variable, and the solvent-to-feed ratio was calculated for the following examples.

Example A
10-fold concentrate

B
10-fold concentrate

C
25-fold concentrate

Feed flow, 
terpene content

100 kg/h, 
98.25 wt.%

100 kg/h, 
98.25 wt.%

100 kg/h, 
98.25 wt.%

Raffinate flow, 
terpene content

10 kg/h, 
84.3 wt.%

10 kg/h, 
83.4 wt. %

4 kg/h, 
61.05 wt.%

Extract flow, 
terpene content

90 kg/h, 
99.8 wt.%

90 kg/h, 
99.9 wt. %

96 kg/h, 
99.8 wt.%

Number of stages in 
enriching section

10 20 9 or 8

Number of stages in 
stripping section

5 5 6 or 7

Total number of stages 15 25 15

Table 1 : Parameters for stage calculations

When the phase behavior is known in the temperature and pressure range of interest, the 

parameters influencing stage calculations are the compositions of the products and the 

solvent-to-feed ratio. Product composition was set constant here, and therefore pressure is 

the key variable that influences the phase behavior. With the number of theoretical stages 

chosen to be constant, the solvent-to-feed ratio was determined.
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A number of 15 equilibrium stages was set to be suitable for both examples limited to an 

aroma loss of 0.2 wt.% with the terpene fraction. Reducing the amount of oxygenated 

aroma components in the extract to 0.1 wt.% required a much larger amount of equilibrium 

stages in the enriching section of the column due to small separation factors at high terpene 

concentrations (Figure 4).

Figure 6: Short-cut calculation of the countercurrent deterpenation process at 333 K

An increase in pressure enables a higher solubility combined with a decrease n selectivity. 

As long as the increase in solubility predominates, the process becomes more economic 

with increasing pressure. This is observed for all examples calculated here. The minimum 

solvent-to-feed ratio at 333 K is around 10.8 MPa. For 25-fold concentrates just one or two 

more stages are needed in the stripping section. Reducing the enriching section in order to 

work with a total number of 15 stages leads to a slightly lower minimum and a steeper 

increase at 11 MPa compared to the examples for 10-fold concentrates. At 11 MPa the
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loading is 40 g/kg and the separation factor still around 1.9 for a liquid of 98.25 wt.% 

terpenes (Figure 2).

The countercurrent column used in this study is 25 mm in inner diameter, 4 m high, and 

equipped with a structured packing of type EX (Sulzer, Switzerland). Detailed information 

can be found elsewhere [4]. Figure 7 shows experimental results from countercurrent 

column experiments at 333 K for two different solvent-to-feed ratios. All experiments were 

carried out to obtain a 5-fold concentrate. With a constant feed composition, the terpene 

content of the bottom product can be calculated by a mass balance depending on the 

composition of the extract. While at 50 kg CCVkg feed the terpene content of the extract 

was limited to 99.55 wt.% (0.45 wt.% aroma loss), the aroma loss was reduced to 0.3 wt.% 

using 100 kg CCVkg feed.

Figure 7: Comparison of countercurrent column experiments with stage calculations
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Those are the results obtained in a 4 m column, and therefore, the number of stages has 

been limited. From a comparison of experiments and stage calculations the height of one 

theoretical stage can be estimated, and it was found to be in the range of 0.5 m. The hollow 

symbols in Figure 7 represent the calculated extract compositions assuming 4 stages in the 

stripping section and 4 stages in the enriching section. In analogy to Figure 6, a change in 

separation efficiency is predicted at 10.8 MPa, but it was not confirmed by the 

experiments. This may be due to some inaccuracies of the simplified model. On the other 

hand, it is well known from literature that the height of a theoretical stage changes with 

hydrodynamic conditions [2]. Explaining the difference in calculation and measurement in 

Figure 7, the height of a theoretical stage decreases with increasing pressure, since reflux 

ratio is increased simultaneously with pressure at constant solvent-to-feed ratios and 

enables a better mixing of the phases.

SUMMARY AND OUTLOOK

To study the deterpenation of orange peel oil VLE measurements and countercurrent 

column experiments were carried out in a wide range of temperature and pressure in order 

to work at high loading conditions. Stage calculations with the simple short-cut method of 

Janecke allow a first estimation of optimum process conditions. Since the height of a 

theoretical stage depends on hydrodynamics, pilot plant experiments are needed to enable a 

reliable estimation of the design of an industrial scale process. However, the data presented 

in this study are the basis for scale-up calculations, and additional evaluation of column 

experiments at 323 and 343 K will complete the project’s objectives.
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The temperature stability of citrus oil in dense CO2 is still not known. In order to find the 

most suitable operation temperature, stability analysis in dependence of residence time of 

the product should be studied. It will also be a future objective to investigate other citrus 

oils like lemon oil and bergamot oil to study differences and similarities in phase behavior. 

With an increased knowledge of the influence of specific groups of aroma components the 

prediction of phase behavior might become more reliable.
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The HFC 134a Extraction of Fine Natural Products from Plants.
A review of recent world-wide progress.

Peter F. Wilde
Wilde & Co. "The 01-Factory" 91 Front Street, Sowerby, Thirsk UK - YO? 1JP.
Phone and Fax: + 441 845 523 452. E-Mail: wildeandco@compuserve.com

ABSTRACT

Since I discovered the remarkable solvent properties of HFC 134a to extract fine natural 
oils from flowers, in my garage in 1990, the use of this new technology has been expanding 
around the world. Hundreds of new oils, pharmaceuticals and industrial products are now 
being extracted with this solvent, in purpose built plant and equipment, in several countries. 
The European Parliament has now added HFC 134a to the "Solvents Directive" list and 
approved its use for the extraction of natural oils for food flavouring.

INTRODUCTION

The British have a traditional and legendary difficulty with their "inventors".

Typically there are two choices open to British innovators: a) emigrate (usually to the USA 
or Japan) or b). starve.

As for me, I don't yet know which it will be. Meantime, life could not be described as dull.

In the late 1980s I simply wanted to prepare the world's best quality English Rose oil. Most 
people are now familiar with this story o md 2) so I won't go into that now. However, I did 
find that it was necessary to "invent" new technology for its extraction.

At that time, there was no existing technique which would provide me with oils which 
were:

natural and not "cooked" (as are those obtained with steam distillation), 
without risk of personal incineration and
with low solvent residues (which ruled out hexane/gasoline extraction), 
without the necessity to "vacuum strip" (and risk losing "volatiles")

and then refine with alcohol (which ruled out hexane and DCM extraction) 
non-damaging to the environment (which ruled out all the above methods), 
produced at neutral pH, not pH 2 (which ruled out SCF extraction with C 02) 
made in equipment that I could afford (which again ruled out SCF Extraction)

Since describing this new HFC 134a extraction technology 4 anci and spending several 
years developing equipment necessary to handle it, rose oil has become only one of the
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hundreds of plant (and some animal) materials successfully extracted, which are now in 
commercial scale production in several countries.

Some examples o f successful products produced in this way are reviewed below. 

RESULTS AND DISCUSSION 

SIGNIFICANT PROPERTIES OF HFC 134a

HFC 134a is a highly selective solvent that does not remove waxes, triglycerides or high 
molecular weight fatty acids from plant bio-mass - It is not flammable nor toxic. It has a 
boiling point o f - 26 °C at atmospheric pressure. It has a vapour pressure o f only 6 BarG at 
25°C. All this makes it a simple solvent to handle, in extremely inexpensive equipment.

These properties also make it ideal for the extraction of flavour oils from fresh herbs and 
spices, fragrant oils from fresh flowers and pharmaceutical extracts of high purity and 
potency.

In addition, industrially significant products such as insecticides and plasticisers can be 
extracted. Drugs o f abuse can be assayed in body fluids and environmentally harmful 
chemicals such as carcinogenic poly-cyclic hydrocarbons and poly-chlorinated biphenyl's 
can also be removed from contaminated soils with this process.

EXAMPLES

Some of the plant bio-mass from which excellent oils have been experimentally or are now 
routinely extracted using HFC 134a as a solvent include:

AGAR W ^OD- "Oud" (A q u il la r ia  a g a l lo c h a )  

A^ERETIE SEED (A b e lm o s c h u s  m o s c h a tu s )  

ASAFOETIDA (F e r u la  a s a - f o e t id a )

BASIL (SACRED) "Tulsi" ( 0 .  s a n c tu m )

BLACK PEPPER ( P ip e r  n ig ru m )

CARDAMOM SEED (El e t ta r i a  c a r d o m o m u m )  

CASSIA BARK (C in n a m o m u m  c a s s ia )

CHILLI (GREEN)
CINNAMON BARK (C in n a m o m u m  z e y la n ic u m )  

COFFEE (both Roasted and Green)
CUMIN SEED (C u m in u m  c y m in u m )

ENGLISH ROSE FLOWERS 
FENUGREEK ( I 'r ig o n e l la  f o e n u m - g r a e c u m )  

GINGER R^OT ( Z in g ib e r  S p .)

HYACINTH FLOWERS (H y c in th u s  o r ie n ta l i s )  

JUNIPER BE^^ES (J u n ip e r u s  c o m m u n is )

L ip ia  c i t r ia d o r a  

MARIGOLDS ( C a le n d u la  o ff .)  

^EA^OW-SWEET (F il ip e n d u la  u lm a r ia )

AJOWAIN SEED ( I 'a c h y s p e r m u m  c o p t ic u m )  

ANISE SEED (1l l i c iu m  v e r u m )

BASIL (O c im u m  b a s i l ic u m )

BAY LEAF (L a u r u s  n o b i l i s )

BLACK TEA
CARAWAY SEED (C a r u m  c a r v i )

CHILLI (RED)
CHOCOLATE (both Milk and Dark)
CLOVE BUD (S y z y g iu m  a r o m a t ic u m )  

CORIANDER SEED (C o r ia n d r u m  s a t iv u m )

DILL SEED (A n e th u m  g r a v e o le n s )

FENNEL SEED ( F o e n ic u lu m  v u lg a r e )  

^^^^^N CEN SE ( B o s w e l l ia  c a r te r i  a n d  f r e e n a )  

HOP FLOWERS (H u m u lu s  lu p u lu s )

JAS^MINE (Flowers and Concrete) (J a sm in u m  o ff .)  
KALONJI SEED ( N ig e l la  s a l i v a )

LOVAGE SEED (L e v is t ic u m  o f f ic in a le )

MACE
MELISSA (M e lis s a  o f f ic in a l is )
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MUGUET ( C o n v o l la r ia  m a ja l i s )

NARCISSUS ( N a r c is s u s  p o e t i c u s )

^ ^ ^ ^ G  ( M y r i s t i c a f r a g r a n s )
ORRIS - R^OT ( I r is  p a l l i d a )

P im p in l la  a n is u m

SALVIA ( S a lv ia  s c la r e a  a n d  o f f ic in a l is )  

TUBEROSE ( P o l ia n th e s  tu b e r o s a )  

TU^RMERIC R^OT ("Fingers" and "Potatoes" 
VANILLA POD (V a n il la  p la n i f o l ia )

MYRRH ( C o m m ip h o r a  m o lm o l)

NEEM SEEDS ( a z a d ir a c h ta  in d ic a )

ORANGE (Peel and Flowers) ( C i t r u s  a u r a n tiu m )  
PAPRIKA FRUIT
SAW PALMETTO ( S e r e n o a r e p e n s )

TOBACCO LEAF ( N ic o t ia n a  to b a c c u m )  

THY^E LEAF ( T u r n u s  v u lg a r i s )
Cooked and (C u r c u m a  lo n g a )

WHITE PEPPER

Apart from all the above (fairly obvious) materials, interesting and unexpected products 
have been obtained using this technology to extract other bio-masses. For example:

1. Artemissia anua and A. absinthum (WORMWOOD)

This herb has been known for many years to be beneficial in the treatment o f malaria. In 
clinical trials, some examples of complete cures o f (normally terminal) cerebral malaria in 
children have been obtained using refined extracts of this herb. Two of the active principles 
are "Artemisinine" and "Artemisinic acid". Extraction of the carefully dried herb with HFC 
134a has yielded extracts with between 35% and in some cases as high as 70% content of 
these active ingredients. These extracts were very viscous, sticky, glutinous masses, 
probably because most of the light essential oils had been driven off by the drying process.

However, using freshly hatyested Artemissia absinthum (a close relative - better known as 
"Wormwood" and employed as a flavouring for "Vermouth") a light mobile clear oil was 
obtained (see sample).

2. Dypteryx odorata (TONKA BEANS)

Tonka Beans (Dypteryx ^ odorata) are well known to contain copious quantities of 
Coumarin, an ingredient used in most perfumes. Extraction of Tonka Beans with HFC 134a 
yields a pure white crystalline solid comprising 93% Coumarin. Curiously enough, no oil 
phase was obtained and the crystals were easily crushed into a powder (see sample). This is 
curious, because "super-critical carbon dioxide" extraction o f Tonka beans has been 
reported as yielding a TWO PHASE mixture o f crystals suspended in an OIL phase <6 >■ (see 
samples).

3. Azadirachta indica (NEEM)

Insecticides from the seeds, leaves and bark of the Neem Tree (Azadirachta indica) have 
been known and respected in India for thousands of years. Several o f the active principles: 
Azadirachtin, Meliantriol, Salanin, Nimbin and Nimbidin have been observed in HFC 134a 
extracts "in clean and highly potent form" from these seeds.
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Perhaps a new generation of novel insecticides will emerge from experimental work now 
being undertaken. Active insecticidal components are now being extracted from the Chilean 
wild plant Calceolaria andina. The purest and highest titre o f potency has been observed 
in extracts made using HFC 134a.

5. Chrysanthemum coccineum (PYRETHRUM)

The oldest natural insecticide in commercial use at present is "Pyrethrin" from the flowers 
of Kenyan or Tasmanian grown Chrysanthemum coccineum. These flowers have hitherto 
been dried and pelletised prior to extraction with hexane. The "oleo-resin" which results 
from this treatment requires a great deal o f refinement before the extract is o f any value in a 
domestic retail insecticide, as waxes, resins and triglycerides block the nozzles of domestic 
aerosol sprays.

Extraction of pelletised flowers (and also of the oleo-resin) with HFC 134a resulted in the 
production of a pale green mobile clear oil with a high titre of "Pyrethrin" and a low wax 
content (see sample).

6. Serenoa repens (SAW PALMETTO)

The "Saw Palmeto" is a valuable source of progestagens which are used in the treatment of 
prostatic carcinoma. HFC 134a has produced excellent extracts from dried Saw Palmetto

7. TrigoneUa foenum-graecum (FENUGREEK)

The eating of copious amounts of fenugreek has been widely reported to have 
cholesterolaemic activity. Unfortuantely, the penetrating aroma of fenugreek imparts a 
strong personal body odour to the eater. This has delayed the exploitation of its therapeutic 
advantages. HFC 134a has been shown to be able to remove this aroma and provide a "de- 
odourised" fenugreek product which still retains its full compliment of cholesterolaemic 
activity.

8. Organic Lanolin

In Britain, it is the law that all sheep are dipped in organo-phospherous insecticides once a 
year. The residues of these chemicals are found in the lanolin traditionally "scoured" from 
the raw fleece (sheeps' wool). This has ruined the lanolin industry in the UK. In South 
Africa, sheep are not treated in this way and "organic sheep" still yield good quality lanolin.

Extraction of raw South African "organic fleece" with HFC 134a yielded a light, mobile, 
clear fragrant oil with many of the characteristic advantages of traditional lanolin, but
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without many of its unpleasant characteristics (stickiness, high viscosity, opacity). A market 
for this novel product has yet to be found.

EXPERIMENTAL

The essential equipment used for all these extractions conforms to simple principles. 
Extractor(s), capable of withstanding 6 BarG at room temperature, are provided with a 
reservoir of liquid HFC 134a. Bio-mass is introduced into an extractor and this is then 
sealed. Solvent is allowed to percolate (upwards or downwards) through the bio-mass 
contained in the extractor. The solution of extract so formed is metered into an evaporator, 
where it is encouraged to boil (at no more than ambient temperature - of course). The 
resulting solvent gas is condensed and returned to the reservoir. This process is continued 
until no more active ingredient is washed from the bio-mass or until commercial 
considerations determine the extraction.

Finally, all the solvent is recovered from both extract and bio-mass and returned to the 
reservoir, where it is available for future extractions.

SUMMARY

Techniques for the extraction of valuable products with HFC 134a, from an apparently 
limitless range of bio-masses, are no longer a laboratory curiosity, they are commercial fact.

Two world class chemical companies are now seriously beginning to view this new market 
for their HFC 134a.

Seven or eight commercial or semi-commercial plants are now operating in five countries 
around the world. Several more are at advanced stages of design.

Firms of expert technologists and engineers have established facilities which offer to design, 
specify, fabricate, procure, erect, build, commission and maintain either turn-key skid 
mounted plant packages or larger scale bespoke equipment produced to the customers own 
requirements. They also carry out laboratory scale testing and produce samples for market 
testing.

The products of this process are now being traded.

A range of fine oils of exquisite quality is gaining an increasing share of the lucrative 
aromatherapy market, where a growing confidence in these excellent products is apparent 
in USA, Japan and Europe.
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The process is now

competitively extracting exquisite flavours from fresh herbs
extracting fine fragrance oils from fresh flowers
producing excellent natural aromatic flavour oils from culinary spices
refining "concretes", natural resins and "oleo-resins" to yield high value oils
extracting many industrially significant products
producing a wide range of pharmaceutically important extracts

with residue levels routinely 1/1000 of those normally experienced with 
hexane extracts.

The equipment operating now

is economical to purchase (costing less that 1/50th of that of a similar sized SCF 
Extraction plant),

uses practically no energy (a solar powered plant is at the concept stage) 
can be portable and taken to the crop 
can be automatic or manual
is without damage to the environment or hazard to the operating personnel.

One day all oils will be prepared this way.
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ABSTRACT

Australian tea tree oil quality is defined by the composition of 14 terpenes as set 
out in the ISO 4730 standard. Whilst much is known about the chemistry, in vitro efficacy 
and toxicity of this oil, additional data is still required if the oil is to become a recognised 
and creditable therapeutic agent. To address some of these key issues the Australian Tea 
Tree Oil Research Institute (ATTORI) was created in 1996 to provide a focal point for co­
ordinated research on all aspects of this commercially impo^ant oil. ATTORI has 
established collaborative and contractual research with various institutions to ^rther 
research into plant genetics, product formulation, efficacy in vitro and in vivo and clinical 
trials for topical applications. The use of tea tree oil for topical applications is supported 
by cell-line cytotoxicity studies. Of the five cell-lines tested with tea tree oil and various 
pure components, epithelial cells were most robust, whilst liver cells were the most 
susceptible. Recent results from a skin irritancy and sensitivity trial conducted on 151 
panellists revealed that tea tree oil is an extremely low irritant when applied to the skin, 
even in neat (100%) concentrations. Tea tree oil added to various formulation bases, at 
concentrations up to 25%, was not significantly different in irritancy from the placebo.

However, tea tree oil must be considered a mild allergen as 2% of the panellists 
tested to date showed an allergic reaction. Issues surrounding production, formulation and 
stability of low irritancy oil are also addressed.

BACKGROUND

The essential oil obtained from Melaleuca alternifolia is now clearly defined by 

ISO 4730 “Oil of Melaleuca - Terpinen-4-ol Type". This standard identifies a set of 

chemical parameters (Table 1) that stipulate the range of fourteen key terpenes identified 

in the definitive study of the terpinen-4-ol type tea tree oil (Brophy et al., 1989). It should 

be stressed that this standard is primarily a quality assurance tool for trade in pure tea tree
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oil and does not provide a definitive composition for op tim a concentrations of principal

bioactive compounds. The issue of optimal bioactivity of tea tree oil has been addressed 

(Southwell, et al., 1993, Carson and Riley, 1995) and must be linked ultimately with 

quality assurance.

TABLE 1
Normative Values of Tea Tree Oil Constituents

Constituent %Maximum %Minimum

1,8-cineole 15
a-terpinene 13 5
y-terpinene 28 10
p-cymene 12 0.5
terpinen-4-ol - 30
a-terpineol 8 1.5
a-pmene 6 1
terpinolene 5 1.5
limonene 4 0.5
sabinene 3.5 trace
aromadendrene 7 trace
5-cadinene 8 trace
globulol 3 trace
viridiflorol 1.5 trace

Sabinene hydrate occurs in high levels in the flush growth leaves of M altemifolia 

(Southwell and Stiff, 1989) which rapidly converts to terpinen-4-ol during leaf ageing or 

hydrodistillation. Our research (Cornwell et al., 1995) on this transformation indicates 

there is no biochemical control during the ageing process as the same chiral ratio of 

terpinen-4-ol (Leach et al., 1993) and the profile of related p-menthane products can be 

generated from sabinene hydrate by simple acid-catalysed hydrolysis. This pathway is not
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unique to M altemifolia (Cornwell et al., 1997) and parallels the chemistry of marjoram 

as elucidated by Fischer et al., (1987, 1988).

To develop a greater understanding of the many facets of tea tree oil, the Australian 

Tea Tree Oil Research Institute (ATTORI), a privately funded research centre, was set up 

in 1996 on the campus of Southern Cross University (SCU), Lismore with initial funding 

of AUS$60,000,000. The primary aim of the Institute is to conduct fundamental research 

into tea tree oil and to develop value-added products based on a better understanding of its 

properties and mode of action. ATTORI has established excellent research facilities in 

chemistry with an array of GCs, GCMS, GCAED, SFEGC, HSGC, and HPLC equipment; 

formulation with pilot batch manufacturing facilities up to 100kg capacity and 

collaborative interactions with microbiology and pharmacology staff. Over 300 tea tree oil 

based products are currently wider development for end-use in the areas of acne, hospital 

and household antiseptics and disinfectants, oral hygiene, tinea, candida infections, 

dandruff control, hair care and personal care products. To achieve this goal ATTORI 

currently out-sources a significant proportion of the research work. This will change in 

1998 when the Institute will have over twenty scientists accommodated in the new 

ATTORI building due to be completed in late 1997.

Through the Institute’s close association with SCU and working in collaboration 

with the university academic staff, ATTORI intends to grant postgraduate scholarships as 

well as postdoctoral and visiting fellowships in the areas of natural product chemistry,
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plant genetics, microbiology and pharmacology. The Institute’s longer terms aims are to 

investigate the pharmacological properties of other Australian native plants and to develop 

sustainable commercial production. This has already been extended to research into other 

natural substances and to the development of new and better applications for them. 

EFFICACY

Today’s consumers are seeking their health care needs more and more from natural 

sources. The expectations of fewer side effects and dissatisfaction with conventional 

medicine has led to an increasing demand for plant based health care products. 

Unfortunately, very few properly controlled efficacy studies have been conducted on 

natural products and without these studies, the benefits of such preparations have remained 

anecdotal at best. This was certainly true for tea tree oil which has over the past decade 

received considerable attention culminating in some excellent in vitro data (Carson et al., 

1993, 1995, 1996, Southwell et al., 1993). To advance the credibility of tea tree oil and its 

acceptance as a recognised therapeutic agent, major research into products that satisfy the 

demands of full clinical trials are required. ATTORI’s funding was raised to address this 

financial hurdle and the Institute now has external research projects being conducted at 

Curtin University, Royal Perth Hospital, Royal North Shore Hospital and Monash Medical 

Centre. These centres are currently involved in multi-centred clinical trials on human 

volunteers on acne, tinea and dandruff with combined patient numbers of over 500. These 

trials should all be completed by early 1998 and will provide statistically significant data
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to clarify the hither to anecdotal claims for tea tree oil. A joint industry/govemment 

funded clinical trial on infection control is being conducted for MRSA (Methacillin 

Resistant Staphylococcus aureus). Pilot studies are also underway on oral and vaginal 

Candida infections and Vancomycin Resistant Enterococci (VRE).

To optimise the efficacy of formulations it is necessary to determine the mode of 

action of tea tree oil against micro-organisms. Work is being performed at two centres 

using sensitive probes to determine both physical and biochemical effects of tea tree oil on 

a range of micro-organisms. Linked to this study is a detailed fractionation of tea tree oil 

and investigation of its components. The aim is to identify the potency of each component 

against bacteria and to determine if there is synergy within the mixture. There is also 

anecdotal evidence that tea tree oil has anti-inflammatory, skin penetration and insecticidal 

properties. Such claims are under investigation by ATTORI and contracts are being 

negotiated and in some cases have been exchanged to commence work in these areas.

As the use of tea tree oil as a therapeutic agent increases there is an increasing need 

for validated scientific data that addresses important issues surrounding toxicity and skin 

irritancy and sensitivity.

TOXICITY

Tea tree oil has an acute oral toxicity in rats of 1.9-2.6 mL/kg body weight and an 

acute dermal toxicity in rabbits of >2g/kg body weight (Altman, 1991). These findings 

place tea tree oil in a moderate toxicity category and are in line with known toxicity levels
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for pure terpenic compounds, in the order of 2-5g/kg body weight. Following on from 

preliminary cytotoxicity data reported by Sonderberg et al. ( 1996) we have recently 

completed a more detailed study of the cytotoxicity of tea tree oil and some of its major 

components using a range of human cell lines (Hayes et al, 1997). The assay employed 

MTS ((3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H- 

tê trazolium)) in a colourometric method to measure cell proliferation based on 

mitochodrial dehydrogenase activity. Two exposure times, 4 and 24 hours, are used for 

the assay against five different human cell lines. Results of the 4 hour MTS assay indicate 

the acute effect of the test compounds on the cellular activity of the cell lines tested, while 

MTS with 24 hour exposure showed further cumulative toxicity on the cells.

Results of the cytotoxicity study for IC50 values for only the liver (HepG2) and 

epithelial (HeLa) cell lines at 4 and 24 hour incubation periods for 100% tea tree oil and 

its major oxygenated monoterpenes terpinen-4-ol, a-terpineol and 1,8-cineole are 

presented in Table 2 and Table 3 respectively. Aspirin and mercuric chloride were chosen 

as the controls. Aspirin is available as an OTC drug and is regarded as a moderately safe 

compound with extensive toxicity data available on its usage and a LD50 value of 

approximately 1.3 g/kg. Mercuric chloride is described as a 'violent poison' and 'highly 

toxic' with 1-2 g often resulting in fatalities.
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TABLE 2
IC50 Values (g/L) of Tea Tree Oil Components and Standards of Aspirin and 

Mercuric Chloride at an Incubation Period of 4 Hours Against Two Cell Lines

CELLS HeLa Hep G2

Tea Tree Oil 2.8010.90 2.8010.30
1,8-Cineole 3.8010.40 3.0010.65
Terpinen-4-ol 2.7010.30 0.5010.09
a-Terpineol 1.1010.20 0.8010.22
Mercuric Chloride 0.0510.01 0.0510.01
Aspirin 2.4010.42 2.1010.40

IC50  values expressed as Mean 1 SD, where a minimum of two repeats with six 

measurements per dilution were performed on each test compound.

TABLE 3
IC50 Values (g/L) of Tea Tree Oil Components and Standards of Aspirin and 

Mercuric Chloride at an Incubation Period of 24 Hours Against Two Cell Lines

CELLS HeLa Hep G2

Tea Tree Oil 2.7010.07 0.0210.006
1,8-Cineole 2.510.50 0.1410.06
Terpinen-4-ol 0.1410.012 0.0610.01
a-Terpineol 0.1510.01 0.0210.008
Mercuric Chloride 0.0510.01 0.0110.005
Aspirin 1.4010.27 0.25±0.03

IC50  values expressed as Mean ±SD, where a minimum of two repeats with six 

measurements per dilution were performed on each test compound.
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The results indicate that a-terpineol is the most cytotoxic of the tea tree oil 

components tested. Tea tree oil and terpinen-4-ol have similar toxicity with the exception 

of their affect on Hep G2 cells at 4 hours, but at 24 hours the IC50 values are again

similar. 1,8-Cineole is the least toxic in most cell lines tested and is comparable to that of 

aspirin in its toxic rating. All test compounds other than 1,8-cineole at 4 hours showed an 

increase in cell death when compared to that of the standard control aspirin, while 

mercuric chloride at both 4 and 24 hour time periods with respect to all components tested 

had the most cytotoxic effect on all cell lines. The overall rating for toxicity of tea tree oil 

and its components was a-terpineol>tea tree oil>terpinen-4-ol>1,8-cineole and with 

reference to tea tree oil and the controls used the toxicity rating was mercuric chloride>tea 

tree oil>aspirin.

The IC50 range of tea tree oil in the human cell lines tested was 0.02-2.8g/L and 

compares favourably with the LD50 in vivo of rats of 1.9-2.6 mL/kg (Altman, 1991). The 

IC50 range of 1,8-cineole in the cell lines tested was O.l4-4.20g/L which is also 

comparable to the published acute toxicity (rabbit dermal and rat oral) value of 2-5g/kg 

body weight (Villar et a l, 1994). These results indicate that human cells show a greater 

sensitivity to tea tree oil than rats, suggesting a greater susceptibility of cells in a closed 

experimental culture system than similar cells involved with the metabolic dynamics of an 

experimental animal.

Of the five cell lines tested, epithelial like cells (HeLa) at a time period of 4 hours 

were the most robust cells with respect to the monoterpene alcohol based tea tree oil 

components while the liver derived cells (Hep G2) at 24 hours were the most susceptible. 

HeLa cells have been used extensively as a good model for toxicity studies (Ekwall, 1983; 

Ekwall et al., 1990) and are phenotyped similar to human skin fibroblasts. ^ur
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cytotoxicity results support the use of tea tree oil in topical applications but not for 

ingestion purposes. These differences in cytotoxicity of cell lines could indicate a 

metabolic difference between the HeLa and the Hep G2 cell lines. As the liver is the 

major organ for metabolism these observations for increased cytotoxicity of the 

oxygenated monoterpenes terpinen-4-ol, 1,8-cineole and a-terpineol could be a result of 

direct inhibition of liver cells by these compounds or by their resulting metabolites.

The results of this study indicate the usefulness of the in vitro cytotoxicity assay 

MTS as an excellent, rapid technique for elucidating the toxic properties of essential oils 

such as tea tree oil and its components without the ethical problem of using experimental 

animals 

IRRITANCY

Tea tree oil is used as a topical disinfectant and as its use increases there has been 

growing concern about skin irritancy and sensitivity (Southwell et al.9 1997). To address 

this issue ATTORI has contracted the Skin and Cancer Foundation, Australia, to conduct 

irritancy and sensitisation studies on 300 volunteers. On the 150 volunteers tested to date, 

irritation scores were not significantly different from the placebo for formulations using a 

variety of bases including gels, creams and lotions, containing up to 25% Main Camp 

Pharmaceutical Grade tea tree oil. For neat (100%) oil an average daily score of 0.1922 

was observed (based on a scale of 0 = no reaction, 1 = erythema, 2 = erythema & odema,

3 = vesiculation and 4 = bulla formation), thereby confirming that tea tree oil is an 

extremely low irritant when applied to the skin. However, tea tree oil must be considered
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a mild allergen as 2% of the panellists showed an allergic reaction. Possible reasons for 

the adverse reactions to tea tree oil could include:-

1) The inherent irritancy of one or more o f the 10CH- components of tea tree oil.

2) Irritation from degradation products formed during the manufacturing process (e.g. 

uncontrolled distillation and poor storage conditions).

3) Allergens and irritants introduced from weeds harvested with the tea tree biomass.

4) Adulteration o f tea tree oil with cheaper oils.

ATTORI is following up this irritancy/sensitivity study with additional trials on 

panellists that displayed sensitisation. The oil used in the preliminary study has been 

fractionated and the fractions subjected to detailed chemical analysis and resubmitted to 

the Skin and Cancer Foundation for further assessment. It is anticipated that the results 

will elucidate the compound(s) that cause the sensitisation and that such compound(s) can 

then be minimised or eliminated from the oil.

STABILITY

Tea tree oil is susceptible to oxidation and this is highlighted by the analytical data 

(Table 4) presented for two oils stored at room temperature in the dark in glass bottles. 

Several important trends are apparent. Firstly terpinen-4-ol concentration can increase 

significantly over time whilst the 1,8-cineole level remains constant. Secondly, the 

monoterpene hydrocarbons a-terpinene, y-terpinene and a-terpinolene decrease, in some 

cases markedly, over time.
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TABLE 4
Stability Data for Tea Tree Oil Components Over Two Years

Batch No #1 #2

Time (years) 0 1 2 0 1 2

COMPONENT

terpinen-4-ol 40.6 45.9 45.1 40.3 41.4 40.8 !

1,8-cineole 2.1 2.0 1.9 2.7 2.8 2.6

a-terpinene 8.2 7.0 5.8 8.5 9.1 2.9

y-terpinene 17.0 15.1 12.8 18.5 21.1 10.6

a-terpinolene 3.3 2.7 2.5 3.3 3.4 2.1

p-cymene 5.7 5.2 4.7 2.5 2.9 10.1 j

Finally, p-cymene concentration can increase to levels approaching its upper limit 

of 12% in the ISO 4730 standard. Two pathways are operating here (Figure 1), one 

involving hydrolysis of the pi bond at C-4 to produce terpinen-4-ol, the other involving 

oxidation of the p-menthane skeleton to its benzene analogue, p-cymene. The first 

pathway must involve water present in the oil through the steam distillation extraction 

process and presumably trace volatile organic acids that may catalyse the reaction. Ageing 

processes that enhance oil quality must be thoroughly understood through the monitoring 

of simple parameters such as moisture and pH. The second pathway is well known in
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terpene chemistry however the various oxidising agents and catalysts that are involved in 

tea tree oil degradation require further investigation.

The key chemical indicator o f oil treatment during processing and storage is p- 

cymene and elevated levels are usually an indication of poor storage conditions, old oil or 

harsh treatment during extraction. An upper level o f 12% in the draft standard may need 

closer scrutiny and could be revised downwards to provide greater quality assurance.

a-terpinene y-terpinene a-terpinolene

terpinen-4-ol p-cymene

FIGURE 1. Degradation Pathways of Some Monoterpene Hydrocarbons
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Tea tree oil has excellent penetration properties, a plus for its therapeutic activity 

but a problem for storage and packaging. The oil’s affinity for simple olefinic plastics 

renders these containers unsuitable. Stainless steel is far superior to galvanised iron and 

epoxy lined steel containers and is the container of choice for medium to long term storage 

(up to two years) and shipping of bulk quantities. Fluorinated HDPE and coloured glass 

bottles (which must incorporate an aluminium lined plastic cap) are satisfactory for short 

to medium term storage for smaller quantities of oil. These simple packaging guidelines 

apply equally well to formulated products, although the lower levels of tea tree oil and the 

formulation matrix of some products may permit adequate stability in common plastics 

such as HDPE and polypropylene. This is not always the case as the data in Table 5 

reveals. Using glass as the reference storage container losses over 50% can be observed at 

temperatures of 30°C over three months.

TABLE 5
Stability of Terpinen-4-ol and 1,8-Cineole at 30°C in Different Containers.

Container Type Product Terpinen-4-ol 1,8-Cineole
Batch No (mg/lOOg) (mg/100g)

Glass 16 569 62.5
HDPolyethylene 16 417 40.6
Polypropylene 16 375 26.6
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OIL PRODUCTION

As part of the process of improving tea tree oil, ATTORI, in conjunction with 

Southern Cross University, has collected leaf and seed samples from 600 M. altemifolia 

trees across its natural distribution. This material will be profiled using microsatellite 

DNA markers that will be correlated with oil yield and oil quality parameters. Such data 

will be used to identify trees for breeding programs that will be directed towards specific 

oil quality and yield characteristics. This research is linked to another investigation into 

the biosynthetic pathway of tea tree oil formation. As part o f its ISO 9000 oil production 

process Main Camp plantation has a patented post-distillation process that improves water 

separation, oil clarity and odour. This process may be a significant contributor to the 

production of low irritancy oil whilst ensuring uniformity o f product from batch to batch 

and season to season.
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PACKED COLUMN SFC IN THE ANALYSIS OF TERPENOIDS
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via P. Giuria 9 -1-10125 Torino (Italy)

SUMMARY
Packed column supercritical fluid chromatography (p-SFC) has recently stimulated interest 

as an alternative to HPLC. This has mainly been due to the introduction of variable and 
programmable restrictors, on-line flow rate controllers and high pressure cells for UV detectors, 
which have afforded reliable quali-quantitative results, p -SFC has now sample capacity similar to 
HPLC, operates with the same columns, and in general requires shorter analysis times because of 
the higher theoretical plate number per unit time.

This communication aims to focus on the advantages and disadvantages of /?-SFC, and the 
strategy adopted in the authors' laboratory to develop new p -SFC methods are illustrated through 
some examples involving terpenoids related to aromatic plants (in particular sesquiterpene lactones 
and triterpenoids).

INTRODUCTION.

Since Klesper introduced it in 1962, supercritical fluid chromatography (SFC) has continued 

to experience some difficulties in becoming really popular. This may be because SFC lies between 

gas- and liquid-chromatography, and most people probably assume that these two alone already 

cover all fields of applications. This brought to underestimate the possibilities of SFC very 

seriously.

A fluid is in a supercritical state when it is above its critical pressure and temperature. The 

characteristics of a supercritical fluid are in between those of a liquid and those of a gas, since they 

have the density and the solvating power of a liquid, the viscosity of a gas, while their diffusivity is 

intermediate between liquids and gases.

The most popular supercritical fluid is CO2 , because it is non-toxic and environmentally 

safe, and it can be brought to a supercritical state under relatively mild conditions (31 °C and 73 

bar). Supercritical CO2 polarity is medium-to-low, and this limits its use in the analysis of highly 

polar compounds. On the other hand, at present, no polar supercritical fluid has been found with
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characteristics com parable to that o f  supercritical CO 2 . But, the polarity o f  a supercritical fluid can 

be varied not only chemically, as is usual for a liquid, through a m iscible soluble polar chem ical 

m odifier such as m ethanol, ethanol, or acetonitrile, but also physically, through its density, that is 

pressure and tem perature.

Since the beginning, SFC has continued to evolve along tw o general lines: capillary colum ns 

and packed columns. Recently there has been a resurgence o f  interest in the use o f  packed colum ns 

in SFC, thanks to the introduction o f  variable and program m able restrictors, on-line flow rate 

controllers and high pressure cells for UV detectors. As a consequence, packed column SFC (p- 

SFC) has again gained interest as an alternative to HPLC, since a) it has sim ilar sample capacity; b) 

it uses the sam e colum ns as in HPLC; c) it is easier than is HPLC to couple w ith m ass spectrometry, 

or w ith general detectors, such as FID, or evaporative light scattering detector; and d) it has a higher 

theoretical plate num ber per unit time, which m eans shorter analysis tim es and reliable quali­

quantitative results. This last is the best know n characteristic o f  SFC, and in general most people 

look for quick analysis results, without considering several others im portant properties o f  SFC, such 

as selectivity and efficiency.

EXAMPLES OF p-SFC APPLICATIONS TO ANALYSIS OF TERPENOIDS EXTRACTS

The possibilities o f  p-SFC /U V , mainly in com parison w ith HPLC will be illustrated w ith the 

following exam ples.

The first exam ple aim s to illustrate the best known property o f  SFC/UV, that is high analysis 

speed, together with another important point for routine analysis, that is column conditions stability 

over a series o f  analyses. It concerns the analysis o f iridals in Iris p a llid a  rhizome extracts [ 1].

Iridals are a class o f  triterpenoids characteristic o f  the Iris genera which have been 

dem onstrated to be the precursors o f  irones. Irones are a group o f  com pounds that are prized in the 

perfume industry because o f their attractive violet smell (Fig. 1). Iridals are generally analysed by 

HPLC with a C l8  column and m ethanol-w ater as mobile phase and the method is well established. 

But, when a high num ber o f  injections per day are required, a one hour analysis is too long. 

M oreover, in routine HPLC analysis o f  iridals, after a number o f  injections (10 to 15), column
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pressure often abnormally increases probably because o f  the coextracted fatty acids. As a 

consequence, colum n m ust very often be reconditioned.

SFC/UV analysis w ith a cyano colum n and supercritical CO 2  m odified w ith m ethanol as 

mobile phase halved the analysis tim e, but, even m ore important, column conditions during repeated 

analyses were constant, thus allowing us to run 80 to 100 injections before column reconditioning 

became necessary (Fig.2)

The next application aims to stress efficiency, selectivity and flexibility o f  p-SFC /U V  [2]. 

Sesquiterpene lactones are a group o f  about 500 compounds w hich are present in several plant 

families and w hich show  interesting biological or therapeutic activity. These compounds, whose 

molecular m ass generally ranges from  230 to 500, are close in polarity, therm olabile, and their 

volatility is low, therefore up to now, they have generally been analysed by reverse phase HPLC.

This exam ple aims to em phasize the role o f pressure in SFC selectivity. Eighteen 

sesquiterpene lactones w ith different carbon skeletons belonging to the groups o f  the 

germacranolides, guaianolides, eudesm anolides, seco-eudesm anolides, and helenanolides were 

analysed. Fig. 3 reports the structures o f the lactones investigated. The most interesting results were 

obtained w ith a cyano colum n and supercritical C O 2 m odified w ith MeOH/H2 O 95/5 as mobile 

phase. Under these conditions, the eighteen lactones were well separated, by analysing them  in two 

sub-groups according to vegetable origin, skeleton and polarity. The two sub-groups were 

differentiated by varying the CO 2  elution strength which was varied only by pressure: the first one 

which contains the less polar lactones was analysed at 14 MPa, while the second one, containing the 

more polar ones, was analysed at 20 M pa (Fig. 4 and 5).

Several lactonic extracts from many plants were then analysed.

The analysis o f  SL extracts from A rtem isia  um belliform is Lam. is here reported. A. 

umbelliformis is one o f  the m ain ingredients for typical alpine liqueurs, because o f  its arom atic and 

sesquiterpene lactones-related bitter properties, and it contains tw o hydroperoxytelekines, A U l and 

AU2, and umbellifolide, among others. Fig. 6 reports the SFC/UV pattern o f  the Artem isia  

um belliformis extract carried out at 20M Pa. It is again interesting to rem ark the role that pressure 

plays on the selectivity o f  the chromatographic system: umbellifolide and AU2 reverse their elution
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order when analysed at different pressures, w ithout varying the other analysis param eters: at 20M Pa 

AU2 elutes before um bellifolide, w hile at 3GMPa the contrary occurs.

CONCLUSIONS:

In conclusion, p -SFC is a technique that is very useful in the field o f  natural extracts, and that 

is alternative and/or com plem entary to HPLC. In addition to its quickness, efficiency and selectivity, 

one o f  the m ain characterics o f  p -SFC is that, because o f  the low  polarity o f  supercritical CO2 , it 

mainly works by norm al phase, while m ost HPLC applications (i.e. over 90%) are made in reverse 

phase mode. SFC is therefore particularly useful for the analysis o f  slightly or moderately polar 

compounds, as is the case o f  several classes o f terpenoids related to our field.
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IRIDALS AND IRONES

(6S.7R, 10S, 11S, 1BR, 22S) -16,17,19,20-Tetrahydro- 
-2,7,18,19,22,23-hexahydro-22-3-0,7:18,23-dicycioiridal

Iriflorental

a-!rone

y-Irò ne

Fig. 1: Iridals and irones

IR ID A L  F R A C T IO N  F R O M  IR IS  P A L L ID A  L.

4 6
a 3 j b 4

A

HPLC/UV (a)
Column: Nucleosil C18 5U; 250 x 4.6 mm, 5 urn 
Mobile phase MeOH/H20, flow rate: 1.5ml/min 
Programme, from 3:7 to 8 2 in 11 min 115 min t  

to pure MeOH in 20min 
UV detection 254 nm

SFC/UV (b)
Columns Bio Sil CN 90-5 S; 250 x 4.6 mm, 5 pm 
Mobile phase. C02: flowrate: 1.5ml/min:T: 40°C 
Modifier MeOH l%tl%/min.t25%
Pressure 80 bart20bar/mint250 bar 
UV detection : 254 nm

30 8 10 12 14 min

Fig.2 HPLC and p-SFC  analysis o f  iridals
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Fig. 3 Structures and names of the lactones investigated
(I) cnicin, (2) costunolide, (3) glaucolide A, (4) tatridine A, (5) tatridine B, (6) santamarine, (7) a- 
santonine, (8) isosilerolide, (9) isoallantolactone, (10) 5-deoxy-5-hydroperoxy-5-epitelekine (AU1),
(II) 5-deoxy-5-hydroperoxy-5-telekine (AU2), (12) telekine, (13) umbellifolide, (14) artabsine, (15) 
epizaluzanine C, (16) parthenine, (17) zaluzanine D, (18) graveolide
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Cosiunolide (3), isosilerolide (10), zaluzanine D (21), graveolide (22), 
artabsine (18), santamarine (8) and glaucolide (4)

^ 1 0

<3 ?
18

\

lajJllflJUViUi1

c¥f

Analysis Conditions:
SFC/UV system: Gilson SF3™
Column: S3-Nitrile spherisorb (CN)

3 pm, 150x4.6 mm 
Pressure: 14 Mpa 
Temperature: 50'C 
Modifier: MeOH/HjO (95/5)

Progr.:from 0% to 10% at 0.25%/min

O 5 10 15 2 0  min

Fig. 4 Analysis o f sesquiterpene lactones eluting at 14 M pa

SESQUITERPENE LACTONES STANDARD MIXTURE 2

Isoallantoiactone (12), telekine (15), umbellifolide (16), a-santonine (9). 
epizaluzanine C (19), tatridine A (6), tatridine B (7). parthenine (20) and cnicin (2).

ÇPî- Analysis Conditions:
SFC/UV system: Gilson SF3™ 
Column:S3-Nitrile spherisorb (CN)

3 pm,150x4 6 mm 
Pressure: 20 Mpa Temp . 50*C 
Modifier: Me0H/H20  (95/5)

Progr.: from 0% to 10% at 0,5%/min

O 5 10 15 2 0  25  min

Fig. 5 Analysis o f  sesquiterpene lactones eluting at 20 M pa
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SESQUITERPENE LACTONE EXTRACT FROM ARTEM IS IA  U M B E LL IF O R M IS
AU 1 (13). AU2 (14) and um be llife re  (16).

Analysis Conditions:
SFC/UV system: Gilson SF3™
Column S3-Nilrile spherisorb (CN)

3 pm, 150x4 6 mm 
Pressure: 20 MPa 
Temperature 50*C 
Modifier: MeOH/HjO (95/5)
Modifier progr.:from 0% to 10% at 0.5%/min

r
O 5 10 , 15 min

Çpÿ"3

Fig. 6 SFC/UV pattern of the Artemisia umbelliformis extract

SESQUITERPENE LACTONES STANDARD MIXTURE 3

AU 1(13), AU2 (14) and umbellifolide (16).
Analysis Conditions: SFC/UV system: Gilson SF3™ ; Column: S3-Nitrile spherisorb (CN) 3 pm.150x4 6 mm;

Temperature: 50*C; Modifier: MeOH/HjO (95/5); Modifier progr :from 0% to 10% at 0.5%/min

20  M P a

q?? çpÿ*
30 M P a

5  1 0  1 5  m in

Fig. 7 SFC/UV patterns o f the Artemisia umbelliformis extract carried out at 20mpa and 30MPa.
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C o n t r o l  o f  s t o r a g e  diseases o f p o t a t o  a n d  s p r o u t inhibition b y  p l a n t
VOLATILES.

Ulla Bang
Swedish University of Agricultural Sciences, Dept. of Agric. Res. for N. Sweden, Section o f PL 
Prot., Box 4097, S-904 03 Umea, Sweden.

ABSTRACT

Experiments to control storage rots caused by Fusarium solani var. coeruleum (Sacc.) 
Booth and the silver scurf organism, Helminthosporium solani Dur. et Mont, on artificially 
inoculated tubers of potato (Solanum tuberosum L.) by using plant volatiles are described. 
Tubers were kept a t+ I0  °C during 2-3 weeks in an aromatic atmosphere obtained from 
essential oils (EO) or from homogenised plant material. In addition, in vitro-experiments 
on agar plates were carried out to study the fungistatic/fungicidal nature of the vapours and 
to compare the results from the two experimental systems. Also, the effect of some 
volatiles on sprouting of tubers is reported.

Significant reductions of both pathogens were achieved in vitro and in vivo with 
vapours of garlic EO (Allium sativum). Groundcloves of garlic and and onions (Allium 
cepa) were tested against F.solani in vivo and found effective. At the doses used, caraway 
EO (Carum carvi) was effective against H. solani, only. Essential oil of sage (Salvia 
officinalis) significantlycontrolled the attack of both fungi on tubers, although its 
fungitoxic effect in in vitro experiments were lacking or very weak. Basil EO (Ocimum 
basilicum) and balsam poplar EO (Populus balsamifera) increased the incidence of F. 
solani and H. solani, respectively. The in vitro experiments revealed no or only fungistatic 
effects of these oils.

Sprouting of tubers, cv Bintje, was influenced by many plant extracts already after 3 
wks vapour treatment in spring. An almost complete sprout suppression was achieved in cv 
Hertha by many volatiles after a continous treatment during the summer months in 1996.

INTRODUCTION

Both synthetic fungicides and as well as sprout-inhibitors may be found as residues in 
treated potato tubers (Solanum tuberosum L.) and products thereof. Also, various fungal 
potato pathogens have developed resistance against the former. These drawbacks and the 
scrutiny by consumers and food safety regulators, has increased the interest to develop 
alternative control methods based on environmentally sound, natural substances. This is 
not a new idea. In the country of origin of the potato, the Inkas put leaves of Muna plants 
(Minthosthachys spp.) in the potato stores to prevent sprouting. This method is still 
practised in the Andees and its inhibiting activities on sprouting as well as on rotting has 
recently been confirmed (I). In experiments in Greece, the vapours from several other
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aromatic herbs, growing wild in the Mediterranean district, and their essential oils were 
shown to possess sprout-inhibiting properties of potatoes (8 ). Various single volatile plant 
constituents have been demonstrated to suppress sprouting (3, 6 , and references therein). In 
the Netherlands, special interest has been directed towards the monoterpene carvone, 
produced from caraway seeds. Its sprout-suppressing properties as well as its activity on 
wound-healing processes of potatoes has been thoroughly investigated (4, 5)

The antimicrobial effects of essential oils, or their constituents, on plant pathogens have 
been quite extensively studied on artificial media in in v/tro-trials. There are, however, not 
many reports from in v/vo-experiments comprising a complete host-pathogen-system. 
Considering potato storage diseases, some control is reported by Aliaga & Feldheim (1) but 
the causing organisms are not specified. In one series of experiments, Hartmans et al. (4) 
showed that carvone controlled rotting caused by Fusarium sulphureum and Phoma 
foveata, but not that caused by F. solani var coeruleum in artificially inoculated tubers. 
Carvone treatment also reduced the attack of silver scurf in naturally infected ones.
Menthol somewhat reduced the incidence of rotting in tubers, artificially inoculated with F. 
sulphureum (7).

The experiments, presented here, report the effects of vapours of essential oils or ground 
plant parts, on the development of two fungal storage pathogens: Fusarium solani var. 
coeruleum (Sacc.) and Helminthosporium solani Dur. et Mont in artificially inoculated 
potato tubers and also their fungitoxic actions in in vitro trials. They are parts of a greater 
project, including studies of other artificially inoculated pathogens as well as vapour 
treatments of naturally contaminated, newly harvested tubers. The influense on tuber 
sprouting has also been studied. The screening of plant extracts has been biased, as the 
plants should preferably be possible to grow in a temperate climate. If found suitable as 
pruducers of natural fungicides, they would offer an alterative use of agriculture land for 
non-food production. This project has been carried out during 4 storage seasons, starting in 
the autumn of 1993. Some of the results from the first year of experiments have been 
reported in English (2).

RESULTS AND DISCUSSION

Results from experiments to control F. solani are presented in Table 1. The effects of 
garlic treatments both in agar and tuber tests were comparable and showed a strongly 
fungicidal action. The vapour treatments with ground cloves of garlic or onion also 
significantly reduced disease development. Interestingly, the sage treatment, which did not 
prevent the spore-germination and subsequent mycelial growth in agar tests, decreased the 
rotting in the tuber experiment at the lowest application used. The basil treatment, on the 
other hand, which seemed to have some fungistatic action at the higher doses in vitro, 
actually significantly increased the rotting of tubers at all doses. Obviously, it is not always 
possible to foresee the practical action as a fungicide of a substance, by making in vitro 
trials only. Many volatiles probably affect the host as well as the pathogen.
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Table 2. No. of colonies of Helminthosporium solcini on agar plates, Exp 1, and H. solani - 
index (0-20) in artificially inoculated potato tubers, cv. Bintje, Exp 2. in parallell 
experiments in spring -96 after exposure to vapours of various essential oils during 3 wks. 
The number of colonies on agar plates were counted at two occasions: a) at removal of 
plant extracts, and b) 5 wks thereafter. The H. solani-index was registered at two 
occasions:c) 2 wks after removal of EO:s and d) 3 wks thereafter = date b. After an 
additional storage period of 3 months in the dark at +10°C the no.of sprouts and their 
weight was registered. In Exp 3 the sprout weight of tubers, cv Hertha, was registered after 
continous vapour treatment from June 05 until August 21 1996. Mean values, significantly 
different from control values at P < 0.05 are in bold figures. Means of 2 (Exp 1), 4 (Exp 
2), and 3 (Exp 3) replicates.

Exp 1, in vitro 
163 ppm

Exp 2,
77

in vivo 
ppm

Exp 3
77 ppm

Essential oils No. colonies H. solani No. Spr. w. Spr. w.
index sprouts g g

date a date b date c date d
Control11 100.0 112.0 3.88 4.81 24.25 25.69 28.44
Allium sativum 0 0 0.15 0.68 36,0 21.48 2.77
Carum carvi 0 136.0 0.37 1.47 30.25 17.87 0.04
Salvia officinalis 31.5 80.5 0.94 2.10 41.0 6.74 8.14
Salvia lavandualfolia 3.24
Lavandula angustifolia 0 68.5 0.97 2.65 26.75 23.62 0.29
Minthostachys 0 91.0 0.36 2.82 34.25 19.32 0.15
verticillata, Muna
Mentha piperita 0 107.5 0.59 4.22 29.25 10.08 0.01
Mentha arvensis 0 98.0 0.98 5.98 32.0 11.40 0.02
Mentha spicata 0 92.5 1.07 3.92 30.0 19.07 0.13
Thymus vulgaris 0 0 1.44 4.12 25.75 24.33 27.5
(thymol-type)
Rosma rinus officinal is 83.0 107.0 1.46 3.97 41.5 13.21
Populus balsamifera 116.0 122.0 2.69 9.67 23.75 25.19 23.7
A net hum vulgaris 0.11
Ocimum basilicum 0.21

In the in vivo experiment, all vapours, except balsam poplar, reduced the incidence of H. 
solani, at the registration two weeks after the removal of essential oils (date c), indicating a 
potential as controlling agents, Table 2. However, three weeks thereafter (date d) only the 
garlic, caraway and sage treatments still reduced the disease significantly. At that date,
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there was an index twice as high as the control value after the balsam poplar treatment. No 
fungistatic/fungicidal action by this oil was detected in the agar experiment. The result 
seems similar to that of basil presented in Table 1.

Again, the sage oil did not perform very promisingly in the agar tests, where it did not 
completely prevent spore germination during the treatment period and the final reduction of 
colonies was not very great. Yet, this oil was one of the best in controlling disease in the in 
vivo experiment, where less oil was applied. Also, the caraway treatment performed better 
in the in vivo experiment than could be expected from the agar tests.

On agar, the garlic and thyme oils were fungicidal and completely inhibited the 
germination of fungal spores. On tubers however, the thyme treatment was not as effective 
as the garlic one. Maybe, the applied amount of thyme oil was not sufficient in the tuber 
experiment. The mints, the Minthostachys, and lavender oils were more or less fungistatic 
both in agar and tuber tests under the given circumstances. Had the treatment period been 
longer or continous and/or the applied amounts of oils higher, the effects would probly 
have been stronger. The agar tests were performed with twice the initial amount of oil per 
volume treatment chamber, compared with the tuber trial, and comparisons of results 
should therefore be made with this in mind. At half the dose one would expect the in vitro 
effects to be less fungistatic/fungicidal.

All oils except lavender, thyme, and balsam poplar influenced the sprouting ability to 
some extent in Exp 2, with a treatment period of 3 wks, mostly by reducing the total weight 
and increasing the number of sprouts. This indicates that the apical sprout was damaged 
during the treatment, leading to delayed development of the secondary buds. In Exp 3, with 
continous vapour treatment, all essential oils, except those of thyme and balsam poplar, 
suppressed the sprouting significantly. Garlic and the two salvia oils were not among the 
most effective in this respect.

In the above presented experiments, the vapours of some essential oils increased the 
attack of the pathogens in in vivo experiments. They had no detected antimycotic or 
stimulating actions in the agar experiments at the doses used. The reason for increased 
disease can not be explained by the available data. The fungi might have been stressed in a 
way that they became more aggressive or the defence mechanisms of the host might have 
been impaired. In two different experiments, treatment with vapours of sage essential oil 
reduced both diseases although the antimycotic effect, when tested on agar, was weak or 
lacking. The results indicate that sage might in some way initiate the tuber defence systems 
and possibly induce resistance. Obviously, the actions of these substances must be carefully 
studied in the biological system where they are supposed to be used. In vitro studies only 
are not sufficient. In the case of induced resistance, one could risk to reject an active 
substance as it might not seem promising on artifical media. More detailed studies are 
needed to clarify these complicated events.
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EXPERIMENTAL

Artifical inoculations. Surface sterilised tubers were artificially inoculated, F. solani in 
standard wounds, two on each tuber, and H. solani on the tuber skin without wounding in 
three circular spots per tuber, using newly prepared spore suspensions. These were 
prepared from cultures, obtained from naturally infected tubers. The inoculated tubers were 
put into double-bottomed treatment chambers of 3.251. There were 5 - 8 tubers in each 
replicate and they rested on a perforated disc above the aromatic plant material. The 
application doses are given as volume essential oil, or g ground material, added per volume 
empty container. Controls were stored likewise, but without volatiles. The boxes were 
closed with a lid. During the treatment period of 3 wks, the boxes were ventilated twice a 
week during 2 min. to keep the oxygen and carbon-dioxide concentrations at normal levels. 
All in vivo experiments were carried out at + 10°C in the dark. After treament, tubers were 
put into new boxes without lids and stored long enough for the controls to develop disease 
symptoms. The incidence of attack was then registered on each tuber and mean indexes of 
the samples calculated. The F. solani index is in a scale from I - 15, based on the extent of 
rotting, where a rot-index of I means a healthy tuber and 2 means very small, arrested rots, 
whereas indexes of 3 and more are fully developed rots of increasing sizes, horisontally and 
vertically. The H. solani index is based on the number of conidophores, times 0.1, within 
the three rings per tuber, where inoculation took place. The registrations are performed 
under magnification. Maximum index value is 20, as more than 200 is very difficult to 
distinguish.

Agar experiments. The same spore-suspensions as in the in vivo experiments, although 
diluted, were used for platings in 9 cm Petri-dishes on agar adapted to fit the two 
pathogens. After absorbtion of the suspension into the agar during 60 min. the dishes were 
turned upside down and the appropriate amount of essential oil was added to a small filter 
paper disc in the middle of the lid, now bottom. The dishes were sealed with parafilm and 
stored at room temperature. Replicates of the same treatment were put into a plastic bag 
which was sealed.

Sprout suppression. The reported experiment, aimed at studying the influnce on 
sprouting ability. was handled as the in vivo experiments described above, but without 
inoculating the tubers. Ventilation was only made once a week and the plant extracts were 
not removed until the final registration when sprouts were counted and weighed.

Aromatic 12,lan t material. Most of the essential oils were bought from CreArom, 
Gammelstad, Sweden. Some were kindly provided from other laboratories, see below. The 
garlic and onions used as ground materilas were bought from "ecological” Swedish 
farmers.

Statistics. Statistical calculations were performed using GLM-ANOVA of NCSS, 
copyright Dr. Jerry L. Hintze, Kaysville, utah 84037.
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ABSTRACT
Natural flavor and fragrance compounds are o f great value to the food, cosm etics, and 

medical industries. T he price for these natural chemicals can be extrem ely high due to their 

low concentration in the plant material. Many herbs and spices contain relatively high 

concentrations o f essential o ils that resemble desirable flavor and aroma compounds. By 

using a single or a few  enzymatic steps, it is  possible to convert these essential oils 

components into natural flavor and fragrance chemicals. In this work, w e  describe the 

isolation o f microbial strains capable o f converting alkene phenols from aromatic plants.

U sing enrichment culture technique, transforming microorganisms were isolated based on 

their ability to either survive toxic concentrations o f alkene phenols or use them as carbon 

source. Isolated strains were capable o f converting isoeugenol to vanillin, and t-anethole or 

estragole to anisaldehyde. Som e of these strains were also capable o f growing on t-anethole, 

estragole, isosafrole or isoeugenol as the sole carbon source. U sing mutagenesis and 

penicillin enrichment, blocked mutants, not capable o f  utilizing t-anethole were isolated. 

These mutants accumulate intermediates in yields that are close to the maximal molar yields. 

The results o f  this research may support further developm ent o f  econom ical bioconversion  

processes for the production o f  natural aroma com pounds from alkene phenols.
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INTRODUCTION
Taste and arom a chem icals are of great im portance for the food, cosm etic and 

pharm aceutical industries. N atural flavors and fragrances are usually extracted from  plants 

that are expensive to cultivate, contain only low concentrations o f the active com pounds, and 

are available only for a short season during the year. Because of their lim ited availability, the 

price o f som e natural flavor and fragrance com pounds can be over a 100-fold higher than that 

o f the synthetic chemicals. As a result, m ost flavor and fragrance chem icals are chem ically 

synthesized. To date, flavor and fragrance industries are actively seeking new flavors and 

novel technologies for the production of new and natural com pounds. One o f the em erging 

fields for the production of flavor and arom a compounds is biotechnology, and in particular 

the use of enzym es or m icroorganism s for biocatalysis (Berger, 1997; Berger, 1995; 

G abelm an, 1994).

W hy bioconversion? M icrobial and enzym atic conversions possess several intrinsic 

properties that can be, in some cases, advantageous over traditional chemical synthesis:

(i) B iocatalysis is highly regio- and stereo- selective. In many cases, flavor and fragrance 

perception is based on the precise sterochemical properties of the m olecule, thus, 

stereochem ical reactions are of great advantage. (ii) Biocatalysis can be carried out under m ild 

conditions, thus, reducing undesired byproducts, energy and safety costs. (iii) Enzym es can be 

produced at low cost, less than $10 per kg o f catalyst. (iv) W ith the em erging technology of 

protein engineering, enzym es can be m odified via rational am ino acid replacem ents that result 

in im proved and novel properties. (v) In many cases, enzymes can act on sim ilar substrates 

providing a broad range of products. (vi) If the starting substrate for the enzym atic conversion 

is natural, the resulting product is also considered natural (Reference 13: Code o f Federal 

Regulations, 1993). Thus, enzym atic conversion can be used for the production of natural 

products. Although these natural com pounds will not resem ble in all cases the properties of 

natural extracts, they are valuable for natural high-volum e food manufactures.

Bioconversion is a procedure in which an enzyme or a m icroorganism  catalyzes a specific 

chemical m odification in a selected compound. There are currently 50 to 100 flavor materials 

and chem icals that are produced by fermentation (Cheetham, 1997). B ioconversions are 

highly selective for functional groups (chemoselectivity), reaction sites (regioselectivity), and 

specific stereo isom ers or enantiomers (stereo selectivity). As a result, desired m olecular 

forms can be produced with the required taste and odor. M any essential oils contain relatively 

high amounts of alkene phenols. A lkene phenols that possess a chem ical structure resem bling 

that of flavor and fragrance com pounds may serve as an excellent starting material for the
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bioproduction of aroma chemicals. A number of aromatic aldehydes and acids are important 

components of natural flavors and fragrances, including vanillin, vanillic acid, anisaldehyde, 

piperonal, and benzaldhyde.

Suitable essential oils for the production of alkene phenols. Essential oils are obtained 

from plant materials by distillation with water or steam. They consist of volatile, lipophilic 

substances that are mainly oxygenated compounds derived from the metabolism of mono- and 

sesquiterpenes, alkene phenols, amino acids, and fatty acids (Bauer et al., 1990). Many alkene 

phenols that are present in high concentrations in essential oils, have similar structures to 

commercial flavor and aroma compounds.

Based on their structure (substitutions in position 3 and 4 on the benzene ring) and 

availability, several essential oil components are excellent potential starting materials for the 

production o f natural aromatic aldehydes via biotransformation. Potential biotransformations 

include: eugenol or isoeugenol to vanillin, t-anethole or estragole to anisaldehyde, and safrole 

or isosafrole to piperonal. The starting compounds are present in many essential oils, for 

example: clove oil (Syzigium aromaticum) contains eugenol as the major component, and 

minor amounts of isoeugenol. Eugenol is also a major component of bay oil (Pimenta 

race^sa ), cinnamon leaf oil (Cinnamonum zeylanicum), and pimento berry oil (Pimenta 

dioica) (Bauer et al., 1990). Trans-anethole is the major component of star anise (lllicium 

verum) (80-90%), anise seed oil (Pimpinella anisum) (>95%), and the essential oil of sweet 

fennel (Foeniculum vulgare Mill. var. duke) (63-83%) (Ravid et al., 1983). Estragole is the 

major component of Reunion basil (Ocimum basilicum) oil (>80%) (Conan, 1977), the 

essential oil of sweet basil contains estragole and linalol as major components (and eugenol 

as a minor one) (Werker et al., 1993), French tarragon (Artemisia dracunculus) contains 60­

80% estragole (Gramshaw et al., 1988; Werker et al., 1993), and sweet fennel (Foeniculum 

vulgare Mill. var. duke) contains 3% estragole (Ravid et al., 1983). Safrole and isosafrole are 

the major components (>90%) of Brazilian Sassafras oil (Ocotea pretiosa). Safrole is also the 

main component (>80%) of brown camphor oil (Bauer et al., 1990).

Microbial routes for the degradation of alkene phenols. Some of the metabolic 

intermediates in the degradation pathways of alkene phenols may have economical 

importance. Several aromatic aldehydes and acids are intermediates in the degradation

pathways o f alkene phenols by microorganisms. Due to its importance, the production of 

vanillin in the course of phenypropanoides degradation has been extensively investigated. 

Vanillin appears as an intermediate in the microbial degradation of several substrates, 

including: ferulic acid, phenolic stilbenes, lignin, eugenol and isoeugenol.
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Eugenol and isoeugenol are alkene phenols, derived from  essential oils, that can be used as 

substrates for the production of vanillin by biotransform ation. In one of the earliest w orks on 

eugenol biotransform ation to vanillin, Tadasa isolated a strain o f Conynebacterium that grew 

on eugenol and accum ulated low levels of ferulic acid and vanillin (Tadasa, 1977). Later, 

Tadasa and Kayahara ( 1983) identified vanillin, vanillic acid, ferulic acid, coniferyl alcohol, 

and eugenol epoxide, as interm ediates in eugenol degradation by a strain o f Pseudomonas 

(Figure 1). The transformation of eugenol to coniferylaldehyde by a m utant of Arthrobacter 

globiformis D SM 397 indicated that coniferylaldehyde is a true interm ediate in eugenol 

m etabolism  (C° ° p ei\ 1987). Recently, Rabenhorst ( 1996) reported the isolation o f a 

Pseudomonas sp. capable of growing on eugenol as the sole carbon source. Vanillic acid, 

ferulic acid, and conyferyl alcohol were detected as metabolic interm ediates in eugenol 

degradation by this organism. However, the enzymes involved in eugenol degradation were 

not characterized or purified. Ferulic acid, a lignin m onom er, is m etabolized via vanillin by 

many m icroorganism s (Henderson and Farr, 1955; Cartwright and Buswell, 1967; Turner and 

rice, 1975; Rosazza, 1995), and some strains also produce vanillin acid as an interm ediate in 

ferulic acid m etabolism  (Cartw right and Buswell, 1967; Tom s and W ood, 1970; Sutherland et 

al., 1983; O tuk, 1985; Rahouti et al., 1989; Andreoni et al., 1995). A strain  o f Bacillus 

subtilis, isolated by Gurujeyalakshm i and M ahadevan ( 1987), utilized ferulic acid and its 

interm ediates as a sole carbon source. The enzymes of the ferulic acid degradative pathway 

( deacetylase, vanillin oxidase, vanillate-O-dem ethylase, and protocatechuate 3,4-dioxygenase) 

are induced by these intermediates,

Figure 1: Proposed early steps of 
degradation pathways o f eugenol.
A. Corrynebacterium sp. (Tadasa, 1977):
Eugenol (I) is m etabolised via ferulic acid (II), 
vanillin (ill), vanillic (IV) and protocatechuic 
(V) acids;
B. Pseudomonas sp. (Tadasa and Kayahara,
1983): Eugenol (I) is m etabolised via eugenol- 
epoxide (II), eugenol-diol (ill), coniferyl 
alcohol (W ), coniferyl aldehyde (V), and 
ferulic acid (VI).
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suggesting that ferulic acid is catabolized by this strain via vanillic acid, vanillin, and 

protocatechuic acid.

In many cases aromatic aldehydes and alcohols are further degraded to their acid form. 

Vanillin is oxidized to vanillic acid by Serratia marcescens (Perestelo et al., 1989), 

Pseudomonas fluorescens (Bare et al., 1992), and Streptomyces viridosporus (Pometto and 

Crawford, 1983). The degradation of vanillic acid involves a monooxygenase that 

demethylates aromatic methyl ethers (Dagley, 1978). The demethylation occurs via 

hydroxylation o f the methyl ether, and its decomposition to formaldehyde and protocatechuic 

acid (Cartwright and Smith, 1967; Cartwright and Buswell, 1967; Ribbons, 1970). Two o f the 

genes (vanA and vanB) involved in the demethylation of vanillic acid by Pseudomonas sp. 

strain ATCC 19151 were cloned and sequenced, but the enzymes were not purified (Brunell 

and Davison, 1988). Another aromatic aldehyde, anisaldehyde, is an intermediate in the 

degradation pathway o f anisyl alcohol by Penicillium simplicissimum (Fraaje et al., 1997). 

However, it is further degraded to p-methoxybenzoic acid, p-hydroxybenzoic acid, and 

protocatechuic acid.

Bioprocesses for the production of aroma chemicals from alkene phenols.
So far, reported biotransformation processes for the production of vanillin from eugenol and 

isoeugenol gave poor yields with very low productivities. Aspergillus niger ATCC 9142 is 

capable o f transforming isoeugenol to vanillin in only 10% efficiency, since vanillin is further 

degraded to vanillyl alcohol and vanillic acid (Abraham et al., 1988). Scientists from 

Haarman & Reimer (Rabenhorst and Hopp, 1991; Hopp, 1993) developed a process for the 

production o f vanillin by biotransformation o f isoeugenol and eugenol, using Serratia 

marcescens DSM  30126. With isoeugenol as a substrate, the initial yield was 5%, and 

following optimization, the yield increased to 20% (3.8gr/l). However, the productivity o f the 

process was low (0.018 gr/1 per hr). Eugenol can also be transformed by this microorganism 

but the final yield of vanillin was much lower (0.018 gr./l). Washisu et al. (1993) obtained a 

patent for producing vanillin from eugenol using a strain of Pseudomonas sp. TK2102 (FERM 

P-12689). This strain can utilize eugenol as a sole carbon source, but not vanillin, vanillic 

acid, or vanillyl alcohol. In this process, the final concentration of vanillin was 280 mg/1. 

Labuda et al. (1992, 1993) reported the transformation o f eugenol to vanillin by strains of 

Aspergillus niger, Pseudomonas putida, and Corynebacterium glutamicum. The authors used 

thiol reagents, such as dithiothreitol, to increase the level o f vanillin (18.5 mg/l). Markus et 

al. (1992), developed a process for production o f vanillin using the enzyme lipoxygenase 

(Sigma L8383). The yield of isoeugenol conversion was 10-15%, and o f eugenol 0.3-0.5%.
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Recently, Lesage-M eessen et al. (1995, 1996), reported a two step bioconversion process for 

the production o f vanillin from ferulic acid. In the first step, Aspergilus niger converted  

ferulic acid to vanillic acid, and in the second step vanillic acid was reduced to vanillin by 

Pycnoporus cinnabarinus. Vanillic acid production by A. niger from  ferulic acid reached 920  

mg/1 with a molar yield o f  88%, and vanillin production by P. cinnabarinus from vanillic acid 

attained 237 mg/1 with a molar yield o f 22%. Thus, the overall yield o f  the process was about 

16% conversion in 14 days. Audras and M ore used a Streptomyces strain that accumulated 

vanillin from benzene precursors, especially ferulic acid (Audras and M ore, 1995). In a batch 

process (90 hours), vanillin was accumulated up to a concentration o f 1 gr/1 (molar yield 66%) 

when ferulic acid was added in a concentration o f 2.2 gr/1.

Objectives of the present research. The overall long term objective o f  this research is to 

develop bioconversion processes o f  alkene phenols to natural aroma compounds. Several 

potential transformations are illustrated in figure 2. In the present communication, w e  

describe the isolation o f bacterial strains capable o f degrading alkene phenols, and the 

construction o f blocked mutants capable o f accumulating valuable m etabolic intermediates.

CH3 =CH2

OR
CH3 CH3

Eugenol Isoeugenol Vanillin

CHCH3 CH=CH2 CHO

Ä Q jfS
OR y —~ V

CH3 H3 H3

trans-Anethole Estragole p-Anisaldehyde

CHCH3 CH=CH2 CHO

h A A
OR .A y — h

\ _ - o vT
Isosafrole Safrole Piperonal

Figure 2: Potential biotransformations o f  alkene phenols to natural aroma compounds.
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RESU LTS A N D  DISCUSSIO N  

Isolation o f  transform ing strains

Our logical path for obtaining transforming strains was to isolate bacterial strains based on 

their ability either to degrade or utilize alkene phenols. We reasoned that strains that survive 

the toxic concentrations o f the substrates or capable o f tegrading them may be able to execute 

transformations o f alkene phenols.

Bacterial strains that are tolerant for high concentrations o f alkene phenols were isolated from 

samples o f soils collected from the aromatic plant greenhouses at Newe Y a’ar Research 

Center (Agricultural Research Organization, P.O.Box 1021, Ramat Yishay, 30095 Israel), and 

from the ecological garden o f the Technion (Technion City, Haifa 32000, Israel). The soil 

samples were used as inoculum for the enrichment cultures in M MYG medium containing up 

to 1% of a specific alkene phenol. Using this method, 15 different strains were isolated 

(Table 1).

Table 1: strains isolated based on their ability to survive toxic concentrations o f alkene 

phenols.a

Strain Origin o f Soil Tolerant for the alkene 
phenol[% ]

IE 1, IE2 Basil greenhouse (Newe Ya’ ar) Isoeugenol
E l,E 2 , Basil greenhouse (Newe Ya'ar) Eugenol
E70,E71 Ecological garden (Technion) Eugenol
IS1, IS2 Basil greenhouse (Newe Ya’ar) Isosafrole
ES, Tarragon greenhouse (Newe Ya’ar) Estragole
ES71, ES701, ES702 Ecological garden (Technion) Estragole
tA, Tarragon greenhouse (Newe Ya'ar) f-Anethole
tA71, tA72 Ecological garden (Technion) f-Anethole
a Strains were isolated from soil samples using rich MMYG enrichment medium containing 1 % 
alkene phenol. Cultures were incubated at 30°C and shaken in 150 rpm. Following several transfers, 
cultures were plated on LB agar plates, and single strains were isolated based on their morphology.

Alkene phenols degrading bacteria were isolated from soil samples using a modified 

enrichment culture procedure. Since many alkene phenols are highly toxic to 

microorganisms, they were added to the medium adsorbed on hydrophobic resin (amberlite 

X A D -2) (10%w/w). This way, only sublethal concentrations o f the compound were released 

to the medium, allowing microbial growth. Following the enrichment culture, different 

bacterial strains capable o f using alkene phenols as the sole carbon source were isolated. A 

typical growth curve on estragole o f one o f these strains is presented in figure 3. Strain LS13 

exhibited a logarithmic growth curve (doubling time=5.9 hours), and reached a turbidity o f 1.7

424



O D . T he concentration  o f  estragole  in the m edium  decreased rapidly during the  first 9 hours 

o f  grow th , and con tinued  to  decrease m oderately.

Figure 3: E stragole  degradation by isolated strain LS13. G row th ( • )  and estrago le  (O ) 
degradation in a ferm entation  system . Culture was grown in 20 ml m odified M 9 m edium  + 
0.1%  estragole  adsorbed on X A D -2, at 30°C, shaken in 100 ml flasks at 200 rpm.

T he ability  o f  the iso la ted  strains to p roduce arom atic  a ldehydes was exam ined  by grow ing the 

cells in rich m edium  that con tained  alkene phenols. Fo llow ing  ferm entation , the 

transform ation products w ere extracted  and analyzed by TL C . The aldehydes w ere 

specifica lly  de tec ted  by  co lo r reaction w ith  2 ,4-dinitrophenylhidrazine. U sing  this screening 

p rocedure  w e detected  6 stra ins (EE1, IE2, tA , tA 71, tA 72, ES) th a t p roduce aldehydes, and 

quan tita tive assessm en t o f  the products w ith  G C revealed  detectable am ounts o f  arom atic 

aldehydes (Table 2). V anillin  and anisaldehyde w ere detected  in the presence o f  e ither 

isoeugenol, ^-anethole o r estragole. H ow ever, the b ioconversion  effic iencies ob tained  under 

these fe rm en ta tion  conditions w ere ra ther low  (1-6% , based  on m olar yields).

One possib le reason for the low yields, is that the arom atic aldehydes are further degraded and 

utilized  by the strains. To test this possib ility , we exam ined w hether these strains can grow  

on alkene phenols. T he grow th o f  strains IE1 and IE2 on isoeugenol is show n in figure 4. 

B oth strains were capable o f utilizing isoeugenol as the sole carbon source, how ever, the 

grow th was non logarithm ic, very slow and the yield was poor. Thus the aldehydes can 

probably  be degraded, and therefor, only sm all am ount o f aldehydes was detected.
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Strain Substrate^ P ro d u c t Product Final 
Concentration d  

[mg/1]

Theoretical
Biotransformation

Efficiency e 
[% ]

P ro d u c tiv ity /
[mg/l/day]

IE1 isoeugenol vanillin 570 6.15 190
IE2 isoeugenol vanillin 493 5.32 164
tA r-anethole anisaldéhyde 58 0.63 19
tA71 r-anethole anisaldéhyde 98 1.06 33
tA72 r-anethole anisaldéhyde 44 0.47 15
ES estragole anisaldéhyde 30 0.32 10

a Cultures were grown in 20 ml (100 ml flasks) containing MMYG medium 30°C and 150 rpm. 
Substrate was added to the cultures following 48 hours of fermentation.

^ Substrates were added up to a concentration of 1 % to a stationary phase culture. 
c Products were extracted with ethyl acetate 3 days after the addition of the substrates.
^  Final concentration of the products was determined by GC using SPB-1 column (Supelco, 30m, 

0.25mm, 0.25 pm).
e Theoretical biotransformation efficiency = 100 X mole product / mole substrate. 
f  Productivity = mg product / liter / day.

Time [days]

Figure 4: G row th o f strains IE1 (A) and IE2 (B) on isoeugenol as the sole carbon source ( • ) ,  
the control represents growth without isoeugenol (O).Cultures were grown in 20 ml o f M M Y 
m edium  + 0.1%  estragole adsorbed on XAD-2, at 30°C, shaken in 100 ml flasks at 200 rpm 
(M M Y m edium  = M M YG m inus the glycerol).

Obtaining blocked mutants, not capable of degrading alkene phenols. Some o f the 

isolated strains grow on f-anethole as the sole carbon source. W e induced m utagenesis, and 

isolated blocked mutants that accumulate metabolic intermediates. + A nethole blocked 

m utants were obtained following A -m ethylW ’-nitroW -nitrosoguanidine (M eNNG) 

m utagenesis (Che et al., 1996) and penicillin enrichm ent (Queener and Lively, 1986). Several
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o f  these mutants accumulated, in the presence o f /-anethole, metabolic intermediates, such as 

anisic acid in high yields (Figure 5). In a 24  hours fermentation, most o f the /-anethole was 

degraded, and anisic acid accumulated up to a concentration o f 255 mg/L. The theoretical 

molar efficiency o f  /-anethole conversion to anisic acid was 49% (anisic acid produced /  /- 

anethole degraded). Thus, it is evident that blocked mutants obtained from the isolated strains 

may prove useful in developing a bioconversion process 

chem icals.

for the
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Figure 5: Bioconversion o f /-anethole to anisic acid by blocked mutant A. Growth (A) and 
anisic acid ( • )  formation from /-anethole (O ) in a fermentation system. Strain A  was grown 
in m odified M 9 medium containing 0.1% glucose and 0.1% /-anethole adsorbed on X A D -2. 
Culture were grown in 20  ml medium (100 ml flasks) shaken at 200 rpm in 30°C.
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EXPERIMENTAL
Isolation of bacterial strains. Strains were isolated using enrichment culture procedure 

(Queener and Lively, 1986). Soil samples were taken from a greenhouse of spices and herbs 

at ARO Newe Ya'ar, and the Technion's ecological garden. Ten ( 10) g of soil were dispersed 

in 100 ml saline, and 2ml of the dispersion were used as inoculum to 20  ml (in 100 ml flasks) 

enrichment medium. Two procedures were used: (i) Enrichment medium contained MMYG 

medium + casamino acids 0.3%, and 0.1% alkene phenol (MMYG medium: 0.5% yeast 

extract + 1% glycerol + 0.14% MgSO4x7H2O, 0.2 g/1 K2HOP4 , 1.0 g/1 (NH4 )2SO4 , 0.02 g/1 

Ca(NO3)2 , 0.368 mg/I CaCl2 , 0.624 mg/I CuSO4x5H2O, 0.604 mg/I FeSO4x7H2O, 0.594 

mg/I MnSO4x4 H2O, 0.422 mg/I ZnSO4x7 H2O, 0.788 mg/I CoCl2x6H2O, 0.696 mg/I 

Na2MoO4 ). Cultures were incubated at 30°C and shaken in 150 rpm. (ii) The medium 

contained minimal Inorganic Basal Media (IBM= Solution A: (NH4 )2SO4  1.2 g, CaClx2H2 O 

0.1 g, MgSO4x7 H2O 0.1 g, FeSO4x7H2O 0.01 g, distilled water 1000 ml; Solution B: 

K2 HPO4  0.2 g, KH2PO4  0.1 g, distilled water 200 ml; Solutions A and B were sterilized

separately and mixed when cold). Alkene phenols were added to the culture adsorbed on 

amberlite XAD-2 ( 1: 10 w/w) up to a concentration of 0.1%, and the culture was incubated at 

30°C (200 rpm). When turbidity was detected, 50 p.1 of the cultures were transferred to 20 ml 

fresh medium and the purity of the culture was tested by streaking samples on LB and IBM 

agar plates that contained 0.1 % glucose as the carbon source.

Following several transfers, samples from the culture were diluted and plated on LB agar 

plates. Bacterial strains were isolated based on their morphology on agar plates.

Isolation of blocked mutants. Blocked mutants were obtained by mutagenesis with N- 

methyl-N’ -nitro-N-nitrosoguanidine (MeNNG) followed by penicillin enrichment (Queener 

and Lively, 1986) for mutants incapable of using t-anethole as a carbon source. More 

specifically, dilutions of culture in LB broth were plated on LB agar plates, and MeNNG- 

crystals were places on the agar. Following incubation (30°C, 24- hours), colonies from the 

boundaries of the clear halo around the MeNNG crystal were collected, suspended in 10 ml 

modified M9 medium, and washed twice with the same medium (Modified M9= 1000 ml 

Solution A: Na2HPO4  6.8 g/1, KH2PO4  3.0 g/1, NaCl 0.5 g/1, NH4 Cl 1.0 g/1; 5 ml Solution

B: FeSO4  2.0 g/1, CaCI2 4-.0 g/1; 5 ml Solution C: MgSO4x7H2O 200 g/1 (58)). The treated

cells were diluted in 25 ml M9 medium + 0.2% glucose and incubated for 24- hours (30°C, 

200 rpm). This overnight culture was the inoculum of a fresh culture, containing 10 ml M9 

medium + 0.1% t-anethole in 100 ml flasks, shaken in 200 rpm at 30°C. At turbidity of 0.15
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O.D.. 600nm, penicillin was added up to a concentration of 10000 U/ml. Following a sharp 

absorbance decrease, culture was diluted and plated on LB agar plates (30°C). Blocked 

mutants were isolated by transfer of single colonies to triplicate modified M9 agar plates, that 

contained: (i) no carbon source, and (ii) glucose or (iii) f-anethole as the sole carbon source. 

Mutants were isolated from colonies that did not grow on t-anethole.

Analytical procedures. Thin layer chromatography (TLC) was performed using silica gel 60 

F254, 0.25 mm, plates (Merck). Plates were developed by chloroform (85): ethyl acetate ( 15)

: formic acid ( 1). Following development, the products were detected by UV 254 nm, sulfuric 

acid (50% in methanol), aromatic aldehydes were specifically stained by 2,4- 

dinitrophenylhydrazine (0.4% in 2N HCI), and phenolic compounds were stained by solution 

of 0.5% K3Fe(CN)6 + 0.5% FeCl2x 6H2O (Krebs et al., 1969).

Gas chromatography analysis was performed on a Hewlett-Packard 5890 gas chromatograph, 

equipped with SPB1 capillary column (30m, 0.25mm id, 0.25pm (Supelco Inc., Bellefonte, 

PA, USA)), carrier gas N2 ( 1.7 ml min-1 ), split ratio 35, injection temp. 250°C, detection 

temp. 300°C, linked to a computerized integrator (PC Integration pack, Kontron instruments, 

Milano, Italy). The initial temperature was 100°C (2 min.), and then programmed in rate of 

5°C/min. to 160°C.
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ABSTRACT

Sweet basil, Ocimum basilicum (Lamiaceae), is an economically important 
essential oil crop. The major components of sweet basil essential oils are linalol and 
methyl chavicol (estragole). Some varieties also contain eugenol and methyl eugenol. The 
biosynthetic pathway to methyl chavicol, eugenol and methyl eugenol is poorly 
understood. We describe here that basil cell free extracts, incubated with radioactively 
labeled S-adenosyl-L-methionine (SAM) and an allyl-phenolic derivative substrate as a 
methyl acceptor, convert chavicol and eugenol to radiolabeled methyl chavicol and 
methyl eugenol respectively. The activity was absent after boiling the cell-free extracts. 
The above findings indicate the presence of allyl-phenol methyltransferase activities in 
sweet basil leaves.

INTRODUCTION

The genus Ocimum includes about a dozen of species and subspecies native to the 

tropical and sub-tropical regions of the world. Sweet basil (Ocimum basilicum L.) is an 

important medicinal plant and culinary herb which is also used for essential oil 

production (Bremness 1994). Despite the importance of its essential oil, little is known 

about the biochemistry of the formation of its components. Basil chemotypes with 

different essential oil profiles are known (Grayer et al., 1996). The major components 

include linalol, an acyclic monoterpene alcohol, and the allyl-phenol derivatives eugenol, 

methyl eugenol and methyl chavicol (estragole) (Grayer et al., 1996, Werker et al., 1993 ). 

Eugenol, also a major component of clove oil, is used in the perfumery industry, and as 

an analgesic in dentistry and veterinary medicine. The methylation of the p-hydroxyl
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group in eugenol dramatically changes the smell of the molecule: eugenol is pungent, 

while methyl eugenol has a pleasant smell, resembling fresh cut green grass. Methyl 

chavicol is also used in the perfumery industry and has a smell resembling that of fennel 

and anise. Its smell is not very different from that o f chavicol.

Methyltransferases are common enzymes found in several plants and tissues (Poulton, 

1981). They catalyze the transfer of a methyl group from a donor substrate such as 

S-adenosyl-L-methionine (SAM), to various acceptor substrates, to form N-, 0 - , C-, and 

S-methyl linkages (Luckner 1990). Methyltransferases acting upon DNA (cytosine) 

(Kutueva et al., 1996), or caffeic and 5-hydroxyferulic acids (Dumas et al., 1988, De 

Carolis and Ibrahim 1989) are well known. An O-methyltransferase that converts t-anol 

(l-hydroxy-4-(1-propenyl) benzene) to t-anethole (l-methoxy-4-(1-propenyl) benzene) in 

Pimpinella anisum has also been described recently (Kemmerer and Reichling 1996). In 

this report we present preliminary evidence that methyltransferase activities are involved 

in the biosynthesis of methyl chavicol and methyl eugenol in basil leaves (Fig 1).

RESULTS AND DISCUSSION

Incubation of cell-free extracts with radioactively labeled S-adenosyl-L-methionine 

(SAM) and chavicol, resulted in the formation of hexane-soluble radioactive products 

(Fig 2A). Control experiments, in which boiled cell-free extracts were used as an enzyme 

source were devoid of hexane-soluble radioactive products. This indicates that a 

methyltransferase activity might be present in basil cell-free extracts. The omission of 

chavicol resulted in a lower but still significant rate of formation of the radioactive 

products (Fig 2A). In order to ascertain whether the activity observed in the absence of
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exogenous chavicol was due to methylation of endogenous substrate, the cell-free extracts 

were partially purified by Sephadex G-25 chromatography, prior to the assays. Complete 

assays, containing SAM and chavicol utilizing Sephadex G-25 partially purified enzyme 

displayed a higher enzymatic activity level as compared to crude extracts, both per fresh 

weight (2B), and on a protein basis (not shown). Additionally, the omission of chavicol 

resulted in virtually no formation ofhexane-soluble radioactive products during the 

enzymatic assays (Fig 2B). To confirm the identity of the radioactive compounds formed, 

the hexane extracts were evaporated and analyzed by TLC-autoradiography. Only one 

radioactive substance was formed during the enzymatic assays and its R/ co-incided with 

that of methyl chavicol'. These results indicates that a methytransferase activity is able to 

convert chavicol to methyl chavicol in cell-free extracts. Comparable results were 

obtained when eugenol (instead of chavicol) was used as a substrate, but in this case, 

methyl eugenol was apparently the product formed as determined by TLC- 

autoradiography. At present, it is unknown whether only one enzymatic activity with a 

broad substrate specificity is able to transfer methyl groups to either eugenol or chavicol, 

or whether two or more separable enzymatic activities are involved in these biochemical 

conversions. The purification and biochemical characterization of the enzymatic activities 

are currently under investigation.
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Plant material

O. basilicum L. plants were raised from seed and grown in pots for periods o f 3.5 

to 15 weeks in a greenhouse at the Newe Ya’ar Research Center, Israel.

Enzyme extraction

Cell-free extracts were prepared as follows: Fresh plant leaves (1-2 gr.) were 

weighed, frozen in liquid nitrogen, and placed in a cold mortar. The leaves were then 

ground with a pestle in the presence o f liquid nitrogen, «0.6 gr. sand and «0.1 gr. 

polyvinyl-polypyrrolidone (PVPP) to absorb phenolic materials. Ice cold extraction buffer 

(100 mM MOPS [pH 6.5], 10% glycerol [v/v], 6.6 mM dithiothreitol, 1% 

polyvinylpyrrolidone [w/v], 5 mM Na2S2Os) were added (5 volumes to fresh weight 

tissue), and the powder was ^rther extracted for« 30 sec. The slurry was centrifuged 

twice at 20,000 g, for 10 min at 4°C, and the supernatant (crude extract) was used in the 

enzymatic assays. One ml of the crude extracts were further desalted using Sephadex 

G-25 columns (lx3 cm) and eluted with 1.2 ml of running buffer (50 mM HEPES [pH 

7.5], 5% [v/v] glycerol , 3.3 mM dithiothreitol).

Enzyme Assay

Assays were prepared by mixing: 40 |iL of the crude extract (about 20 fig protein), 

40 running buffer, 5 |iM allyl-phenol substrate (either eugenol or chavicol from 0.1 

mM solution in 0.5% ethanol), 25 | lM S-|mcthyl-3 H)-adenosyl-i-methionine (6 Ci/mol) 

(in a total volume of 100 uL). The assays were incubated at 21°C for 1.5 h, and then 1 ml
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hexane was added to each tube. vigorously vortexed and spun for 13 sec. at 20,000 g  to 

separate the phases. The hexane layers containing the radioactive labeled enzyme 

products, were transferred to scintillation tubes containing 3 ml scintillation fluid [4 gr./L 

2,5-diphenyloxazoI (PPO) and 0.05 gr./L 2,2’ -p-Phenylen-6is(5-phenyloxazol) (POPOP) 

in toluene]. The radioactivity was quantified using a Packard Tri-carb liquid scintillation 

counter. To confirm the identity of the biosynthetic products, similar incubations were 

performed, except that l4C-labeled SAM was used, and the hexane layer was evaporated 

to a volume of 20 ^L using a gentle stream ofN 2, and analyzed by TLC-autoradiography 

using Silica gel 60 F254 plates developed with chloroform. Spots were visualized by U.V. 

light and radioactive spots detected by autoradiography on Kodak X-OMAT paper.

ACKNOWLEDGMENTS

Technical support was provided by the Technion Otto MeyerhofBiotechnology 

Laboratories established by the Minerva Foundation, Federal Republic of Germany. This 

work was supported by a grant from the Chief Scientist of the Ministry of Agriculture of 

the State of Israel.

437



F ig  1: M eth yltran sferases from  O. basilicum  ca ta ly ze  the p -m eth y la tio n  o f  the  

a lly lp h en ol d erivatives ch a v ico l and eu gen o l to m ethyl c h a v ico l and m ethyl 

eu g en o l, resp ectiv e ly .
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F ig  2: M eth yltran sferase  activ ity  in ce ll-free  extracts o f  O. basilicum  lea v es . 

A . C rude ce ll-free  extracts w ere  prepared from  fresh  O. basilicum  lea v es , and  

incubated  w ith  5 p M  ch a v ico l and 25 p M  S A M  as in d icated . B . T h e ce ll-free  

extracts w ere  partia lly  purified  by S ep h a d ex  G -2 5  chrom atography b efore  the  

a ssa y s, and incubated  as a b o v e .
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Chiloscyphus pallidus 71 Decadienal, 2,4- 15
Chiloscyphus polyanthos 78 Decadienol, 2,4- 15
Chiloscyphus sp. 73 Decadienolide 19
Chromenes 117 Decanal 233
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Decane, 7-methyl-1,6- F
dioxaspiro[4.5]- 6 Farnesene,alpha- 45

Decatrienal,2,4,7- 16 Farnesene,beta- 45
Decenals 72 Farnesol,gamma-
Dehydrogeosmin 7 monocyclo- 95
Dehydroperrottetins 123 Fatty acids 129
Demethyltomentelline 125 FEMA/GRAS list 137
Dicranella heteromalla 77 Fennel oil 143
Dicranenones 129 Fennel seed 244
Dicranum scoparium 77 Fenugreek 244
Dicronella scoparium 77 Ferula am-foetida 244
Dihydrofarnesal 29 Ferula galbaniijl.ua 150
Dihydrofarnesol 29 Ferulic acid 190
Dihydrolinguifolide 102 Filipendula ulmaria 244
Dill seed 244 Fissidens japonicum 67
Dimethylazulene, 1,4- 46, 89 Flavour formulation 133
Dioclea reflexa 11 Flavour regulations 136
Diplophyllum albicans 77 Fluidized Gas Extraction 226,243
Dipteryx odorata 245 Foeniculum vulgare 143,244,282
Diterpenediol 73 Frankincense 244
Diterpenoids 69 Frul l̂ania asagrayana 72 ,74
Ditrichum pallidum 67 Frullania bolanderi 74
Dodecadienolide 18 Frullana dilatata 74
Dodecenolide 19,73 Frullania diversitexta 75
Dolabellanes 69 Frullania eboracensis 74
Dolabellene derivatives 103 Frullania ericoides 75
Dolichothele longimamma 8 Frullania franciscana 74
Dorstenia turnerifolia 7 Frullania inflata 74
Drimanes 78 Frullania kunzei 74
Dumortiera hirsuta 77 Frullania muscicola 75

Frullania nepalensis 72
E Frullania nisquallensis 74
Echinanol 165 Frullania riparia 74
Echinops giganteus var. Frullania sp. 7 1 ,7 4 ,7 9

leyli 165 Frullania tamarisci 68 ,74
Echinops mamillosa 8 Frullania tamarisci subsp.
Echinopsis coronata 8 obscura 72,75
Elemene, beta- 36 Frullania tamarisci subsp.
Elemene, gamma- 36 tamarisci 72
Elettaria cardamomum 244 Frullanolides 74
Epidendrum ciliare 26 Funaria hygrometrica 67,71
Epoxy anol esters 45 Furanoplagiochilal 74
Essential oils 35, 133, 182, Fusicoccanes 69

183,201,219, Fusicogigantones 105
273 Fusicoplagins 106

Estragole 51, 222, 282, Fusicorrugatol 105
295

Ethylanisol 131 G
Ethylphenol 131 Galbanum oil 150
Ethylphenylacetate 131 Garlic 273
Eudesmanolides 78 Geijerene 36
Eugenol 187, 191,222, Gentiana scabra var.

282,295 orientalis 73
Eurhynchium oreganum 75 Geocalyx graveolens 71

Geosmin 7
Geranial 233
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Geraniol 191
Germacrene D 12, 3 9 ,45 ,54
Ginger root 244
Ginkgo biloba 75
Grand fir 221
Greek sage oil 140
Grimaldone 73,93
Guaianolides 75
Guaiazulene 89
Gymnocolea injlata 74
Gymnocolin 74, 78,102
Gymnomitranes 69

H
Hamatilobene A 109
Haplocladium catillatum 67
Headspace analysis 1
Hedychium gardnerianum 11
Henna flower oil 147
Hepten-2-one, 6-methyl-5- 192
Herbertanes 69
Herbertenediol 79
Heteroscyphones 103
Himachalene, gamma- 36
Homomonoterpenoids 69
Hops 244
Houttuynia cordata 71
Humulus lupulus 244
Hyacinth flowers 244
Hyacinthus orientalis 
Hyaluronidase inhibitory

244

activity 79

I
Illicium verum 143,244,282
Indenes 89
Indole 6 ,2 4 ,2 9
Infuscaic acid 78 ,82 ,102
Infuscasides 74 ,79 , 107
Inga marginata 8,11
Insect antifeedant activity 78
Insecticidal activity 246
IOFI 139
Ionones 21
Iridals 259
Iris pallida 245,266
Irones 269
Irritancy 257
Isobicyclogermacranes 69
Isocomane skeleton 165
Isocoumarin 69
Isocuparanes 69, 79, 94
Isoeugenol 190,282
Isomarcantines 82
Isonaviculol 97
Isoplagiochins 122

Isopolygodial 80
Isosacculatal 80
Isosafrole 282
Isotachins 126
Isothecium stoloniferum 75,77
Isovaleraldoxime 12

J
Jamesoniella autumnalis 73
Jasmine 244
Jasminum officinale 244
Jungermannia infusca 74, 78
Jungermannia sp. 71
Juniper berries 244
Juniper berry oil 159
Juniperus communis 244
Juniperus oxycedrus 134

K
Kalonji seed 244
Kauranes, ent- 69
Kessane 53
Kurzia makinoana 75

L
Labdanes 69
Lanolin 246
Laurus nobilis 186,244
Lavandula angustifolia 276
Lawsonia inermis 147
Lecythis persistens 23
Lecythis sp. 21
Lejeunea sp. 71
Lellia endiviifolia 80
Lemon balm oil 136
Lemongrass 220
Lepidozane 69
Lepidozenal 93
Lepidozia vitrea 75
Leptodictyum riparium 67
Leptolejeunea elliptica 71
Leucolepis menziesii 75
Levisticum officinale 244
Licarin A 127
Lilial 161
Limonene 6 ,186,233
Linalool 6 , 14, 24, 26, 

186,192, 221
Linalool oxide 14, 193
Linguifolide 
Lipoxygenase inhibitory

102

activity 79
Lippia citriodora 
Liverworts, biological

244

activity 67, 71
Liverworts, chemistry 67
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Lonicera caprifolium 11 Mnium hornum 77
Lophocolea heterophylla 71,75 Mnium punctatum 77
Lophocolea minor 71 Modhephane skeleton 165
Lophozia vicrenata 71 Moerkia sp. 71
Lovage seed 244 Monocyclofamesanes 69
Lunularia cruciata 77 Monoterpene glycosides 214
Lunularic acid 80 Muguet

Multistage Counter Current
244

M Extraction 236
Mace 244 Muscle relaxant activity 81
Macoubea guanensis 14 Mustard oil 149
Makinoa crispata 75 Myltaylanes 69
Manniafragrance 73 Myltaylenol 96
Marchantia chenopoda 77 Myrcene 45
Marchantia paleacea var. Myristica fragrans 244,245

diptera 76, 77 Myristicin 222
Marchantia plicata 
Marchantia polymorpha

77
68,75 ,76 ,77

Myrrh 245

Marchantia sp. 79 N
Marchantia tosana 77 Naphthalenes 69
Marchantin A 76, 77, 79, 80, Narcissus 245

81 Narcissus poeticus 245
Marchantin A, trimethyl- 81 Naviculol 97
Marchantins 76, 79, 82, Neem seed 245

120 Neolignane 70
Marigold 244 Neomarchantins 121
Marsupella emarginata 75 Nerol 20, 29, 72,
Marsupellone 75,96 192
Marsupellone, acetoxy- 95 Neryl acetate 20, 72
Massoia bark oil 20, 141 Neuritic sprouting activity 81
Massoia lactone 19 Nicotiana alata 11
Mastigophora diclados 81 Nicotiana suaveolens 11
Mastigophorenes 81 ,94 Nigella sativa 244
Matricaria chamomilla 138 Nitrogen-containing
Meadow sweet 244 compounds 69
Megacerotonic acid 70 Nopsanol 165
Melaleuca alternifolia 201,249 Norafricanes 69
Melissa 244 Norpinguisanes 69
Melissa officinalis 136,244 Norpinguisanolide 100
Mentha arvensis 138,276 Norpinguisone 79
Mentha piperita 138,275 Norpinguisone, methyl 79
Mentha pulegium 
Mentha spicata

138
138,276

Nutmeg 245

Mercaptoketone 10 O
9 ,2 2 ,2 4Methyl anthranilate 8 Ocimene

Methyl chavicol 223,295 Ocimene epoxide 26
Methyl eugenol 223,295 Ocimum basilicum 136, 244,275,
Methylbutyraldoxime 12,27 282,295
Methyltransferases 295 Ocimum sanctum 244
Metzgeria furcata 75,77 Ocotea pretiosa 282
Microbial transformation 280 Octen-3-ol, 1- 72
Microbryum delicatulum 77 Octen-3-yl acetate, 1- 72
Microwave Oligotrichum hercynicum 77

hydrodistillation 135 Olivacane 69
Minthostachys verticillata 273,276 Olivacene 101
Mnium cuspidatum 67, 75 Omphalane 69
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Omphalic acid 101 Pimpinella peregrina 41
Oppositanes 69 Pimpinella rotundifolia 51
Orange peel 245 Pimpinella saxifraga 43
Orange peel oil, 227 Pimpinella saxijraga subsp.
Orcadensin 102 nigra 47
Oreas martiana 67 Pimpinella villosa 52
Oregano 186 Pinene, alpha- 72
Origanum oil 185 Pinene, beta- 72
Origanum onites 186 Pinguisanes 69
Origanum syriacum 185 Piper nigrum 244
Ormenis multicaulis 138 Piperonal 282
Orris oil 138 Piscicidal activity 80
Orris root 245 Plagiochila acantophylla
Orthotrichum rupestre 77 subsp. japonica 71
Osmanthus fragrans 147 Plagiochila fruticosa 75,81
Ovalifolianal esters 88 Plagiochila ovalifolia 71, 75
Oxime ethers 10 Plagiochila sciophila 71, 75
Oximes 10 Plagiochila sp. 74, 76, 77, 78
Oxopropyl phenyl esters 47 Plagiochilal B 74,81

Plagiochilide 79,81
P Plagiochilin A 74, 76,78
Pacifigorgiane 69 Plagiochins 81, 122
Pakyonol 121 Plagiopus oederi 68
Paleatins 123 Plagiothecium denticulatum 77
Pallavicinia levieri 73,80 Pogonatum aloides 77
Pallavisinia subciliata 75 Pogonatum urnigerum 77
Paprika 245 Polyanthes tuberosa 245
Paravespula vulgaris 6 Polygodial 7 3 ,7 8 ,8 0
Passiflora maliformis 26 Polygonum hydropiper 78,80
Pellia endiviifolia 71,77 , 78 Polytrichium commune 6 8 , 77
Pellia sp. 73 Polytrichium sp. 68
Pennyroyal oil 138 Polytrichum juniperinum 75, 77
Pentenals 72 Populus balsamifera 276
Pepper, white 245 Porella caespitans 75
Peppermint oil 138 Porella cordaeana 71
Pereskia aculeata 8 Porella elegantula 79
Perrottetianal A 79 Porella japonica 75
Perrottetins 79, 80, 110, Porella perrottetiana 73,75

122 Porella platyphylla 77
Phellandrene, beta- 6 Porella vernicosa 71 ,73 , 75. 77.
Phenanthrenes 70,127 78 ,80
Phenylpropanoids 36,222 Porellapinguisanolide 100
Philodendron nobile 26 Posoqueria latifolia 11
Philonotis fontana 68 Potato 273
Phthalides 70,128 Pregeijerene 36
Phytanes 69 Prenyl biphenyls 79
Phytol 45 Prenyl ethers 69
Pimenta dioica 282 Presilphiperfolane skeleton 165
Pimenta racemosa 282 Presilphiperfolene 165
Pimento berry oil 282 Pseudoeugenol derivatives 38
Pimpinella anisum 36, 143, 245, Pseudoisoeugenol

282,296 derivatives 38
Pimpinella aromatica 48 Pseudoscleropodium
Pimpinella isaurica 50 purum 77
Pimpinella major 41 Ptychantins 108
Pimpinella nigra 46 Pungency 73
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Pusilatins 76, 124 SFC 265
Pyrethrum 246 SFE 226

Silphiperfolane skeleton 165
R Silphiperfolene 165
Rader and Tellegen method 157 Skatole 72
Radula javanica 79 Solanum tuberosum 273
Radula perrottetii 75 ,76 ,79 Solanum variabile 5,7
Radula sp. 77 Solenostoma obovata 71
Radulanins 79,119 Spanish sage oil 140
Raphanus sativus 149 Spearmint oil 138
Reboulia hemisphaerica 68 Sphagnum fimbriatum 77
Rebouliadienol 101 Sphagnum nemoreum 77
Rebutia marsoneri 8 Sphagnum palustre 75 ,77
Rebutia narvaecense 8 Sphagnum portoricense 77
Rhodobryum giganteum 68 Sphagnum strictum 77
Rhodobryum roseum 68 Sphagnum subsecundum 77
Rhytidiadelphus loreus 75 Sphenolobanes 69
Riccardia multifida 76,79 Spiro-dilatanolide 95
Riccardia robata var. 80 Spirodensifolins 100

yakushimensis Spiroketals 6
Riccardins 76,79, 120 Sprout inhibition 273
Riccardiphenols 69,101 Star anise oil 143,158,282
Riellasp. 71 Striatene 95
Rodriquezia rejracta 15 Striatenic acid 95
Rose, English 244 Striatenone 95
Rosemary oil 185 Striatol 95
Rosmarinic acid 70 Sulcorebutia kruegeri 8
Rosmarinus officinalis 276 Sulfur-containing
Ruta graveolens 46 compunds 69

Supercritical Fluid
S Chromatography 265
Sacculatal 73,78, 80 Supercritical Fluid
Sacculatanes 69 Extraction 226
Safrole 282 Superoxide release
Sage oil 140, 185 inhibitory activity 78
Salix caprea 1 l Supraceanthus
Salvia lavandulaefolia 140,276 semirepandus 75
Salvia officinalis 140,245,275 Swertia japonica 73
Salvia sclarea 245 Synestesia 154
Salvia triloba 140 Syzy gium aromaticum 136,244,282
Sassafras oil, Brasilian 282
Saw palmetto 245 T
Scents 1,71,154 Tabernaemontana
Schistochila appendiculata 74 ventricosa 11
Secoafricanes 69 Takakia lepidozioides 71
Secoaromadendranes, 2,3- 69 Tamariscol 72 ,96
Secoexsertifolin 107 Tarragon 282
Sensory psychology of Taxiphyllum taxirameum 68

fragrance 154 Tayloriene derivatives 88
Serenoa repens 245 Tea tree oil 201,249
Serpentiphenol 69,101 Tea, black 244
Sesquiphellandrene, beta- 42 Terpinen-4-ol 249
Sesquiterpene lactones 267 Terpinene, alpha- 72
Sesquiterpenes, rare 182 Terpinene, gamma- 45 ,72
Sesquiterpenes, tricyclic 165 Terpinolene 72
Sesquiterpenoids 69 Tetradecenolide 73
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Thapsia garganica 46
Thuidium recognitum var.

delicatulum 77
Thuja occidentalis 140
Thujone 185
Thyme 245
Thyme oil 185
Thymol 185
Thymus broussonettii 184
Thymus capitatus 186
Thymus satureioides 184
Thymus vulgaris 245 , 276
Thymus zygis 184

Tobacco leaf 245
Toluene, 3,5-dim ethoxy- 6 , 8 , 9
Tomentellin 126
Tonka beans 245
Tortula muralis 77
Toxicity 253
Trachylobanes 69
Trachyspermum copticum 244
Trichocolea tomentella 71
Trichocoleopsis sacculata 7 8 , 9 0
Trichocoleopsis sp. 73
Tridensenal 95
Tridensene 96
Trifaranes 69
Trifarienols 1O1
Trigonella foenum-graecum 244
Trinoranastreptene 39
Trinorsesquiterpenoids 3 6 , 6 9
Trocholejeunea

sandvicensis 75
Tuberose 245

Tubocurarine 81
Tulsi 244
Turmeric root 245

u
Undecadiene, epoxy- 19
Undecatriene, 1,3,5- 18

V
Vanilla 245
Vanilla planifolia 245
Vanillic acid 282
Vanillin 1 9 0 ,2 8 2
Ventricosenediolide 102
Verrucosanes 69
Verticillanes 69
Vitranes 69

w
Warburganal 78
Warburgia ugandensis 78
Weissia viridula 68
Wettsteinolide 126
Wettsteins 126
Wiesnerella denudata 7 1 , 7 5
Wiesnerella sp. 73
W ONF 144
Wormwood oil 140

z
Zieranes 69
Zingiber sp. 244
Zingiberene, alpha- 36
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