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Foreword

The importance o f medicinal and aromatic plants, including species accumulating volatiles is 
increasing continuously. Based on the international trend, projected to the 21st century, the utilisation o f 
natural products having medical-, health protection-, special nutritional-, even improving effect on life- 
standard, or owing other special advantages will increase in both absolute and relative sense.

Scientists, practitioners, experts o f firms and wholesale companies and many others interested in 
the search and production o f volatiles join the 36th International Symposium on Essential Oils 
(ISEO'05) organized at Budapest. According to the pre-registrations at least 245 participants from 
about 45 countries arrived. The topics o f the symposium include all aspects o f  essential oils and related 
natural products ranging from analysis, chemistry, biogenesis, taxonomy to biological activity and 
utilisation.

The Hungarian organizers coming either from the Institutes o f Medicinal and Aromatic Plants o f 
Corvinus University, or from Departments o f Pharmacognosy o f Semmelweis and Szeged Universities 
are pleased to welcome the participants arrived from different part o f the World. We are sure that the 
opportunity o f organizing this Symposium is a great compliment to all o f us, Hungarians.

The idea o f the Symposium rose in 2003 in Würzburg (Germany) and was motivated by the 
Hungarian traditions o f this scientific field. Our traditions are justified by number o f  facts:

Medicinal and aromatic plants, especially for self consumption were produced in the territory o f 
Hungary many centuries back. The first written reports about the small scale cultivation are present in 
the books written by monks settled here in the middle ages arriving from the Mediterranean regions 
(Italy, France). Further more many medicinal and aromatic plants, especially many o f the members o f 
Lamiaceae family had been introduced into the Carpathian Basin at that early time period. However, till 
the end o f 19th century the cultivation o f medicinal and aromatic plants was carried out on the "garden” 
scale and on limited area. The intensification o f the production started in the first years o f 20th century 
only, when the processing o f the plant raw-material including oil distillation had been started as well. 
The first Research Station in the world specialised for medicinal and aromatic plants had been 
established in Hungary by the help o f Ministry o f Agriculture in 1915. The main activity o f the Station 
was oriented to the control o f medicinal and aromatic plant production coming mainly from wild and 
from limited cultivation. The activity o f the Station was completed by R+D activity afterward 
supported by government.

After the 1st W orld W ar - due to the activity o f the well organised Medicinal Plant Station as well - 
Hungary became the "leading” medicinal plant production country o f Europe. It was reflected in both 
the development o f drug and essential oil production and the increase o f export activity based on it. As 
example, essential oil in value o f 214 000 Hungarian "pengô" had been exported in 1938. The 
development o f the medicinal and aromatic plant sector was completed at that time by overall technical 
development o f processing.

The early period o f the development o f Hungarian medicinal and aromatic plant sector - after 20es 
up to the beginning o f the 2nd World W ar - can be characterized as a time period o f quick development 
o f Hungarian essential oil industry. The peppermint {Mentha piperita), the English and French lavender 
{Lavandula intermedia and L. angustifolia) were introduced into the large scale cultivation using 
propagation material o f foreign origin. The "relict" o f the first plantation o f lavender in the Tihany 
peninsula (which shows M editerranean climatic characteristics being part o f Balaton region) could be 
found even nowadays. The quick development o f this time can be characterised by some data: till 1941 
the amount o f peppermint, lavender and dill oil increased up to 15-20 tonnes. That was a time as well, 
when the Hungarian camomile flower {Matricaria recutita) collected from the Hungarian Geat plain 
became world wide known.
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After the 2nd World War the former structure of the medicinal and aromatic plant section - which 
could have been characterized by increasing effectiveness changed in a great deal. In spite of the 
administrative, political and economical contradictions existing in the former "socialist” system the 
medicinal and aromatic plant sector became a successful part of Hungarian Agriculture.

Some of the national products had been accepted as a special Hungarian product ("Hungaricum") 
evaluated by most respectfully in the world market (Chamomillae flos , Basilici herba and folium). By 
the estimates the cultivation area of medicinal and aromatic plants increased up to 37,000 - 42,000 ha in 
the last period of 80ies. The total drug mass reached the 35,000- 40,000 t yearly, from which 25,000- 
30,000 tonnes came from the cultivation. The production of essential oils was estimated to be in the 
range of 80-100 tonnes.

The outstanding Hungarian results achieved in the introduction and cultivation of medicinal and 
essential oil plants, as well as in chemistry, biology and industrial processing became know world­
wide. Till the beginning of the changes of Hungarian political system in early 90th, our scientific 
position was appreciated by regular scientific meetings held in Budapest. As an example GA, ISHS, 
FIP organized Conferences, Congresses, Workshops, regularly. In 2001 more than 400 participants, 
scientists, research workers and practitioners from about 90 countries came to Budapest to participate 
the World Conference on Medicinal and Aromatic plants, which were organized by the experts of 
Department of Medicinal and Aromatic Plants as well.

However, by organizing ISEO'05 we will celebrate much more than the long history of Hungarian 
medicinal plant and essential oil sector, only. 2005 will be first whole-year period in which Hungary 
takes a share in life of new integrated Europe. We intend to celebrate both occasions together.

In this Abstract Book 30 lectures and 161 posters are presented giving a complex overview on 
scientific and practical result achieved in the filed of aromatic plants, recently.

As an additional program, the participants of the Symposium have an opportunity to visit one of the 
protected regions of Hungary specialized for collection of aromatic plants, especially that of Juniperus 
communis.

The symposium is held in Budapest, which provide special additional cultural merits. Budapest, the 
capital of Hungary, is an economic, financial and cultural centre with two million inhabitants. The city 
which is beautifully situated on both sides of the Danube river has a history dating back over 2000 
years. There are ruins from the time of the Roman Empire as well as from the Middle Ages. Its main 
characteristics reflect the atmosphere of the end of the 19th century when the millennium of the 
Hungarian State was celebrated. It boasts a number of museums (picture gallery of the museums), 
theatres, concert halls, a lot of restaurants and other amenities. Several bath and thermal waters of 
various medicinal springs are also at the disposal of visitors. It provide an exceptional cultural 
experiences to the participants of the Symposium.

We are convinced, that the production and utilization of medicinal and aromatic plants, including 
volatiles will be one of the successful branches of the horticulture in the future, producing raw 
materials and their processed forms. However, to fulfill these requirements all steps of the production, 
isolation, processing and quality assurance system has to be modernized. The results of the Symposium 
predict, that the production of high quality volatiles, based on the globalized international co-operations 
will develop and play an important role in the future, too, on both national and international levels.

Prof. Dr. Jeno Bernath
Head o f  the local organizers
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GENERAL INFORMATION

CONFERENCE VENUE 
The conference will be organized in Hotel Bara***
H -l 118 Budapest, Hegyalja u. 34-36.
Phone: +36 1 209 4905 
Fax: +36 1 385 0995 
E-mail: sales@barahotel.hu

COMMITTEE AND CONTACTS 
Local Organizing Committee

Chairpersons
Jenò Bemàth, Corvinus University o f  Budapest, Hungary 
Èva Németh, Corvinus University o f  Budapest, Hungary 
Contact: jeno.bemath@uni-corvinus.hu; eva.nemeth@uni-corvinus.hu

Members
Èva Szòke, Semmelweis University, Institute o f  Pharmacognosy, Budapest 
Àgnes Kéry, Semmelweis University, Institute o f  Pharmacognosy, Budapest 
Èva Lemberkovics, Semmelweis University, Institute o f  Pharmacognosy, Budapest 
Imre Màthé, University o f  Szeged, Institute o f  Pharmacognosy, Szeged

Secretary
Anita Kozak, Corvinus University o f  Budapest, Hungary 
Contact: anita.kozak@uni-corvinus.hu

Scientific Committee
Yoshinori Asakawa, Tokushima Bunri University, Japan
K. Husnu Can Baser, Anadolu University Eskisehir, Turkey
Jenó Bemàth, Corvinus University o f  Budapest, Hungary
Carlo Biechi, University o f  Torino, Italy
Gerhard Buchbauer, University o f  Vienna, Austria
Ana Cristina Figueiredo, Faculty o f  Sciences o f  Lisbon, Portugal
Chlodwig Franz, Universioty o f  Veterinary Medicine o f  Vienna, Austria
Raimo Hiltunen, University o f  Helsinki, Finland
Daniel Joulian, Robertet S. A., Grasse, France
Karl-Heinz Kubeczka, Margetshoechheim, Germany
Brian Lawrence, Winston-Salem, USA
Luigi Mondello, University o f  Messina, Italy
Èva Németh, Corvinus University o f  Budapest, Hungary
Johannes J.C. Scheffer, University o f  Leiden, The Netherlands
Elisabeth Stahl-Biscup, University o f  Hamburg, Germany

Conference Secretariat 
Diamond Congress Ltd.
H-1027 Budapest, Fo u. 68. Hungary 
Phones: +36 1 214 7701, 214 7698, 225 0210 
Fax: +36 1 201 2680 
E-mail : diamond@diamond-congress. hu 
Internet: www.diamond-congress.hu
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REGISTRATION
The Registration Desk is open at 08:00-18:30 on Monday and Tuesday, and 08:00-12:30 on 
Wednesday. On Sunday, 4 September, the registration starts at 14:00 and ends at 20:00.
Conference delegates and their companions will receive their badges, conference materials at the desk. 
Subscription for optional tours also takes place in this area.
Participants are kindly requested to wear their name badges during all events of the meeting.

CONFERENCE SECRETARIAT & ASSISTANTS
If you need any help during the conference you can find the staff of Diamond Congress at the 
registration desk. In case of emergency please quote this mobile phone number: +36-20-9362969 
Conference assistants will be recognisable by their silver badge and by their T-shirts, signed: „HELP 
DESK“ They will help you in all practical aspects of conference participation. They also help the 
speakers and the chairpersons in the lecture rooms and will be at your service at the Registration Desk.

INCOMING MESSAGES AND MESSAGE BOARD
Messages received by the desk will be posted on the message board located at the Registration Desk. 
Participants may also use this board to leave messages to other delegates.

LUNCH AND REFRESHMENT
The organized lunch will be served at the Restaurant and the Gallery of Hotel Bara on Monday, 
Tuesday and Wednesday. Refreshments are included in the registration fee and will be served at the 
Gallery of Hotel Bara.
Lunches and refreshments are not included in the accompanying registration fee.

CONFERENCE WEBSITE
The Internet homepage of the Conference is kept up-to-date all the time: 
http://www.diamond-congress.hu/iseo2005

SMOKE
The Hungarian law strictly regulates the possibility of smoking in all public buildings. Though there are 
devoted places for smoking inside the building, they cannot be separated in a way to avoid the 
dissemination of smoke in other areas, so you are kindly requested to smoke preferably outside the 
building.

INSTRUCTIONS FOR SPEAKERS
The lecture room will be equipped with an overhead projector and a LCD projector (beamer) linked to a 
PC. Power Point software will be provided. Please, do not use MAC file format and make sure to bring 
your presentation file written on a CD ROM or floppy disk, please do not bring a zip disk. It is 
recommended that you ensure a backup file as well. File format is preferred in ppt for Office 2000 or 
Office XP. Pdf files can also be handled. In order to avoid problems and delays while switching laptops 
between lectures and to ensure a smooth operation of the presentations, one PC will serve all speakers. 
There will be a technician in the lecture room to assist you with your presentation. Please bring your pen 
drive or CD properly closed to the technician during one of the breaks well in advance before your 
presentation, for checking it and loading it to the PC in the lecture room.
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SOCIAL EVENTS
The Welcome Reception will be held at the conference venue, at Hotel Bara on 4 September, from 
19:00. This programme is included in all registration fees.

The Banquet will be held in Lajosmizse, on 7 September, at Restaurant “Uj Tanyacsarda”.
The buses will start at 14:00 in front of Hotel Bara.
This programme is not included in the student registration fee.
Tickets are available at Registration desk. The price is: 40 EUR/person

ACCOMPANYING PERSONS’ PROGRAMMES
Participants are encouraged to bring their spouses to Budapest. Companions, paying the accompanying 
persons’ registration fee, are invited to join the following tours:

- Sightseeing tour with visiting the Synagogue on Monday, 5 September (half day)
- Godollo tour on Tuesday, 6 September (half day)

Monday, 5 September
The guided sightseeing tours starts at 09:00. This will be a four-hours tour in Budapest by bus.
Among several famous sights the following places will be visited: Heroes’ Square, Basilica,
Opera House, Buda Castle, Matthias Church, Fisherman’s Bastion, Gellert Hill, Citadel.
The tour in the Synagogue, an hour guided tour, which offers the opportunity for a visit of the 
impressive Synagogue. After a walk around Central Europe’s largest synagogue, interior visit of the 
building. Planned arrival at the conference venue at 14:00.
Extra tickets are available at the Registration Desk for a fee of 30 EUR/person.

Tuesday, 6 September
Excursion to Godollo is a half day guided tour (09:00:14:00) by bus to the former summer residence of 
Queen Elisabeth organised on Tuesday, 6 September. It can be found very near to Budapest. The town's 
greatest treasure and draw for tourists is its 250 years old Royal Palace. Visitors can see the living 
quarters of Emperor Franz Joseph and Empress Elizabeth (Sissy).
Transportation from and to the conference venue, entry tickets and English language guidance will be 
provided. These programmes are included in the accompanying persons' registration fee. Departure is 
from the registration desk of the congress at 09:00. Planned arrival at the hotel is at 14:00.
Extra tickets are available at the Registration Desk for a fee of 30 EUR/person.
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15 Years research on volatile secondary metabolites tribute to
Wilfried A. Konig

K.-H. Kubeczka

D-97267 Margetshochheim, Untere Steigstrasse 12 B, Germany

On November 19th last year, Professor Wilfried König, an outstanding chemist and pioneer in 
enantioselective gas chromatography passed away, just 3 weeks after his 65th birthday. The aim o f this 
lecture is to commemorate his prolific scientific work.

Wilfried König's research activities cover a broad spectrum of topics, however, gas 
chromatographic separation of enantiomers represents a continuous thread throughout his scientific 
work. He improved permanently chiral stationary phases and finally achieved a breakthrough with the 
introduction of modified cyclodextrins. Since then, enantioselective gas chromatography has become a 
standard analytical method worldwide.

The chemistry o f natural products was his second field o f research. He concentrated on the isolation 
and structural elucidation of volatile secondary metabolites from higher plants, liverworts, mosses and 
mushrooms. Especially, the structure elucidation o f sesquiterpenes (including their biosynthesis) are 
strongly represented in his papers and scientific communications. His “Atlas o f Spectral Data of 
Sesquiterpene Hydrocarbons” (together with D. Joulain) and the corresponding electronic version are 
indispensable for everybody, working in the field o f volatile secondary metabolites and their analysis.

For his pioneering investigations and the outstanding achievements in chromatography and the 
structure elucidation of natural compounds he received in 2004 at the 27th International Symposium on 
Capillary Chromatography in Riva del Garda, Italy, the prestigious M.J.E. Golay Award.
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L-l-01

HS-SPME-GC-PCA as a tool to classify different chemotypes of chamomile
flowerheads (Matricaria recutita L.)

C. Biechi, C. Cordero, E. Liberto, P. Rubiolo and B. Sgorbini

Dipartimento di Scienza e Tecnologia del Farmaco, Università di Torino,
Via Pietro Giuria 9, 1-10125 Torino, Italy

Headspace-solid phase microextraction-gas chromatography-principal component analysis (HS- 
SPME-GC-PCA) is here proposed as a complement or an alternative to essential oil (E.O.)-GC-PCA to 
discriminate between chamomile flowerheads belonging to different chemotypes. Ninety-two E.O.s and 
the headspaces sampled by HS-SPME of the corresponding chamomile flowerheads were analysed by 
conventional (C-GC) and fast GC (F-GC) and the results submitted to statistical elaboration by 
principal component analysis (PCA).

HS-SPME-F-GC-PCA showed to be a rapid approach to distinguish the chamomile flowerheads 
chemotypes in agreement with Schilcher’s classification on E.O. reducing the analysis time from at 
least four hours and a half with E.O.-C-GC to less than one hour with HS-SPME F-GC. HS-SPME F- 
GC can therefore successfully be used as an analytical decision maker (ADM) to reduce the number of 
the time-consuming E.O.-C-GC analyses and limiting them to those samples that cannot unequivocally 
be classified.

PCA results are highly homogeneous, but they do not afford direct and quantitative correlations 
between the components within the two methods. A more sophisticated statistics and a higher number 
of samples are necessary to correlate quantitatively through a function components in the headspace 
sampled by SPME and in the corresponding essential oil.
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L-I-02

Determination of suspected allergens in non-volatile matrices

F. David1, D. Joulain2, A. Chaintreau3 and P. Sandra1

1. Research Institute for Chromatography, Kennedypark 20, B-8500 Kortrijk, Belgium
2. Robertet SA, Research Division, B.P. 52100, F-06131 Grasse Cedex, France

3. Firmenich SA, Corporate R&D Division, P.O. Box 239, CH-1211 Geneva 8., Switzerland

The 7th Amendment to the European Cosmetics Directive (Official Journal N° L 66 of the European 
Union -  March 11, 2003) requires the determination of 24 volatile chemicals suspected to elicit dermal 
reaction under patch testing and therefore classified as “suspected allergens”, in cosmetic and related 
products.

According to their complexity, samples are subdivided into four classes namely class I: simple 
mixtures of volatiles with small concentration differences, class II: complex volatile mixtures with 
large concentration differences, class III: natural matrices containing non-volatiles and class IV: 
finished products with low concentrations and containing non-volatiles. The two last classes are the 
most challenging ones, as they require a pre-fractionation of volatile from non-volatile components.

To scope with a large number of class-II and -III samples to be analysed, the present work 
investigate the on-line pre-fractionation, hyphenated with the capillary GC/MS system. Fractionation is 
performed in the GC inlet liner that is packed with a bed of polydimethylsiloxane (PDMS) foam 
retaining the high boiling and non-volatile solutes. After each injection the liner is replaced by means 
of an automatic liner exchanger (ALEX). The features of this system will be highlighted in the 
presentation. The potential will be illustrated with several real world samples and the figures o f merit in 
terms o f precision, accuracy, repeatability and reproducibility will be presented.
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New Chromatographie methods for thè analysis of essential oils

L. Mondello1, P. Dugo2 and G. Dugo1

Università di Messina, Dipartimento Farmaco-chimico, Viale Annunziata, 98168 Messina, Italy 
Università di Messina, Dipartimento di Chimica Organica e Biologica, Contrada Papardo,

98166 Messina, Italy

Essential oils may be considered medium to highly complex samples, which are formed of a 
volatile and non-volatile fraction. Gas chromatography (GC) is the analytical technique that has given 
the major contribution towards the determination of volatile profiles in essential oils. The study of the 
non-volatile fraction is, on the other hand, is generally achieved through high performance liquid 
chromatography (HPLC).

The development of a series of methods has allowed not only the characterization of several 
essential oils but also, as a consequence, accurate judgements on genuineness, geographic origin, 
possible contamination and adulteration. A series of limitations, though, must be considered:

• single column chromatography often lacks the necessary resolving power to isolate all 
matrix components in an acceptable analytical time. Furthermore, extensive peak 
overlapping is a hinderance towards reliable MS structural elucidation.

• conventional chromatographic methods, while sometimes ensuring satisfactory separations 
on essential oils samples, are also characterized by a substantial disadvantage: the cost in 
analytical time. This becomes a limitating factor especially for laboratories with a high 
sample throughput and/or where there is a need for quick and correct results.

These aspects regard not only essential oil analysis but also a vast amount of matrices in different 
fields. As such, in the past years, there has been an increasing interest, within the chromatographic 
community, towards the development of more effective separation methods.

The present contribution is focussed on the most advanced monodimensional (micro-bore column 
GC, micro HPLC) and multidimensional chromatographic techniques (comprehensive GC, 
comprehensive LC, heart-cutting multidimensional GC) today employed in essential oil analysis. A 
series of applications on different essential oil samples will be described in order to demonstrate the 
effectiveness of these approaches.
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Influence of technological and biological conditions on essential oil composition

É. Lemberkovics1. A. Kakasy1, A. Bôszôrményi1, A. Balâzs1, É. Héthelyi1, B. Simandi2,
Â. Kéry1 and É. Szôke1

JSemmelweis University, Department o f Pharmacognosy, 1085 Budapest, ÜllôiStr. 26.
2BUTE, Department o f Chemical Engineering, 1521 Budapest, Muegyetem rkp.3. Hungary
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In our institute the research o f essential oils in a permanent project for some decades. The research 
includes the gas chromatographic evaluation and studying the influence o f some technological and 
biological factors on composition o f essential oils.

The plant materials for the various investigations were selected first from Lamiaceae and 
Asteraceae families. The essential oils were usual obtained by steam distillation using the special 
apparatus o f Seventh Hungarian Pharmacopoea. For supercritical fluid extraction the apparatus was 
developed by Technical University o f Budapest. Carbon dioxide was used as fluid solvent, the extracts 
were collected by stage wise precipitation in two separators. The second separator contained the 
extracts rich in volatile compounds.

The gas chromatographic analysis was carried out on capillary silica fused columns coated with 
DB-1701 and the specific chiral columns with Rt-PDEXm or Rt-pDEXsm. The GC results were 
confirmed by GC-MS measuring.

Comparing the composition o f the traditional steam distilled oils with that o f volatile SFE fractions 
the main characteristics were the following: The SFE fractions were richer in monoterpene-esters and 
poorer in alcohols than the traditional essential oils (clary sage, lavander, moldavian dragonhead). The 
azulenogene sesquiterpene lactones did not transform to azulenes (chamomile, yarrow), but SFE 
fractions o f some Asteraceae plants contained sesquiterpene-y-lactones o f unchanged structure and 
coumarins were also detectable.

Certain essential oils and volatile compounds respectively are specially sensitive for storage 
conditions: for example the citral isomers in essential oil o f Melissae herba and Zingiberis rhizoma or 
p-pinene in yarrow oil. After storing during several monthes the percentage value o f above mentioned 
components decreases and the ratio o f sesquiterpenes increases.

Following the essential oil composition of Ocimum basilicum during the vegetation period  in six 
developing stages and the distribution o f the oil components in the plant organs we established that the 
leaf oil is rich in monoterpenes (e.g. linalool, camphor, bomeol) in the budding and early-flowering 
stadium and the quantity o f sesquiterpenes (e.g. P-, y-cadinene, 5-cadinol) and aromatic compounds 
(methylchavicol) increases only in the later stages in the flower-oil.

Studying the formation o f the essential oil composition inside three plant species: Artemisia, 
Dracocephalum  and Thymus, it was established that the toxical P-thujone was present in the oil o f 
Artemisia absinthium  in 8% and the oil o f A. vulgaris contained it only in traces. Comparing the oil 
composition of the four Dracocephalum  species we didn’t found common characteristic compounds. 
The characteristic oil-constituents of D.moldavica are acyclic, oxigenated monoterpenes. In the 
essential oil o f D.ruyschiana the dominant compounds are the oxygenated, bicyclic monoterpenes, as 
camphor and isopinocamphone. Sesquiterpene hydrocarbons characterize the oil o f D.grandifolium; a 
monocyclic monoterpene as the limonene is the main component of D.renati oil. The main components 
of Thymus vulgaris and T.serpyllum are the same: p-cymene, thymol and carvacrol but the ratio of the 
latter two components are different. At the same time the oil o f T.citriodorus Archers Gold contains 
thymol only in traces; its main component is carvacrol (~40%).
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PL-2

Essential oil compounds as chemotaxonomic markers

E. Nemeth

Corvinus University o f Budapest, Department o f  Medicinal and Aromatic Plants, 
H-1118 Budapest, Villanyi Str. 29-35, Hungary

Essential oils are often used as markers in chemotaxonomy. However, as they are mixtures of 
compounds originating from diverse biosynthetic routes, the evaluation should take place at 
compositional level to obtain proper consequences.

Occurrence of individual compounds is variable. Based on a wide range o f References, the plant 
essential oils consists of mainly terpenes (in more than 90%), phenylpropanes represent 2-6% and 
others e.g. alyphatic compounds 4-6%. Monoterpenes seem to be more abundant, than sesquiterpenes, 
their proportion to each other is about 3:1.

The appearance of some compounds may strictly be connected to certain plant taxa, while others 
are more common. Pinenes, limonene, myrcene, furthermore caryophyllene and germacrenes are 
without doubt the most universal compounds, practically present in each accumulated oil. On the other 
side, e.g. mentane or carane sceleton compounds are rather specific for genera or species {Mentha spp., 
Pinus spp, etc.).

A highly specified compound seems to have the most significant taxonomical value. As examples, 
for species o f the Achillea genus 1,8-cineole, camphor and bomeol are universal constituents. However, 
chamazulene has real taxonomical value, especially in the group Millefolium , where morphological and 
even cytological features are very variable and proper taxonomical identification needs additional 
chemical markers. In this genus, several species are characterised by intraspecific chemical taxa of 
different essential oil quality. Geographically separated chemodemes illustrate the process of 
continuous chemical diversification. Chemical profile o f the plant changes during ontogenesis and vary 
according to plant organs, which will be illustrated by examples from the genus Achillea. However, the 
ontogenetical- filogenetical connection (Tetenyi, 1986) in essential oil composition can not be proved 
in this genus. It is a big problem to decide, what is the minimal proportion for a compound to possess 
chemotaxonomical significance. Recently, the relative amounts o f defined marker compounds are 
suggested to be used in identification and differentiation of Achillea species (Rauchensteiner et al., 
2002). As it is accepted, that never the substance but its formation has the chemotaxonomic value 
(Tetenyi, 1986), studies o f the last years are focused on biosynthetic aspects, enzyme systems, genomic 
sequences (Dudareva et al., 2004).

Essential oil compounds are used today in identification o f plant material and clearing up 
taxonomical relationships, besides, they may help in detecting new sources for biologically active 
compounds and in breeding o f suitable varieties.

References:
Dudareva, N., Pichersky, E., Gershenzon, J. 2004. Biochemistry of plant volatiles. Plant Physiology, vol. 135. 1893-1902.
Rauchensteiner, F., Nejati, S., Werner, I., Glasl, S., Saukel, J., Jurenits, J., Kubelka, W. 2002. Determination of taxa of the

Achillea millefolium group and A. crithmifolia by morphological and phytochemical methods, Sci. Pharm. 70. 199-230.
Tetenyi, P.1975. Polychemismus bei Atherischolhaltigen Pflanzenarten. Planta Medica, vol. 28. 244-254.
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Essential oils of the genus Calamintha in Turkey

K. H. C. Baser1, M. Kurkcuoglu1 and S. Alan2
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The genus Calamintha Miller (Lamiaceae) is represented in Turkey by 9 species and altogether 12 
taxa including 5 endemics. The endemism ratio is over 45%.

W ater distilled and microdistilled essential oils from aerial parts o f the species growing in Turkey 
were subjected to gas chromatographic/mass spectrométrie (GC/MS) analysis.

According to chemical compositions o f the oils, the taxa were clustered mainly into two groups o f 
chemotypes according to the degree o f oxidation o f the C-3-oxo p-menthane skeleton. Some species 
showed discrepancies.

The species covered in this paper are as follows (E denotes endemic): Calamintha betulifolia, C. 
caroli-henricana (E), C  grandiflora, C. incana, C. nepeta subsp. glandulosa, C. nepeta subsp. nepeta, 
C. pamphylica subsp, davisii (E), C. pamphylica subsp. pamphylica (E), C. piperelloides (E), C. 
sylvatica, C. tauricola (E).
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Volatile components of Polygonum punctatum var. punctatum and two ferns, 
Thelypteris hispidula and Brechnum fluviatile: Distribution of polygodial and their

related compounds

M. Nishiki3, C. Paetz3, A. Bardonb, C. Scoloskyb, M. Toyota3, Y. Oisoa and Y. Asakawa3

“Faculty o f Pharmaceutical Sciences, Tokushima Bunri University, Yamashiro~cho,
Tokushima 770-8514, Japan

bFacultad de Bioquímica, Química y Farmacia, Universidad Nacional de Tucuman,
Ayacucho 471-4000-San Miguel de Tucuman, Argentina

We reported the distribution of drimane sesquiterpenoid (1-3,5,6) in the Japanese Polygonum 
hydropiper (Fukuyama et al., 1982, 1985; Nishiki et al., 2004). The Argentinean P. punctatum  var. 
punctatum  also shows the same taste as that o f the Japanese P. hydropiper. The Japanese fern, 
Hypolepis punctata elaborates strong pungent sesquiterpenoid (4) (Nishizawa et al., 1977). The 
Argentinean fern, Thelypteris hispodula and the New Zealand one, Brechnum fluviatile which indicate 
strong hot-taste dispaly potent haemolytic, antibacterial, antifungal and antifeedant activity (Asakawa 
1982, 1995).

The above three pungent plants were extracted with ether to obtain the crude extracts which were 
purified by HPLC.

Fractionation o f the ether extract o f P. punctatum  var. punctatum  resulted in the isolation of 
polygodidal (1), cinnamolide (5) and drimenol (7) together with famesane-type sesquiterpenoids. T. 
hispidula contained polygodial (1) as a major component along with cinnamolide (5). From B. fluviatile 
a high amount of

polygodial (1) was obtained together with several related compounds like (5). Since polygodial 
shows strong haemolytic activity, sheep, deer and other cattle avoid polygodial-containing ferns, the 
higher plants Polygonum species and Pseudowintera colorata (Winteraceae). On the other hand, many 
liverworts produce strong pungent substances, for example, the Porella vernicosa complex and Pellia 
endiviifolia biosynthesize polygodial (1) and sacculatal (8) which also shows haemolysis. The present 
paper will discuss the distribution of drimane sesquiterpenoids in higher plants, ferns and liverworts 
and their biological activity.
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Oakmoss absolute oil is prepared from Evernia prunastri resinoids. Although it has previously been 
subject to thorough analytical studies, these are mostly qualitative in nature and very little has been 
published, so far, on the quantitative composition o f any oakmoss extract (1)(2). Using GC-MS with 
chemical derivatization and LC-MS, we report herein some quantitative data obtained from a 
commercial absolute oil.

We also revisited some aspects o f the qualitative analysis o f oakmoss and now report that the 
thujone (3) and irone (4) isomers previously described in the literature, cannot be detected in a 
laboratory-made extract from pure Evernia prunastri lichen. This suggests that earlier results were 
either inaccurate or were derived from contaminated products.

Further to our previous measurements o f natural abundance o f H and O in lichen substances, we 
report new data on site-specific natural abundance 13C in oakmoss components, measured by 
quantitative NMR.

Lastly, using the recent described technique o f ALEX/GC-MS, we show that the quantitative 
determination o f atranol and chloroatranol in oakmoss extracts containing reduced levels o f these two 
allergens, can be achieved without significant contamination o f the instrumentation.
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Essential oil content of crossing progenies of annual and perennial caraway (Carum
carvi L.)

F. Pank1, H. Krüger2 and H. Schulz2
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institute o f Horticultural Crops, 2Institute o f Plant Analysis

Caraway is used as spice and medicinal plant. Important quality parameters are the essential oil 
content o f the fruits and the carvon content o f the essential oil. Beside the biennial caraway, there exists 
also an annual form which provides economic advantages due to the reduced vegetation period. 
Currently, there are some efforts to adjust the performance o f annual caraway to the level o f biennial 
caraway (Pank et al., 2001).

Ten different biennial caraway cultivars (as female partners only) were crossed with one annual 
population to generate genetically diverse initial material for breeding inbred lines for a projected 
synthetic variety. The F( generation was cultivated in isolation and the resulting F2 generation was 
evaluated and used as initial selection population for inbred line development. First year blossoming of 
the Fi generation plants was used as marker of the crossing success. The essential oil and the carvon 
contents were determined by near infrared spectroscopy (Schulz et al., 2000).

All the Fi individual plants and 97.7% of the individual plants o f the F2 blossomed in the first year 
o f life. In accordance with Nemeth et al. (1996) it can be concluded that „first year flowering“ is a 
dominantly inherited trait. The delay o f flower initiation and the emergence o f only 2.3% biennial 
genotypes in the F2 reveal that more than one gene contributes to the control o f flower initiation. The 
essential oil content of the F2 was positively correlated with the essential oil content o f the cultivars 
used as maternal crossing partners, The generation mean analysis of the essential oil content o f Pi, P2 

and F2 according to Mather and Jinks (1982) revealed that the breeding value o f the mother cultivars is 
limited due to a considerable rate of dominance deviation. Clear transgression o f the essential oil 
content could not be observed. The average essential oil content o f the parents and o f the F2 was in the 
range o f 3.51 and 5.22% and met the demand o f the European Pharmacopoeia o f  at least 3%. The 
variability o f the essential oil content o f the F2 was only in some cases remarkably increased in 
comparison to the variability of the annual pollinator. The average carvon content o f the essential oil o f 
parents and F2 was between 58.0 and 63.8%. According to the European Pharmacopoeia, a carvon 
content o f the essential oil o f 50 - 65% is required.

Crossing biennial caraway cultivars with an annual caraway genotype proved to be an appropriate 
method for the generation of selection populations that serve the development of annual caraway 
synthetic varieties. These populations suit well for breeding the needed inbred lines because this initial 
material is characterised by the necessary genetic diversity, adequate per se performance and an 
appropriate variability.
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New necrodane monoterpenoids from Lavandula luisieri essential otl
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In contrast with the regular monoterpenoids formed by a classical head-to-tail coupling o f the 
isoprenic units, the biosynthesis o f the irregular monoterpenoids is supposed to derive from the 
cleavage o f the chrysanthemane skeleton, but few experimental data on this pathway have been 
reported. Hence, the quest for new irregular monoterpenoids is an interesting research field, as it can set 
the basis o f biosynthetic studies on original isoprenic couplings.

In connection with our precedent works on rare, irregular monoterpenoids (Vellutini et al., 2005), 
we report here on the identification o f four new compounds (1*4) in the essential oil o f Lavandula 
luisieri (Rozeira) Riv. Mart. This plant is a Labiatae endemic to the southern iberian peninsula and 
while it is morphologically nearly identical to Lavandula stoechas L. subsp. stoechas., the volatile 
components o f  the two plants are significatively different (Garcia-Vallejo et al., 1994). Compounds 1-3 
were isolated by fractionment of the essential oil o f L. luisieri by flash chromatography on silica gel 
and AgNCb-doped silica gel and identified by MS, mono- and bidimensionnal NMR. On the other 
hand, the presence o f compound 4 in the essential oil was confirmed by hemisynthesis from 3.

These compounds are characterised by the 1,2,2,3,4-pentamethylcyclopentane (necrodane) irregular 
monoterpenic skeleton, which is extremely rare: besides from Lavandula luisieri, the only other 
reported case o f isolation o f natural necrodane compounds was from the defensive spray o f a South 
American carrion beetle: Necrodes surinamensis (Eisner et al., 1986). Finally, we showed that a 
significant antibacterial activity o f L. luisieri essential oil was observed against several strains o f 
bacteriae.
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Stachys milanii Petrovic is endemic to central and eastern regions of the Balkan Peninsula. It is an 
annual plant with pale-yellow flowers. The studied plant species belongs to section Olisia, disjunctly 
distributed in E Mediterranean, S Africa and S Andes. The aerial parts of the plant were collected in the 
blooming stage in the region o f Lalinacka slatina Salt Marsh (nearby Nis, Southern Serbia).

Ground sample of air-dried aerial parts of S. milanii was extracted with diethyl ether. The analysis 
of the extract was performed by means of analytical GC (FID) and GC/MS.

Nonacosane (17.2 %), palmitic acid (11.5 %), methyl linoleate (11.4 %) and 2-ethylhexadecanoic 
acid (8.5 %) are the most abundant components. 2-Ethyl substituted fatty acids, 2-ethyloctadecanoic 
acid (1.1 %) and 2-ethyleicosanoic acid (0.4 %), are two other present in the extract. The rest of the 
compounds identified in the extract represent common plant constituents.

2-Substituted aliphatic carboxylic acids seem to occur rarely as secondary metabolites in the Plant 
kingdom. This type of lipophilic constituents were a chemotaxonomical feature previously reported 
only for the genus Adesmia belonging to the Leguminosae family and have been detected as volatile 
constituens o f Thymus striatus and Sambucus. 2-Ethylhexadecanoic acid has been detected in the 
essential oil hydrodistilled from Thymus striatus (T. striatus is also a member o f the Lamiaceae family 
as S. milanii). 2-Ethyloctadecanoic acid was found to be a component o f the lichen species belonging to 
the Parmelia genus, while 2-ethyleicosanic acid was identified among the volatile constituents o f the 
flowers o f Sambucus nigra. All three mentioned acids were found to be lipophilic compounds in the 
Adesmia genus.

Thus, not only do the 2-ethyl acids represent a good chemotaxonomical marker for S. milanii within 
the genus Stachys and the section Olisia but present a remarkable characterictic in the Plant kingdom.
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A detailed study of the essential oils of a new chemotype of Tanacetum vulgare L.
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Common tansy (Tanacetum vulgare L., Compositae) is an aromatic perennial plant, widely spread 
in the northern hemisphere. As a herbal remedy, tansy has traditionally been used in balsams, 
cosmetics, dyes, insecticides, medicines and preservatives and as anthelmintic, for migraine, neuralgia, 
rheumatism and loss o f  appetite, though the effectiveness for these uses have not been documented. 
Recent studies have also shown that the essential oil or extract o f tansy exhibits anti-inflammatory, 
antibactericidal, antifungicidal and a repellent against insects. The activity against the microorganisms 
and insects was dependent on the chemical composition o f the essential oil. The composition of tansy 
oils varies markedly and several chemotypes from different geographical origins have already been 
classified.

The investigation o f hydro-distilled essential oils from the aerial parts and roots o f T. vulgare L. in 
full bloom growing spontaneously on the river banks of NiSava, NiS, Serbia reveled a new chemotype 
o f tansy. The oils were obtained in the following yields (w/w) 0.27% (aerial parts) and 0.21% (roots). 
The oil from the aerial parts was subjected to column chromatography on silica gel (gradient elution 
hexane : ether) and separated into four fractions. All o f the oils and fractions were analyzed by GC, 
GC-MS and 13C-NMR. The essential oil o f T. vulgare from Serbia has been studied for the first time 
and the root oil for the first time ever. An apparently simple profile o f the total essential oil o f aerial 
parts showing only three major constituents (trans-chrysanthenyl acetate 43.9%, P-thujone 28.9% and
1.8- cineole 9.9%) amounting to 82.7% of the oil was an underestimate o f the tme complexity o f the oil 
composition revealed by the analysis of the fractions. We identified 70 compounds (monoterpene and 
sesquiterepene hydrocarbons) in the least polar fraction and further 15 from the three remaining 
fractions containing mostly oxygenated monoterpene derivatives. The following compounds were the 
major contributors o f the first three fractions: a-terpinene 10.3% and y-terpinene 19.2% (fraction 1),
1.8- cineole 12.3%, P-thujone 26.0%, trans-chrysathenyl acetate 54.8% (fraction 2), cis-chrysanthenol 
41.2% and trans-chrysanthenol 54.0% (fraction 3). The fourth (last) fraction was almost entirely 
constituted of terpinene-4-ol. Constituents belonging to the angular triquinane sesquiterpenes from the 
first fraction are reported for the first time not only for T. vulgare essential oil but are new for the genus 
Tanacetum. The root oil contrary to the oil from aerial parts was rich in triquinane sesquiterpenes (a- 
isocomene 18.3% and P-isocomene 8.5%). Totally in this study 85 compounds was identified in the 
volatile oils o f common tansy. Further investigation on the antimicrobial activity o f oils investigated 
here is under way.

36th International Symposium on Essential Oils
4-7 September, Budapest, Hungary

18



36th International Symposium on Essential Oils
4-7 September, Budapest, Hungary

L-2-09

Variability of the content of chamazulene in essential oil during Achillea collina
Becker ex. Rchb. 'Alba' ontogenesis
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Chamazulene (Cm H iö) is the main efficient compound o f yarrow (Achillea L.) essential oil and 
Achillea collina Becker ex. Rchb. var. 'A lba' is one o f the pharmaceutically most high-quality taxa o f 
Achillea genus. To determine the accumulation o f chamazulene in the essential oil during ten 
developmental stages (from the beginning o f bud differentiation until seed ripening) o f 'A lba' variety 
(1 and 6 years old 'A lba' plants) was the aim o f the work.

Both the flowering tops with stems (30 cm long) and inflorescences were harvested in ten 
ontogenetical stages, dried up and ground into fine parts according Czech Pharmacopoeia (CsL 1997). 
The essential oil was obtained by steam distillation with addition o f xylene (ČsL 1997) and the 
chamazulene content was measured spectrophotometricaly. Absorbance o f essential oil and xylene 
mixture is measured at 336 nm against blank sample o f xylene. The chamazulene content (X) is 
expressed after recalculation: X [%] = (A * 210) / (W * EO), where A = absorbance (X = 60S nm), W = 
weight o f plant material for distillation [g], EO = essential oil content [%].

After distillation it seemed the essential oil o f all samples has a uniform dark blue colour which is 
typical for variety 'A lba' and which marks a high chamazulene content. Spectroscopy analysis on the 
other hand has seriously detect that chamazulene content in essential oil is changed depend on yarrow 
ontogenesis. Its amount is increased from 5% resp. 10% o f essential oil in tops and flowers (beginning 
o f flower differentiation -  phase I) to maximal value 10% resp. 18% and later on it is decreased again. 
The maximal content is reached at the beginning o f flowering in yarrow tops (phase V) and -  surprising 
-  in green flower buds in yarrow flowers (phase II -  III; see. picture). Statistically significant differs

(two-factor analysis o f variance) have been found 
between chamazulene content in individual phases 
and also between tops and flowers. The chamazulene 
content is not influenced by age o f plants. These 
results are in contrast with Čemaj et al. (1983) where 
is published that chamazulene content in A. collina is 
fluctuated and the highest value is reached in full 
flowering phase. Figueiredo et al. (1992) even found 
that chamazulene content in yarrow is continuously 
decreased during all the developing time.
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The genus Juniperus, evolution, biogeography and essential oils

R. P. Adams

Biology Department, Baylor University, P. O. Box 97388, Waco, TX 76796 USA

Juniperus is the second most diverse genus (67 species, 28 varieties) of the conifers (Adams, 2004). 
Juniperus species are found from sea level (several, J. virginiana var. silicicola, J. lutchuensis, J. 
procumbens) to above timberline (J. monticola f. compacta). Although limestone is the preferred 
substrate for many Juniperus species, other taxa grow on sand dunes, granite and sandstone and range 
from deserts {J. californica etc., ) to marshes (J . communis var. saxatilis on Queen Charlotte Island, 
B.C.). In North America, Juniperus species have become weedy and invaded millions of acres of 
rangeland and abandoned farms.

Juniperus species have evolved a fleshy female cone in which the cone scales are fused. These are 
often called “fruits” or “berries”. This reproductive structure is especially consumed by birds and small 
mammals. In fact, the long distance dispersal by birds has resulted in Juniperus being established on 
Atlantic islands such as the Azores, Bermuda, the Caribbean and Canary Islands.

The junipers grow only in the Northern hemisphere, except J. procera Hochst. ex Endl., which 
grows along the rift mountains in east Africa thence, into the southern hemisphere. Some of the 
Mediterranean Juniperus species such as J. oxycedrus, J. phoenicea and J . thurifera also grow in the 
mountains of the northernmost part of Africa (Morocco, Algeria).

The genus is separated into three sections: Caryocedrus (1 species), Juniperus (11 species including
J. communis, whose berry oil is used for gin flavoring; J. oxycedrus, the source of Cade oil) and Sabina 
(55 species including J. ashei, J. virginiana, the sources of most cedarwood oil).
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Essential oil production in Hungary: Past, present and future

Cs. Fodor
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Hungary has a long history as a producer o f essential oils. However, the industry has undergone a 
number of major changes over last century. My intention is to give a brief overview of the whole 
history o f commercial production and then to focus on the more recent developments.

The following time periods of Hungarian essential oil industry is overviewed:
• Before WW II.
• The Communist era, 1945-90.
• The transition period, 1990-94.
• The years of a market economy, 1994-2005.
• Future challenges

The following areas will be covered in details:
•  Major crops, their changes from the birth of commercial essential oil production till present 

days
• Distillery spots, major players, manufacturers and export companies
• Production and export figures, diagrams
• Background information on how the major political and economical changes influenced our 

industry
• General challenges encountered by all essential oil producers anywhere in the World, such 

as instable supply, volatile demand, new EU legislation threatening essential oils
• Specific local challenges, such as too strong local currency (HUF), the lack o f experienced 

farmers with large landholdings and cultivation equipment, continuously increasing labour 
cost

•  Our answers to these challenges, including specie development, reorganization o f raw 
material supply and production systems
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Superheated water extraction of essential oil-bearing materials:
An experimental study
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In recent years there has been a search for methods to replace the use of organic solvents in the 
extraction of natural products, especially plant materials. The purpose has been to reduce pollution in 
the work place and environment generally and to avoid residues o f undesirable organic solvents in the 
products, which often are used in foods and fragrances. One of these methods is the use of superheated 
water, which is liquid water above its boiling point at atmospheric pressure, 100 °C, under pressure 
(Clark and Macquarrie, 2002, Smith, 2002). The solubility of organic compounds in superheated water 
is quite high for two reasons, first because solubility increases with increasing temperature and second 
because water becomes less polar as the temperature rises (Ozel and Clifford, 2004).

Extraction of essential oils is one of the most interesting fields of superheated water extraction. The 
common methods used so far are mainly based on solvent extraction and steam distillation. The 
drawbacks linked to these techniques have led to the searching for new alternative extraction processes 
(Basile et al., 1998, Luque de Castro et al., 1999). The aim of this research work is to extract high 
quality essential oil from the Iranian essential oil-bearing materials such as lavender, rosemary and 
cumin. A bench-scale apparatus consists of water deoxygenation system, temperature-controlled oven, 
preheating coil, extraction cell, cooling system and extract receiver was designed and fabricated. 
Qualification and quantification were carried out using GC and GC-MS. The effect of different 
operating conditions such as temperature, pressure and flow rate was investigated and the optimum 
conditions were determined.
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We compared 8  populations of chamomile originating from different Hungarian habitats, both at 
the original growing areas and as experimental populations cultivated in the same environment at the 
research field of the department in Budapest, Soroksâr. We examined the height of the plants, the 
diameter o f the flowers, content and main components o f the essential oil as well as the content o f 
flavonoids. Aim of the investigations was the evaluation of Hungarian wild growing genotypes in order 
o f the development o f a new, special quality cultivar.

The population originating from Transdanubia could be separated from the ones originating from 
the Great Plain (’Hortobâgy’) according to both morphological traits and active ingredients (Figures 4- 
5.). The single population o f ’Polgâr’ can not be integrated in either group, it seems to be some kind of 
transition.

The populations from Transdanubia showed more intensive growth and bigger flower size than the 
others, both in the original areas and in cultivation. Their essential oil content was by about 40% higher 
too, than that o f the populations from ’Hortobâgy’. The proportion o f bisabolol-oxide I. (34-43 %) and 
o f chamazulene (7-15 %) are quite high, however the proportion o f a -  bisabolol was low (7-9 %). The 
materials from ’Hortobâgy’, in the contrary, showed a high proportion o f a -  bisabolol (45-58 %). Thus, 
according to the aims of the utilisation, we have two chemotypes for cultivar selection.

The environment and the vegetation year modified several characteristics o f each populations 
(growth intensity, spectrum of essential oil and flavonoids), which calls the attention to the importance 
o f interaction between variety and environment.

We propose the definition and standardisation o f the actual quality of chamomile as „Hungaricum” 
(special Hungarian product), because the collected material in Hungary seems to be rather diverse 
concerned both morphological features and active ingredients.
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There are approximately more than 300 natural products used as raw materials in flavours and 
fragrance industry. These raw materials can be found in the form of essential oils, extracts, oleoresins, 
concretes, absolutes, resinoids and tinctures t name the major groups. O f these materials about half are 
produced from cultivated plants while the remaining 50 % are obtained either as by-products o f a 
primary industry or are harvested from natural wild plants.

Due to unethical harvesting from the natural resources and wilds, some o f the plant species have 
become extinct or near the point o f extinction. Foreseeing this problem of the future a planning scheme 
should be evaluated for the commercialization o f new aromatic plants in the favourable climatic 
zones/areas and hence cultivation on a mass scale in the new region. India is a country rich in the 
natural resources (land, water and manpower)and having diversified flora and agroclimatic zones. 
Biotic and abiotic factors factors o f different agroclimatic zones affect the growth, yield and the 
chemical constitution o f the same species. As a result systematic planning and evaluation is necessary 
for introducing new plant species in a new area. Apart from the biotic and abiotic factors various other 
points must be considered such as :

Stage 1. Initial selection of plant species.
Stage 2. Plant growth Evaluation.
Stage 3. Standardization o f Agro-technology.
Stage 4. Commercialization o f the plant
Stage 5. Value addition

After getting positive and optimum results in each of the stages the new crop can be successfully 
cultivated in that particular agroclimatic zone whereby the technical and economic feasibility is 
favourable for the farmer and hence the nation.

Patchouli (Pogestemon cablin) is taken as a case study. Introducing Patchouli in India and 
especially in South Gujarat region, evaluating the plant growth, standardization o f agrotechniques, 
commercialization o f the crop and the value addition were successfully worked out. The crop now is 
successfully taken up by the farmers exhibiting splendid growth in the fields as well as the quality and 
quantity o f oil (oil recovery) is best too. Just like patchouli there are many other aromatic plants which 
can be taken on a commercial scale in South Gujarat region owing to the various ecological factors. 
Efforts must be made to introduce high value aromatic plants in this part o f the world and maximize the 
production meeting the world standards.
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Effect of drying on the essential oil in tarragon (Artemisia dracuttculus L.) leaves

A. Arabhosseini1, S. Padhye1, T. A. van Beek2, A. van Boxtel3, W. Huisman1, M. A. Posthumus2

and J. M üller1
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2Laboratory o f Organic Chemistry, Wageningen University, The Netherlands 
3Systems and Control Group, Wageningen University, The Netherlands, 

Current address: Institute o f Agricultural Engineering, University o f Hohenheim,
Stuttgart, Germany

Tarragon is a herbaceous plant belonging to Asteraceae family. Two species o f tarragon can be 
distinguished, namely French tarragon (A. dracunculus L. ) and Russian tarragon (A. dracunculoides
L.), which are morphologically different (Yaichibe, Masanori et al. 1997). The essential oil compounds 
are sensitive components in the process o f herbs drying and correct drying helps to keep o f aromatic 
plants with high quality (Deans and Svoboda 1992).

The effect o f air-drying on the oil components in French and Russian tarragon leaves was studied. 
The tarragon leaves were dried at air temperatures ranging from 40 to 90 °C. Mostly the drying stopped 
when the moisture content o f  the samples reached to 10% and for some o f the treatments at 7, 20 and 
30%. The essential oil o f the fresh and dried leaves was isolated by hydro distillation and analyzed by 
capillary gas chromatography and gas chromatography-mass spectrometry.

The drying process decreased the total oil recovery and the major oil components and the effect was 
similar on both varieties. The decrease was highest at 60 °C drying temperature. For the French 
tarragon the decrease of oil recovery was significantly lower at 90 °C. It seems that lower temperatures 
and shorter drying times yield more oil. The effect o f relative humidity at each temperature was not 
significant. For the drying at 60 °C, the main oil losses occur in the initial phase o f the drying process, 
i.e. when the moisture content is higher than 30%. The main compounds were estragóle in French 
tarragon with 69 % and sabinene in Russian tarragon with 40%. The relative amount o f the constituents 
was changed differently, for instant the relative value decreased for estragóle and increased for 
sabinene in French tarragon.
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From the genus Origanum two different herbs are offered on the market, namely maijoram from 
Origanum majorana L. and oregano from a variety of different Origanum species (and species of other 
genera). While maijoram is characterised by the bicyclic cis-sabinene hydrate and cis-sabinene hydrate 
acetate, oregano’s character compounds are the phenolic monoterpenes carvacrol and thymol.

Only a few species from the genus Salvia are used as medicinal and aromatic plants in a 
commercial scale, amongst them are Salvia officinalis, S. fruticosa and S. pomifera. These three are not 
differing with respect to the composition o f monoterpenes, but are characterised by different quantities 
(ratios) o f their main compounds 1 ,8 -cineol, a - and (3-thujone and camphor.

In the last years, a fast progress was achieved in the elucidation of the genetic basis o f terpenes. 
Several genes for monoterpene synthases were identified and characterised in many interesting 
medicinal and aromatic plants.

This presentation intends to give an update on the progress o f the genetic base o f monoterpene 
formation in the two genera Origanum and Salvia. The update includes not only the ‘vertical’ view 
from the blueprints (genes) to the end-products (monoterpenes) but presents shortly a first ‘horizontal’ 
view about the (bio-)diversity o f genes responsible for the same end-product.
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New metabolic pathways of ß-pinene and related compounds by
Aspergillus niger
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In the continuing study on the microbial biotransformation o f terpenoids (Noma and 
Asakawa, 1995,2003), the biotransformation of (-)- & (+)-ß-pinene (l& T ), (+)-irö«s-pinocarveol (2), 
(+)-pino- carvone (3), (-)- & (+)-3-pinanone (4&4’), (+)- &  (-)-2-hydroxy-3-pinanone (5&5’), (-)- & 
(+)-pinane-2,3-diol (6 &6 ’), (+)-fenchol (7) and (-)-fenchone (8 ) was carried out by Aspergillus niger 
TBUYN-2.

Compound 1 was mainly biotransformed to (-)-a-terpineol (9) and (-)-oleuropeyl alcohol(lO) 
together with the formation o f 2, 3 and 4, whereas 1 ’ was also biotransformed in the same manner to 
form enantiomers o f 2-4, 9 and 10. When compound 2 was used as substrate, it was biotransformed via 
3, 4 and 5 to (+)-2,5-dihydroxy-3-pinanone(l 1) together with (+)-fenchane-2a,6ß-diol(12) and (-)- 
fenchane-2a,6ß,10-triol(13) as main products. Synthesized 3 from 2 was easily metabolized to 4, which 
was further transformed to 5 and 11. Compound 5 was easily metabolized to 11 and (+)-2,8-dihydroxy-
3-pinanone (14). Furthermore, compound 6  was hydroxylated to (+)-pinane-2,3,5-triol(15) together 
with the formation o f 5 and 11.

The enantiomers of 4-6 were also biotransformed in the same manner. Compound 7 was easily 
biotransformed to 8  and 12. However, 12 was not converted to 13 at all.

We will discuss the new metabolic pathways o f 1 & 1’ and the related compounds together with the 
biological activity of the metabolites.
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Lavandula officinalis L. -  selection of optimal essential oil producing type

K. Dušek. E. Dušková and V. Schubertová

Research Institute o f Crop Production Praha -  Ruzyně, Dept, o f Gene Bank, Workplace in Olomouc, Šlechtitelů
11, 783 71 Olomouc-Holice, Czech Republic

A collection of 51 genotypes which includes 10 Lavandula L. species is carried out in the gene 
bank in Olomouc. Lavandula angustifolia L., the species often used as an aromatic plant and plant 
interesting for essential oil producing, is presented by 34 accessions in Czech collection and there are 
wild genotypes as well as cultivars presented in the collection. The evaluation and selection of 
perspective lavender genotypes with high essential oil yield and interesting essential oil composition 
together with account to Czech climatic conditions was the aim of the work.

Because the high variability of both morphological and chemical characters of genotypes 
propagated by seeds is typical mainly for wild plants, the individual evaluation o f each plant 
(minimally 15 plants per genotype) was done. All together 650 individuals was tested. The yield and 
composition o f essential oil was analysed by steam distillation and gas chromatography respectively, 
according Pharmacopoeia Bohemica (CsL 4 1987) and the results was compared with Czech 
Pharmacopoeia (CL 2002) requests and with control cultivar 'Krajovà'.

The Czech Pharmacopoeia requests in lavender 13 ml.kg"1 o f essential oil and it should content < 
1.0% of limonen, < 2.5% 1.8 - cineol, < 1.2% camphor, 20.0 -  45.0% linalool, 25.0 -  46.0% linalyl 
acetat, > 0.2% lavandulol acetat and > 0 .1 %  lavandulol. According to this quality, the plants with 
significantly higher essential oil content or different essential oil composition - all together 32 plants - 
was chosen as an interesting ones. The highest essential oil content (average from two years analysing) 
was established at 44.2% and the results of essential oil quality are expressed in the table.

Compound Ph. request (%) Evaluated samples (%)
limonen < 1.0 0 .2 -3 .1 3 plants above the limit
1 , 8  - cineol <2.5 0 .5 -1 0 .3 9 plants above the limit
camphor < 1 . 2 0

 
Ò 1 V

O 3 plants above the limit
linalool 2 0 .0 -4 5 .0 18 .9 -52 .8 3 plants under and 2 plants above the range
linalyl acetat 2 5 .0 -4 6 .0 2 .9 -2 8 .6 29 plants under the range
lavandulol acetat > 0 . 2 3 .0 -2 9 .0
lavandulol > 0 . 1

o
o1

o

From all 32 interesting plants the nursery of stool beds was found by vegetative propagation and the 
mother plantation of all chosen plants is for potential users available for cuttings harvesting or as an 
original stock for breeding in gene bank working place in Olomouc.
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Essential oils of Origanum, Thymus, Satureja and Thymbra species 
growing wild in lakes region in Turkey

H. Baydar1, T. Karadogan1 and H. Ôzçelik2

^üleyman Demirel Üniversity, Faculty o f Agriculture, Deaprtment o f F ie ld  Crops, Isparta/Turkey 
2Siileyman Demirel Üniversity, Faculty o f Science, Department o f Biology, Isparta/Turkey

Lakes region in Southwest Anatolia is known as valley o f the oil rose in Turkey. Since It is located 
in transition zone o f Mediterranenan and Irano-Turanian regions, it is very rich in medicinal and 
aromatic plants. In the present study, it was aimed to determine the essential oils from Thymbra, 
Satureja, Origanum and Thymus species growing wild in Lakes region. These species are traditionally 
consumed as 'kekik' which is the name given to those species with a thymol/carvacrol type odor. 1 

Thymbra species (T. spicata), 2 Satureja species ($. cuneifolia and S. thymbra), 5 Origanum species 
(O. minutiflorum, O. onites, O. majorana, O. sipyleum ve O. vulgare) and 5 Thymus species (T. 
leucostomus, T. samius, T. longicaulis, T. zygoides ve T. cyclotrichum) were determined during the 
survey. Although all these species could be considered as potentially valuable crops, the most 
economic species were from Origanum and the least economic species were from Thymus. Essential 
oil-rich (1.0-7.0%) species were belonging to the genera Origanum, Satureja and Thymbra. The 
essential oils of Thymus genera were moderate level (0 .3- 1.5%). While the essential oils from 
Origanum, Satureja ve Thymbra genera were rich in carvacrol, the oils from Thymus genera were rich 
in thymol. However, some Origanum species were rich in linalool and some Thymus species were rich 
in carvacrol and geraniol. Altitude seemed to be the most important environmental factor influencing 
oil content and composition. In general, the plants collected from low altitudes contained more 
essential oil than that of the plants collected from high altitudes. But, high values for carvacrol were 
recorded at high altitudes.

Keywords: Lamiaceae, Turkey, Lakes region, medicinal and aromatic plants, essential oils
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Essential oil composition of a new Eryngium species from Australia: 
Eryngium rosulatum P.W. Michael ined
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The genus Eryngium L. belongs to the Apiaceae family and, with about 250 species, has a 
cosmopolitan distribution. Eryngium includes mostly hemicryptophytes and geophytes, although 
therophyte species have also been described. Relatively few Eryngium species have been described 
from Australia (Powell and Wieceh 1992): E. expansum F. Muell, E. plantagineum  F. Muell, E. 
rostratum Cav. and E. vesiculosum Labill. are native while E. maritimum L. and E. pandanifolium  
Cham, et Schldl. are naturalised. An impending revision of the Australian species is likely to include 
several new taxa including Eryngium rosulatum P.W. Michael ined., a rare species from New South 
Wales and southern Queensland. Plants of this new species are prostrate and form a loose mat up to 20 
cm wide.

The essential oil composition from the aerial parts o f this new Erynigum species have been 
analysed by GC and GC/MS. The main constituents o f the oil were found to be p-elemene (16.0%) and 
bicyclogermacrene (12.5%). Other representative compounds were identified as 5-elemene (7.0%) and 
(3-caryophyllene (6.0%). It is worth mentioning that most of Eryngium essential oils analysed to date 
contain sesquiterpenes as main

The essential oil composition from the aerial parts o f Erynigum rosulatum ined. have been analysed 
by GC and GC/MS. The main constituents of the oil were found to be p-elemene (16.0%) and 
bicyclogermacrene (12.5%). Other representative compounds were identified as 5-elemene (7.0%) and 
P-caryophyllene (6.0%). It is worth mentioning that most o f Eryngium essential oils analysed to date 
contain sesquiterpenes as main constituents (Palá-Paúl et al. 2003; Pala-Paúl et al. 2005).
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Metabolism of terpenoids: impact on flavour and biological activity

W. Jaeger

Department o f C lin ica l Pharmacy and Diagnostics, University o f Vienna, 1090 Vienna, Austria

Terpenoids are main constituents of plant derived essential oils. Because o f their pleasant odour or 
flavour they are widely used in the food, fragrance and pharmaceutical industry. Furthermore, in 
traditional medicine, terpenoids are also well known for their analeptic, antibacterial, antifungal, 
antitumor and sedative activities. Though large amounts are used in the industry the knowledge about 
their biotransformation in humans is still scarce. Yet, metabolism of terpenoids can lead to the 
formation of new biotransformation products with unique structures and often different flavour and 
biological activities compared to the parent compounds. A concise review and discussion o f the nature 
o f the pathway o f mammalian terpenoid metabolism, metabolites and physiological and biochemical 
consequences will be presented. Special emphasis will be given to the biotransformation of mono- and 
sesquiterpenoids in the skin, nasal mucosa, small intestine, liver and lung. Moreover, this review also 
discusses the most important families of enzymes involved in terpenoid metabolism resulting in a loss 
o f biological activity or, in many cases, the generation o f bioactive or even toxic metabolites 
responsible for allergic reactions.
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Chemical composition, antifungal and anti-aflatoxin properties of essential oils of 
Thymus eriocalyx and Thymus x-porlock with special references to ultrastructural

alterations of Aspergillus parasiticus
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Some Aspergillus species are are responsible for many cases o f  food and feed contamination. 
Aflatoxin producing fungi grow rapidly on a variety o f natural substrates and consumption o f 
contaminated food feedstuffs can pose serious health hazards to human and animals. The use o f natural 
antimicrobial compounds is important not only in the preservation of food but also in the control of 
human and plant diseases o f microbial origin. The antifungal effects of essential oils from Thymus 
eriocalyx and Thymus x-porlock were studied with special References to the inhibition of Aspergillus 
parasiticus growth and aflatoxin production. Minimal inhibitory (MIC) and minimal fungicidal (MFC) 
concentrations o f the oils were determined. The oils from the above plants were found to be strongly 
antimicrobial and inhibitory to aflatoxin production. Static and lethal effects o f the above oils against
A.parasiticus were at 250 and 500-1000ppm o f the oils respectively. Aflatoxin production was 
inhibited at 250ppm o f both oils with that o f T. eriocalyx being stronger inhibitor. The oils analyzed by 
GC and GC/MS lead to identification o f 18 and 19 components in Thymus eriocalyx and Thymus x- 
porlock oils respectively. The profile o f the oil components from Thymus eriocalyx was similar to that 
o f Thymus x-porlock in almost all the compounds but at different concentrations. The major 
components o f Thymus eriocalyx and Thymus x-porlock oils were Thymol (64.3, 30.7%), p- 
phellandrene (13.2, 39.4%) and Cis Sabinene hydroxide (8.4, 9.7%) respectively. Transmission 
electron microscopy (TEM) o f A. parasiticus exposed to MIC level (250 ppm) o f the oils showed 
irreversible damage to cell wall, cell membrane and cellular organelles. Substitution o f currently used 
antifungal and aflatoxin inhibiting chemicals by natural compounds such as thyme is recommended.

Keywords: Essential oils, Thyme, Aspergillus parasiticus, Aflatoxin, Ultrastructure
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Purity and antimicrobial activities of geraniol and various geranyl derivatives
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In continuation o f our research work of combined interpretation o f analytical and biological data o f 
various aroma samples (essential oils, extracts and pure compounds) using gas chromatographic- 
spectroscopic (GC and GC-MS) and olfactoric method as well as antimicrobial tests (e.g. Jirovetz, 2003 
and 2004, Schmidt, 2004), geraniol and various natural or synthetic geranyl derivatives were 
investigated.

Following compounds were used: Geraniol, geranial, geranic acid, geranyl acetate, geranyl acetone, 
geranyl amine, geranyl bromide, geranyl butyrate, geranyl chloride, geranyl formiate, geranyl 
isobutyrate, geranyl linalool, geranyl propionate and geranyl tiglate.

The identity and purity of each compound was ascertained by the use o f GC and GC (apolar and 
polar fused silica columns) and in addition, olfactoric evaluations done.

In totally 14 samples showed activity (References component: eugenol) using two different agar 
methods (diffusion and dilution) against the microorganisms gram-(+)-bacterium Staphylococcus 
aureus ATCC 6538P and Enterococcus faecalis (clinical isolated), gram-(-)-bakteria Escherichia coli 
ATCC 8739, Pseudomonas aeruginosa G 28, Proteus vulgaris (clinical isolated), Klebsiella 
pneumoniae (clinical isolated) and Salmonella sp. (clinical isolated) as well as against the yeast 
Candida albicans ATCC 10231, but with more significant IZ-data (agar diffusion method) in 
correlation to the MIC-data (agar dilution method).

The antimicrobial activity o f each compound was correlated to its structural properties and the 
results will be discussed.
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thMalaysia is recognized as one of the 12 mega biodiversity centre in the world with an estimated 
flora diversity o f 15,000 species. With such rich biodiversity there is bounteous knowledge on its ethnic 
cultural, social and traditional medicinal practices which remain one of Asia’s unique treasure and 
heritage. Among these include the traditional utilization o f aromatic plants in particular species from 
the families Zingiberaceae, Rutaceae, Magnoliaceae, Piperaceae, Annonaceae, Oleaceae etc.

A number o f species from the families Zingiberaceae and Rutaceae, for instance, are often utilized 
as alternative cures for women-related illnesses such as post-partum medicine, menstrual disorders and 
other gynaecological complications. Zingiberaceous species such as Alpinia galanga, kaempferia 
galanga, Zingiber spp. Are prepared into poultices for the treatment o f aching joints, sprains and 
inflammation or juice taken orally for the treatment o f  flatulence, colic, stomache or other digestive 
problems. Some herbs go into mixtures for preparations o f traditional cosmetic powder (Ibrahim et al 
2000) .

Aromatic plants are also used as flavours, spices and condiments in diverse ethnic dishes. While 
Lemon grass oil is useful in aromatherapy, the leaf bases have an important culinary use in Peninsular 
Malaysia (PROSEA 1999). Scents are sometimes associated with evil spirits and selected aromatic 
plants are utilized in rituals for exorcising spirits. Specific examples o f aromatic plants and their 
traditional utilization will be further discussed and presented
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The Mediterranean herbaceous plant Achillea ligustica o f the Asteraceae family has atracted 
scientific interest for its use in traditional medicine and for the diversity of its constituents (Maffei et 
al., 1993, Tzakou et ah, 1995, Ahmed et ah, 2003). In Corsica, this plant is found under the vernacular 
name “Erba Santa” (holy herb) and has been used to cure sprains, insect bites and hemorrhages. Here, 
we report on the molecular identification, the chiral analysis and the antimicrobial activity o f the 
volatile components of A. ligustica.

The essential oil of A. ligustica was prepared by Clevenger hydrodistillation of a wild sample 
collected near Ajaccio, Corsica. The essential oil was fractionated by pentane/diethyl ether flash 
column chromatography on silica gel and the whole oil and its fractions were analyzed by conventional 
and enantioselective gas chromatography-mass spectrometry (cGC-MS) using a Hydrodex (3-6-TBDM 
stationary phase. A total of 80 compounds representing 93.7 % of the oil were identified and the 
enantiomeric distribution of seven compounds was characterized. In contrast with the italian and greek 
chemotypes, the major constituents were determined as santolina alcohol (19.3 %) and camphor 
(21.3%).

Figure 1. Two-step synthesis o f  santolina alcohol

In order to prepare a racemic sample of santolina alcohol for the chiral studies, we performed an 
original two-step synthesis (Fig. 1) from commercial 2,5-dimethylocta-2,4-diene. After optimization of 
the cGC-MS conditions for the enantiomeric differentiation of this synthetic sample, we observed that 
the natural sample (purified by AgNC>3 doped silica gel column chromatography) was enantiomerically 
pure. Finally, the biological activity of the essential oil, tested against several bacteriae and fungi, was 
found to be higher than ampicillin against three Streptomyces species.
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A new chiral stationary phase derivate of ß-cyclodextrin for enantioselective
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Passo Fundo -  RS, Brazil

For approximately 38 yiears, gas chromatography has been used to separate enantiomers. GC is an 
important analytical method for separation and identification of various chiral compounds present in 
essential oils. Columns coated with cyclodextrins, selectivity alkylated and acylated, are useful for 
chiral resolution of these compounds. In this work we report the successful preparation and use of the 
new chiral stationary phase heptakis(6 -0 -pentafluoropropionyl-2 ,3-di-O-pentyl)-ß-cyclodextrin, for the 
separation o f enantiomeric volatile constituents of essential oils. The pentafluoropropionyl group was 
never used before as a cyclodextrin substituent and this phase shows to be very efficient. The 
enantiomers a-pinene, limonene, a-tujene and (+/-)camphor, commonly presents in different essential 
oils could be resolved. Other chiral analytes like sulfoxides, lactones, acids, amino acids, amines and 
alcohols, were also analyzed.
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The major aims to be considered in the development o f any GC method are both a rapid and 
efficient sample preparation procedure and the separation o f the most critical peaks in the minimum 
time. This, obviously, becomes o f fundamental importance for laboratories with a high sample 
throughput. As a consequence, there has been considerable attention within the chromatographic 
community for the introduction o f faster analytical methods.

A valuable tool for rapid headspace (HS) and liquid sample extraction, in general, has proved to be 
solid phase m icroextraction (SPME). This approach exploits the high sorption power o f  a fused silica 
fiber coated with a specific absorbent in contact with the analytes. Furthermore, the automation o f the 
entire SPME procedure produces a series o f unquestionable advantages: less time-costs, lower 
probability o f sample contamination and higher analytical repeatability.

The prim ary aim, relative to any fast GC technique, is to maintain (compared to traditional GC) 
sufficient resolving power for the separation between the compounds o f  interest. In respect to this 
aspect, the micro-bore column approach is a very efficient way o f increasing analysis speed. Although 
the use and effectiveness o f  these columns was demonstrated more than forty years ago, their routine 
use in fast GC applications is only quite recent. The reason behind this delay was due to the lack o f  
suitable GC equipment. M odem  GC systems are now capable o f supplying the drastic experimental 
conditions that micro-bore columns require: high inlet pressures and split flows, rapid oven temperature 
heating/cooling and fast electronics for detection.

The present research is based on the rapid automated extraction o f HS analytes relative to a 
bergamot oil sample by using solid phase microextraction (a 7 pm  PDMS fibre was used) and the 
subsequent fast GC separation o f the isolated compounds on a 0.1 mm ID m icro-bore column. The 
width o f the injected sample band was focussed by using a cryo-trap positioned at the head o f  the 
capillary column. With respect to conventional methods (a 30 pm PDMS fibre and 0.25 mm ID column 
were used) a great reduction o f analytical time-costs was observed both in terms o f SPME procedure 
(equilibration time) and GC m n time.
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Benefits of a Sol-Gel wax stationary phase in comparison to conventional 
stationary phases in the Gas Chromatographic analysis of essential oils
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The most common and important method for the determination o f volatile components in complex 
samples is gas chromatography (GC). It is obvious that the continuous advancement o f GC analytical 
performances is a fundamental aim in the field of separation science. In this respect, the improvement 
o f stationary phase technology has led to an increased chromatographic quality of GC separations. The 
most common stationary phases used are: side chain (methyl, phenyl or cyano) functionalized 
polisiloxanes; silarylene or carbonate incorporated into the polysiloxane backbone. Polymeric 
stationaty phases must meet the following criteria to be useful: thermal and physical stability, high 
degree of crosslinking, partitioning capability, chemical inertness, phase selectivity, polymer synthesis 
reproducibility. Recently, a new generation of stationary phases, consisting o f sol-gel materials, have 
been developed. These compounds, which may be considered essentially as a synthetic glass, are 
chemically bonded to the fused silica and are the result o f the polycondensation of hydrolyzed 
monomers of metal alkoxides with crosslinking to form a three dimensional network. The use o f sol-gel 
as a stationary phase is an attractive option due to the good retentive characteristics, excellent inertness, 
extreme resistance to strong acids and bases, high reproducibility and thermal stability. In particular, 
the sol-gel wax column has a great versatility in separating volatile mixtures. The aim o f this work is to 
employ sol-gel phases in essential oil analysis and compare there effectiveness with that o f widely-used 
commercially available column stationary phases.
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Biotransformation of sesquiterpenoids isolated from the crude drugs and
liverworts by microorganisms
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We are continuing to study the biotransformation o f terpenoids from the crude drugs and liverworts 
by microorganisms to obtain functionalized substances such as aroma, insect pheromones and anti- 
malarial components (Hashimoto, Noma, Asakawa, 2001).

A new chamigrane- (1) and a new cylomyltaylane-type sesquiterpenoids (2), together with 
cyclomyltaylan-5-ol (3) isolated from the liverwort Reboulia hemispaerica and diol (9) prepared from 
the pungent polygodial (8 ) were biotransformed by by Aspergillus niger. A Zapek-peptone medium 
[1.5% sucrose, 1.5% glucose, 0.5% polypeptone, 0.1% K2HPO4 , 0.05% KC1 and 0.001% 
FeSÛ 4 ■ 7 H2 O in distilled water (pH 7.0)] was used for biotransformation o f the substrates by A. niger. 
The cultures were filtered in vacuo and each broth was extracted with EtOAc to give the metabolites 
which were chromatographed on silica gel to give oxygenated products. Their structures were 
characterized by GC/MS and NMR spectroscopy.

From compound 3 five metabolites 4- 7 were isoated. Their absolute structures were determined by 
2D-NMR and modified M osher’s method.

8 9: R=H 11:R=H 13
10:R=OH 12:R=OH

Compound 9 was converted to 3-hydroxylated compound (10) in good yield. The diacetate (11) o f 
9 was oxidized with SeC>2 to afford 9-hydroxylated compound ( 1 2 ). The derivatives o f warburganal 
(13) which shows insect antifeedant activity will be synthesized by biotransformation o f 1 2 .
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Bound volatile compounds from osage orange fruit (Maclura pomífera) in
comparison with its essential oil
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The type o f compounds isolated from the various parts o f osage orange, Maclura pomifera (Raf.) 
Schneid (Moraceae), belong to different classes such as flavonoids, xanthones, triterpenes and stilbenes 
(Lee et al., 1998). The fruit o f osage orange has been utilized as an insect repellent (Peterson et al., 
2002). Among others, volatility is viewed as being important to repellent activity. Phytochemical 
studies o f this fruit made no attempt to compare its free and bound volatiles. If the bound volatile 
aglycones are compared with the corresponding free volatiles o f the same plant, only limited similarity 
turns out (Stahl-Biskup et al., 1993). In the literature, only one References about M. pomifera fruit oil 
o f American origin was found (Peterson et al., 2002). Mostly sesquiterpenoids were determined to be 
present in the fruit volatile isolates and many o f them were repellent to German cockroaches.

As a part o f our research project (Croatian grant No. 0011010), we have studied the free and bound 
volatile composition o f M. pomifera fruit by GC and GC-MS. The free volatiles (230 mg kg '1) were 
obtained by hydrodistillation (Clevenger apparatus) and bound volatiles (10 mg kg '1) were liberated 
after the hydrolysis of the glycosidic fraction (obtained by water extraction and purified by “flash” CC- 
chromatography) using /?-glucosidase. The oil (50 pL) was separated in two fractions -  with 
hydrocarbons and oxygen-containing compounds, respectively -  by eluting the oil on a silica gel 
microcolumn with subsequently n-pentane and diethyl ether. Identified compounds consist o f aliphatic 
constituents (free 28.3%; bound 29.1%), phenylpropane derivatives along with related compounds (free 
5.1%; bound 36.0%), monoterpenes along with sesquiterpenes (free 55.2%; bound 19.3%) and other 
compounds (bound 3.5%). In total, 43 bound volatiles were identified, with eugenol (9.9%) and p- 
cresol (9.6%) being the major components. As far as we know, this is the first report on bound volatiles 
o f osage orange fruit and 1 2  compounds were established to be identical by comparison with the free 
volatiles. The principal constituents o f the essential oil were elemol (19.2%), 1-dodecanol (9.7%), 
¿r<my-caryophyIlene (5.6%) and hexyl hexanoate (5.4%).
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££#M-dimethylbicyclo [4.1.0] heptane system
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Our interest in synthesis o f terpenoid derivatives from natural source is connected with a possibility 
o f their application as fragrant and flavor components for cosmetic and food industry. One o f such 
natural substances is (+)-3-carene, monoterpene, bicyclic hydrocarbon, a major constituent of 
turpentine from Scotch Pine (Pinus sylvestris L.). It is very convenient starting material for synthesis of 
oxoderivatives with preserved carane (gem-dimethyl-bicyclo[4.1 .OJheptane) skeleton as well as gem- 
dimethylbicyclo[3.1 .0 ]hexane moiety.

In previous paper we reported syntheses o f odorants with di- or trimethyl-bicyclo[3.1.0]hexane 
system, substituted at C-3 (Lochynski, 1997) or C-2 and C-3 positions (Lochynski, 2001), as well as 
those with preserved carane system with elongated side chain at C-10 position via allylic alcohol 2 
(Lochynski, 2002).

As a continuation o f our investigations, now we present further syntheses o f gem-di- 
methylbicyclo[4.1.0]heptane derivatives substituted at C-3 and C-4 positions.

Oxidation o f 2 afforded known a,p-unsaturated aldehyde 3, which was transformed in Homer- 
Wads worth-Emmons reaction to the ketone 4. Reduction o f 3 led to the allylic alcohol 5, which was 
subjected to the Claisen rearrangement (orthoacetate modification) giving y,8 -unsaturated esters 6  and 
after hydrolysis acid 7. Esterification o f acetyl chloride with alcohol 5 afforded appropriate acetate 8 .

All newly obtained terpenoid compounds possess interesting olfactory properties. Odour 
characteristics and synthetic details will be presented with special emphasis on stereochemical aspects.
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Comparative studies for the analysis of volatile sulphur compounds 
in onion and garlic by SPME-GC and SBSE-GC
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The characteristic flavour of onion and garlic has been the subject of chemical investigations for 
over 100 years. First steam-distillations of fresh onion bulbs have already been performed in 1892 and 
first empirical identifications have been obtained based on these studies [1]. Later on the formation of 
sulphur volatiles, which contribute mainly to the specific aroma of the Allium species, have been 
extensively studied applying predominantly various GC headspace sampling procedures [2, 3]. Some 
years ago solid-phase micro extraction (SPME) has been successfully introduced for the extraction o f 
aroma substances released from onions after rupture of the plant cells [4, 5]. Best results were obtained 
when the freshly minced plant material was suspended in water and the volatiles in the headspace were 
adsorbed on a 100 jam polydimethylsiloxane (PDMS) fibre. However, the disadvantage of this 
approach is that low volatile plant components are more or less discriminated. Therefore a new 
extraction technique, known as “stir bar-sorptive extraction (SBSE) method”, which is based on the 
partition coefficient between PDMS and water, has been applied in order to get more representative 
data regarding the aroma profile of both Allium species. In this context a magnetic stir bar coated with 
50 -  300 pi of PDMS was used. The aim of this study was to compare the applicability of both methods 
with special regard to sensitivity and to examine their association with sensory characteristics.
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(SPME)

Hans-Ulrich Baier

Shimadzu Deutschland GmbH, Albert-Hahn Str. 6-10, D-47269, Duisburg, Germany

In the past fast GC and GCMS using narrow bore columns became more and more a powerful tool 
to increase analysis efficiency in different fields [1-4]. This approach reduces analysis time drastically 
by mainly maintaining the resolution [3,4]. Columns with reduced inner diameter and phase ratios of 
250 or larger have minimum values for the height equivalent o f a theoretical plate (HETPmin) which 
approach the inner diameter of the columns. By using these columns the instrument hardware has to 
fulfil some needs. To run the columns at optimum separation efficiency for different temperatures the 
GC part should be able to maintain the mean linear velocity of the carrier gas. Other parameters like 
pressure range linear temperature ramp and rapid cooling contribute also to the efficiency of the 
system. Regarding the detector part the system must be able to follow sharp increases of signals as the 
peak widths at half height (FWHM) in fast GC with narrow bore columns o f 0.1 mm inner diameter are 
expected to be about or even below 0.5 s [5] . For a quadrupole GCMS system this means it should 
provide a high number of scans per seconds to ensure reliable quantitative work and a high scanning 
speed in order to have a non distorted spectrum. Here the instrument (Shimadzu GCMS-QP2010) 
provides up to 50 scans/s and 10000 amu/s, respectively. The column used for the flavours (strawberry, 
vanilla 10 % diluted in ethanol) was a DB WAX 10 m, 0.1 mm ID, 0.2 pm. More than 60 compounds 
were separated in less than 7 min analysis time. The peak widths (FWHM) were about 0.5 s which 
needs about every 0.05s a scan or 20 spectra per second acquisition rate. The mass range selected was 
40 to 300 amu. The spectrum quality was very high and there was no difference in similarity indices 
observed when compared to standard analysis (up to 98% similarity with the wiley library).

For the control o f end products like soft drinks volatile and semi volatile flavour compounds can be 
analyzed by using solid phase micro extraction (SPME). This technique has been proven to be 
compatible with fast GCMS. The peak width for liquid and SPME injection was identical indicating 
that the desorption process is as fast as the transfer in liquid injection onto the column. Volatile 
compounds were extracted by using a PDMS/DVB 30/50 pm phase (Supelco). Extraction was done 
with the fiber equilibrated for 30 minutes at 50 °C (headspace SPME) and desorption was performed in 
the injection port at 250 °C for 1 min. The volatiles detected (multivitamin juice) contain also some of 
the potential allergens found in cosmetic products like limonene, anisyl alcohol, geraniol, cinnamic 
alcohol, amyl cinnamyl alcohol and famesol.
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It is well-known that single column GC is often an insufficient tool when the total separation of a 
complex matrix is required. Component co-elution is a common event even for low-complexity 
samples, as the distribution of chromatographic peaks is, generally, random. In particular, major 
difficulties are encountered when trace-level analytes overlap with more concentrated solutes. As a 
consequence, the development of multidimensional instrumentation and methods is one of the foremost 
goals of modern-day gas chromatography.

The present research is focussed on the evaluation of a recently developed high performance 
multidimensional gas chromatogaphic (MDGC) system employed in the fast analysis o f a series of 
chiral compounds contained in rosemary essential oil.

The heart of the MDGC system consists in a simple transfer device for the rapid sequential re­
injection of analyte “heart-cuts” from the first to the second dimension.

The transfer system has no temperature restrictions, presents very low dead volumes and achieves 
multidimensional analysis through a pressure-balance mechanism. The MDGC set-up is characterized 
by two GC ovens (enabling indipendent temperature programming) and the possibility of mass 
spectrometric (MS) and/or flame ionization detection (FID).
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Free and bond volatile compounds from candytuft, Iberis sempervirens L.

J. Mastelic, I. Blazevic and I. Jerkovic

Department o f Organic Chemistry and Natural Products,
Faculty o f Chemical Technology, University o f Split, N. Tesle 10/V, 21000 Split, Croatia

Iberis sempervirens L. belongs to Brassicaceae family. The plants o f this family contain 
glucosinolates. The glucosinolates and their aglycones are biological active compounds. Composition 
o f the obtained aglycones depends on the structure o f the side chains in glucosinolates and degradation 
conditions such as pH-values, temperatures, Fe2+ ions and specific protein (Ikan, 1999.).

Up to now, the chemical composition o f these aglycones and O-aglycones from candytuft has not 
been reported. The volatiles of Iberis sempervirens were isolated by hydrodistillation and analyzed 
using GC and GC/MS. The volatiles were isolated from fresh plant material prior and after the autolysis 
(Al-Gendy et al., 2003.) and from dried plant material. Isothiocyanates, nitriles aliphatic alcohols, 
carbonyls, fatty acids, hydrocarbons, terpene compounds, Cn-norisoprenoids and phenylpropane 
derivatives were identified. The major components in all samples were: 3-butenyl isothiocyanate (17.4- 
63.3%), 5-methylthiopentanonitrile (2.2-9.5%), 4-methylthiobutanonitrile (4.8-6.9%), allyl
isothiocyanate (4.0-6.6%). Other compounds were 3-methylthiopropyl isothiocyanate, phenyl 
isothiocyanate, benzenepropanonitrile, l-cyano-4,5-epithiopentane. The volatiles that were isolated 
after the autolysis are more complex then other two isolates. Some o f them were identified in O- 
aglycones as eugenol, (Z)-3-hexene-l-ol, lH-indole.

Further, from the fresh plant material O-glycosides o f volatile compounds were isolated and 
purified by selective extraction and column chromatography. After hydrolysis o f O-glycosides using p- 
glucosidase liberated volatile O-aglycones were also analysed by GC and GC/MS. Compounds with 
sulfur and nitrogen (which are characteristic for glucosinolates) were not identified among these 
compounds. Nineteen O-aglycones were identified. The main O-aglycones were: eugenol (15.2%), 2- 
phenylethanol (12.9 %), 2-hydroxy-p-ionone (10.6%), 2-tert-buthyl-5-methylphenol (9.2%) and 
methyl-2,5-dihidroxybenzoate (4.5%).

References:
Al-Gendy A. A., Lockwood G. B. 2003. Flavour Fragr. J., 18: 148.
Raphael Ikan, 1999. Naturally Occurring Glycosides, John Wiley & Sons.
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Investigations of essential oils with enantioselective Gas Chromatography

Detlev H. Hochmuth*, Jörn E. Karg# and Markus Rugen#

* Hochmuth Scientific Consulting, Störtebekerweg 48, 21149 Hamburg, Germany 
# Karom GmbH, Opelstraße 12, 67661 Kaiserslautern, Germany

in memoriam Prof. Dr. Wilfried A. König

Professor König invented and established the use of modified cyclodextrins as stationary phases in 
capillary gas chromatography. Today, most volatile chiral compounds can be separated in their 
enantiomers using one of several available cyclodextrin-based capillary GC columns. Professor König 
significantly contributed to the knowledge about essential oils and plant volatiles. He discovered 
several new sesquiterpenes and improved analytical techniques required for the detailed analysis of 
essential oils, particularly in structure elucidation, mass spectrometry and gas chromatography.

We demonstrate the value of enantioselective gas chromatography in essential oil chemistry on 
prominent examples like methyl jasmonate in natural jasmine, a-phellandrene in eucalyptus oil and dill 
oil, or the separation of peppermint oil constituents.

Further, we show modem applications using fa st GC and GC/MS with 100 pm narrow-bore 
columns for the quality assessment of lavandin oil and lemon oil as typical examples of state-of-the-art 
analytical procedures in today’s flavour and fragrance industry.
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Investigations of the suitability of Solid Phase Dynamique Extraction (SPDE) to 
determine the composition of aroma active components in herbs

A.- C. W olff and I. Schellenberg

Department o f Bioanalysis, Anhalt University ofApplied Sciences, 06406 Bernburg, Germany

In the context of a research project in which the aroma profile o f spicy plants is investigated, the 
suitability of SPDE as an easy to handle preparation technique -  that accumulates aroma components 
on a specific layer in a syringe -  should be determined.

Therefore several influencing factors for the SPDE method particularly the numbers of strokes, the 
sample weight and the incubation temperature needed to be optimized. Verification was performed by 
the use of gaschromatographic analysis.

After finishing the considerably period of method development it is safe to say that the pre-analysis 
technique SPDE can be used to reproducible determinate aroma active components in herbs. However 
attention needs to be payed on the sample weight which might lead to less reproducible results if  it 
undergoes a certain amount.

Raising the stroke number to high degrees often causes degradation or heightening for some 
components. Thus optimization is important and often there is a middle course that gives most 
satisfying outcomes.

Additionally it must be mentioned that there is an advantage compared to other extraction 
techniques, as for example Solid Phase Micro Extraction (SPME), including a higher detection limit for 
minor components. This matter of fact is especially important for establishing aroma profiles due to the 
sensory affectivity o f secondary components.
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Isolation of the components of the essential oil of the leaves of 
Solanum aethiopicum and its antimicrobal activity

O. T. Asekun 1 and O .O . Aboaba2

department o f Chemistry, Faculty o f Science, University o f Lagos, Nigeria 
2Department o f Microbiology, Faculty o f Science, University ofLagos, Nigeria

The essential oil o f Solanum aethiopicum was obtained by hydrodistillation from the leaves and 
was comprehensively analyzed by gas chromatography (GC) and gas chromatography-mass 
spectrometry (GC-MS) to reveal thirty-three (33) constituents, which accounted for 63.47% of the total 
oil composition. O f the thirty-three constituents isolated, twenty-six (26) compounds accounting for 
58.16% of the leaf oil were identified.

The major compound was a diterpene, phytol (17.73%), other prominent compounds are alpha- 
pinene (7.5%), trans-methylisoeugenol (4.76%), elemicin (4.50%), T-muurolol (4013%) and elemol 
(4.02%). Some sesquiterpenoids has been reported from the exudates of the plant by Toshino et al. 
(2001).

The leaf essential oil o f S. aethiopicum was confirmed to possess no antimicrobial activity against 
Escherichia coli, Staphylococcus aureus, Klebsiella spp., Nesseria spp., Candida albican and yeast. 
Ayato et al (2001) reported the antifungal activities o f lubimin and epilubimin, phytolexins from the 
plant.

References:
Toshinro, N., Keiko, G., Ayato, W, Yoshiteru, S. and Teruhiko, Y. 2001. Sesquiterpenoids in Root Exudates of Solanun 

aethiopicum. Z. Naturforsh. 56. 707-713.
Ayato, W., Hiroaki, T., Hiroshi, N., Toshinori, N., Teruhiko, Y. 2001. Structural confirmation of 15-norlubiminol and 15- 

norepilubiminol isolated from Solanum aethipicum by chemical conversion from lubimin and epilubimin and their 
antifungal activity. Z. Naturforch. 56. 690-696.
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Molecular modeling of odor receptors

G. Buchbauer1. A. Stary2 and P. Wolschann2

department o f Clinical Pharmacy and Diagnostics, University o f Vienna, 1090 Vienna, Austria 
2Institute o f Theoretical Chemistry, University o f Vienna, 1090 Vienna, Austria

Humans possess approximately 300 intact odorant receptors and more than 700 non-functional 
pseudoreceptors. They are integral membrane proteins belonging to family A o f the large superfamily 
of G-protein-coupled receptors (GPCRs). GPCRs consist of 7 transmembrane helices connected by 
intra- and extracellular loops. With this repertoire, humans can distinguish between numerous chemical 
diverse odorants.

To explain this enormous discriminating power, knowledge of the three dimensional structure and 
mapping o f ligands to specific receptors are necessary. Due to experimental difficulties in determining 
the geometry o f membrane proteins, up to date only the crystal structure o f bovine rhodopsin 
(Palczewski et al, 2000) from family A has been solved. Therefore, homology-modeling techniques on 
two human odorant receptors, hOR17-4 and hOR17-40 were applied using rhodopsin as template. 
These two receptors are excellent targets because hOR17-4 selectively binds canthoxal®, which has a 
floral anisic smell, while hOR 17-40 is solely activated by the structural related helional® with a green 
floral note. The location o f the putative binding site was identified with the site finder module in MOE. 
It corresponds well to binding pockets found in other GPCRs. To analyse the nature o f the active site, 
docking studies were performed with known odorants and structurally related molecules.

Key residues involved in odorant recognition are located in the space formed by the transmembrane 
helices 3, 4, 5 and 6 as well as by the extracellular loop 2. By comparing the docking results of 
helional®, which exclusively activates hOR17-40 (Spehr et al, 2003) and the structurally related 
canthoxal® which only activates hOR17-4 (Wetzel et al, 1999) we were able to explicitly assign ligand 
specificity to structural features in the binding site. Comparison of key residues involved in odorant 
binding o f 10 structurally diverse receptors made it possible to define a olfactory receptor unique ligand 
binding site.

References:
K. Palczewski, T. Kumasaka, T. Hoři, CA. Behnke, H. Motoshima, BA. Fox, I. Le Trong, DC. Teller, T. Okada, RE. 

Stenkamp, M. Yamamoto, M. Miyano (2000) Crystal structure of rhodopsin: a G protein-coupled receptor. Science 
289: 739-745.

Spehr M, Gisselmann G, Poplawski A, Riffel JA, Wetzel Ch, Zimmer RK, Hatt H (2003) Identification of a Testicular 
Odorant Receptor Mediating Human Sperm Chemotaxis. Science 299: 2054-2058.

Wetzel C, Oles M, Wellerdieck C, Kuczkowiak M, Gisselmann G, Hatt H (1999) Specificity and sensitivity of a human 
olfactory receptor functionally expressed in Hek 293 cells and Xenopus laevis oocytes. J. Neurosci. 19:7426-7290.
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Sensory proprties of rosemary flavoured edible oil

L. Somogyi and B. Santha

Corvinus University o f Budapest, Chair o f Food Science, 
Department o f Grain and Industrial Plant Technmology, Hungary

Rosemary is not only a valuable medicinal plant but a well.known flavourity o f the food industry. 
Beside the traditional use in meat industry and canning technologies, its slight camphoreous character 
makes possible to improve the taste of edible oils.

In our experiment different amount of dried leaves of rosemary (Rosmarinus officinalis
L.spec.Harmat) were dipped in sunflower oil over a four weeks period and the changes o f the gust 
characteristics were investigated.

The following concentrations were prepared : conroll, 0.5 %, 1.0 %, 1.5 % and 2.0 %. Colour, 
smell, taste and the general acceptance were judged at the 1st, 4th, 7th, 14th, 21st and 28th day o f the 
treatment. For evaluation an unstructured scale was applied in which the panel members marked the 
position of the judged factor.The panel characterized the samples by terms as well.

Results were analysed by one way ANOVA and paired Welch-tests. The least significant 
différencies were calculated. After ranking the sensory data Kruskal-Wallis and paired Wilcoxon test 
were performed. Profil analysis was done to evaluate the textual comments o f the panel.

We could establish that during the one month course fragrance appeared firstly and the flavour 
developed rather slowly. At the end of the dipping, secondary aroma components were observable.

Comparing to the controll there were two distinct groups : the two lower and the two higher 
concentrations. At the end of dipping the aroma losed freshness and modified to the rich way.

The two higher concentrations were preferred by the panel members.

Referencies:
Nissen, L.R. et al. (2004): The antioxidative activity of plant extracts in cooked pork patties as evaluated by descriptive 

sensory profiling and chemical analysis. Meat Science,68, 3, pp.485-495.
Funtos, M.J. and Hemandez-Herrero, J.A.(2005): Effects of rosemary extract on the stability of bread with an oil, garlic and 

parsley dressing. Food Science and Technology,38» 6, pp.651-655.
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M. Toyota, I. Omatsu, Y. Tanaka, T. Kato and Y. Asakawa

Faculty o f Pharmaceutical Sciences, Tokushima Bunri University, Yamashiro-cho,
Tokushima 770-8514, Japan

Liverworts produce many peculiar terpenoids and aromatic compounds. We have reported more 
than 300 new compounds from bryophytes (liverworts, mosses and homworts) (Asakawa 1982, 1995, 
2005). We focus on the chemical constituents of southern hemispheric liverworts since ca 50 endemic 
genera have been recorded

(Asakawa 2001). Here the structures of several newly isolated compounds from the New Zealand 
liverworts will be discussed.

Each liverwort was extracted with ether. The crude extracts were purified by a combination of 
column chromatography and HPLC. Their structures were elucidated by NMR and X-ray 
crystallographic analysis.

Here the structures o f several newly isolated compounds from the ether extracts of New Zealand 
liverworts will be discussed.

Dendromastigophora flagellifera contained herbertane sesquiterpenoids (1-6). The species is 
closely related chemically to Japanese Herbertus aduncus and H. sakuraii since the latter species 
produce the same herbertanes as those o f D. flagllifera. Bazzananes (7-10) which are chemical markers 
o f Bazzania species were isolated from Frullania squarrosula. Isotachis lyallii elaborates 3-octen-3-yl 
cinnamate (13). Radula silvosa and R. sainsburiana produced ubiquitous bibenzyls (14, 15). These 
species are chemically very similar to several Japanese Radula species. The following liverworts also 
produced characteristic secondary metabolites: Unidentified Chiloscyphus sp.: ewi-Germacrones (17, 
18), Bazzania hochstetterii: ent-Eudesmane, Plagiochila cricinalis: two fusicoccanes, two labdanes, 
three fusiccocane-labdane dimers, Heteroscyphus biliardieri: cw-Clerodanes. Jamesoniella colorata: 
Barbatanes, Rearranged c/s-clerodanes.

References:
Asakawa, Y. 1982. Chemical constituents of the Hepaticae. In: W. Herz, H. Grisebach, G. W. Kirby, (Eds), Progress in the 

Chemistry of Organic Natural Products, Vol. 42. Springer, Vienna pp. 285,
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(Eds.), Progress in the Chemistry of Organic Natural Products, Vol. 65. Springer, Vienna pp. 618.
Asakawa, Y. 2001. Phytochemistry, 56. 297-312., Asakawa, Y. 2004. Phytochemistry 65. 6623-669.
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