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Foreword

Medicinal and aromatic plants (MAP) have been essential resources for human health from
ancient times to the present day. The majority of the world’s population depends on
traditional medicine for primary health care needs. More than 35.000 plant species are used in
herbal medicine and as spices, out of the most are of a local importance due to traditional use.
Because of their increasing appliance in pharmaceutical, food, cosmetic and beverage
industry, as well as use in folk and official medicine, veterinary and plant protection, herbal
industry has been recognized as an important element of global economy.

Together with growth in global demand for medicinal plants and in local demand for plant
based traditional medicines, the pressure on the existing populations of medicinal plants has
increased tremendously during the last few decades. The extinction or scarcity of these plants
is not only a problem for conservation — it also results in serious problems for people’s health
and livelihoods. Cultivation may reduce harvesting pressure on some wild species,
particularly rare and threatened species, and thus can also be an important production strategy
that supports conservation.

South East Europe is particularly appreciated for richness in indigenous MAP resources and
long tradition in use of MAP and their products. The region is known as one of the main
suppliers of MAP raw material into EU and US. In addition, medicinal plants were being the
subject of a great scientific interest in the SEE region, where significant contribution to
understanding of various research aspects in number of MAP species was achieved by
Conferences on Medicinal and Aromatic Plants of Southeast European Countries, under
organization and support of the Association for Medicinal and Aromatic Plants of Southeast
European Countries (AMAPSEEC) established in 2000 by the Institute for Medicinal Plant
Research “Dr Josif Panci¢”, Belgrade, R. of Serbia.

We are very proud that our traditional, the 7™ Conference on MAP of SEE countries took
place in Serbia again, after the second held in Greece, the third in Slovakia, followed by
Romania, Czech Republic and Turkey.

The 7™ CMAPSEEC gathers together not only the researchers from SEE region, but from all
over the world. At the Conference participated over 150 researchers, experts, company’s
representatives and guests interested in MAP diversity, biology, conservation, ecology,
phytochemistry, pharmacology, breeding, cultivation and biotechnology. Near 200 of
summaries of research contributions were presented, out of about 80 in a form of full papers.
All contributions covered very different research areas, and were classified into to the three
distinct groups: “MAP diversity at all levels and tools for its evaluation", “Pharmacology and
biological effects of active MAP compounds” and “Map cultivation, breeding and biotechnology”.
The full papers, categorized as review papers, original scientific papers and professional
papers, within this proceedings were reviewed by our Scientific Committee. In addition, a
small group of papers was issued either without referring on reviewer’s comments or without
revision as submitted after the deadline. However, we decided to include them as well,
considering the subjects and research approaches interesting.

We strongly believe that presented results will contribute to a general knowledge on MAP,
and will encourage both young researchers and processing companies to deal with many
species whose composition and biological effects were appointed as promising.

Moreover, we hope that pleasant and collegial atmosphere additionally contributed to
establishing of the new professional and personal contacts and to strengthening of the ones
already established. Finally, strong network on scientists and professionals interested in MAP
under AMAPSEEC umbrella might bring new project ideas and new value in the near future.

Editors,
Prof. Dr Zora Daji¢ Stevanovi¢ and Prof. Dr Dragoja Radanovi¢
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Introductory lecture
HYPHENATED TECHNIQUES IN ANALYSIS OF CRUDE PLANT EXTRACTS

Slobodan Milosavljevié¢

Faculty of Chemistry, University of Belgrade, Studentski trg 12-16, 11000 Belgrade

The isolation and structural elucidation of new natural products, e.g., from plants or
microorganisms, is a rewarding — but often time-consuming — task, since it is a major effort to
isolate each compound in a pure form, even the known ones. Furthermore, to obtain the
required milligram quantities of all metabolites, even in the case of minor substances, one
may need large amounts of the sometimes rare biological material and expensive tools and
supplies, like e.g., adsorbents and eluents. Another problem, in particular when dealing with
unstable compounds, is that they may decompose already during the preparative separation
and thus may escape the analysis. The development of measurement techniques coupled
(hyphenated) to high performance liquid chromatography (HPLC) in the past 20 years, such
as LC-UV- photodiode array detection (LC-UV DAD), LC-mass spectrometry (LC-MS), LC-
multiple stage MS (LC-MS"), LC - infrared spectroscopy (LC-IR), LC - nuclear magnetic
resonance spectroscopy (LC-NMR) and LC-circular dichroism (LC-CD), has provided
powerful tool for direct analysis of complex mixtures. The combination of the high separation
efficiency of HPLC with these different detectors has made possible the acquisition of on-line
complementary spectroscopic data on an LC peak of interest within a intricate melange (Fig.
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Figure 1. Type of information that can be obtained from a given LC peak using the different
LC coupled (hyphenated) techniques available. [1].

The use of liquid chromatography/mass spectrometry (LC/MS) for these analyses can now be
considered a standard analytical tool. A number of LC/MS interfaces are available to cope
with a variety of compound types and a wide range of LC solvent systems. Most LC/MS
interfaces involve the use of soft ionization techniques, such as electrospray ionization (ESI),
atmospheric pressure chemical ionization (APCI) and atmospheric pressure photoionization
(APPI). Consequently, the mass spectral data usually provide good molecular mass
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information but limited structural information, as little fragmentation occurs. To obtain
structural information, analyte ions are fragmented by colliding them with neutral molecules
in a process known as collision induced dissociation (CID) or collisionally activated
dissociation (CAD). Voltages are applied to the analyte ions to add energy to the collisions
and create more fragmentation. CID is most often associated with multistage mass
spectrometers where it takes place between each stage of MS filtering. Multiple-stage MS
(also called tandem MS or MS/MS or MS") is a powerful way to obtain structural
information. The most frequently used devices for LC-MS/MS are triple-quadrupole (Triple
Quad) or quadrupole/quadrupole/time-of-flight (Q-TOF) mass spectrometers. The
instruments which could carry out multistep MS, i.e. LC-MS", are those equpped with ion
trap (ITD), ion cyclotron resonce (ICR) or orbitrap mass analysers.

However, the MS detection techniques mentioned above, do not allow a full on-line
identification, except for some well-known natural products, and complementary on-line
spectroscopic information is needed. In this regard, HPLC coupled to nuclear magnetic
resonance (LC-NMR) represents a potentially interesting complementary technique to LC-
UV-MS for detailed on-line structural analysis Indeed recent progress in NMR technology
has given a new impetus to LC-NMR, which is now emerging as a powerful analytical tool.
The hyphenation of NMR with high-performance liquid chromatography (HPLC), pioneered
in the 1980s, found wide application from the mid-1990s and is now a well established
analytical technique, especially in pharmaceutical and natural products research. However,
partly owing to the intrinsic insensitivity of NMR and partly owing to practical limitations,
the absolute sensitivity of the method has remained below that of other structural elucidation
techniques (e.g. HPLC-MS). In recent years, some of this inherent insensitivity has been
overcome by improvements in spectrometer hardware and solvent suppression pulse
sequences which allow small molecules in the low to sub-microgram range to be analysed.
Further improvements in spectrometer hardware such as cryogenic probe technology and
miniaturized probes are now becoming widely available and these are leading to greater steps
in sensitivity enhancement. Recently, a different approach to performing HPLC-NMR
experiments has become available in which the separation step of HPLC-NMR has been
modified so as to increase the absolute sensitivity of the technique. In this method, analytes
eluting from theHPLC column are trapped on solid phase extraction (SPE) cartridges prior to
subsequent elution into the NMR flow probe for analysis using an NMR-compatible solvent:
this is HPLC-SPE-NMR. First published as a concept by Griffiths and Horton in 1998 [2].
and later applied using SPE cartridges in a custom set-up, this technique has recently become
commercially available and its application to natural product analysis has been reported
elsewhere [3]. The traditional use of SPE in analytical chemistry is as a sample purification
and enrichment tool prior to HPLC analysis. However, in HPLC-SPE-NMR it is used as a
means of trapping and concentrating analytes after HPLC separation and through the use of
strong solvents the analyte can be eluted from the cartridge in a sharp, highly concentrated
elution band, which results in an improved signal-to-noise ratio (S/N) compared with
conventional HPLC-NMR.

The combination of liquid chromatography with detection methods such as NMR
spectroscopy (HPLC-NMR) and tandem mass spectrometry (HPLC-MS/MS) has recently led
to new strategies by which biological matrixes, e.g., crude plant extracts, are screened to
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obtain as much information about known constituents as possible even with a minimum
amount of material. By these techniques, even the discovery of new structures is possible,
including the elucidation of the full constitution and, more recently, the relative
configuration. But due to the intrinsic nonchiral character of NMR signals and mass
fragments, no information concerning the absolute configuration is available unless by the
use of chiral chromatographic phases, which requires prior possession of both
configurationally known enantiomers. A method that allows the assignment of absolute
configurations of compounds in an extract matrix would complete the structural elucidation
without the necessity of isolation and purification. Widely used for the attribution of the
absolute configuration is the application of circular dichroism (CD) spectroscopy. The
application of CD spectroscopy, however, usually requires pure compounds. Although the
on-line coupling of liquid chromatography with chiral detectors is well-known, applications
are still rare. Circular dichroism, which is based on the absorption difference between right
and left circularly polarized light is compatible with gradient elution. In the literature, most
applications of HPLC-CD coupling have focused on the determination of the elution order of
the enantiomers of given chiral compounds (e.g., amino acids or drugs) on chiral stationary
phases using normal-phase chromatographic solvent conditions. The use of reversed-phase
systems with nonchiral columns and CD detection has been reported previously only for the
analysis of model mixtures of small proteins. The first applications of HPLC-CD for the
profiling of crude extracts with standard C-18 stationary phases operating under reversed-
phase conditions have been was reported in 1999 by G. Bringmann et al. [4]. Moreover, a
strategy for the complete structural elucidation, including the absolute configuration of new
alkaloids, the constituents of the tropical liana Habropetalum dawei, by the complementary
use of the “HPLC-NMR/HPLC-MS/HPLC-CD triad” was presented.

The application of some hyphenated techniques mentioned above (LC-MS and LC-NMR),
used for analysis of complex mixture of natural products is presented in this lecture through
few selected examples.
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SOUTHEAST EUROPE: CURRENT STATE AND FUTURE CHALLENGES
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SUMMARY

Southeast European countries due to position on the Balkans, as one of the world’s
biodiversity centres, are known for high floristic diversity, including richness of medicinal
and aromatic plant resources that have been traditionally utilized by local population for long
time in folk and veterinary medicine, as well as in different local products. Number of
vascular species of the SEE region could be estimated as higher than 8000, out of at least
1000 is traditionally and/or officially used as MAP.

Sustainability of SEE herbal sector is depending on both size and structure of natural MAP
populations and position of MAP collectors as key, but marginalized element within the
whole value chain. However, the whole region faces with intensive depopulation of rural
areas resulting in serious loss of MAP collectors, whose number dropped to about one third
of former number in 1990s. Long term period of free access to MAP resources lacking in
mechanisms of control of the wild collection in the past, followed with increased habitat
alteration and remaining of much smaller collecting areas at present led to over-harvesting
and decline in stocks of resources of many important MAP species. The endangered MAP
species common for the SEE region includes Gentiana lutea subsp. symphyandra, G.
punctata, Adonis vernalis, Acorus calamus, Sideritis raeseri, Helichrysum plicatum, Arnica
montana, Swertia punctata, llex aquifolium, Glycyrrhiza glabra, Arctostaphylos uva-ursi, etc.
In order to preserve the MAP biodiversity and develop the herbal sector in SEE there is a
need for a long-term and complex strategy, able to ensure implementation of standards,
certification and quality control system harmonized with those in EU. In medium term
period, efforts put in strong increasing of activities on MAP collection, cultivation and
processing could lead to establishment of a network of small and medium enterprises, farms,
collecting centres and ethno-villages aiming to revive abandoned and insufficiently utilized

rural landscapes of the region. High priority to programs for the conservation of medicinal plants should
be justified on the basis of savings that the plants generate for national health expenditure and thus to the

national economy. The concept of sustainable biodiversity use aiming at it conservation is the
only model that could strongly contribute to the mountain rural development. Moreover, there
is a need of upgrading of the existing regulatory framework and strengthening of its
enforcement, especially in light of monitoring of MAP resources and evaluation of its
ecosystem services.

INTRODUCTION
Together with growth in global demand for medicinal plants, the pressure on their existing
populations has rapidly increased during the last few decades. About 15,000 species of
medicinal plants are globally threatened. The key causes include loss of habitat and habitat
fragmentation, over-harvesting, improper collecting practices and pollution.
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In order to stop further biodiversity loss of natural resources of medicinal plants, it is needed
to evaluate the remaining stocks of MAP populations and perform their sustainable and
continuous use in order to conserve this essential part of our natural and cultural heritage [1].
The main general and long-term goal of conservation of target MAP species is to protect,
manage and monitor the selected populations in the direction of maintenance of the natural
evolutionary processes, thus allowing new variations in the gene pool allowing the species to
adapt to changing environmental conditions [2].

There are three main conservation strategies of MAP species: in situ (protection of their
habitats), ex situ (conservation at species and germplasm level through field collections,
botanical gardens and gene banks out of their natural habitats) and domestication/
reintroduction and cultivation which could be conducted either in situ or ex situ [3].

PRESENT STATE ON MAP DIVERSITY AND KEY IMPACTS AND THREATS
FOR ITS CONSERVATION

Biodiversity of MAP in SEE: quantitative and qualitative evaluation

The flora of the Balkan Peninsula is one of the most diverse floras in Europe, comprising
more than 8000 species of vascular plants, out of about 2600-2700 are known as endemic
species [4]. South East Europe, i.e. the Balkan Peninsula, is particularly appreciated by
quantitative (number of species) and qualitative (endemic, relic and internationally important
species and habitats) values of biodiversity, including a great variety of mosaic habitats
within the mountains, forests, grasslands, river gorges, lakes and coastline. The Balkan and
Rhodope Mountains are recognized as global Centers of Plant Diversity.

The region is also well known for richness in indigenous MAP resources and long tradition in
use of MAP and their products. The total number of MAP species in SEE reaches at least
1000 species. In addition, the region is one of the main suppliers of MAP raw material into
EU and US.

According to the recent surveys on quantities and trade of the wild collected MAP in SEE
[5], [6], the most used species include: yarrow (Achillea ssp.), nettle (Urtica dioica), St.
John’s worth (Hypericum perforatum), marshmallow (Althaea officinalis), cowslip (Primula
ssp.), elder (Sambucus nigra), rosehip (Rosa ssp.), linden (Tilia ssp.), wild thyme (Thymus
serpyllum), savory (Satureja montana), hawthorn (Crataegus ssp.), plantain (Plantago ssp.),
blueberry (Vaccinium myrtillus), sage (Salvia officinalis), oregano (Origanum vulgare),
juniper (Juniperus communis), wild garlic (Allium ursinum) and some others. Despite the
sufficient resources and generally high distribution of these species throughout the region,
there is particular threat for maintaining of their genetic diversity and preservation of
populations exposed to excessive use.

The special feature of the Balkan’s flora is high endemism, also referring to MAP species. In
general, endemic MAP species of SEE are not sufficiently researched and many of them are
in fact unknown for their chemical profiles and related biological activity. Knowing the
importance of searching for new phytochemicals and natural sources of high biological
effectiveness, much more attention should be paid on comprehensive and coordinated
research of MAP endemics, out of some have already shown promising performances (Tab.

1.
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Tab.1. Endemic MAP species of SEE: phytochemistry and biological activity

Species l;;;lbbiltl;lton Active compound Activity Reference
Achill " dri KOS Triterpenoids, Cytotoxic , antioxidant, Kundakovi¢
chiitea a .e xandrt- Alpine shrub flavonoids, phenolic anti-inflammatory, anti- et al, 2005
regis . . ; .
vegetation acids, lignans ulcer activity [14]
Phenolic compounds,
flavonoids, . . .,
SRB, ALB triterpenoids, . .Cytoltoxu:,. . Bigovié et al,,
. . . . . antidiabetic, antiviral 2011 [15]
Helichrysum High mountain diterpenoids, o .
. . antimicrobial,
plicatum grassland steroids, . .
vegetation hydroxyisopentenyl antimutagenic Aslan etal,
antioxidant activity 2007 [16]
acetophenone, and
phloroglucinol
ALB, MAC,
Centaurea SRB Sesquiterpene Cviotoxic activit Janackovi¢ et
kosaninii Grassland ar}d lactones y y al., 2008 [17]
rocky vegetation
on serpentine
ALB, BUG,
Hypericum MAC, SRB Phenolic compounds Aptlr.mcroblal,. Danova et al.,
. Grassland and . antioxidant, anti-
rumeliacum and flavonoids . .. 2010 [18]
rocky inflammatory activity
vegetation
BUG, SRB,
Micromeria MNE . . .. . .. Savikin et al,
dalmatica Dry rocky Phenolic compounds Antimicrobial activity 2010 [19]
habitats
CRO, ALB, Antimicrobial, .
Satureja cuneifoli MNE Phenolic compounds analgesic, antioxidant Savikin et al,
atureja cuneyjolid | 1ok mountain pounc gesic, al 2010 [19]
. activity
vegetation
BUG, MAC, Antimicrobial, anti- Plievliakuié
Cy . . ALB Phenols and inflammatory, analgesic, Jevl)
Sideritis raeseri . . . etal., 2011
Dry sub-alpine flavonoids gastroprotective, [20]
grasslands antioxidant
BUG. SRB, hepatoreetive
Swertia punctata KOS Xanthones, flavone- patop ’ Menkovi¢ et
. . antituberculous,
Wet mountain C-glucoside . . ; al, 2002 [21]
. antimalarial, anti-
terrains .
inflammatory

Apart of the high MAP diversity at the species level, there is significant diversity of habitats
particularly rich in MAP. There are many plant communities of different vegetation types

(forests, shrub and herbaceous vegetation) characteristic for predomination of one or two

MAP species, thus forming characteristic “MAP plant community” (Tab.2). Among them, the
highest distribution in the SEE region exhibit the communities of Vaccinium ssp. and

Juniperus ssp. of the sub-alpine zone along with the high mountain conifer communities of

Abies alba and Pinus ssp., as well as deciduous forests of linden (Tilia ssp.), birch (Betula
ssp.) and poly-dominant oak forests with hawthorn (Crataegus ssp.) highly distributed within
the hilly region. Such plant communities actually could be treated as “MAP vegetation”
which needs to be further evaluated in terms of distribution, ecological features, floristic
composition, as well as main factors affecting their existence.
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Tab.2. Examples of plant communities dominated by MAP species (“MAP vegetation™)

Forest MAP communities Shrub MAP communities Herbaceous MAP communities

Cotyno coggygriae-Quercetum | Artemisio-Amygdaletum nanae Artemisio-Salvietum officinalis

petracae Astero-Juniperetum oxycedri Calamintha acinos-Mentha

Querco-Tilietum tomentosae Hieracio-Juniperetum communis thymifolia

Tilio-Orno-Quercetum roboris Coryletum avellanae Gentiano-Anemonetum elatioris

Rusco aculeati-Tilio-Quercetum Junipero oxycedri-Prunetum spinosae | Equiseto-Eriophoretum latifolii

Crataego nigrae-Populetum albae | Pruno spinosae-Crataegetum Junco-Menthetum longifoliae

Corylo colurnae-Fagetum Vaccinio-Juniperetum sibiricae Atropetum belladonae

Betuletum verrucosae Juniperetum nanae Thymo-Chrysopogonetum grylli

Pineto peucis-Piceetum excelsae- | Vaccinietum uliginosi Teucrio-Artemisietum camphoratae

Vaccinio myrtyllae Daphno alpini-Juniperetum sibiricae | Hyperico-Trifolietum trichopteri

Cratagetum monogynae Vaccinietum myrtilli Acoretum calami

Coryletum colurnae Pulicaria vulgaris-Mentha pulegium

Agropyretum intermedio-repentis
Leonurus cardiaca-Ballota nigra
Marrubium vulgare-Atriplex rosea
Tussilaginetum farfarae
Polygonetum avicularis

Impacts and threats for MAP resources conservation in SEE
There are several factors strongly affecting the MAP biodiversity and further maintenance of
MAP resources in SEE, which are mainly related to loss and/or habitat alterations, over-
harvesting and improper use and management of natural resources which is all tightly linked
with complex issues of social and economic period of transition.

Habitat loss and/or alteration

In addition to livestock production, in hilly-mountainous rural areas of SEE, the activities
focused on wild collection of MAP are important tool for conservation of natural and semi-
natural habitats, the grasslands and forests. Knowing that mountain forests and grasslands are
the most valuable biodiversity pools and are of the highest conservation value, the sector of
MAP production and processing should be thus much more supported and further developed.
The identification and survey of Important Plant Areas (IPAs) in the SEE region [7] and
many other studies aiming at protection and sustainable use of biodiversity in SEE (e.g. [8],
[9]) underlined the land abandonment as key cause of biodiversity loss in High Nature Value
Farmlands e.g. [10]. Traditional human activities in agriculture (mainly mowing and
grazing), rural tourism and use of non-wood forest products (NWFP) and MAP, solely or
combined, represent the only way for preservation of habitats rich in biodiversity and an
efficient measure for prevention the loss of species exposed to spontaneous vegetation
successions of the abandoned habitats. Grasslands as major sources of MAP species in SEE
e.g. [11], are especially sensitive to changes in their use and management. Consequently,
abandonment of grasslands directly causes loss of resources of medicinal and aromatic plants
(e.g. Hypericum perforatum, Sanguisorba ssp., Filipendula ssp., Gentiana ssp., Thymus ssp.,
Satureja ssp., Achillea ssp., Centaurium erythraea, Primula ssp., Origanum vulgare,
Teucrium ssp., Polygala ssp., Geranium ssp., Colchicum ssp., Carlina acaulis, etc.).

Habitat alteration also refers to former and current expansion of agriculture, industry,
urbanization and tourism in particular parts of SEE, which additionally diminishes the
resources of NWFPs and MAP. For example, some steppe species at the north of Serbia and
Croatia become endangered because of habitat transformation into the farmland (e.g.
Glycyrrhiza glabra, Adonis vernalis, Paeonia tenuifolia, P. officinalis subsp. banatica, Iris
pumila, Nepeta pannonica, Colchicum arenarium, Centaurium pulchellum, Gypsophyla
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paniculata, Ruta graveolens, Herniaria incana, etc). On the other hand, drying of swamps
and building of irrigation systems reduced the populations of species adapted to conditions of
wet habitats (Acorus calamus, Equisetum arvense, Galega officinalis, Althaea officinalis,
Mentha aquatica, Lythrum salicaria, etc.). Moreover, construction of tourist and other
infrastructure in SEE coastal countries such as Croatia, Montenegro and Albania, caused
decrease in population diversity of (sub)Mediterranean species, including Salvia officinalis,
Hyssopus officinalis, Rosmarinus officinalis, Lavandula officinalis, Paliurus spina-christi,
Silybum marianum, Helichrysum italicum, Punica granatum, Laurus nobilis, Vitex agnus-
castus, etc.

Over-harvesting

In addition to causes such as habitat alteration and habitat loss, stocks of many medicinal
plant species in the Balkan countries (Albania, BiH, Macedonia, Kosovo, Serbia, Montenegro
and Croatia) have declined in the past decades, whit some species becoming rare or
endangered due to over-exploitation. Over-harvesting is also a consequence of not adequate
position of collectors and not coordinated and weakly established system of retail centers. In
order to gather as much as possible of a quantity of the species, the collectors perform
unsustainable and improper harvesting practices. In case of collecting the underground plant
organs (roots, rhizomes and tubers) the whole plant is pulling out, whereas parts containing
buds are not returned back into the soil, to ensure the reproduction of the plant. Especially
threatened are “root drug” species growing more or less solitary, i.e. those which not form
abundant groups, such as: Gentiana lutea, G. punctata, Carlina acaulis, Inula helenium, etc.
Although recognized as internationally important species, many orchids are still harvested for
their roots known as “salep” in SEE (mainly in Macedonia, Kosovo and Albania).

The huge problem represents the illegal harvesting of protected species, mainly due to lack of
control and inspection in wild collecting and trade. It is well known that many protected
species are still harvested and traded through black market channels. This is true for Gentiana
lutea, Arnica montana, Adonis vernalis, Menyanthes trifoliata, Ruscus aculeatus, R.
hypoglossum, Arctostaphylos uva ursi, Acorus calamus, Cetraria islandica, Cnicus
benedictus, Ruta graveolens, Sideritis ssp., etc.

Finally, due to the fact that MAP collection in SEE is performed only in few target areas of
the country, which are thus exposed to risk of over-harvesting. This is mainly consequence of
tradition and history of wild collecting, available collectors and existence of the active
retailing centers. Therefore, genetic variability and size of population of most harvested
species are at risk, because of high pressure on resources of limited capacity. In most of
cases, the state or local authorities don’t declare obligatory cessation of harvesting for
particular or all species in the target area exposed to risk enabling recovery of the vegetation.
Sudden high increase of market demands for particular herbs (which often happen in case of
MAP) is especially risky for the plants collected from areas of long history of utilization. As
a consequence of over-harvesting, there is a group of common endangered species in SEE
region, including: Gentiana lutea, G. punctata, Arnica montana, Arctostaphylos uva ursi,
Acorus calamus, Adonis vernalis, Ruta graveolens, llex aquiflolium, Sideritis ssp, Salvia
officinalis, Helichrysum ssp., Paeonia officinalis, Swertia punctata, Glycyrrhiza glabra, etc.

Improper management of plant resources

Improper use and management of plant resources, including wild MAP harvesting, is mostly
related to underdeveloped legal framework, as well as weak legislation enforcement and
inadequate mechanisms of control of use of bio-resources. In most of SEE countries the legal
framework regulating wild collection of flora and fauna is insufficiently consistent and
underdeveloped, and usually not fully harmonized with EU regulations. Laws, bylaws and
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regulations concerning access and use of MAP are more or less similar, where Laws on
Nature Protection (usually amended with Annexes on protected species) and Laws on
Protected Areas (defining allowed activities within protected areas) are of the highest
importance. Moreover, key international Directives and Conventions on biodiversity have
been ratified and related national legislation was formulated, including strategic documents
such as biodiversity conservation strategies with action plans. However, management of
utilization of MAP differ much among the SEE countries. Red books and Red lists of
endangered flora and fauna so far haven’t been issued for BiH, Montenegro, Macedonia and
Kosovo, whereas for Serbia there are only data on extinct and critically endangered species
(“Red book of flora of R. of Serbia 1”°). In addition, in front of all countries there is a need to
prepare or update the existing Red books and Red lists due to new recommendations and
criteria provided by IUCN. In most of cases, lists of endangered species are provisory,
lacking in exact field data gathered upon application of regular methodology. Access and use
of MAP in SEE countries varies from free access without any serious limits, in case of BiH
for example, followed by limits related to protected areas only (Albania, Montenegro and
Kosovo), towards the established quota system preventing excessive wild collecting of flora
and fauna (Serbia, Croatia). However, the income from taxes and fees gathered from wild
collecting usually goes to the state budget and despite the national regulations, it is not used
for monitoring and conservation of natural populations. In fact, in all SEE countries the fee
rates (licenses, taxes) are not adequate, whereas the newest concepts such as benefit and
equitable share, fair trade, “biodiversity offset” and ecosystem services have not been
recognized in order to valorise the real value of bio-resources. Although legal framework was
much improved during last few years, its implementation in practice is very weak. Thus, the
black market is very present, being worst in BiH and Kosovo and tolerable in Croatia.
Moreover, there is poor system of recording of wild collected products and data bases often
include inappropriate data. If exists, such information system is not transparent and not
accessible for the public.Protected areas (PAs) ideally offer a solid basis for sustainable
utilization of MAP, because of established system of control of access, use and management
of natural resources. In PAs of most of SEE countries there is a proclamation of certain
protection zones in which access and use of biodiversity and all other human activities are
clearly defined. The major obstacle for future sustainable development of PAs in SEE is
definitely associated with low state funding and, in most of cases, lack in management and
action plans for promotion of PAs, as values of the highest environmental, economy, social
and cultural importance.

In quite all of SEE countries, no monitoring and serious resources assessment is performed,
as a necessary tool for establishment a more accurate and more sustainable system of use and
management of MAP. Monitoring of bio-resources and state of the biodiversity is
occasionally conducted only in some PAs, depending on existing management plans and
available funds. Without doubt, regular monitoring is the imperative tool for setting up the
permitted quantities of the area, i.e. to establish the proper and effective quota system and
thus, the strategy and action plan for sustainable use of MAP.

The key common obstruction for preservation of MAP biodiversity in the frame of
sustainable use of bio-resources and development of the herbal sector in SEE countries is
definitely dramatic decrease of collectors, especially in light of loss of traditional knowledge
on plant’s diversity, their use in folk and veterinary medicine, as well as practices of wild
collecting and primary processing. For example, in Serbia there are nowadays about 50,000
people involved in collecting of both NWFPs and MAP, comparing with about 150,000
people in the late 1980s. Together with definite loss of experienced collectors, the
ethnobotanical knowledge, old recipes and many of local brands containing herbs, berries or
mushrooms were irreversibly lost.
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FUTURE CHALLENGES AND GOALS IN CONSERVATION OF MAP DIVERSITY

Biodiversity conservation in relation to sustainable use of MAP

Conservation in situ essentially means protection of MAP populations by habitat and
landscape conservation regulations, mainly related to legislative on nature protection and
protected areas (e.g. national parks, nature reserves, outstanding nature areas, monuments of
nature, etc). Ideally, all of these species should be maintained and conserved as evolving
populations in natural ecosystems. In situ conservation of species, populations, and genetic
diversity is possible through appropriate natural resource management and protection of
habitats. There are few new national and/or international concepts concerning the habitat and
landscape protection and thus relevant for the in situ conservation of MAP resources. For
instance, the Important Plant Areas are internationally important sites for wild plants,
identified at a national level using standard criteria. IPAs support existing conservation
programs, such as networks of protected areas: the EU Natura 2000 and Emerald, as well as
the CBD Global Strategy for Plant Conservation. In addition, implementation and promotion
of High Nature Value Farmlands (HNVF) would offer the chance for protection of natural
and semi-natural grasslands and agro-forestry areas of high biodiversity and of high
conservational importance. All of such international conservation programs and networks
(Emerald, Natura, HNVF, etc) are focusing on conservational strategies tightly linked to
sustainable use and management of bio-resources, including MAP.

It is quite clear and well accepted that conservation is not considered anymore as purely
fundamental, biological approach, protecting the species and their habitats by strict
preventing of use and exclusion of all human activities within the protected area. New
conservation concepts, however, address much more attention to socio-economic issues and
dependence of global, local and regional development on sustainable use of natural resources,
aiming at both nature conservation and preservation of traditional knowledge and practices in
use of bio-resources. Thus, there is very strong mutual relation between MAP resources
conservation and their sustainable use, being dependent in much extent on human activities in
PAs and other areas of conservation importance.

International Standard for Sustainable Wild Collection of Medicinal and Aromatic Plants
(ISSC-MAP, 2007), developed by BfN, WWF, TRAFFIC and IUCN, provide a strong base
of expertise, practical standards and criteria for sustainable MAP wild-crafting [12].
Together with WHO Guidelines on good agricultural and collection practices (GACP) for
medicinal plants (WHO, 2003) these guidelines offer the background supporting documents
for many national and international initiatives, programs and frameworks in order to improve
the knowledge on distribution, abundance, sustainable management and use of medicinal
plants worldwide. Finally, the newest standards related to conservation and sustainable use of
MAP, developed by FairWild Foundation of WWF and Traffic, include several principles
(the wild collection and conservation requirements, legal and ethical requirements,
management and business practices, relationships with collectors, fair labor conditions, and
obligations for companies and buyers of MAP) aiming at sustainability of the whole value
chain of use of MAP.

Ex situ conservation through preserving the germplasm of threatened species and by
supplying plant material for propagation, species re-introduction, ecosystem restoration,
agronomic improvement, research and education by Botanic gardens, Gene banks, and other
ex situ conservation facilities, can play an important role in MAP species conservation. In
general, ex situ conservation should be seen as a complementary strategy to in situ
conservation.
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When considering ex sifu conservation and use of MAP genetic resources, several relevant
international agreements should be addressed: International Treaty on Plant Genetic
Resources for Food and Agriculture (regulating conservation and sustainable use of PGR, the
access and fair and equitable sharing of benefits derived from their use for sustainable
agriculture, and food security), FAO's Global Plan of Action for the Conservation and
Sustainable Utilization of Plant Genetic Resources for Food and Agriculture, as well as
programs implemented under international frameworks, such as European Cooperative
Program for Crop Genetic Resources Networks (ECPGR) and Southeast European
Development Network for PGR (SEEDNet). Both in ECPGR and SEEDNet, the MAP
working group succeeded to realize several projects on mapping and conservation of
particular MAP species (oregano, Dalmatian sage and yellow gentian). Thanks to the
SEEDNet project, all SEE countries established and/or upgraded their Gene banks. Among
SEE countries, the highest number of Gene bank MAP accessions was reported for Croatia
and Serbia reaching about 900 and 389 accessions respectively [13].

Cultivation of MAP may reduce harvesting pressure on some wild species, particularly rare
and threatened species, and thus can also be an important production strategy that supports
conservation. However, cultivation must not be used as a reason for failing to safeguard
viable wild populations of medicinal plant species and their natural habitats or undertaken
without consideration of the impact on local users and rural harvesters. In many cases a
mixture of production systems will be needed to satisfy the world’s demands for herbal
medicines. Reintroduction means a measure of (re)planting of the species into the same,
similar or other appropriate habitat to renew endangered or even extinct populations of
MAPs.

Economic valorisation of MAP resources in the context of ecosystem services

Apart of needs for ensuring the sustainable use of bio-resources, permanent monitoring,
enforcement of control mechanisms of wild collection and promotion of effective in situ, ex
situ and cultivation concepts and practices, the future challenge in proper use and
management of MAP resources will be comprehensive analysis of their real value, which
must be fairly higher than the market price of the plant drug. Economic valorisation should
include an estimation of MAP ecosystem services (Tab.3) since plants and their habitats have
much broader role for global functioning of the biosphere and thus for survival of the
mankind. Valorization of MAP resources in such context would raise the public awareness on
importance of its conservation; finally, the multipurpose use of MAP could be efficiently
implemented for revitalization of huge abandoned rural areas in the hilly-mountainous region
of SEE. Thus, the imperative is to recognize, document and conserve enormous MAP
biodiversity and treasury. Projects concerned with the conservation of medicinal plants
cannot concentrate solely on ‘pure conservation’ — they must address to make these plants of
interest to the local people and sustainable development of the community.
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Tab.3. Ecosystem services referring MAP resources

. Value out of use
Value in use

Heritage and

Direct Indirect . . Existence
supporting services
Direct exploitation of Regulatory services Utilization by next | Existence rights
MAP resources generations
Wild collecting Climate regulation Individual
Processing/products Floods regulation Species
Food supplements Fires regulation Population
Food and nutraceuticals | Illnesses regulation Biotope
(fruits, mushrooms) Soil, water and air Phytocoenose
Biomass and compost remediation Ecosystem
Landscape
Health and culture . Biosphere
Supporting
services

Official medicine
Folk medicine
Veterinary medicine
Pharmacy
Cosmetics
Eco-tourism
Herbal tourism
Aesthetic and spiritual
value

Science

Education

Primary production
Food chains

Oxygen production
Sequestration of
carbon-dioxide

Soil formation
Matter  circulation
and energy flow
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IN SITU AND EX SITU CONSERVATION OF RARE HIGH-MOUNTAIN
MEDICINAL PLANTS IN BULGARIA

Vitkova Asenova Antonina, Evstatieva Nikolova Ljuba , Peev Raychev Dimitar

Institute of Biodiversity and Ecosystem Research, Department of Plant and Fungal Diversity and Resources,
BAS, 23 Acad.G.Bonchev St., 1113 Sofia, Bulgaria

SUMMARY

This study presents the results of our research on in situ and ex situ conservation of eight rare
and valuable high-mountain medicinal plants. The object of our investigations are endemics,
critically endangered and endangered species according to TUCN (2001) — Alchemilla
Jjumrukczalica, A. achtarowii, A. mollis, Sideritis scardica, Gentiana lutea ssp. symphyandra,
Ribes nigrum, Rhodiola rosea and Arnica montana (not native). In 2010 we started
monitoring surveys of the species. The study in situ proved that some of populations were
adversely probably affected by climate change, warming and drought. The results were
submitted to the Park Directorates and Regional Inspectorates for Protection of the
Environment. With regard to ex sifu conservation in the period 2003-2011 two experimental
collections were created - Western Rhodopes Mts. (Mountain experimental station “Beglika”-
1500 m a.s.l.) and Vitosha Mt. (Beli Rid locality - 1400 m a.s.l.). Seeds and rhizomes from
plants of natural populations of the species were collected and planted in already mentioned
ex situ collections. Results have been obtained for their particular requirements in ex situ
conditions, production of seeds and commercial cultivation.

Key words: ITUCN, habitats, monitoring, propagation, cultivations.

INTRODUCTION

The Balkan region is one of the main centers of biodiversity in Europe, notable for a high
plant diversity and considerable number of endemic genera and species [1]. Regardless of its
small territory, Bulgaria is among the countries with the richest plant diversity in Europe.
Considerable is the number of the medicinal plants spread in Bulgaria: from a total of 3997
higher plant species, 768 are medicinal and 247 species being gathered frequently [2]. In the
Red List of vascular plants in Bulgaria were included 89 medicinal plants with conservation
status, Critically Endangered (21) Endangered (40) and Vulnerable (28) of which seventeen
species are endemic - 8 Bulgarian and 9 Balkan endemics [3].

Medicinal plants are a raw material of national and international market as well as unique
sources for obtaining valuable, biologically active substances. The annual harvest of
medicinal plants in Bulgaria amounts to 15.000-17.000 tons, and 80% is exported [4]. In the
last 15 years in Bulgaria was found to increase the quantity of medicinal plants collected
from natural populations. All this led to the adoption of urgent measures for the conservation
of medicinal plants as a national resource. Over the last years in Bulgaria were held several
studies of in situ and ex situ conservation of endangered medicinal plants [5,6,7,8,9]. The
studies continue to increase which is related with protection and sustainable use of rare and
valuable medicinal plants in Bulgaria [10,11,12] and other countries exporting herbs
[13,14,15,16].

A large number of valuable and sought Bulgarian medicinal plants grow at high altitude, but
often in small populations. It is known, these species participate in the composition of plant
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communities, occurring above 1500 m altitude. When a destruction of the populations occurs,
their regeneration is extremely hard, due to the severe climatic conditions.

The fact that many rare medicinal plants could be used as raw material for pharmaceutical
industry and commercial product the Institute of Biodiversity and Ecosystem Research, BAS
has initiated the development of the project - “Complex investigation of protected, endemic
and rare high-mountain medicinal plants of Bulgarian flora — protection and sustainable
use” (DTK 02/38/2009) with financial support of the National Science Fund.

The object of this study are rare high-mountain medicinal plants Bulgarian (Bg) and Balkan
(Bk) endemics, critically endangered (CR) and endangered (EN) species according to [UCN
(2001)[17] — Alchemilla jumrukczalica Pawt.(Bg,CR), A. achtarowii Pawl.(Bg,EN), A. mollis
(CR), Sideritis scardica (Bk,EN), Gentiana lutea ssp. symphyandra (Murb.) Hayek (EN),
Ribes nigrum L.(CR), Rhodiola rosea L.(CR) and Arnica montana L. This valuable medicinal

plants are widely used in traditional and official medicine [Table 1] [18,19,20,21,22].

Table 1. Studied species in accordance to their medicinal properties

Therapeutic activity

Plant species Secondary compounds and use Sources
regeneration of the
. . gallotan'mns, skin’s ep1thehurp; Nikolov 2007[18]
Alchemilla mollis flavonoids and haemostatic, anti-
. . . Hamad et al. 2007 [19]
saponins inflammatory action;
antioxidant activity
regeneration of the
gallotannins, skin’s epithelium; Nikolov, St. (Ed.)
Alchemilla achtarowii flavonoids and haemostatic, anti- 2007, Hamad et al.
saponins inflammatory action; 2007
antioxidant activity
. regeneration of the Nikolov, 2007, Hamad
. gallotannins, skin’s epithelium;
Alchemilla . . . et al. 2007
. . flavonoids and haemostatic, anti- .
Jjumrukczalica . . . Nikolova et al.2012
saponins inflammatory action;
.. . . [20]
antioxidant activity
Gentiana lutea secoiridoids acute forms of anemia Nikolov, 2007

flavonoids, tannins,

bronchitis, emphysema,

Koleva et al. 2003, [21]

Sideritis scardica essential oils anti-microbial and anti- | Nikolov 2007,

oxidant activity Kostadinova, 2008 [22]
Rhodiola rosea salidrozid, essential oil stimulating the central | Nikolov 2007

nervous system
Ribes nigrum vitamin C, flavonoids, rheumatism, gout, Nikolov 2007

essential oil

hypertension

Arnica montana

sesquiterpene lactones
of helanine type,
flavonoids, essential
oil, phenolic acids

treatment of
atherosclerosis, paresis,
traumas, rheumatism

Nikolov, 2007

They are included in the Medicinal Plants Act (2000)[23], list of protected species
Supplement 3 to the Biological Diversity Act (2002) [24] and the Act on Amending and
Supplementing the Biological Diversity Act [25], Red List of Bulgarian vascular plants
(2009)[3] and Red Book of R Bulgaria Vol.1 - Plants (under print, 2011)[26], excepting A.
montana, reported to grow in the Rila Mt.[27], but so far its distribution has not confirmed.
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The main goals of the study are several, including in situ conservation of natural populations
of seven high-mountain species by starting the monitoring surveys; and valuation of the level
of endangermeant of the species as a result of the anthropogenic activities and climatic
changes. With regard to ex situ conservation the first stage aims to create two living
collections in different regions of the country. The next step will be collection and storage of
genetic material from different populations of the species. Particularly important is the
accumulation of experience for their particular requirements in ex situ conditions, production
of seed and plant material for research of the possibility to cultivation and reintroduction in
the natural habitats.

MATERIALS AND METHODS
Through the application of routing and transects methods was examined distribution and
current state of natural populations of the species. Method for monitoring of higher plants
was applied [28]. National System for Monitoring Biological Diversity (NBMS) is a complex
mechanism for tracking and summarizing the changes in the biodiversity of Bulgaria in the
long run. During the field studies following information were obtained — GPS coordinates,
altitude, size of the localities, bedrock, soil type, humidity, type of plant communities,
population size, number of plants or projective cover, abiotic and biotic threats, age structure
of populations, conservation measures. The data collected from the study were made on
special forms in electronic format.
Ten populations of Alchemilla achtarowii and A. jumrukczalica and only known population
of A. mollis in Bulgaria were examined. The study also included eleven populations of
Gentiana lutea ssp. symphyandra, six of Sideritis montana, three of Ribes nigrum and four of
Rhodiola rosea._Species occur in different habitat types listed by Kavrukova (2005)[29].
From natural populations were collected rhizomes and seeds for ex sifu propagation of the
species, as well as herbarium specimens to be deposited in the herbarium (SOM) of the
Institute of Biodiversity and Ecosystem Studies, BAS, Sofia. Part of the seeds were submitted
to the National Gene Bank at the Institute of Plant Resources — Sadovo. The collected data
during field studies were sent to the Directorate of National Parks and the Regional
Inspectorates for Protection of Environmental and Water. The adult plants and seeds were
collected from nature with the permissations of the Ministry of the Enviroment and Water.
In the period 2004-2010 two collections - Western Rhodopes Mt. (experimental station
“Beglika”-1500 m a.s.l.) /Fig.1/ and Vitosha Mt. (“Beli Rid” area - 1400 m a.s.l.) were
established. Species Alchemilla achtarowii, A. mollis, A. jumrukczalica, Rhodiola rosea were
propagated by rhizome cuttings and Ribes nigrum by root cuttings. Sideritis scardica and
Arnica montana by seedlings and Gentiana lutea ssp.symphyandra by direct (before winter)
sowing of seeds. The rhizome and root cuttings, as well as seedlings were planted in the
experimental areas on the plots measuring 2x2 m. In our study the seeds of A. montana,
originating from natural populations of Carpathians /Ucraina/ were used.
Using biotechnological method the in vitro propagated plants of Alchemilla achtarowii, A.
mollis, Gentiana lutea and Arnica montana were obtained and planted in experimental fields.

RESULTS AND DISCUSSION
In situ studies
Alchemilla achtarowii, A. jumrukczalica and A. mollis are distributed only in the National
Park “Central Balkan” (Stara Planina Mt)._Their clon-populations are located along the
mountain streams in the altitudinal range of 1527 to 1775 m a.s.l._In our study areas in the
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subalpine zone between huts Vezhen and Taja (40 km) in NP “Central Balkan” were
inventoried.

A. achtarowii and A. jumrukczalica were found in habitat of European importance, according
to Directive 92/43/EEC — 6430 Hydrophilous tall herb fringe communities of plains and of
the montane to apline levels. The size of the populations was between 0.005 and 1 ha. The
investigation of A. achtarowii and A. jumrukczalica proved the existence of sympatric
populations. Both species inhabit the same areas but the number of A. jumrukczalica plants is
significantly lower. The state of the natural clon-populations of Bulgarian endemics A.
achtarowii and A. jumrukczalica was mainly influenced by anthropogenic activities and
global warming. In the localities situated on the inaccessible terrains state of the clon-
populations is good but in the areas around mountain huts the populations are negatively
affected. The vitality and regeneration of the clon-populations in undisturbed localities allow
resumption of the species.

Only known population of A. mollis in Bulgaria is located at 1148 m a.s.l., and occupies part
of the dry eroded slope with inclination 25° and area 200 m”. The survey showed a
predominance of immature individuals (85%), while 15-20% are generative. In dry and warm
years generative plants dry out before formation of the seeds which negatively impact on the
resumption of the population.

Gentiana lutea ssp. symphyandra occurs in the altitudinal range from 1589 to 2250 m a.s.l.1
in Stara Planina Mt., Rila Mt., Vitosha Mt., Pirin Mt., Rhodopes Mt. Eleven populations were
examined within National Parks — Rila, Pirin and Central Balkan, Nature park — Vitosha and,
Nature Reserve “Shabanitsa”(Rhodopes Mt.). Populations of G. lutea ssp. symphyandra in
Bulgaria can be found in the following types of habitats of European importance — 4060-
Alpine and Boreal heaths; 4070 — Bushes with Pinus mugo; 9410 — Acidophilous Picea
forests of the montane to alpine levels; 91BA — Moesian silver fir forest; 95A0-_Forests of
black and white fir; 91CA — Rila-Rhodope and Balkan white pine forests.

The populations of G. lutea occupy open spaces in spruce and dwarf pine communities. Their
size was between 0.01 and 10 ha. The observed number of the plants in the populations
allows efficient maintenance of genetic drift between fragments of meta population in
National Parks — Rila, Pirin and Rhodopes Mt.. In the populations studied during the season
2010 were found approximately 100.000 individuals as flowering plants were 15-20%. There
was a change in the number of flowering plants in different years. In terms of conservation
regime in the parks, populations are not subjected to anthropogenic pressure.

Sideritis scardica populations occupy open illuminated parts of the slopes in the altitudinal
range of 1326 to 1915 m. Six populations of S. scardica in the regions of NP “Pirin”,
Rhodopes Mt. and Slavjanka Mt. were examined. The size of the population area was
between 0.001 and 50 ha. Terrains occupied by the species were dried with revelations of
bedrock. Sideritis scardica occurs in the habitat of European importance according to
Directive 92/43/EEC - 5130 Juniperus communis formations on heaths or calcareous
grassland. We found that populations of the species were suppressed by both low
germination of the seeds (5%), and excessive collection of herbal material for commercial
purposes. A few years ago S. scardica was removed from the list of protected plants in the
Biological Diversity Act, which led to a sharp deterioration of the populations. As a result of
our research we made proposals to the Minister of Environment and Water to be back again
Sideritis scardica under the protection of Biological Diversity Act

Rhodiola rosea is distributed in Stara Planina Mt., Rila Mt., Pirin Mt. in the altitudinal range
of 2000 to 2600 m a.s.l. on stony and rocky places above the timberline. A large number of
populations of the species are within National Parks “Rila” and “Central Balkan” and
protected areas of the European NATURA 2000 network in Bulgaria. The area of the
populations varies from 0.001 to 0.5 ha. In recent years the development of the species in
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natural populations is suppressed probably by global warming and drying and also by
collection of rhizomes for medicinal purposes.

Ribes nigrum is distributed in Bulgaria only in the Rhodopes Mt.(Western) from 700 to 1800
m a.s.l. Plants were found on rocky and sandy places along the mountain streams and rivers,
marshy land on the brown forest soils in coniferous zone. The population is of low density,
and consist of no more than 25-30 plants that grow mainly solitary. Negative factors acting
on the size of the population are changes in the level of the flow of streams and rivers,
construction of reservoirs and deforestation. Single plants fall within the reserve ‘“Beglika”
and in a protected area by the European NATURA 2000 network in Bulgaria. For cultivation
in ex situ collections, the mature shoots with parts of the root were collected .

Ex situ studies

Alchemilla achtarowii, A. jumrukczalica and A. mollis. In the summer of 2009 plant
materials (rhizomes) from the species were collected of their natural populations in the
NP*“Central Balkan”.The materials were planted in both experimental stations — Beglika
(Western Rhodopes Mt.) /Fig.1/ and the Beli Rid (Vitosha Mt.).

Figure 1. Ex situ collection of high-mountain rare and threatened medicinal plants in
experimental station Beglika /1500 m a.s.l. /(Rhodopes Mt.)

Rhizomes were cut into pieces of 4-5 cm length with 2-3 viable buds. During the first and
second year in the both stations survived 100% plants of A. mollis, A.achtarowii 83%, A.
Jjumrukczalica 67% [Table 2/. It was found that A. achtarowii and A. jumrukczali required
constant high air and soil humidity and rich in organic matter soils. A .mollis is ecologically
plastic species withstanding the periodic drought which grows well in poorer soils. In the
second year A. achtarowii u A. mollis plants increased significantly the height at a 40-50 cm.
The study includes attempts for ex situ cultivation by in vitro propagated plants of A. mollis
and A. achtarowii. Preliminary results indicate successful adaptation of the plants to the field
conditions and high survival (100%).
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Table 2 EXx situ collections of rare high-mountain medicinal plants in both experimental
stations

Number of .
Date of . . Duration of
Species lantin Plant materials | survival | Bloomed vegetation
P P g individuals g
B \4 B \4 B \4 B \ B \
. hizome .
Alchemilla | 27.08. | 24.09. | """ rhizome
achtarowii 2009. | 2009 cut{lzngs cuttings 10 10 10 July | June | V-XI | IV-XI
Alchemilla 2708, | 24.09. | thi i
. . . . . . rnizome rnizome
jumrukezalic | 500" | 2009 |cuttings 15\cuttings 12| 10 | 10| July | June | VXTI | IV - XI
a
Alchemilla 04.11. | 24.09. | rhizome | rhizome
mollis 2009. | 2009. |cuttings 12|cuttings 10 12 10} July | June | V=XI | IV -XI
IG‘;""”"“ (;(1).1101. 22‘(‘)'?3 " |seeds 2000[seeds 4000 36 | 30 | _ | _ | Vv-IX |IV-IX
utea . .
Sideritis 01.10. | 19.09. | seedlings | seedlings
scardica 2009. | 2009 13 2 13 22 July | June | V-X | IV-X
10.09 root
Ribes nigrum | 5y, _ cutting - 2 _ | July | July | IV-XI _
) 2

Rhodiola 10.05. | 24.09. | rhizome | rhizome
rosea 2008. | 2009. |cuttings 20[cuttings 12| 20 | 12 | July | June | V=X IV-IX
Arnica 20.05. | 27.05. | seedlings | seedlings
nontana 2010. | 2010, 40 40 40 40 | July | June | V-X | IV-IX

Gentiana lutea ssp. symphyandra. The collected seedlings of G.lutea from natural
populations in the Rhodopes Mt. were planted in the experimental stations but even in the
first month all seedlings died. According Gorgieva [30], G. lutea reproduces successfully by
direct sowing before winter, and germination is 87%. In the autumn of 2010 in both
experimental stations were sown of 1000 seeds from each origin. In spring 2011, 30% of the
seeds germinated. At the end of the first season survived only 0.9-1.5% of the seedlings
/Table 2/. The plants grow slowly, forming one or two pairs of leaves 1.5-2 cm long in the
first year. In an experimental station Beglika grow some 8-year plants. The results show that
species can be successfully developed under field conditions. In sowing the seeds should be
taken into account the low percentage of the seedlings survived in the first year. Ex situ we
store materials of natural populations of the species from Rila Mt., Pirin Mt., Rhodopes Mt.
and Vitosha Mt. The results of tests for ex situ cultivation of in vitro obtained plants showed
weak options for adaptation and low survival.

Sideritis scardica. In the autumn of 2009 were planted young plants obtained from seeds and
were grown in a greenhouse in the both stations. Young plants grow very well in the field
conditions and in the first year 50% passed in generative phase forming 1 to 3 flowering
stems. The plants reach a height of 25-30 cm and a diameter of the tuff 35-40 cm_are frost
tolerant and drought resistant. In the second and third year was observed 100% survival of
plants.The study showed that the species successfully developed in the terms of cultivation.
Rhodiola rosea. Rhizomes of R. rosea were transferred from natural populations of the
species /Rila Mt. and Stara Planina Mt./ in the experimental stations. It was found 100%
survival of the plants /Table 2/. An important factors for plant growth are air and soil
humidity, slope, soil type. The area with R. rosea in the experimental station Belia Rid
/Vitosha Mt./ has southwestern exposure and slope 5-10 degrees. In the summer the sun heats
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very strongly and lower humidity of air and soil limited the development of the plants. In
Beglika /Wester Rhodopes Mt./ experimental station, located among spruce forest, ecological
conditions are very suitable for growing of R. rosea /Fig.1/. The species successfully
developed under field conditions in providing a suitable environment.

Ribes nigrum. In the autumn of 2004 in the Western Rhodopes Mt. we have found several
bushes of R. nigrum and few rooted shoots were removed. The material was transferred to the
experimental station Beglika and planted in well treated soil. From first to third year the
plants grew very slowly. During this period the plants formed a well developed root system.
After rooting bushes began to grow, forming a large number of shoots with a height of 1.5 m.
The plants began to bloom four years after their transfer from natural populations. The study
shows that under appropriate conditions, plants grow successfully in culture. It is possible to
make reintoroduction of the species in suitable natural habitat with growing materials in the
collection.

Arnica montana. The seeds of A. montana collected from natural populations in the
Carpathians /Ukraine/ were sown in a greenhouse in a special soil mixture, providing the
necessary soil acidity. Seedlings grew slowly and in the fifth month they were ready for
removal to the field. In the both experimental stations, it was observed 100% of survival of
the young plants in the first year. Plants began to bloom in the second year. Preliminary
studies showed that the survival of the plants planted in areas with altitude of 600 — 800 m is
very low. In vitro propagated plants were planted in the both experimental stations. Survival
of plants was 100% and their development in field conditions is successful.

CONCLUSIONS

In situ studies showed a good state of natural populations of G. lutea ssp. symphandra in
Bulgaria. Plants vitality and reproductive capacity of populations was surveyed to ensure
their successful survival in the future. The state of natural populations of Bulgarian endemics
A. achtarowii, A. jumrukczalica and the rare species A. mollis, R. rosea and R. nigrum was
determined to be affected by anthropogenic pressure and global warming. All populations of
S. scardica in Bulgaria are in poor state as a cause of over-collection for commercial
purposes. S. scardica should be returned in the list of protected plants from the Biodiversity
Act and strictly guarded.

In two ex situ collections the genetic material of the eight studied species were stored. It was
found that species A. mollis, S. scardica, G. lutea ssp. symphyandra, R. nigrum A. montana
successfully grow and develop when being introduced in the field conditions. The Bulgarian
endemics A. achtarowii, A. jumrukcalica and rare species R. rosea adapted much slowly to
field conditions.
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SUMMARY

The distribution, shape, size, superficial structure and anatomical structure of S. officinalis
floral nectaries were investigated, using light and scanning electron microscopy, aiming to
provide better understanding of the mechanism of nectar secretion in Lamiaceae, and
importance of the species as aromatic, melliferous and medicinal plant. SEM investigation
demonstrated that the nectaries are asymetrically four-lobed, and the lobe which is the
closest to the lower corolla lip is the biggest, while the lobe opposite to it is the smallest one.
The modified stomata are present only at the upper surface of the biggest nectary lobe. They
are mostly individual or less often in pairs and irregularly distributed among epidermal cells.
The nectariferous tissue is composed of the uniseriate epidermis overlying eight to ten layers
of polygonal cells forming subepidermal secretory tissue. Epidermal cells are lined with very
thin cuticle. The cells of the nectariferous parenchyma are smaller compared to parenchyma
of the flower receptacle, and contain small vacuoles and dense cytoplasm. Branches of
vascular elements consisting of xylem only which is separating from the flower receptacle
vascular tissue, were observed near nectariferous tissue.

Key words: nectary, Salvia officinalis, SEM, LM

INTRODUCTION

Salvia officinalis (common sage), member of the Lamiaceae family, is a perennial, evergreen
subshrub, native to the Mediterranean region and widely cultivated for use in traditional
medicine. S. officinalis is also very important melliferous plant, due to high level of nectar
production and high quality of honey.

Floral nectar is secreted by distinct glands, the nectaries, which vary widely among species or
within species, in ontogeny, morphology, structure and position in flower [1]. Nectar
production is confined to anthesis, and usually starts shortly before the flower unfolds [2].
Additionally to other morphophysiological flower characteristics, the nectar secretion has an
important role in sexual reproduction of plants by attracting pollinators.

There is a considerable literature data on the structure and ultrastructure of nectaries in the
Lamiaceae [3, 4, 5, 6, 7]. Members of the Lamiaceae usually have disc glands at the base of
the ovary [3]. The structure of sage nectaries has been studied with the aim of better
understanding of the mechanism of nectar secretion and to contribute to the investigation of
melliferous aspect of medicinal plants.

MATERIAL & METHODS

Plant material
The plants from which flowers were taken for analysis were grown in the experimental
outdoor plots of the Institute for Medicinal Plant Research “Dr Josif Panci¢” in Pancevo.
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Nectaries were investigated at the full flowering stage (two days after the bud opening). Five
flowers in this growth phase from five individual plants were taken.

Light microscopy

Flowers were prepared by removing the floral parts near the gland (the apical portions of the
sepals, petals, stamens). The remaining receptacles with the ovaries were fixed in FAA for
24 h and post-fixed in 70% ethanol, dehydrated through a graded series of ethanol and then
xylol before embedding in paraffin wax and dissected to various degrees. Longitudinal
sections (3—5 pm thick) were made on LEICA SM 2000 R microtome, mounted serially and
stained with alcian blue-safranin. The samples were examined by light microscopy and
documented by digital camera. Measurements of some nectary anatomical features were done
using the software program IM 1000.

Fluorescence microscopy

To examine the cuticle and xylem, freshly sectioned material was monitored for
autofluorescence using a LEICA DMLS epifluorescence microscope (filter I3 BLU 450-
490 nm).

Scanning electron microscopy (SEM)

Receptacle bearing the pistil (ovary) only were studied on fresh material without prior
preparation procedure using a JEOL JSM-35 scanning electron microscope.

RESULTS & DISCUSSION
Micromorphology of nectaries
As pointed out elsewhere for many other genera of Lamiaceae [3, 4, 5, 7], the floral
nectaries of S. officinalis have a form of four-lobed asymmetrical annular disc that surrounds
the base of the ovary. The nectary lobes prominently rise at the junction of the ovary lobes.
SEM investigation demonstrated that the lobe, which is the closest to the lower corolla lip, is
the biggest one (Fig. 1). Nectar is secreted through the specialized stomata lacking the ability
to close and characterized as "modified stomata" [8, 5, 9]. Modified stomata are present at
the upper part of the biggest nectary lobe as found in other Lamiaceae such as Rosmarinus
officinalis [S], and Ocimum basilicum in which all three large lobes were found to be
functional, except the smallest one [7] . The open stomata, observable by SEM, are
irregularly distributed among epidermal cells and consisted of two guard cells (Fig. 2).
Nectar is transported from one to another nectar-producing parenchyma cell of nectariferous
tissue towards the intercellulars and afterwords it is secreted outside through stomata. The
secreted nectar is accumulated in the reservoir formed by the corolla basis, and the relatively
large nectar drops could be observed on the lateral lobes.

Fig. 1.: SEM of the floral nectary of Salvia Fig. 2.: Modified stomata (S) surrounded by
officinalis. Abbreviations: OO- ovarian lobe; 5 to 8 epidermal cells
N- nectary
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Anatomy of nectaries

The anatomical structure of nectaries, observed by LM, was analysed in the longitudinal
sections of receptacle with ovary (Figs. 3,4). The nectariferous tissue is composed of a
uniseriate epidermis overlying eight to ten layers of polygonal sub-epidermal secretory cells
(Fig. 3). Epidermis is presented by one layer of oval to slightly rectangular cells and covered
with very thin cuticle. The cuticle showed typical autofluorescence (Fig. 4). Secretory
parenchyma cells were identified by their relatively small size and conspicuously dense
cytoplasm, which made them easily distinguished from non-glandular receptacle cells.
Although the vasculature within this tissue has not been visible in the longitudinal section
anatomical preparations, the nectary appears to be supplied by the main receptacle vascular
bundles through a band of large, tightly packed subglandular parenchyma cells. Unlike the
phloem, the xylem tissue was visible near to nectariferous tissue (Figs. 3,4).

Fig. 3.: Anatomy of Salvia officinalis floral
nectary: longitudinal section of receptaculum and
ovary showing two opposite nectary lobes.
Abbreviations: st- stylum; nt-nectariferous tissue;
ks- xylem; OO- ovarian lobes; ps- vascular
bundles

The general anatomical structure of floral nectaries of Lamiaceae family, including the
analysed S. officinalis is similar to the some other angiosperms [3, 4, 5, 8, 9, 10]. Nectar
producing parenchyma composed of few layers of small and densely packed secretory cells
with small vacuoles has also been reported for floral nectaries of other plants during nectar
secretion phase [3, 10, 11, 12].

Fig.4.. Autofluorescence of nectary cuticle and lignified xylem. Abbreviations: nt-
nectariferous tissue; ks-xylem, ku- cuticle; oo- ovarian lobe.
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Unlike some other Lamiaceae species in which only phloem was observed in secretory tissue,
or both xylem and phloem were found [4], the conducting elements in studied S. officinalis
nectaries could not be distinguished with certainty. There is an option that phloem elements
were not seen due to the failure of the applied method, or the presence of another type of flow
- apoplastic, simplastic or vesicular transport [13]. Generally in flowering plants,
vascularization of the floral nectaries is represented by conducting tissue consisted of xylem
and phloem, only of phloem, or vascularization does not exist in secretory tissue [3, 4, 13].
The flowers of Salvia officinalis are well adapted for bee pollination by virtue of their blue
color, strong scent and nectar, which is secreted in huge quantity [14] through a number of
modified stomata and poured out into the bottom of the corolla tube. Given the
morphophysiological flower characteristics, flower lifespan, time and length of flowering and
growth requirements, sage can be considered as a significant source of food for honey bees,
and its cultivation both for medicinal purposes and as a bee pasture is recommended.
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SUMMARY

The study aimed at modeling of the individual leaf area and dry weight of St. John’s Wort
hypericum (Hypericum perforatum L.) using leaf length, leaf width and SPAD value. Non-
destructive approaches of modeling can be very useful for plant growth estimation. Eight
regression equations, commonly used for developing growth models, were compared for
accuracy and adaptability. The two nonlinear models developed were as follows: individual
leaf area LA=0.1+0.36W+0.38L — 0.03W? (R* = 0.973) and dry weight DW = 1.8 E*+1.02E"
SWS+3.45E™* LWS (R* = 0.928), where L is the leaf length, W the leaf width, S the SPAD
value, and LWS = L x W x S. For validation of the model, estimated values for individual leaf
area and dry weight showed strong agreement with the measured values, Leaf dry weight,
especially, was estimated with a higher degree of accuracy through the use of a SPAD value,
as well as leaf length and width. Therefore, it is concluded that models presented herein may
be useful for the estimation of the individual leaf area and dry weight of hypericum with a
high degree of accuracy. The genus Hypericum has source of a variety of compounds
including hypericin. Hypericin is found in dark glands of leaves the most intensively. That is
why; leaves are the most important organs of these plants.

Keywords: Hypericum perforatum L., Modeling, SPAD value, Leaf length, Leaf width

INTRODUCTION

Hypericum perforatum L. is an herbaceous perennial plant, which has become a widely
popular herbal remedy in recent years. It is commonly known as St. John’s worth, and is
native to relatively dry temperature zones of Europe and North America [1]. It was reported
that its extract exhibited antiviral properties [2]. That is why is suggested that H. perforatum
has a potential in Acquired Immuno Deficiency Syndrome (AIDS) treatment [3]. Use of the
crude extract of this plant as an antidepressant is very popular today. This is evidenced by the
fact that the market for H. perforatum has exceeded $210 million in the U.S.A and $570
million worldwide annually [4].

Developmental models are commonly explored using computational or simulation techniques
[5]. The simulation software may be general-purpose, intended to capture a variety of
developmental processes depending on the input files, or special-purpose, intended to capture
a specific phenomenon. Input data range from a few parameters in models capturing a
fundamental mechanism to thousands of measurements calibrated descriptive models of
medicinal plants [6,7].

Leaf area has been measured in experiments concerning some physiological phenomenon
such as light, photosynthesis, respiration, plant water consumption and transpiration In
addition, leaf number and area of a plant have an important role in some cultural practices
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such as training, pruning, irrigation, fertilisation, etc [7,8,9]. The leaf area estimation models
aiming to predict leaf area non-destructively can provide researches with many advantages in
agricultural experiments [10,11,12,13]. Leaf area plays an important role in photosynthesis,
light interception, water and nutrient use, crop growth and development. Non-destructive
method for the estimation of leaf area may be useful to determine the relationship between
leaf area and plant growth rate. Simple regression models, related to leaf area and crop
growth rate, were applied to estimate crop yields [14,15,16]. Since leaf development has a
strong relationship with crop growth, knowing the change in leaf area may be useful for
estimating crop growth. Considering that leaf area and crop growth are both affected by
nutritional conditions, more reliable results may be obtained through the addition of
nutritional factors to the models [17,18]. A chlorophyll meter is also useful for the prediction
of crop production. SPAD values are indirectly related to nitrogen concentration. For simple,
rapid, and accurate estimation of leaf dry weight, various non-destructive tests, measurable
with ease, should be added [19].

Common measurements for prediction equations in some models carried out previously have
included leaf width, leaf length, petiole length, main and/or lateral vein length, and different
combination of these variables. Some researchers have tried using new equipment and tools
such as hand scanner or laser optic apparatuses for predicting plant growth non-destructively,
but these are very expensive investments for basic and simple research [20]. The objective of
this study was to develop models of estimating leaf area using leaf length, leaf width and
SPAD values.

MATERIAL AND METHOD

Plant Material and Experimental Conditions

This research was conducted in outdoor and greenhouse at Ondokuz Mayis University,
Vocational School of Bafra in Turkey, from April 1 to September 1 2008. Dimension of the
greenhouse length; width and height were separately 15m, 8m and 3m. The Sti John’s wort
seeds were handpicked from at least ten randomly selected Hypericum plants growing wild in
the Cakalli district of Samsun province (417704' N; 36(101' E); 470 m above sea level) in
Turkey. St. Hohn’s Wort seeds were sown in viols. The viol has got 380 Hypericum seeds.
After germinated, each seedling was transferred to (40cm x 30cm x 15cm) each pod. In the
present study the Hypericum perforatum L. seeds were used and set up in 100 pots. Hundred
pods have got 100 Hypericum plants. The growing period average temperature was 27°C and
it was measured with a Sato Keiryoki MFG R-704 thermo hydrograph (0°C with 50°C £1),
humidity 55%, Greenhouse and outdoor were separated shaded and un-shaded parts,
however, 50% transparent polyethylene cover was used for shading. The peat used in the
research and had a pH value of 7. Plants were watered daily until they reached maturity, then
three times a week. Main chemical and physical properties and average amount of added
nutrients for the peat are shown in Table 1.
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Table 1. Main chemicaland physical properties and average amount of added nutrients for
peat “Tray Substrate.

Peat type Blend of white and frozen though black
sphagnum peat

pH 5.5

Nutrients Medium level, plus additional trace
elements

160-260 mg/l N (CaCl2 - extract)
180-280 mg/l P205 (CAL - extract)
200 -350 mg/l K20 (CAL - extract)
80-150 mg/l Mg (CaCl2 - extract)

Model construction.
The general purpose of multiple regression is to learn more about the relationship between
several independent or predictor variables and a dependent or criterion variable. Given a data

set {yi,xﬂ,---,xl.p}:'_1 of n statistical units, a linear regression model assumes that the

relationship between the dependent variable y; and the p-vector of regressor’s x; is linear. This
relationship is modelled through a so-called “disturbance term” ¢; — an unobserved random
variable that adds noise to the linear relationship between the dependent variable and
regressors. Thus the model takes form

y, =Bx+-+fx, +& =xf+€ i=1n,

where ' denotes the transpose, so that x;'f is the inner product between vectors x; and
p. Often these n equations are stacked together and written in vector form as y = Xf+¢,
where

’
Y1 X Xt X &
y X, Xy X % £
2 2 21" " 2p . 5
Y= . MX= .= .. - SB= o Le=] .
/’ ﬂp
yn xn xnl e xnp gn

Some remarks on terminology and general use:

y, 1s called the regressand, dependent variable. The decision as to which variable in a data set
is modelled as the dependent variable and which are modeled as the independent variables
may be based on a presumption that the value of one of the variables is caused by, or directly
influenced by the other variables. Alternatively, there may be an operational reason to model
one of the variables in terms of the others, in which case there need be no presumption of
causality. x, is called independent variables. Usually a constant is included as one of the
regressors.

The relationship between the error term and the regressors, for example whether they are
correlated is a crucial step in formulating a linear regression model, as it will determine the
method to use for estimation [21]. Multiple regression analysis was carried out until the least
sum of square (R?) was obtained.

Randomly selected Hypericum leaves were taken from all plants from April to September
2008 at a five time intervals. In this period, 10 leaves were collected for each plant within the
first three-day of April, May, June, July and August to catch the different phases of leaf
morphogenesis. Thus, 30 leaf samples for each plant and a total of 3000 leaves for all plants
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were processed at the same day as they were collected in the following manner. First, they
were placed on the photocopier desktop by holding flat and secure and copied on A3 sheet (at
1:1 ratio). Second, a Placom Digital Planimeter (Sokkisha Planimeter Inc., Model KP-90)
was used to measure actual leaf area of the copy. Selection of leaf dimensions for
measurement was governed by variation in leaf characteristics (e.g., size, shape, and
symmetry) and practical constraints (e.g., ease and accuracy of measurements under field
conditions).

Given these concerns, we chose maximum leaf width (W) and leaf length (L) to correlate
with leaf area. Leaf width (cm) was measured from tip to tip at the widest part of the lamina
and leaf length (cm) was measured from lamina tip to the point of petiole intersection along
the midrib. The leaf positions were selected with regard to points that could be easily
identified and used to facilitate the measurement of leaf length and width.

Dry weights were determined after drying for 72 h at 70°C. The SPAD readings were taken
with a chlorophyll meter (Apogee Model CCM200) and recorded as a mean of 10
measurements for each intact individual leaf. The most common regression equations used to
develop plant growth models were evaluated for accuracy and adaptability. All equations
were composed of various subsets of independent variables, such as leaf length (L), leaf
width (W), SPAD values (S), L2, Wz, LW, LS, and LWS. The eight models determined to be
the most suitable for estimating total leaf area (LA), fresh weight (FW) and dry weight (DW)
of St. John’s Worth were selected. All variables in the models below were significant at P =
0.05 level.

LA=a+bLW........ooooooiiiii (eq.1)
LA=a+bW+cLW ....................... (eq.2)
LA=a+bL+cW+dLW ................. (eq.3)
LA=a+bL+cW*+dLW ................ (eq.4)
LA=a+bW+cL>+dW? ................. (eq.5)
LA=a+bL+cL>+dW?.................. (eq.6)
LA=a+bLW+cLWS .................... (eq.7)
LA=a+bLS+cLWS ..................... (eq.8)

Where LA is the leaf area, fresh or dry weights; L the leaf length, W the leaf width, LW = L x
W, LS =L x SPAD, and LWS = L x W x SPAD; a, b, ¢ and d are the constant. All data was
analyzed using the R-Program. Slopes, intercepts and regression coefficients of the models
were compared using the R-Project software. Correlation coefficients were calculated
between measured and estimated data [18].

RESULTS
Out of the all models, four consisting of leaf length (L) and leaf width (W) were selected for
estimation of the leaf area (LA) of hypericum (Table 2). Equation 5 had a higher R’ value
with a lower root mean square error (RMSE) than other equations tested.

Table2. Regression models for the estimation of leaf areas (LA) of Hypericum perforatum

Regression model Eq. R’ RMSE Pr>F

LA=1.47 + 0.04LW 1 095 4233  <0.0001
LA=1.61-0.72W+ 0.4LW 2 097 41.64 <0.0001
LA=-0.63+1.3L-0.04W +0.03LW 3 097 4126 <0.0001
LA=0.1+0.36W+0.38L — 0.03W* 5 097 41.11 <0.0001

All variables in the models above are significant at P = 0.05. LA is leaf area; L is leaf length; Eq. is equation; W
is leaf width; LW is L x W.
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Figure 1 shows that both leaf length and leaf width were highly related to leaf area of
hypericum. Equations with P > 0.05 and lower R’ values were eliminated at the beginning of
this study. To estimate leaf fresh weight (FW) of St. John’s Wort, 3 models using L and W,
and one model using L., W, and SPAD were selected (Table 1). Of the three models, Equation
5 showed the highest R? with a lower RMSE. By adding the SPAD value, accuracy of the
model was slightly increased but not significantly.

Figure 1. Relationship between actual and predicted leaf areas (cm?) of Hypericum

Predicted Leaf Area (cm?)

0 0,5 1 1,5 2 2,5 3
Actual leaf Area (cm?)

Using the same method as in DW, 3 models for estimating leaf dry weight (DW) were
selected (Table 3). Equation 7 showed the highest R’ value with the lowest RMSE among the
models using L and W. However, the addition of SPAD values resulted in an increase in the
R’ of the model from 0.893 to 0.928, a significant difference.

Table 3. Regression models for the estimation of dry weight (DW) of hypericum.

R° |RMSE | Pr>F
0.89 | 0.233 | <0.0001
0.91 | 0.226 | <0.0001
0.92 | 0.199 | <0.0001

Regression model

DW = 1.2E°+24E° LW

DW =25E°+1.1. E°L+4.3 E°W + 3.1 E°LW
DW = 1.8 E°+1.02E°WS+3.45E* LWS

| W=
=

All variables in the models above are significant at P = 0.05. DW is leaf dry weight; L is leaf length; W is leaf
width; LW =L x W; LS= L x SPAD value; LWS=L x W x SPAD value

According to these results, leaf length and width contribute to accurately determine leaf area
of the plant, but not dry weight. However, SPAD values enabled us to increase the accuracy
of the model for estimation of leaf dry weight.

DISCUSSION
Leaf area is routinely measured in experiments where some physiological phenomenon such
as light, photosynthesis, respiration, plant water consumption and transpiration is being
studied [22]. In addition, leaf number and area of a plant are important in terms of cultural
practices such as training, pruning, irrigation, fertilization etc. The leaf area estimation
models that aim to predict leaf area non-destructively can provide researches with many
advantages in agricultural experiments. Moreover, these kinds of models enable researchers
to carry out leaf area measurements on the same plants over the course of a study, resulting in
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reduced experimental variability [23]. Leaf area can be determined by using expensive
instruments and/or predictive models. Recently, new instruments, tools and machines such as
hand scanners and laser optic apparatuses have been developed for leaf and fruit
measurements. These are very expensive and complex devices for both basic and simple
studies. Furthermore, non-destructive estimation of leaf area saves time as compared with
geometric measurements [24]. For this reason, several leaf area prediction models were
produced for some plant species in previous studies. But, to the authors' knowledge, there are
no published reports related to leaf area prediction model for any medicinal plant.

In this study, the individual leaf area was well correlated with leaf length and leaf width, with
high R’ values (Tables 1), whereas leaf dry weight had a relatively low R? value, likely due to
differences in specific leaf area (SLA) (Table 2). Although the shape of a leaf was not a
significant factor in the estimation of leaf area and leaf fresh weight, an additional factor,
SPAD, was required to estimate leaf dry weight more accurately. Non-destructive and rapid
estimation of leaf area, many methods have been applied. This method was rapid and
relatively accurate but it required trained operators. In our experiment, rulers were used
directly to measure the leaf length and leaf width. According to the results of the current
study that the leaf area and the dry weight of St. John’s Wort may be estimated by nonlinear
regression models including leaf length, leaf width, and SPAD values. For more precise
modeling, environmental factors and computer systems as well as growth factors should be
included in the models.

Hypericum plants are characterised mainly by the presence of three types of secretory
structures, light glands, dark glands and secretory canals [25]. The dark glands on the
vegetative organs of many species of Hypericum have been used by botanists as an important
distinguishing mark for the classification of this genus [26]. In addition, there is a marked
evidence and general agreement about localisation of hypericins in the dark glands. The
presence of dark glands in Hypericum species is expressed as its density in leaves for which it
is necessary to calculate the leaf area. Therefore, leaf area has been routinely measured in
morphological and taxonomic studies on Hypericum genus [27]. There is a positive and
significant relationship between dark gland density of leaves and both leaf and whole plant
contents of hypericin in H. perforatum and other species. For this purpose, we measured leaf
areas. Thus, we developed very useful, simple and accurate models for estimation leaf area
for Hypericum perforatum L. in the present study.

REFERENCES

1. DELTITO, J., BAYER D. (1998): “The scientific, quasi-scientific and popular literature on the use of St.
John’s wort in the treatment of depression”, Journal of Affect Disorders, vol. 51, 345-351.

2. MERUELO, D. LAVINE, D. LAVIE, G. (1988): “Therapeutic agents with dramatic retroviral activity and
little toxicity at effective doses: aromatic polycyclic diones hypericin and pseudohypericin”, Nat Acad Sci,
vol.85, 5230-5234.

3. SCHINAZI, RF. CHU, CK. BABU, JR. OSWALD, B. SAALMAN, V. CANNON, DL. ERICSON, BF.
(1990): “Anthraquinones as a new class of antiviral agents against AIDS”, Antiviral Research, vol. 13, 265-
272.

4. SIRVENT, T. WALKER, L. VANCE, N. GIBSON, B. (2002): “Variation in hypericins from wild
populations of Hypericum perforatum L. in the Pasific Northwest of the U.S.A.” Econ. Botany, vol. 56, 41-
49.

5. ODABAS, MS. RADUSIENE, J. CAMAS, N. (2009): “The quantitative effects of temperature and light
intensity on hyperforin and hypericins accumulation in Hypericum perforatum L.” Journal of Medicinal
Plants Research. vol. 3(7), 519-525.

6. ODABAS, MS. KEVSEROGLU, K. CIRAK, C. SAGLAM, B. (2005): “Non-destructive estimation of leaf
area in some medicinal plants,” Turkish Journal of Field Crops. vol. 10(1), 29-31.

7. ODABAS, MS. MUT, Z. (2007): “Modeling the Effect of Temperature on Percentage and Duration of Seed
Germination in Grain Legumes and Cereals,” American Journal of Plant Physiology. vol. 2, 303-310.

Page 32 27™ - 31 May, 2012. Subotica, Republic of Serbia



Proceedings of the 7" CMAPSEEC

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

ODABAS, MS. KEVSEROGLU, K. CIRAK, C. SAGLAM, B. (2005): “Nondestructive estimation of leaf
area in some medicinal plants,” Turkish Journal of Field Crops, vol. 1(10), 29-31.

SIRTAUTAS, R. SAMUOLIENE, G. BRAZAITYTE, A. DUCHOVSKIS, P. (2011): “Temperature and
photoperiod effects on photosynthetic indices of radish (Raphanus sativus L.)” Zemdirbysté=Agriculture,
vol. 98(1), 57-62.

ODABAS, MS. AYDIN, A. CIRAK, C. KEVSEROGLU, K. (2009): “Prediction Model of Leaf Area for
Trigonella foenum Graecum L.” Turkish Journal of Field Crops, vol.14(2), 144-149.

ALBAYRAK, S. CAMAS, N. (2007): “Effects of Temperature and Light Intensity on Growth of Fodder
Beet (Beta vulgaris var. crassa Mansf.)” Bangladesh Jornal of Botany, vol. 36(1), 1-12.

ALBAYRAK, S. YUKSEL, O. (2009): “Leaf area prediction model for sugar beet and fodder beet,”
Suleyman Demirel University Science Institute Journal, vol.13(1), 20-24.

CALISKAN, O. ODABAS, MS. CIRAK, C. ODABAS, F. (2010): “The quantitative effect of temperature
and light intensity at growth in Origanum onites L.” Journal of Medicinal Plants Research, vol. 4(7), 551-
558.

CALISKAN, O. ODABAS, MS. CIRAK, C. ODABAS, F. (2010): “Modeling of the individual leaf area
and dry weight of oregano (Origanum onites L.) leaf using leaf length and width, and SPAD value,”
Journal of Medicinal Plants Research, vol. 4(7), 542-545.

MONTERO, FJ. DE JUAN, JA. CUESTA, A. BRASA, A. (2000): “Nondestructive methods to estimate
leaf area in Vitis vinifera L.” HortScience, 35(4), 696-698.

CHO, YY. OH, S. OH, MM. SON, JE. (2007): “Estimation of individual leaf area, fresh weight, and dry
weight of hydroponically grown cucumbers (Cucumis sativus L.) using leaf length, width, and SPAD
value,” Scientia Horticulturae, vol. 111(4), 330-334.

LE BAIL, M. LEUFFROY, MH. BOUCHARD, C. BARBOTTIN, A. (2005): “Is it possible to forecast the
grain quality and yield of different varieties of winter wheat from Minolta SPAD meter measurements,”
European Journal of Agronomy, vol. 23, 379-391.

CIRAK, C. ODABAS, MS. AYAN, AK. (2005): “Leaf area prediction model for summer Snowflake
(Leucojum aestivum L.)” International Journal of Botany, vol. 1(1), 12-14.

CIRAK, C. AYAN, AK. ODABAS, MS. CAMAS, N. (2007): “Modeling the effect of temperature on the
days to germination in seeds of flue-cured and oriental tobacco (Nicotiana tabacum L.)” Journal of Plant
Science, vol. 2(3), 358-361.

WEISBERG, S. (2005): “Applied linear regression,” A John Wiley & Sons, Inc. Publications, USA, 310.
ERPER, I. TURKKAN, M. ODABAS, MS. (2011): “The mathematical approach to the effect of potassium
bicarbonate on mycalial growth of Sclerotinia sclerotiorum and Rhizoctonia solani in vitro,”
Zemdirbysté=Agriculture, vol. 98(2), 95 — 204.

CENTRITTO, M. LORETO, F. MASSACCI, A. PIETRINI, F. VILLANI, MC. ZACCHINE, M. (2000):
“Improved growth and water use efficiency of cherry saplings under reduced light intensity,” Ecological
Research, vol. 15, 385-392.

ODABAS, MS. CAMAS, N. CIRAK, C. RADUSIENE, J. JANULIS, V. IVANAUSKAS, L. (2010): “The
Quantitative Effects of Temperature and Light Intensity on Phenolics Accumulation in St. John’s Wort
(Hypericum perforatum L.)” Natural Product Communications, vol. 5(4), 535-540.

NESMITH, DS. (1992): “Estimating summer squash leaf area non-destructively,” HortScience, vol. 27, 77-
78.

CICCARELLI, D. ANDREUCCI, AC. PAGNI, AM. (2001): “Translucent glands and secretory canals in
Hypericum perforatum: morphological, anatomical and histochemical studies during the course of
onthogenesis” Annals of Botany, 88, 637-644.

KITANOV, GM (2001): “Hypericin and pseudohypericin in someHypericum species,” Biochem Syst Ecol
29, 171-178.

ODABAS, MS. RADUSIENE J. CIRAK, C. CAMAS, N. (2008): “Prediction Models for the Phenolic
Contents in Some Hypericum Species from Turkey,” Asian J. Chem. 20(6), 4792-4802.

27™ - 31 May, 2012. Subotica, Republic of Serbia Page 33



Proceedings of the 7" CMAPSEEC

Original scientific paper
ON THE EMBRYOLOGY OF SIDERITIS SCARDICA GRISEB. (LAMIACEAE)

Yurukova-Grancharova Dimitrova Petka, Yankova-Tsvetkova Petrova Elina

Department of Plant and Fungal Diversity, Division of Flora and Vegetation, Institute of Biodiversity and
Ecological Research, Bulgarian Academy of Sciences, 2 Gagarin Street, 1113 Sofia, Bulgaria

SUMMARY

This work presents results of the first embryological study on the Balkan endemic species Sideritis
scardica — known and used under the name "Pirin mountain tea" or "Mursalitsa tea" in the
Bulgarian traditional medicine. The features of the embryological structures and processes in
the male and female generative sphere were established. The anthers are tetrasporangiate. The
anther wall develops according to the Dicotyledonous-type and consists of an epidermis, a
fibrous endothecium, one ephemeral middle layer and a secretory tapetum. Meiosis in the
microspore mother cells runs normally. The simultaneous microsporogenesis leads to the
formation of tetrahedral and isobilateral tetrads. The mature pollen grains are predominantly
three-colpate, rarely tetra-colpate, and two-celled at the time of shedding. The ovule is
anatropous, tenuinucellate and unitegmic. The chalazal megaspore of the linear tetrad that
forms after meiosis in the ovule functions as an embryo sac mother cell. After three mitotic
divisions an eight-nucleate embryo sac of the Polygonum (monosporic)-type forms.
Embryogenesis runs according to the Onagrad-type. The endosperm is ab initio cellular. The
results of this study reveal that Sideritis scardica is a sexually reproducing species.

Key words: anther, embryo sac, pollen, ovule, reproductive sphere

INTRODUCTION
Sideritis scardica Griseb. is a Balkan endemic species, distributed in Albania, Bulgaria,
Greece, Macedonia, Serbia and Turkey [1]. It has limited spreading in Bulgaria, growing at
dry rocky and grassy limestone places [2] in the Mt Slavyanka, Pirin Mts and Rhodopi Mts
(Western and Central) from 1000 to 2200 m a.s.l. This species is included under category
“endangered” in Red list of Bulgarian vascular plants [3] and Red Data Book of the Republic
of Bulgaria [4]. Known under the name "Pirin mountain tea" or "Mursalitsa tea" in the
Bulgarian traditional medicine, S. scardica is used in the treatment of gastrointestinal
complaints, inflammation and rheumatic disorders. The excessive exploiting of this valuable
medicinal plant affects the state of its natural reserves and reproductive capacity. Mainly, the
wrong manner of gathering and the lack of enough long restoration period destroy the normal
sexual and vegetative reproduction of the native populations of S. scardica — all that usually
reduces the capacity of the natural habitats to serve as reserves.
Hitherto, S. scardica in Bulgaria was an object of chorological, karyological and
phytochemical studies [5, 6, 7, 8, 9]. Karyological studies on the Rhodopi Mts populations of
this species reveal a chromosome number 2n = 32 [7, 8] but up to now its ploidy level is not
categorically determined. Sideritis scardica is considered as a tetraploid with x = 8 [7] while
other authors not comment upon its ploidy level [8]. A recent karyological study on section
Empedoclia of the genus Sideritis (including S. scardica) from Turkey reveals that all taxa
are diploid (2n = 32) with basic chromosome number x = 16 [10].
So far, no data exist on the embryology of S. scardica. Only fragmentary embryological data
are given for other species of the genus Sideritis L. [11].

Page 34 27™ - 31 May, 2012. Subotica, Republic of Serbia



Proceedings of the 7™ CMAPSEEC

The present embryological study on S. scardica is undertaken for the first time. The aim of
the investigation is to establish the features of the processes and structures in its reproductive
sphere and to reveal the mode of reproduction.

MATERIAL & METHODS

The embryological study was carried out on individuals presenting a population from Pirin
Mts, below the peak “Orelek” (about 2000 m a.s.l.), growing at an experimental field outside
of the native population and in greenhouse. The material of the study (buds and flowers in
various developmental stages) were collected and fixed in FAA (5 parts formalin: 5 parts
glacial acetic acid: 90 parts 70% ethanol). After, it was treated according to the classical
paraffin methods. Sections 8-12 pum thick were cut with rotary microtome, stained with
Heidenhain’s haematoxylin and mounted in Entellan. Observations on permanent slides were
carried out with the light microscope “Olympus CX21” and micrographs with “Infinity lite”
1,4Mpx Digital camera.

RESULTS & DISCUSSION
Anther and development of the male gametophyte
Anthers are tetrasporangiate. The formation of placentoids (sterile protuberances) between
anther locules were observed, like in other species of the genera of Lamiaceae (Labiatae):
Lavandula L., Salvia L., Stachis L., Hyssopus L., Agastache Clayt. [11, 12, 13, 14].
The anther wall develops according to the Dicotyledonous-type [15, 16]. It is four-layered
(Figs 1, 2) consisting of an epidermis, fibrous endothecium, one ephemeral middle layer and
secretory tapetum that is typical for the representatives of the family Lamiaceae [11, 17].

MMCs
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ﬂp % Initially, the epidermis, endothecium and
4’ }‘a middle layer are almost similar in shape
@ ﬁ ‘ ﬂ (Fig. 1). Later, after the stage of
R SRR microspore  tetrads, they begin to
. distinguish (Fig. 3). The epidermal layer in
the mature anther consists of one row of
one-nucleate almost rectangular cells.
Endothecium cells are bigger than the cells
of epidermis, radially elongated and after
one-celled pollen stage they develop
fibrous thickenings. The middle layer is
ephemeral as in the most representatives of
the family Lamiaceae [11]. The tapetum is
secretory (cellular), characteristic for
Anther wall and different type microspore tetrads Lamiaceae [17], consisting of one row of
one-nucleate cells and remains cellular up
to the maturity of the anther. As result of mitosis a multiplication of the nuclei in the tapetum
cells passes and they become from one-nucleate to two- (Fig. 2), rarely four-nucleate. At the
stage of mature pollen from the layers of the anther wall only fibrous endothecium retains its
entirety while the epidermis and tapetum have already been partially destroyed (Fig. 4).
The sporogenous tissue is one-layered (Fig. 1). During the anthers ontogenesis the
sporogenous cells become bigger, rounded up and function as microspore mother cells —
MMCs (Fig. 2). The meiosis in MMCs runs almost normally. After the simultaneous
microsporogenesis predominantly tetrahedral tetrads and a small number of isobilateral ones
form (Figs 3, 5).

,'_J,,o'

1 - 5 L -
Anther wall with fibrous endothecium, destroyed Microspore tetrads in an anther locule

epidermis and tapetum, and mature pollen

The mature pollen grains are three-, rarely four-colpate, 2-celled at the time of shedding (Fig.
6). For representatives of the genus Sideritis predominantly four-colpate pollen grains were
announced [18]. According to [19] in Labiatae tri-colpate pollen grains are sheded at two-
celled stage that is also reported by [20]. Our observations not confirmed “the 6-pantocolpate
pollen type” shown for the representatives of section Empedoclia of the genus Sideritis [21]
in which S. scardica belongs too.
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Ovule and development of the female
gametophyte

Regarding the female reproductive sphere
of S. scardica, the gynoecium is
sincarpous. The ovary is superior and
bilocular. Each locule has a single ovule on
axile placentation. The well-developed
ovule is anatropous, tenuinucellate,
unitegmic. The innermost layer of the
single integument differentiates into
endothelium during ovule ontogenesis.
Archesporium is one-celled (Fig. 7) and the
single archesporium cell functions directly
as a megaspore mother cell like in the most
Lamiaceae, in particular  Agastache
foeniculum [14]. No parietal cells form. As
result of the meiosis in the megaspore mother cell, a linear tetrad of megaspores forms in the
ovule and the chalazal one functions as an embryo sac mother cell (Fig. 8).

Mature pollen grains

Megaspore tetrad whose chalazal cell functions as ES
mother cell

Archesporium cell in the ovule

The one-nucleate embryo sac is clearly vacualized (Fig. 9). After three successive mitotic
divisions two-, four- and finally eight-nucleate embryo sac (ES) form according to the basic
Polygonum(monosporic)-type — typical for the family Lamiaceae [11, 15, 17]. The mature ES
consists of three-celled egg apparatus (one egg cell and two synergids), two polar nuclei
(after their fusion the central cell forms) and three antipodals in the chalazal pole (Fig. 10).
Usually, the synergids degenerate after fertilization. Quite often, the antipodals did not
observed as cells but as three free nuclei deeply in the chalazal part of the ES. The three
antipodals are ephemeral and usually degenerate after the formation of the central cell of ES.
The embryo and endosperm develop as result of a porogamous double fertilization. The
endospermogenesis begins before the embryogenesis.
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The embryogenesis runs after the Onagrad-type (Figs 11, 12) like in the representatives of
the most genera belonging to the family Lamiaceae [11, 17]. Endospermogenesis follows the
Stachis-type that was also established for the genera Sideritis, Ajuga L., Marrubium L.,
Nepeta L., Stachis L., Ocimum L. [11]. The endosperm is ab initio cellular (Fig. 11, 12) with
terminal haustorium.

CONCLUSION

The embryological study carried out on the Balkan endemic Sideritis scardica shows that it
is a sexually reproducing species. The embryo and endosperm develop after double
fertilization. During the present study apomixis was not registered. The established
embryological features such as: almost normally run of the meiosis in the anther and ovule,
the stable structures in the male and female generative sphere, balanced embryological
processes and the lack of apomixis reveal that the studied S. scardica from Bulgaria is rather
a diploid than tetraploid taxon. Nevertheless, if the second assumption be accepted, on the
base of the results obtained during the present investigation, this species can be exactly
characterized as an autotetraploid.

As result of the embryological study carried out, the mode of reproduction, reproductive
capacity, character and state of the populations of the Balkan endemic species Sideritis
scardica were established in connection with its preservation for the Bulgarian flora.
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SUMMARY

Research concerning the Alchemilla ssp. resources along the ridges of the northern part of
Osogovo Mountain has been done. The main purpose of the study was to evaluate the
distribution of species of the genus Alchemilla, to map the abundant populations, and to
determine their available stocks. Two methods have been used: the transect method for
estimation of species' distribution; and setting up the plots for yield measurement. Seven
Alchemilla species have been found in the studied region. They are from Section Alchemilla
(Brevicaulon Rothm.), Subsection Heliodrosium Rothm. Three species are reported for the
first time for the floristic region “Western Border Mountains” in Bulgaria. The plant
communities involving Alchemilla ssp. were found in habitats of European importance,
according to Directive 92/43/EEC - 6520 Mountain hay meadows and 6430 Hydrophilous tall
herb fringe communities of plains and of the montane to apline levels. Four regions rich in
Alchemilla ssp. have been identified which are located in the northern part of Osogovo Mt.
The location, area, ecological and geographic characterization, type of the plant community,
resource characterization and evaluation of the Alchemilla reserves, have been surveyed in
the studied regions. Recommendations for the sustainable use and protection of the
populations have also been provided.

Key words: Lady's mantle, operating reserves, sustainable use.

INTRODUCTION

Genus Alchemilla L. included about 118 species in Europe, which are divided in two sections
[1]. The number of known and already reported species in Bulgaria is 35 [2]. They are
divided in three subsections of Sect. Alchemilla (Brevicaulon Rothm.). Three species are
from Subsect. Chirophyllum Rothm. The most abundant subsection in Bulgaria is Subsect.
Heliodrosum Rothm. - 18 species. There are 14 species in Subsect. Calycanthum Rothm. Six
species are Bulgarian endemics and six Balkan endemics. Six Alchemilla species /Lady's
mantle/ are protected under the Biological Diversity Act [3]. Twelve species are from the Red
List of Bulgarian vascular plants [4] and Red Data Book of the Republic of Bulgaria [5] (8
are endangered and 4 are critically endangered). Thirty-one species were included in the
Medicinal Plants Act [6]. Every year the Ministry of Environment and Water sets the annual
quotas for collection, according to the distribution and abundance of Alchemilla species in
different areas of Bulgaria. Five species were included in [UCN Red List of Threatened
Plants, 2001 [7].
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The species of genus Alchemilla are herbaceous perennial plants, mostly having woody
rhizomes. The basal leaves are long-stalked and clustered in a rosette. The leaf blades are
roundish, palmate and jagged. The blossoms have short stems and compound cymose
inflorescense. The flowers are small, green or yellowish, more or less aggregated into distinct
clusters (glomerules).The hypanthium is urceolate, the sepals are 4 or 5, the epicalyx is
developed but petals are not, the stamens are 4 or 5 and they are placed along the outer
margin of the disc. The fruit is a single achene, entirely or partially enclosed in the thin, dry
hypanthium, [1]. The species reproduce by seeds through facultative apomixes, though
hybridization and/or vegetative reproduction which occasionally take place, forming clone-
populations.

Alchemilla species grow in all Bulgarian high mountains at altitude between 800 and 2500 m.
They are members of communities located along the rivers and streams or mountain hay
meadow communities. They are heliophytes and do not grow under the canopy of the forest.
Lady's mantle are medicinal plants which contain tannins, flavonoids and saponins. They
possess anti-inflammatory and skin epithelium regenerating effect. The herbs are used in
gynaecology and as a medical treatment for diseases of the digestive and excretory systems
[8]. A number of Alchemilla species are harvested as medicinal herbs. Alchemilla vulgaris
complex is considered as their collective name. Annually about 3-4 tons of row material in
the country were harvested from the wild populations.

This study is a part of the project supported by the Ministry of Environment and Water. The
project aims to determine the distribution and diversity of the Alchemilla species and to
evaluate their abundant populations, outside of protected areas, such as Natural or National
parks. The whole project's scope covers Western Balkan Mt., Sredna Gora Mt., western and
central parts of the Rhodopes Mt., and Osogovo Mt.

The aim of the presented study is to evaluate the number of species Alchemilla, to map their
populations and to determine the available stocks of the species growing in the northern part
of Osogovo Mt.

Study area

The study has been performed in July, 2011, within the floristic region 'Western Border
Mountains' in Bulgaria. The Osogovo Mt. is the northernmost one, out of the Osogovo-
Belasitsa group. Nearly the entire mountain ridge has been studied, from Kyunets Peak to the
NE, through the peaks of Choveka, Tsarni Kamak, Shapka, Mali Ruen, to Ruen Peak in the
SW. The areas called Gramadite and Kulin Kamak, located at the East of the main ridge have
also been studied, as well as the catchment areas of the rivers Eleshnitsa and Bistritsa. The
latter falls within Trite Kladentsi area, where Ruen Peak (2251 m) is located (Fig. 1). The
climate of the Osogovo Mt. is apparently influenced by the Mediterranean. May and June are
the months with the highest precipitation [9]. Osogovo Mt. is an important hydrological
source — many rivers start out of its central parts. The most abundant type of rock is granite
and the main soil types are dark-brown and chromic cambisols. All these mountain features
favour the Alchemilla ssp. development in the region.

MATERIAL AND METHODS
The distribution of the Alchemilla species is evaluated by transects, which is suitable for sub-
alpine terrains, mountain meadows and river valleys. The studied areas for evaluation of
species' reserves are delineated by GPS co-ordinates over satellite images. The habitat
description consists of: 1) Borders (GPS co-ordinates); 2) Altitude; 3) Habitat
characterization — slope direction, slope inclination, relief type, main rock, soil (type,
thickness, erosion, humidity); 4) Generally estimated vegetation cover; 5) Projected cover of
Alchemilla spp.; 6) Relevé. The determination of the taxonomic status of Alchemilla
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species was performed after 'Flora of NRBulgaria' [6]. The reserves of Alchemilla species are
estimated after Shreter et al.[10]. This method is based on the plots for yield measuring. The
1 m? yield, the yearly yield, and the available stocks are given in kg of fresh material (FW).
The yield for each population is calculated after Shreter et al. [10]. The error of the average
of projected cover of the species, as well as the yield of 1 m?, are in the range of 10-15 %,
rarely 20-25%. The allowable yearly yield, as well as the turnover yields is  determined by
Ordinance Ne 2/20.01.2004 [11] concerning the rules and requirements for medicinal herbs
and genetic material gathering.

Fig. 1 Abundant populations of Alchemilla species in Osogovo Mt.

RESULTS AND DISCUSSION

The species of genus Alchemilla are mainly distributed in the river catchment basins of
Osogovo Mt. Those regions provide sufficient air and soil humidity, critical for plants
development.

Alchemilla species are found in two types of habitats. The first type is determined as the open
mountain grassland, grouped into the habitat type 6520 Mountain hay meadows according to
Directive 92/43/EEC. Generally, these are drier habitations, characterized by less diverse
vegetation. The other type consists of herbaceous communities along the stream banks, which
are prevailing in the region. The latter is habitat type 6430 Hydrophilous tall herb fringe
communities of plains and of the montane to apline levels.

Fig. 2. Percentage contribution of Alchemilla in Osogovo Mt.
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Seven species are found in the studied region. All of them are from Section Alchemilla

(Brevicaulon Rothm.), Subsection Heliodrosium Rothm.:

e Series Pubescentes Buser. - Alchemilla glaucescens Wallr., A. erythropoda Juz.;

e Series Vulgares Buser. - A. glabra Neygenf., A. obtusa Buser., A. xanthochlora Rothm.,
A. subcrenata Buser., A. monticola Opiz.

The most occurring species in Osogovo Mt. are A. glaucescens (28%), A. obtusa (18%) and

A. subcrenata (18%) (Fig. 2).

The species A. subcrenata, A.obtusa n A. xanthochlora from Osogovo Mt. are reported for

the first time. It was found that in one population there are often more than one Alchemilla

species (Table 1).

Table 1 Distribution of Alchemilla ssp. in Osogovo Mt.

Initial and end points of Altitude
Species Date Studied areas the transect (GPS) [m.a.s.l.]
min-max
A. glaucescens Wallr.
A. glabra Neygenf. 12.07.2011 | Gramadite region N 42,1666/ E 22,5991 1626 - 1642
A. obtusa Buser. N 42,1889/ E 22,6139
A. monticola Opiz
A. glaucescens Wallr 13.07.2011 | Kulin Kamak Peak N 42,1886/ E 22,6169 1684 - 1815
N 42,1869/ E 22,5794
A. obtusa Buser. 13.07.2011 | Trite Kladentsi region N 42,2079/ E 22,5883 1667 - 1958
A. subcrenata Buser N 42,1773/ E 22,5947
A. erythropoda Juz.
A. xanthochlora Rothm | 14.07.2011 | Bek bunar region — N 42,1741/ E 22,6099 1413 - 2251
A. glaucescens Wallr. Ruen Peak N 42,1843/ E 22,5787
A. subcrenata Buser.

Description of the most important sites - habitat features and resources characterization

Gramadite region

The Gramadite region central GPS spot N 42,188952; E 22,615681, 1621 m.a.s.l. The slope
is west, inclined at 1°- 5°.

It is characterized by medium thick, semi-humid, mountain meadow soils. The main habitats
are mountain hay meadows, having diverse plants richness. The vegetation cover is 95 %.
The trees and shrubs cover is 35 %, with main species - Betula pendula, Pinus sylvestris,
Salix caprea, Rosa canina, Rubus idaeus, Chamaecytisus absinthioides. The grass cover is 65
%. The dominant species is Deschampsia caespitosa and the subdominant species are
Festuca rubra and Agrostis capillaris. The other involved species are Achillea collina, A.
distans, A. lingulata, Angelica pancicii, Anthoxanthum odoratum, Armeria rumelica,
Asperula capitata, Bistorta major, Bruckenthalia spiculifolia, Campanula sparsa, Carex
otrubae, Carum carvi, Cerastium arvense, Chamaespartium sagittale, Cirsium ligulare,
Cruciata glabra, Cuscuta sp., Dactylorhiza cordigera, Dianthus superbus, Epilobium
angustifolium, Euphorbia cyparissias, Galium palustre, G. verum, Geum coccineum,
Hypericum perforatum, Juncus effusus, Juniperus communis, Lathyrus pratensis,
Lerchenfeldia flexuosa, Linum capitatum, Luzula campestris, L. luzuloides, Mentha
longifolia, Myosotis scorpioides, Nardus stricta, Potentilla erecta, Ranunculus acris, Rumex
acetosella, Scabiosa columbaria, Senecio nemorensis, S. subalpinus, Sieglingia decumbens,
Silene frivaldskyana, S. roemeri, Stellaria graminea, Thymus serpyllifolius, Trifolium repens,
T. velenovskyi, Urtica dioica, Veratrum lobelianum, Verbascum densiflorum, Veronica
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chamaedrys, V. officinalis. Established species inhabit the habitat of European importance
6520 Mountain hay meadows, described in the Appendix I of the Habitat Directive
92/43/EEC.

Four Alchemilla species have been found at this site: Alchemilla glabra, A. glaucescens, A.
monticola and A. obtusa.

The spatial structure of the population is characterized by a mosaic situated individuals. They
form larger or smaller spots and are irregularly distributed within the habitation of 2.5 ha.
The Alchemilla ssp. project cover varies from 1 % to 39 %, in different parts of the
population. But average cover of the species in all population is relatively low /6.9 %/. The
yield is 16.8 kg/ha. The available stocks of the herb in this habitation are 40.28 kg; and the
possible yearly yield — 28.05 kg (Table 2). The population is in good condition, while the
available stocks are relatively limited.

The area of Kulin Kamak Peak

The habitat is located between Kulitsite Peak (N 42,181979; E 22,583296; 1817 m.a.s.l.) and
Dolna Chuka Peak (N 42,16669; E 22,59916; 1706 m.a.s.l.), having an area of 30 ha, with
east exhibition, inclined at 11°- 15°.

It is characterized by medium thick, semi-humid, mountain meadow soils. The vegetation
cover is 95 %. Projective cover of trees and shrubs is 5 %, where Chamaecytisus
absinthioides, C. sagittale, Juniperus communis, Rubus idaeus, Vaccinium myrtillus, V.
uliginosum grow. The herbs cover is 90 %. Dominant species are Lerchenfeldia flexuosa and
Luzula luzuloideshaving, Alchemilla glaucenscens had the abundance 2. The other species
were Agrostis capillaries, Achillea distans, Antennaria dioica, Anthriscus sylvestris, Armeria
rumelica (Balkan endemic), Asperula capitata, Botrychium matricarifolium, Calamagrostis
arundinacea, Campanula sparsa, C. velebitica, Carum carvi, Cerastium fontanum,
Cerastium decalvans (Balkan endemic), Cirsium ligulare, Cruciata glabra, Festuca rubra, F.
valesiaca, Galium album, Galium verum, Genista depressa, Hieracium pilosella,
Hypochaeris maculata, Hypericum perforatum, Jasione montana, Koeleria eriostachya, K.
splendens, Leontodon hispidus, Linaria dalmatica, Luzula campestris, Nardus stricta,
Plantago subulata, Peucedanum oligophyllum (Balkan endemic), Primula veris, Ranunculus
acris, Rhinanthus wagneri, Rumex acetosella, Silene frivaldskyana (Balkan endemic),
Stellaria graminea, Thymus sp., Thlaspi praecox, Trifolium heldreichianum (Balkan
endemic), Trifolium hybridum, T. velenovskyi (Balkan endemic), Veratrum lobelianum,
Verbascum densiflorum, Veronica chamaedrys, V. officinalis, Potentilla ternata, Viola
reichenbachiana. Relatively high rate of endemism is peculiar for this area — 12 %.

The habitat type is characterized as 6520 Mountain hay meadows. That habitation is drier
than those in Gramadite place. In case of Lerchenfeldia flexuosa dominance, the Alchemilla
ssp. cover is higher. In case of Luzula luzuloides dominance, the Alchemilla ssp. cover is
lower or the species does not grow. That could be explained by the fact that Luzula luzuloides
develops large tufts and limits the vegetative or seed reproduction of Alchemilla species.

Only Alchemilla glaucescens is found within this habitat. The species is relatively evenly
distributed, as its average cover is 19 %, although it reaches 40 — 50 % at some places.

The yield is 81.2 kg/ha. The available stocks in this localities are 2436.18 kg; the possible
yearly yield — 1705.76 kg (Table 2). The population is in very good condition. It is valuable
for wild harvesting.

Trite Kladentsi area
The Trite Kladentsi central spot co-ordinates are N 42,208806; E 22,588389, 1935 m.a.s.l.,
having an area of 1 ha, The slope is with west exhibition, inclined at 11°- 15°.

Page 44 27™ - 31 May, 2012. Subotica, Republic of Serbia



Proceedings of the 7" CMAPSEEC

It is characterized by medium thick, overly wet, not eroded soil, having high grass growing
along the streams. The vegetation cover is 95 %. The shrubs cover is 5 %, where Vaccinium
myrtillus and V. uliginosum are present.

The grass cover is 90 %. Dominant species is Deschampsia caespitosa, having abundance 2.
Subdominant species is Festuca rubra. The other species are: Caltha palustris, Geum
coccineum, Carex acuta, Rumex alpinus, Senecio nemorensis, S. subalpinus, Veratrum
lobelianum, Luzula luzuloides, L. spicata, Myosotis scorpioides, M. ramosissima, Hypericum
perforatum, Verbascum longifolium, Peucedanum oligophyllum, Thlaspi perfoliatum, Silene
roemeri, Jasione montana, Epilobium montanum, Nardus stricta, Potentilla erecta, Trifolium
hybridum, Cirsium appendiculatum, Genista depressa, Campanula sparsa, Sesleria fleoides,
Phleum alpinum, Ajuga pyramidalis, Bruckenthalia spiculifolia, Angelica pancicii, Stellaria
graminea, Acinos alpinus, Leontodon hispidus, Eriophorum latifolium, Dianthus microlepis,
Jasione bulgarica, Antennaria dioica.

Two species Alchemilla have been found in this localities - Alchemilla obtusa and A.
subcrenata. The average projected cover of the species is 80 %.

The yield is 1276.0 kg/ha. The available stocks are 893.20 kg (Table 2). The habitation is
suitable for wild collection of the herb.

Table 2 Estimation of stocks of natural popualtions of Alchemilla ssp. in Osogovo Mt.

Ave- . Wet/ Possible
. Operative Turnover
. . rage Area | Yield dry . yearly
Species Studied areas reserves v yields .
cover [ha] |[kg/ha] [kg] ratio [years] yield
[%] 8 kgl | Y [xg]
A. monticola
A. glabra Grama- 6.9 2.5 16,8 40,28 4,10 2 28,05
A. obtusa dite area
A. glaucescens
A. glaucescens K“h;eljli‘mak 190 | 30,0 | 81,2 | 243618 | 3,05 2 1705,76
A. obtusa Trite Kladentsi) g6 | 10 |12760| 127600 | 4,50 2 893,20
A. subcrenata area
3' sub(;;;en%a Bek Bunar
- ranthochiord area - 10,1 19.6 | 156 | 306,00 2,94 2 214,51
A. glaucescens Ruen peak
A. erythropoda P

Bek Bunar place — Ruen Peak

The habitat is located between Bek Bunar shelter (N 42,182470; E 22,574290; 1831 m.a.s.l.)
and Ruen Peak (N 42,162170; E 22,530870; 2182 m.a.s.l.), having an area of 19.6 ha, South-
looking, inclined at 11°— 15°.

The mountain meadows cover both slopes of the ridge. The vegetation cover is 95 %. The
shrubs cover is 10 %, where Chamaecytisus sagittale, Vaccinium myrtillus, Juniperus
communis, and Bruckenthalia spiculifolia grow.

The grass species cover is 85 % with the dominant Lerchenfeldia flexuosa, having abundance
2. The other founded species are: Anthoxanthum odoratum, Galium album, Festuca valida,
Luzula luzuloides, L. campestris, Agrostis capillaris, Ligusticum mutellina, Asperula
capitata, Rumex acetosella, Hieracium pilosella, Senecio nemorensis, Nardus stricta,
Plantago subulata, Cirsium ligulare, Geum montanum, Campanula sparsa, Genista depressa,
Campanula jordanovii (Bulgarian endemic), Stellaria graminea, Leontodon hispidus,
Potentilla ternata, Acinos alpinus, Cruciata glabra, Asperula cynanchica, Botrychium
matricarifolium.
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Four Alchemilla species have been found in this habitation - Alchemilla erythropoda, A.
xanthochlora, A. glaucenscens u A. subcrenata. The average cover is 10 %.

The yield is 15.6 kg/ha. The available stocks are 306.44 kg. The possible yearly yield is
214.51 kg (Table 2). The population population is suitable for the collection of economically
significant amounts of herb.

CONCLUSIONS

For the first time distribution and operating reserves of Alchemilla ssp. were cared out in
Osogovo Mountain. The results show that in the northern part of the mountain there are
populations that can be use for collection of the herbs. The studied region is of an area of 53.1
ha. Seven species of Alchemilla have been found. All of them have not any conservation
status. Alchemilla subcrenata, A.obtusa and A. xanthochlora are described for the first time in
Osogovo mountain. The dominant species for Osogovo mountain is Alchemilla glaucescens.
The average cover of Alchemilla species was from 7 % up to 80 %. The estimated available
stocks for the studied region are 4058,46 kg (fresh weight) or 1000 kg (dry).

The northern part of Osogovo is characterized by considerable diversity of species of
Alchemilla spp. and significant operational stocks of herbal. This allows the area to be used
for collection of plant material for commercial purposes according to appropriate rules.
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SUMMARY

The production, consumption and international trade in MAPs and phytomedicines, are
growing and are expected to grow in future significantly. With this growth in global demand
for MAPs and a large base of local demand for plant based traditional medicines, the pressure
on the existing populations of MAPs has increased tremendously during the last few decades.
Considering the number of species and the relatively small land area, Bosnia and
Herzegovina (B&H) is among the five richest countries in Europe in terms of species density
and diversity. While B&H is an important center of biodiversity for the region, it has the
highest proportion of threatened plant species of any country in Europe. The region of
Vlasenica was selected for the implementation of the FairWild Standard in Bosnia and
Herzegovina, to develop an approach on how to harmonize the commercial utilization and
conservation of the regional Allium ursinum population in the wild. Main purpose of this study
is to demonstrate effective management and sustainable use of wild-collected plant, ensuring
thereby the long-term survival of the natural population and contributing substantially to local
livelihoods. The resource assessment (RA) was implemented as required by the FairWild
standard. RA is an essential component of an adaptive management process and includes
gathering information on distribution, identification of its target populations, inventory and
total natural harvestable stock in the selected area. RA included data collection, resource
inventory, yield and regeneration study, harvest impact assessment and monitoring and
harvest adjustment. Results show that Allium ursinum is not in a danger of overexploitation in
surveyed region due to the abundance of this plant species and proper management
performed by local forest authorities. Conducting RA, jointly with local forestry authorities,
it was found useful to test the resource assessment methodology, and further develop the
species management plan. Appropriate recommendations for local forest authorities,
companies, experts and collectors are included in RA.

Key words: resource assessment, Allium ursinum, wild collection

INTRODUCTION
The production, consumption and international trade in medicinal and aromatic plants
(MAPs), are continuously increasing. With this growth in global demand for MAPs and a
large base of local demand for plant based traditional medicines, the pressure on the existing
populations of MAPs has increased tremendously during the last few decades. Over-
collection of MAPs and habitat destruction are among the factors creating pressure on
populations plants, and potentially threaten their survival in the wild. Implementation of
measures for conservation of natural resources of MAPs and their habitats is therefore urged
to ensure the continued availability and use of MAPs. Considering the number of species and
the relatively small land area, Bosnia and Herzegovina (BiH) is among the five richest
countries in Europe in terms of species density and diversity [1]. While BiH is an important
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center of biodiversity for the region, it has the highest proportion of threatened species of any
country in Europe [2]. After the official launch of the International Standard for Sustainable
Wild Collection of Medicinal and Aromatic Plants (ISSC-MAP) version 1.0 (now FairWild
Standard) in 2007, implementation through selected projects was conducted around the globe
(including in India, Nepal, Cambodia, Lesotho, Brazil and Bosnia-Herzegovina) to test its
applicability in different geographic, ecological and socio-economic conditions of wild plants
collection. Within the BiH-subproject of “Saving plants that save lives and livelihoods”
project, supported by BMZ and implemented by TRAFFIC, wild garlic (Allium ursinum L.)
was chosen as target plant in the Vlasenica region. Vlasenica region was selected for the
implementation of the Fair Wild Standard in Bosnia-Herzegovina, to develop an approach to
sustainable harvesting of the Allium ursinum population in the wild. Main purpose of this
project was to demonstrate effective management and sustainable use of wild-collected plant,
ensuring thereby the long-term survival of the natural population and contributing
substantially to local livelihoods. The resource assessment (RA) was implemented within the
project as required by the implementation of FairWild Standard. RA is an essential
component of an adaptive management process and includes gathering information on
distribution, identification of its target population, inventory and total natural harvestable
stock in the selected area.

MATERIAL AND METHODS

Background information

According to the Flora Europaea [3], Allium ursinum L. is present from Norway to
Mediterranean and from Russia in the East to the Atlantic Ocean in the West. The Middle
European species Allium ursinum L. is divided in two subspecies: subsp. ursinum that is
present in west and central Europe, and subsp. ucrainicum which is characteristic for east and
south Europe. On flat land and in valleys it creates a dense population. The plant favors
humus, loose soil, alkaline, neutral or moderate acid soil, and places where the snow stays
longer. It is possible to find it on sandy, rocky or slightly loamy surface. Wild garlic could
rise from river planes till high mountainous places; up to 1900 m [4]. Usually it covers big
surfaces in beech forest associations [5]. In Bosnia and Herzegovina, Allium ursinum can be
found on mountains Sara (near city Kljuc), Osjecnica, near Banja Luka, on Vlasic, Kruscica,
Vranica, near Sarajevo, Fojnica and Vares cities, on Bjelasnica, Treskavica, Romanija,
around Bugojno and Kupres, near Vlasenica and Han Pijesak. Allium ursinum. is wide spread
all over Bosnia and partly in Herzegovina [6]. The biggest area with Allium ursinum in
Bosnia and Herzegovina is found in the Vlasenica region. According to data gathered from
Trade chamber of Bosnia and Herzegovina, more than 200 tons of dried Allium ursinum
leaves from that region was exported to the European Union during the harvesting seasons
2007 and 2008. More than ten companies purchase and export Allium ursinum from Bosnia
and Herzegovina [1]. Collection of Allium ursinum takes place during the period of
vegetation (April-October). Collection of young leaves should be in April and May, before
flowering. Collection of the bulbs should be in places where the population of Allium
ursinum is noticed; before leaves comes out (April) or at the end of vegetation, when leaves
are dried (October). Recommendation in guidelines related to organic collection is that 80 %
of the bulbs and 30 % of the plants at one area need to stay untouched to ensure regeneration
of populations [7].

Selection of survey area was done upon information provided by local forest authorities, local
communities, companies that collect in that region and MAPs collectors. Total surface
covered by this Forest authority is 40 817 ha. The forest area is divided on organization units
and in four of them the Allium ursinum. is present (Studeni Jadar, Tisca, Drinjaca Donja,
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Gornji Jadar). These organization units are also divided on smaller blocks that are numbered.
All four units were surveyed in the present project. Allium ursinum is present in so called
“belt” that comes from Serbia and mountain Tara, it cover parts of community forest “Birac”
and continues further to central Bosnia. The width of “belt” is between 300 and 500 m and it
is located in different altitudes. In the present research, Allium ursinum populations start
growing from 772 m to 1263 m above sea level. All maps for conducting RA were provided
by State Forest Company of Republic of Srpska named “Srpske Sume”. They have precise
digital maps of every forest region under their responsibility. Company has maps of
organization units as well as precise maps with blocks within units. Collectors and companies
that buy medicinal plants use experience and local knowledge about terrain in this area.
Resource assessment methodology

Work on resource assessment was completed in several phases. First of all, primary data
collection was done on the location. After that, secondary data collection was followed. The
present study followed the resource assessment methodology as suggested by Leaman and
Cunningham (2008) Resource Assessment: A Guide to Implementing Principle 1;
Maintaining Wild MAP Resources [8]. Primary collection of data was conducted in April
2009 and secondary collection of data was completed during May 2009.

Primary data, that included information about the availability of Allium ursinum, its density,
distribution within different organization units, present vegetative stages of Allium ursinum,
availability of the locations, condition of the roads in the area, hardness of the terrain, mine
fields and all other relevant information, were collected from local forest authority, forest
keepers, owners of the collection companies, collectors and all persons that are connected
with collection of Allium ursinum. through interviews. Guided by collected information,
resource inventory was conducted in four organization units (30 blocks) jointly with the
persons from Forestry authority. Resource inventory was done by simple random sampling
method due to the size of area, complexity of the terrain and heterogeneity in distribution of
resource. Simple random sampling is the basic sampling technique where a group of subjects
(a sample) is selected for study from a larger group (a population). Each individual is chosen
entirely by chance and each member of the population has an equal chance of being included
in the sample. Every possible sample of a given size has the same chance of selection.

Using this method, sampling was done in each block within organizational unit where Allium
ursinum. is present. Plots of 1x1 m were used as frame for measurements and counting.
Number of plots placed in each block varies according to the distribution and availability of
Allium ursinum. in a specified surveyed area. Two size classes of wild garlic were determined
and for each plot the following data were collected: (1) number of leaves in class 1, (2)
number of leaves in class 2, (3) total number of plants, (4) number of plants in juvenile stage,
(5) number of plants with inflorescence , (6) mass of class 1, (7) mass of class 2, (8) average
length of class 1, (9) average length of class 2, (10) average width of class 1, (11) average
width of class 2, (12) GPS data, (13) photos, (14) comments about surrounding environment.
Secondary data were collected from state, municipality, forest and university documents,
reports, articles, maps, official records and other published and unpublished materials. Data
collected in the field were processed and analyzed to obtain the following information:
density of Allium ursinum in the region, estimation of the total yield, abundance, ratio
between different classes of wild garlic, ratio between fresh and dry matter. Statistical data
processing was done using Microsoft Excel program. Density was calculated as number of
plants per square meter and per hectare. Also, density of first and second class and juvenile
stage was calculated. Flower buds were counted and expressed as number of plants with
inflorescence out of total number of plants. Yield was calculated as total yield of Allium
ursinum in the region (stock) as well as yield per hectare. Ratio between fresh and dry matter
was done after drying of collected leaves.
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RESULTS AND DISCUSSION

Resource inventory
Resource inventory provides information about the quantity (standing stock) of the target
resource by estimating both resource density (number per unit area) and abundance (total
number in a specified area). An inventory of the target resource provides a base line for
monitoring changes in resource quantity in the collection as a result of collection
management or other impacts [8]. Collection of Allium ursinum leaves takes place in the
spring time when the leaves are young and fresh and there are flower stems but they are small
and collectors does not pick them. Smaller leaves have lower price on the market. Because of
that, two size classes were set up:

1. Class 1 includes leaves with lenght between 10 and 15 cm

2. Class 2 includes leaves with length over 15 cm
Additionally, density of juvenile stage (seedlings or plants with length under 10 cm) and
density of plants with inflorescent was counted.

Table 1. Density of different classes of Allium ursinum in organization units

Total | Area covered
surface with Allium
(ha) | wrsinum (ha)

Class 1 | Class 2 | N° of | Juveniles | Flowers
(N°/m%) | (N°/m?) | plants | (N°/m?®) | (N°/m?)

Studeni Jadar 7308 489 108.00 | 382.95 | 201.05 189.89 77.05
Gornji Jadar 5339 763 189.20 | 253.40 | 179.60 161.60 87.40
Drinjaca Donja | 2978 296 149.45 | 289.45 | 175.64 177.09 52.00
Tisca 3027 152,8 176.80 | 235.20 | 158.00 326.80 46.00

As it can be seen from Table 1, the two groups of major differences are visible, the Class 2
and Juveniles. The highest average value was found for Class 2 in organization unit Studeni
Jadar. This characteristic is not caused by human factor because there is no difference in
collection methods and number of collectors in different units. Difference is caused by local
characteristics, such as, soil, micro climate, surrounding vegetation and related interactions.
Second distinction in quantity of Juveniles could be related to human impact, because Tisca
has the lowest frequency of collection and collection is mostly non-commercial.

Table 2. Estimated Yield of Allium ursinum L. in different organization units

Area of unit Estimated Mass Estimated
with garlic total mass per (t /ha) total stock of
(ha) m? (1+2) (g) unit (t)

Studeni Jadar 489 754 7.54 3687.06
Gornji Jadar 763 663 6.63 5058.69
Drinjaca Donja 296 719 7.19 2128.24
Tisca 153 565 5.65 864.45
TOTAL 1701 675.25 6.75 11 738.44

It may, thus, be assumed that there are less injures of plants and destruction of habitat and
vegetation. In terms of the number of plants of Allium ursinum, there are no significant
differences among the surveyed units. They are relatively equal with unit Tisca at last
position, regarding harder terrain conditions for collection in that unit.
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Yield and regeneration study

Yield and regeneration study estimates the total and sustainable harvest yield of a target
resource in a determined area and time required for seedlings to replace harvested individual
plants [8]. Total yield of Allium ursinum. was calculated by analyzing the data of the weight
of leaves per square meter and collection area per block and percentage of the blocks covered
with the plant.

From Table 2 it can be seen that the total estimated mass in grams per m?2 varies from 565 g
to 754 g. This variation is not high and could be explained by different soil characteristics,
micro climate, surrounding vegetation, population dynamics and interaction between above-
mentioned factors. Same conclusion is valid regarding total stock of the units, which follows
size of the units. Total stock of the Allium ursinum. in the Vlasenica region can be estimated
to be over 11000 tons.
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Chart 1. Fresh and dry weight of samples

Average length of leaves of Class 1 for the whole region is 11, 61 cm, and average length of
the leaves of Class 2 for the whole region is 16, 99 cm. Average width of the leaves of Class
1 for the whole region is 4,14 cm, and average width of the leaves of Class 2 for the whole
region is 6,55 cm. In 2007, according to official records collected from the local forest
authority (Vlasenica region), 120 t of dry Allium ursinum was exported. In 2008, this amount
was significantly lower with only 80 t exported. It is suspected, through the information
gathered from collectors and from forest engineers and purchase managers, that real figures
of export were 40% higher for dried Allium ursinum exported in these two years, which
means around 170 t in 2007, and around 110 t in 2008. This 40% of dried Allium ursinum is
collected without permission of the forest authority.

Amount of fresh matter per sample is between 240 g to 1724 g. Amount of dry matter per
sample is between 16 g to 156 g (Chart 1). Average fresh/dry ratio is 9,7 and this is in
conformity with literature data where it can be found that 8-10 kg of fresh Allium ursinum
gives 1 kg of dry matter [4].

Combined with data from the resource inventory and yield data, gathering information on the
species’ regeneration provides the basis for estimating the sustainable harvest limit of the
target resource. It is also used to estimate the recovery time needed to ensure sustainable
harvesting [8].
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Chart 2. N° of plants, juveniles and flowers per organizational units

From Chart 2 it can be seen that the number of juveniles is very high, particularly, in the units
Studeni Jadar and Gornji Jadar more than 90 % of total number of plants are juveniles. In
units Drinjaca Donja and Tisca there is more plants in juvenile stage than mature plants.
Additionally, number of flowers in samples is quite high. Number of mature plants bearing
the flowers out of the total number of mature plants is around one third or more in all
surveyed areas. Reproduction of Allium ursinum is mainly generative (with seeds), and seeds
have good germination, hence it is assumed that the reproduction and regeneration of Allium
ursinum in this region is secure.

Assessment of harvesting impact

Harvest impact assessment provides information about the effect of specific harvest
treatments (different intensities, frequencies, and methods) on the target resource
(reproduction, growth, survival, vigor, yield, quality). This information is needed to define a
sustainable harvest protocol for the target resource that takes into account site-specific
variables. Harvest impact was assessed to determine whether current harvest levels,
technique and control are adequate for resource regeneration and productivity. Nature of
harvest was studied and it was assessed whether the harvesting technique is destructive or
not. Wild-harvesting of MAPs is largely carried out by the local population, mainly people
over 40 years of age, predominantly women. Most harvesters belong to poorer or under-
privileged groups in society and quite often depend on the additional income generated by
wild-harvesting of MAPs. To some collectors, the wild-harvesting of medicinal plants
provides a much needed additional income, to others it is the sole source of income. It is
estimated that one collector can collect between 100 and 200 kg of fresh Allium ursinum
leaves per day (150 kg on average). This quantity depends on density of Allium ursinum in
collection area, size of leaves, slope of the terrain, density of the surrounding vegetation, and
the age of collector, etc. Collection of Allium ursinum leaves takes place during second part
of April and it continues in first part of May. In that period Allium ursinum leaves are young
and fresh and plants are not in the flowering phase. Collectors pick Allium ursinum leaves by
hand or they cut it with knifes. They choose healthy, long, leaves without damage and
without petiole. They do not collect seedlings or the flowers because buyers request pure
leaves. Collection of this type does not harm plants and does not disturb its regeneration.
Allium ursinum blooms after harvest and produces seeds that ants disseminate around the
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forest. Collection takes place in every surveyed organization unit every year. In some areas
these activities are more intensive, and in some, like Tisca, are less intensive and collection
is mainly performed for personal consumption. Every block in the unit is not equally
exposed to collection. Local forest authority that gives permission for collection, change
blocks permitted for collection every year, but they do not have long term plans for these
activities.

According to collected data, 170 t of dry Allium ursinum was sold in 2007, which means that
collectors collected between 1600 and 1700 t of fresh garlic and in 2008 the amount was
around 1000 t of raw leaves. It can be seen that in 2007, around 15 % of total stock available
in the region, was collected. In 2008, that percentage was under 10 %. These percentages
don’t represent serious treat for Allium ursinum population in the region.

For estimation of sustainable harvest quantities, it is necessary to take into consideration that
in the region Allium ursinum is present in big quantities, that terrain does not allowed
collection on every block, and that Forestry Authority rotate collection blocks, as well as that
collection never exceeded 15 % of the total quantity. Sustainable harvest quantity for all
units could be 60 % of the present stock of Allium ursinum. In the Table 3 the data on
sustainable harvest quantities were given.

Table 3. Estimated/suggested sustainable harvest quantity per units

O Estimated Suggested Susta.inable
unit total stock of Harvest Quantity (t)
unit (t) (60 % of total)
Studeni Jadar 3687,06 2212,24
Gornji Jadar 5058,69 3035,21
Drinjaca Donja 2128,24 1276,94
Tisca 864,45 518,67

Resources of Allium ursinum. in the Vlasenica region should be stable if the demand and
current amount and intensity of collection remain unchanged.

CONCLUSIONS

Resource assessment was completed in Vlasenica region, which is main region with Wild
garlic (Allium ursinum L.) in Bosnia and Herzegovina, using the internationally developed
methodology [8]. The study was conducted in the frame of implementation of the FairWild
Standard. In chosen region, four organization units (Studeni Jadar, Tisca, Drinjaca Donja,
Gornji Jadar) were selected for implementation, and within those units, the study was
conducted in 30 blocks. The results of resource assessment demonstrate that the current
stocks of Allium ursinum, combined with high regeneration rates, current level of wild
harvesting, are unlikely to be unsustainable. The authors recommend this resource assessment
methodology to be applied for other MAP species in Bosnia and Herzegovina and region.
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SUMMARY

For the majority of the world plant population medicinal plants represent the primary source
of the health care. Although the effectiveness of medicinal plants is mainly associated with
their constituents such as are essential oils, vitamins, glycosides, etc., it is considered that
prolonged intake can cause health problems due to the possible presence of heavy metals,
since the plants can easily be contaminated by heavy metals in the course of cultivation or
later during the processing stage. Therefore determining the content of heavy metals
accumulated in medicinal plants is of high importance. Thus, the aim of this research was to
evaluate the content of heavy metals (Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Zn) and metalloids
(As and Sb) in selected medicinal plants, that are traditionally used in alternative medicine,
including Matricaria chamomilla L., Melissa officinalis L., Mentha piperita L. and Foeniculum
vulgare Mill. The plant material was collected from an experimental field of Institute for
Medicinal Plants Research "Dr Josif Panc¢i¢" (M. officinalis, M. piperita, F. vulgare) and wild
habitats in PanCevo (M. chamomilla). Plant analyses were done according to ICP
methodology, using ICAP 6300 ICP optical emission spectrometer. The obtained results
show that the content of the potentially toxic heavy metals in the investigated medicinal plant
specimens was below the recommended limits. These results impose that medicinal plants
from the studied growing sites are appropriate for preparation of teas and medicinal extracts.
Hence, it has been concluded that a determination of heavy metals content in medicinal plants
must become a standard criterion for evaluation of their quality. Also, an appropriate choice
of growing sites could greatly reduce the problem of heavy metal accumulation in medicinal
plants.

Key words: heavy metals content, Matricaria chamomilla, Melissa officinalis, Mentha piperita, Foeniculum
vulgare.

INTRODUCTION

For the majority of the world plant population medicinal plants represent the primary source
of the health care. According to the World Health Organization (WHO) report, almost 80% of
people in marginal communities use only medicinal plants for the treatment of various
diseases [1, 2]. Nowadays, increased scientific interest and consumer demand have promoted
the development of herbal products as dietary supplements [3]. Using herbs in medical
treatment of various illnesses one should be aware that apart from the pharmacological effect
they could turn out to be toxic because of the presence of heavy metals.

Although the effectiveness of medicinal plants is mainly associated with their constituents
such as are essential oils, vitamins, glycosides, etc., it is considered that prolonged intake can
cause health problems due to the possible presence of heavy metals like Pb, Cd, Zn, Ni and
other impurities, since the plants can be easily contaminated by heavy metals in the course of
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cultivation or later during the processing stage [4]. Together with other pollutants, heavy
metals are discharged into the environment through industrial activity, automobile exhaust,
heavy-duty electric power generators, municipal wastes, refuse burning and pesticides used in
agriculture [5]. The content of heavy metals is one of the criteria for the use of plant material
in the production of traditional medicines and herbal infusions. Therefore, control of heavy
metals in medicinal plants and their products should be made such to ensure safety and
efficacy of herbal products [6]. It has been reported that whatever is taken as food could
cause metabolic disturbance subject to the allowed upper and lower limits of trace metals [7].
Both the deficiency and excess of essential micronutrients and trace of toxic metals may
cause serious effects on human health [8, 9]. WHO recommends that medicinal plants, which
form the raw materials for the finished products, may be checked for the presence of heavy
metals, further it regulates maximum permissible limits of toxic metals like arsenic, cadmium
and lead, which amount to 1.0, 0.3 and 10 ppm, respectively [10].

Regarding the above mentioned, the aim of this research was to evaluate the content of heavy
metals (Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Zn) and metalloids (As and Sb) in selected
medicinal plants, that are traditionally used in alternative medicine, including Matricaria
chamomilla L., Melissa officinalis L., Mentha piperita L. and Foeniculum vulgare Mill.

MATERIALS & METHODS
Collection of the plant material: The plant material was collected from an experimental field
of Institute for Medicinal Plants Research "Dr Josif Panci¢" (Melissa officinalis L., Mentha
piperita L., Foeniculum vulgare Mill.) and wild habitats in the city of Pancevo (Matricaria
chamomilla L.), during summer 2011. The following parts of plants were sampled: Melissae
folium, Menthae piperitae folium, Chamomillae flos and Foeniculi fructus.
The study area (Pancevo) is located about 20 km north-east from Belgrade in Serbia, with
highly developed industry.
Preparation and analyses of the plant material were carried out in a laboratory under
controlled conditions.
Preparation of the plant material: Analyzed aboveground parts of the study plant species were
dried at 105°C for a period of 2 hours, using gravimetric method for determination of dry
matter content of plant tissue. The plant biomass was weighed and expressed in g per pot.
This method quantitatively determines the dry-matter percentage in plant tissues based on the
gravimetric loss of free water associated with heating to 105°C. The dry-matter determination
is used to correct the sample element concentration to an absolute dry-matter basis [11].
Water was removed from plant tissue to stop enzymatic reactions and to stabilize the sample.
Removal of combined water also facilitates complete particle size reduction, thorough
homogenization, and accurate weighing. Plant material was then reduced to 0.5 to 1.0 mm
particle size to ensure homogeneity and to facilitate organic matter destruction. During this
sample processing, necessary measures were taken in order to avoid any loss or
contamination of heavy metals.
Analysis of the plant material: The content of heavy metals (Cd, Co, Cr, Cu, Fe, Mn, Mo,
Ni, Pb, Zn) and metalloids (As and Sb) in selected medicinal plants was determined with an
inductively coupled plasma optical emission spectrometer ICAP 6300 (ICP-OES), after the
samples were digested with concentrated HNO; / H,O, for total forms extraction [12].
ICP-OES is a multi-element analytical technique that offers fast sample throughput, high
sensitivity and a wide dynamic range. In daily operation, the ICP-OES instrument is started,
brought to operation conditions and let stabilized. The sample introduction system is checked
and the wavelengths are tuned. The intensity of the light emitted at specific wavelengths is
measured and used to determine the concentrations of the elements of interest. The
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instrument is standardized with the five working standard solutions (multi-point linear
fitting). Samples are measured with standardization blanks, other kinds of blanks, drift
control samples, and quality control samples. After a batch of samples is measured, the data
are downloaded to an Excel spreadsheet. The data are corrected in terms of standardization
blanks, other relevant blanks, drift correction, and dilution factor application [13].

The ICP working range and wavelength are given in Table 1.

Table 1. Main analytical characteristics of the ICP determination

Heavy metals Working range, ppm Wavelength, nm
Cadmium (Cd) 0.00-10.00 214.4
Cobalt (Co) 0.00-10.00 228.6
Chromium (Cr) 0.00-10.00 267.7
Copper (Cu) 0.00-10.00 327.3
Iron (Fe) 0.00-10.00 259.9
Manganese (Mn) 0.00-10.00 257.6
Molybdenum (Mo) 0.00-10.00 202.0
Nickel (Ni) 0.00-10.00 231.6
Lead (Pb) 0.00-10.00 216.9
Zinc (Zn) 0.00-10.00 213.8

Metalloids
Arsenic (As) 0.00-10.00 189.0
Antimony (Sb) 0.00-1.00 206.8

Statistics: The data shown in Tables below are arithmetic means of three replicates of each
treatment, namely, of corresponding number of analyzed samples. Standard deviation value
and intervals are stated with these data in the Tables.

RESULTS & DISCUSSION
The human body requires both metallic and non-metallic elements for healthy growth and
development within certain allowable limits. Using herbs and their extracts in medical
treatment of various illnesses, besides the soughtafter pharmacological effect, could be
dangerous because of heavy metals and other impurities. For this reasons it is important to
control the level of contaminants in medicinal raw materials [14].
Table 2 summarizes pharmacognostic features of the studied medicinal plants used as herbal
remedies. M. chamomilla is used in the folk medicine mainly as an antiinflammatory and
antiseptic, also antispasmodic and mildly sudorific [15], whereas the leaves of M. officinalis
are traditionally used because of their sedative, aromatic, digestive and antispasmodic
properties [16]. Similarly, herbalists consider M. piperita an astringent, antiseptic, antipruritic,
antispasmodic, antiemetic, carminative, diaphoretic, mild bitter, analgesic, anticatarrhal,
antimicrobial, rubefacient, stimulant and emmenagogue [17, 18]. Furthermore F. vulgare is
used in folk medicine as carminative, digestive, lactagogue and diuretic [19].
In the recent years, human activities, such as industry and agriculture, promote heavy metal
release into the environment. Thus, the analytical determination of metals in medicinal plants
has become a part of quality control in order to establish their purity, safety and efficacy.
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Table 2. Pharmacognostic features of the study plants

Plant species Family Common name  Medicinal properties
. . antiinflammatory, antiseptic,
M. chamomilla  Asteraceae =~ Chamomile . Hory, puc, |
antispasmodic, mildly sudorific
. . sedative, aromatic, digestive,
M. officinalis Lamiaceae Lemon balm . . &
antispasmodic
astringent, antiseptic, antipruritic,
antispasmodic, antiemetic, carminative,
M. piperita Lamiaceae =~ Peppermint diaphoretic, mild bitter, analgesic,
anticatarrhal, antimicrobial, rubefacient,
stimulant, emmenagogue
F. vulgare Apiaceae Fennel carminative, digestive, lactagogue, diuretic

Table 3 displays the results of the content of heavy metals and metalloids in the study
medicinal plants. The concentrations of the analyzed heavy metals were within the allowed
limits [20], while the certain metals (Pb and Cd) and two studied metalloids (As and Sb) did

not detected.

Table 3. The content of heavy metals and metalloids (in ppm) in studied medicinal plants

Plant species

Total content (ppm) M. chamomilla M. officinalis M. piperita F. vulgare
Heavy metals
Cadmium (Cd) nd’ nd nd nd
0.005+0.002" 0.076x0.011 0.193+0.029 0.031+0.009
Cobalt (Co) 0.004-0.007 " 0.069-0.089 0.161-0.219 0.024-0.041
Chromium (Cr) 0.431+0.026 0.734+0.044 0.8202£0.069 0.354+0.099
0.411-0.461 0.701-0.784 0.753-0.891 0.243-0.431
Copper (Cu) 7.960+0.464 12.080+0.187 13.660+0.622 9.744+0.828
pp 7.492-8.420 11.880-12.250 12.990-14.220 8.820-10.421
Iron (Fe) 71.527£1.475  241.250+£5.961 233.790+£3.929  62.882+1.812
70.52-73.22 235.51-247.41 230.98-238.28 60.79-63.94
Manganese (Mn) 35.907+1.633 37.853+£1.215 24.090+0.903 35.617+1.743
& 34.170-37.410  36.530-38.920 23.230-25.030  34.080-37.510
0.112+0.031 2.890+0.201 1.53240.526 0.064+0.012
Molybdenum (Mo)  0.091-0.147 2.680-3.080 1.119-2.124 0.054-0.078
Nickel (Ni) 3.050+0.525 0.977+0.083 2.095+0.491 1.853+0.547
2.570-3.610 0.881-1.032 1.532-2.431 1.326-2.418
Lead (Pb) nd nd nd nd
Zinc (Zn) 24.290+1.102 23.490+1.146 15.487+0.571 14.070+0.475
23.230-25.430  22.370-24.660 14.990-16.110  13.640-14.580
Metalloids
Arsenic (As) nd nd nd nd
Antimony (Sb) nd nd nd nd

E3 EE3 o . EEEN
not detected; means + standard deviation; intervals
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Pb and Cd are non-essential trace metals having functions neither in humans body nor in
plants. They induce various toxic effects in humans at low doses. The typical symptoms of Pb
poisoning are colic, anemia, headache, convulsions and chronic nephritis of the kidneys,
brain damage and central nervous system disorders. Pb accumulates in human body and
damages mainly the kidneys and liver. WHO prescribed limit for Pb contents in herbal
medicine is 10 ppm, while the dietary intake limit for Pb is 3 mg per week [10]. The lowest
level of Cd which can cause yield reduction is 5 to 30 ppm, while the maximum acceptable
concentration for food stuff is around 1 ppm [21]. Hence, no detection of Pb and Cd content
in selected medicinal plants (below detection limit) in this study is highly acceptable.

Due to decreased electronegativity, proper metallic character has not been bestrode on As and
Sb for which they are often referred to as metalloids, which means that these elements have
both properties of metals and non-metals.

Arsenic is a common constituent of most plants, but little is known about its biochemical

role. Apparently, plants take up As passively with the water flow. Contents of As in food
plants vary highly, most commonly in the range from 10-60 pg kg™'. No detection of As
content in tested medicinal plants in this study is highly acceptable since arsenic is known to
be highly toxic to humans and animals. It is reported by the WHO that 1.0 mg of inorganic
As per day may give rise to skin lesions within a few years. The daily acceptable maximum
intake of As by a healthy 70 kg BW person from food is 0.8-120 pg kg™ [22, 23]. Unlike
arsenic, antimony is not essential to plants, although it is known to be easily taken up by
plants if present in soluble forms in growth media. Commonly reported Sb contents in
agricultural plants range from <2 to 29 pg kg1 [24]. According to some authors [25], antimony
is a cumulative poison. Average contents of Sb in food products are between 0.2 and 1.1 pg kg™
!. Normal daily intake of Sb by adults from food is calculated for the USA to be 5 g [24].
Regarding the other analyzed metals, it could be noticed that there are certain differences in the
contents depending on the studied plant species, as well as the parts of the plants (Table 3).
Results in Table 3 reveal that high concentration of Cu was found in M. piperita, followed by
M. officinalis, F. vulgare and M. chamomilla. Copper is consider to be an essential element for
various metabolic processes. Its content of the majority of plant species varies between 20 and
30 ppm of dry weight. The critical copper deficiency level in vegetative plant parts is generally
3 to 5 ppm of dry weight [26]. Because it is required only in trace amounts, Cu becomes toxic
at high concentrations [27]. Phytotoxicity can occur if its concentration in plants is higher than
20-100 ppm of dry weight [28]. The concentration of Cu in the study plants is high but it is
below the critical level [29]. High levels of Cu may cause metal fumes fever with flue like
symptoms, hair and skin decoloration, dermatitis, irritation of the upper respiratory tract,
metallic taste in the mouth and nausea. WHO has recommended the lower limit of the
acceptable range of Cu as 20 pg mg™ of body weight per day [30]. Copper deficiency results in
anemia and congenital inability to excrete copper resulting in Wilson’s disease [31].

Similarly to the content of Cu, average maximum concentration of Co was found in M.
piperita, followed by M. officinalis, F. vulgare and M. chamomilla (Table 3). Contents of Co
in plants are highly controlled by both soil factors and the ability of plants to absorb this metal.
Contents of Co in plant foodstuffs vary from 8 to 170 ng kg’l. According to the previous
studies, cobalt is consider to be toxic at elevated concentration, although the body needs it in
trace amount. Cobalt is essential for humans as a component of the vitamin Bj,. The deficiency
of Co may affect anemia and anorexia. The excessive ingestion of Co may cause increased red
blood cells, cardiomyopathy, hypothyroidism, pancreas failure, bone marrow hyperplasia, and
some types of cancer. Human dietary intakes of Co vary from 5 to 40 pg per day [23, 32].

The toxic effects of Cr intake is skin rash, nose irritations, bleeds, upset stomach, kidney and
liver damage, nasal itch and lungs cancer, while the deficiency of chromium is characterized
by disturbance in glucose lipids and protein metabolism [33]. According to the results
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obtained in this study (Table 3), average maximum concentration of Cr was found in M.
piperita, followed by M. officinalis, M. chamomilla and F. vulgare (Table 3). As it has been
recommended by US National Academy of Sciences, the daily intake of Cr for adults is 50-
200 pg [30].

Iron is an essential element for human beings and animals and is an essential component of
hemoglobin. It facilitates the oxidation of carbohydrates, protein and fat to control body
weight, which is very important factor in diabetes. Results in Table 3 reveal that average
maximum concentration of Fe was found in two Lamiaceae species - M. officinalis and M.
piperita, followed by M. chamomilla and F. vulgare. The results suggest that high amount of
Fe in plants may also be due to the foliar absorption from the surroundings air. The dietary
limit of Fe in the food is 10-60 mg per day [34]. Low Fe content causes gastrointestinal
infection, nose bleeding and myocardial infarction [35].

Average maximum concentration of Mn was found in M. officinalis, followed by M.
chamomilla, F. vulgare and M. piperita (Table 3). Manganese concentration is high in all
plants, however it is within normal background level for the element in plants under the
critical concentration of 300-500 ppm of dry weight. Mn deficiency in plants causes
chlorosis. The estimated safe and adequate daily dietary intake in adults is 11 mg per day
[36]. Deficiency of Mn in human causes myocardial infarction and other cardiovascular
diseases, also disorder of bony cartilaginous growth in infants and children and may lead to
immunodeficiency disorder and rheumatic arthritis in adults [32, 37].

Molybdenum is an essential micronutrient, but the physiological requirement for this element
is relatively low. Requirements for Mo are generally met at concentrations within the range
of 0.2-5.0 mg kg1 [38]. Results in Table 3 reveal that average maximum concentration of Mo
was found in two Lamiaceae species - M. officinalis and M. piperita, followed by M.
chamomilla and F. vulgare. As summarized by previous researches [39], variations of
molybdenum concentrations in foodstuffs, especially plants, are greatly dependent on species
and soil characteristics. A low order of toxicity of molybdenum compounds has been
observed in humans. Possible reasons for the low degree of toxicity are the facts that
molybdenum is a necessary trace element in the body, functioning in conjunction with some
flavoprotein enzymes (xanthine oxidase, aldehyde oxidase, sulphite oxidase), and it is rapidly
eliminated in the urine. The Food and Nutrition Board of the Subcommittee on the Tenth
Edition of Recommended Dietary Allowances has established estimated safe and adequate
daily intake values for Mo of 1.5-3.6 mg kg™' per day for adolescents and adults [40].

In the case of Ni, average maximum concentration was determined in M. chamomilla,
followed by M. piperita, F. vulgare and M. officinalis (Table 3). The most common ailment
arising from Ni is an allergic dermatitis known as nickel itch, which usually occurs when skin
is moist, further more Ni has been identified as a suspected carcinogen and adversely affects
lungs and nasal cavities. On the other hand, its deficiency results in the disorder of liver [36].
EPA has recommended that daily intake of Ni should be less than 1 mg beyond which it is toxic
[33]. Zinc is an essential trace element for plant growth and also plays an important role in
various cell processes including normal growth, brain development, behavioural response, bone
formation and wound healing. The dietary limit of Zn is 100 ppm [35]. According to the results
obtained in this study (Table 3), high average concentration of Zn was found in M. chamomilla
and M. officinalis, followed by M. piperita and F. vulgare.
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CONCLUSIONS

From the present research it was concluded that the studied medicinal plants (Matricaria
chamomilla L., Melissa officinalis L., Mentha piperita L. and Foeniculum vulgare Mill),
growing in the area with highly developed industry, had the concentrations of analyzed heavy
metals within the allowed limits, while the certain metals (Pb and Cd) and two studied
metalloids (As and Sb) were below the detection limits. It could be also noticed that there are
certain differences in the heavy metal contents depending on the studied plant species, as well
as the parts of the plants.

Although our findings impose that medicinal plants from the studied growing sites are
appropriate for preparation of teas and medicinal extracts, they should be collected from an
area not contaminated with heavy metals, meaning that an appropriate choice of growing sites
could greatly reduce the problem of heavy metal accumulation in medicinal plants. In
addition, it was also concluded that a determination of heavy metals content in medicinal
plants must become a standard criterion for evaluation of their quality.
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SUMMARY

Essential oil composition of six samples of Sideritis scardica was studied: one sample was
collected from wild population and five were cultivars. The oils were analyzed by GC and
GC/MS. After analyses it can be concluded that the variability in essential oil composition is
closely related to climatic and environmental conditions. Thus, one cultivar which was
growing close to the natural habitat, produces the essential oil quite similar in composition to
the oil of wild growing plants. In addition, the essential oil profiles of the cultivars planted
under the same environmental conditions in the same experimental field exhibited that the
flowering stage does not cause significant qualitative differences.

Key words: Sideritis scardica, wild growing plants, cultivars, essential oils, composition.

INTRODUCTION

The genus Sideritis comprises of numerous species distributed mainly in temperate and
tropical regions of the Northern Hemisphere - Mediterranean area, together with Canary and
Madeira islands. Diterpenes, flavonoids and essential oils, which occur in almost every
Sideritis species, are responsible for their pharmacological activities. Sideritis scardica is
alpine endemic plant for the Balkan Peninsula [1]. This herb is very popular in traditional
medicine for different purposes — treatment of inflammations, gastrointestinal disorders,
cough, etc. It is used as herbal tee for treatment of bronchitis, lung emphysema etc.
Distribution of this species is quite limited in Bulgaria because of its intensive collection
from the natural habitats for years. One of the most difficult problems is to control and stop
this practice in order to protect this endangered species, included in the Red Data Book of
Bulgaria [2]. It is under governmental protection and collection from the native habitats is
prohibited. This fact imposes the necessity of its cultivation. S. scardica essential oil
composition from native Bulgarian populations is discussed so far in two reports [3, 4].

The aim of this investigation was to analyze the influence of the ecological factors in the
extreme cultivation conditions on the essential oil composition of Sideritis scardica.

MATERIAL & METHODS
Plant material
Flowering parts of the plants of S. scardica were collected in July 2011 from 3 experimental
fields: Sofia, Beglika locality (Rhodope Mountain), Goce Delchev (Pirin Mountain), and one
from native habitat — under the peak Orelek (Pirin Mountain). The samples S1 and S2 were
cultivated in Sofia and were in initial and last stage of selection, respectively. Samples GD,
B1 and B2 originated from S2. Details on the studied plant material are presented in Tablel.
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Table 1. Plant samples

Sample Origin Characteristic of sample Al(trlrtlu)de Soil ZC(}::[?]IZ
OR Pirin Mt wild, full flowering 1990 alkaline A
GD Goce Delchev  cultivated, full flowering 550 alkaline A
S1 Sofia cultivated®, full flowering 760 neutral B
S2 Sofia cultivated™™, full flowering 760 neutral B
Bl Beglika cultivated, beginning of flowering 1500 acidic C
B2 Beglika cultivated, full flowering 1500 acidic C

* initial step of selection; ™ final step of selection
*A — Continental Mediterranean climatic zone; B — Temperate continental climatic zone;
C — Transitional continental climatic subzone of the European continental zone.

Preparation of essential oil

Essential oils were prepared by micro steam distillation-extraction of the air-dried plant
material for 2h in Lickence-Nickerson apparatus, modified by Godefroot, using diethyl ether
as a solvent [6].

Analysis of essential oils

GC analyses were performed on HP 5890 gas chromatograph (FID), carrier gas nitrogen,
linear velocity 25 cm/s, split ratio 1:100, fused silica capillary column HP-5MS (poly-5%-
diphenyl-95%-dimethylsiloxane), 30m x 0.25 mm, 0.25um film thickness. The injector and
detector temperature was 260°C, column temperature was programmed from 50°-240°C at
rate of 4°C/min, and 10 min at 240°C. The quantitative estimation was determined by relative
peak area (electronic integration). An internal standard has not been used.

GC-MS analyses were performed on HP 6890 instrument. All chromatographic conditions
and the column were as described above, but the carrier gas was helium. The oil components
were identified by comparison of their retention indices and mass spectra, with those
published in the [7, 8] and presented in NIST 98 as well as a library developed by us. A
homologues series of n-alkanes under the same conditions were used as reference points for
calculation of RI. Compounds with RI 2325 and 2349 are reported previously by Kostadinova
et al. [4] as components of S. scardica essential oils. MS (EI, 70 eV) m/z (%) of unidentified
diterpenoids:

RI 1980: 272 (19), 257 (21), 229 (47), 201 (17), 189 (30), 161 (50), 147 (50), 133 (45), 133
(45), 93 (100), 81 (95), 69 (60), 67 (63);

RI 2325: 288 (20), 270 (100), 255 (49), 242 (10), 199 (14), 187 (20), 145 (15), 131 (20), 107
(20), 105 (20), 94 (43), 79 (20), 69 (16);

RI 2349: 288 (29), 273 (15), 257 (30), 161 (47), 145 (30), 133 (30), 131 (30), 119 (50), 105
(100), 91 (70), 81 (20), 79 (22), 67 (25).

RESULTS & DISCUSSION
The results from GC and GC-MS analyses are presented in Table 2. Thirty seven components
registered as chromatographic peaks in concentration more than 0.5% at least in one of the
samples, were taken into consideration for comparison of the studied oils. As it can be seen
from the obtained results, there were no significant qualitative differences between the
investigated samples of essential oils. Although in traces, all substances present in all six oils.
Sesquiterpenoids were presented in low concentration in the essential oils obtained from OR
and GD and appeared to be 2.5-3 times less then monoterpenoids. These oils were
characterized by high concentration of diterpenoids. OR and GD samples differed from the
others by a-pinene/B-pinene ratio. Thus, in GD dominated a-pinene, while -pinene prevailed
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in OR. Besides, high concentration of eugenol, benzyl benzoate, and 1-octen-3-ol
distinguished the sample GD from OR. On the other hand, the amount of sesquiterpenes was
twice larger in OR.

Table 2. Chemical composition of essential oils from S. scardica

RI Compounds OR S2 S1 B2 B1 GD
932 a-pinene 13.7 4.6 10.6 9.4 8.8 14.6
952 benzaldehyde + + + + + 0.6
969 sabinene 1.8 + + 2.5 2.3 +
975 f- pinene 18.0 18.4 31.7 244 23.7 6.9
979 1-octen-3-ol 32 04 1.1 3.7 34 10.2
988 myrcene 0.6 0.6 1.2 0.9 0.8 +

1024 limonene 24 24 6.6 5.1 4.8 1.7

1036 phenyl acetaldehyde 1.9 1.1 1.0 0.7 0.6 2.0

1060 octen-1-ol (2e) 0.7 0.5 0.5 0.5 + +

1080 terpinolene + 0.5 0.5 0.5 + +

1095 linalool 0.8 + + + + +

1106 phenyl ethyl alcohol 1.4 0.7 1.5 2.2 2.1 0.8

1135 trans-pinocarveol + 1.7 1.6 + + 2.9

1140 trans-verbenol + 1.0 0.9 + + +

1160 pinocarvone + 1.2 1.1 + + +

1194 myrtenol + 1.1 1.0 + 0.4 +

1195 myrtenal + 0.5 0.7 + + +

1204 verbenone + + + + + 1.7

1356 eugenol 0.7 + + 0.5 0.5 7.8

1374 a-copaene 0.6 2.1 3.6 + + +

1389 [-elemene + 0.6 + + + +

1417 B-caryophyllene 5.5 4.1 0.6 + + 3.2

1454 trans- B-farnesene 1.1 11.0 5.0 12.8 12.9 1.3

1480 germacrene D 0.5 16.1 2.6 8.2 7.7 0.8

1500 bicyclogermacrene 1.7 2.1 1.2 3.0 2.8 2.0

1505 pB-bisabolene 4.2 1.1 0.3 0.4 0.4 +

1522 $-cadinene 1.0 2.6 3.6 0.4 0.4 +

1577 spathulenol 0.6 + + 4.0 4.6 +

1582 caryophyllene oxide 0.6 0.7 + + + +

1759 benzyl benzoate 1.3 0.8 1.0 1.4 1.3 3.0

1846 hexahydrofarnesyl acetone + 1.0 + + + +

1856 phenylethyl benzoate + 0.5 + 0.8 + +

1980 M=272 2.8 3.1 24 54 2.6 7.1

2237 To-hyrdorxy-manool 24 0.2 0.8 0.4 0.7 5.0

2269 sandaracopimaradiene-3[-ol 1.0 0.8 0.3 0.5 0.4 1.8

2325 M=288 3.5 0.9 0.5 0.5 0.6 2.7

2349 M=288 0.8 0.8 0.7 0.3 0.2 44

Monoterpene hydrocarbons 36.5 26.0 50.6 42.3 404 23.2
Oxygenated monoterpenes 0.8 5.5 53 0.4 4.6
Sesquiterpene hydrocarbons 14.6 39.7 16.9 24.8 24.2 7.3
Oxygenated sesquiterpenes 1.2 1.7 4.0 4.6
Diterpenoids 10.5 58 4.7 7.1 4.5 21.0
Aromatic compounds 53 3.1 3.5 5.6 4.5 14.2
Others 3.9 1.0 1.6 54 34 10.2
Total 72.8 82.8 82.6 89.2 82.0 80.5
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+ - compounds in amounts less than 0.1%

The two samples originating from Beglika (beginning of flowering-B1 and full flowering-
B2) were very similar qualitatively and quantitatively, but differed from the other oils. Thus,
while only traces of sabinene were detected in the other samples, with exception of OR, in B1
and B2 reached 2.3% and 2.5%, respectively. Another distinctive feature was that, -
caryophyllene was almost absent from B1 and B2 essential oils. Furthermore, principal
constituents in the oils from Beglika (B1 and B2) were P-pinene, trans-p-farnesene and
germacrene D. Total amounts of monoterpenoids, sesquiterpenoids, diterpenoids, and
aromatic compounds were close in both oils.

Tree Diagram for Variables

Ward's method
Euclidean distances

OR

GD

S2

B2

B1

S1

0 5 10 15 20 25 30 35
Linkage Distance

Figure 1. Dendogram. Tree clustering was made by Statistic 6.0 for 6 cases using Euclidean
distance and Word’s method as linkage rule.

Samples S1 and S2 (initial and final step of selection) were a pair of oils with very similar
chemical composition. On the other hand, 1-octen-3-ol and eugenol were lowest in S1 and
S2, while pinocarvone, myrtenol, a-copaene and d-cadinene were highest in comparison with
the other samples. Further, samples S1 differed from S2 in content of some components.
Thus, the concentrations of B-caryophyllene, trans-p-farnesene and germacrene D were
several times higher in S2, while those of a-pinene, B-pinene, limonene, and copaene were
higher in S1. Cluster analysis shows that the studied samples were combined in two groups.
One of them included samples OR and GD and the second one consisted of B1, B2, S1, and
S2. The highest degree of similarity is established between the samples B1 and B2 among the
samples in the second group. Further, close to these two oils was located sample S2, while S1
differed significantly. The observed difference between S1 and S2 is due to the step of
selection (initial and final, respectively).
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CONCLUSION

The obtained results established that the essential oil composition is determined mainly by
ecological factors. Oils obtained from plants growing under similar ecological conditions are
qualitatively and quantitatively comparable, independently of the origin — wild or cultivated
(OR and GD) as well as of the flowering stage - initial and full flowering (B1 and B2). Oils
from plants at the same stage of development (GD, B2 and S2), but growing under different
ecological conditions (soil, climate) differed considerably. This statement is confirmed by
cluster analysis.
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SUMMARY
The content of macroelements (N, P, K, Ca, and Mg) and microelements (Fe, Mn, Zn, Cu)
was examined in root and aboveground part of yellow gentian (Gentiana lutea L.) from the
natural habitats of the mountains Klekovaca, OsjeCenica and Vranica, Bosnia and
Herzegovina. Plant samples were taken in the mid-August 2009 at three replications from
each location were surveyed. Nitrogen was determined using Kjeldahl method, phosphorus
by spectrophotometry and Ca, K, Mg, Fe, Mn, Zn, Cu AAS in the solution, after the
destruction of samples in acid mixture
Yellow Gentian’s leaves contained in first the Ca (1,3 - 1,9 %) and N (1,1 - 1,9 %) , followed
by K (0,7 - 1,3 %) and Mg (0,2 - 0,8 %), whereas the lowest content expressed the
phosphorus (0,03 - 0,11 % P). Among microelements, the leaves contained mostly the Fe (46
- 213 mg kg™ followed by Mn (23 - 82 mg kg™) and Zn (32 - 55 mg kg™), and finally the Cu
(13 - 21 mg kg™).
The content of mineral elements in the root varied in significantly narrow range than in the
leaves. Among the macroelements in the yellow gentian root, the most present were Ca (0,9 -
1,1 %) and N (0,8 - 1,2 %), while the lowest content had the phosphorus (0,01 - 0,02). Root
bark had a similar content of macroelements as the inner part of the root, except for calcium
which was for 45% higher in the cortex. Root bark contained 5 times higher content of Fe
then inner root parts, while the content of Mn in the bark was 2 times higher than in the inner
part of the root. The content of Zn and Cu was similar in both parts, the inner part of the root
and root bark.
Different soil and climate characteristics at the study sites affected the most of identified
differences in the content of Fe, Mg and Mn in gentian leaves, and in less extent had the
impact on its content in the roots. The content of Zn and Cu in gentian parts was the least
dependent on the site features.

Key words: yellow gentian, mineral content, root, leaves

INTRODUCTION
Yellow gentian, Gentiana lutea L. subsp. symphyandra (family Gentianaceae), is a perennial
herbaceous plant that grows in mountainous regions, on meadows and open slopes from the
Pyrenees to the Carpathian mountains and from Alps to the Balkan Peninsula [1]. Natural
habitats of Yellow Gentian in the Balkans are recorded at the mountains of Montenegro,
Serbia, Bosnia and Herzegovina [2]. Significant populations of the yellow gentian in Bosnia
were recorded at the Mountain Treskavica (alt. 1.900 m) in 1952 [3], whereas many other
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populations were found on many Bosnia and Herzegovina mountains (Jahorina, Zelengora,
Sator, Vlagi¢, Kruigica, Klekovaca), known for permanent and excessive exploitation.
Although it is stated that gentian inhabits ecosystems of mountainous areas on calcareous
substrates [4], later studies showed that soils, on which the species grows, could also be a
limestone substrates, silicate rocks and serpentine [5]. Wild growing gentian prefers meuble
soils that are, generally, very humic, containing more than 6% of humus [6].

The underground organs, rhizome and roots (Gentianae radix), are used as a remedy in
traditional medicine, and moreover, the roots of Gentiana lutea L. are official drug in many
world’s pharmacopoeias: Eur. 6; DAB 10, OAB 9, Ph. Jug. IV [1]. The active substances are
bitter substances, amarogentin and gentiopicrin, that determine the therapeutic application
area [7]. As a drug it is used for digestive disorders such as loss of appetite, flatulence, etc.
Recent research has shown that the aboveground parts of the plant could be used in medical
purposes [8]. The rhizome and root of yellow gentian (Gentiana lutea L.) have been used for
a long time in pharmaceutical industry in larger quantities, but also in industrial production of
bitter alcohol beverages: brandies, aperitives, liqueurs, etc. [9].

Unsustainable exploitation in the last century has put in danger the survival of the gentian in
many of Bosnian mountains, similar as in other SEE countries. Therefore, in last decades of
20™ century and beginning of 21 century many European countries invest their efforts to
develop gentian cultivation technology [10], [11], [12], [13], [14]. In the Balkans these
researches have been conducted in mountainous areas with the altitude above 1.000 m.
Defining of growing conditions of the gentian is particularly important for successful
cultivation, as different areas exhibit specific ecological conditions. Growing conditions, the
soil characteristics and specificities of the plant species determine the content of components
in plants that represent its quality.

With this work we wanted to show how natural climate and soil conditions at natural habitats
in Western part of Bosnia and Herzegovina affect the content of mineral nutrients and heavy
metals in underground and aboveground organs of the yellow gentian.

MATERIAL AND METHODS
Plant material, such as root, thizome and rosette leaves of yellow gentian was collected from
three natural habitats at the mountains of Central and Western Bosnia and Herzegovina. All
samples were taken in period from 12" to 14™ August 2009, at the following sites: 1.
Mountain Klekovaca, N= 44°, 24", 03; E= 16°, 26, 23; 1106 m alt. 2. Mountain Osjecenica,
N=44° 27", 47, E= 16° 19, 57 ; 1012 m alt. 3. Mountain Vranica, N=43°, 59, 17; E= 17°,
40, 48; 1670 m alt. From each site three replicates of plant material were collected. At all
three localities the soil was very shallow and mixed with the skeleton.
After digging, the root was washed out with tap and distilled water, peeled and dried. Peeled
roots were cut into 1 cm pieces and naturally dried on air. Root bark was dried as a separate
part of the sample. Rosette leaves were also dried on air. After drying, samples were floured
and prepared for laboratory analysis.
Analysis of plant material
In the samples of gentian leaves and roots it was analyzed the content of macroelements (N,
P, K, Ca, Mg) and microelements (Fe, Mn, Zn, Cu).
Total nitrogen (% N) was determined according to the method of Kjehldal (Tecator, Unit
System I), after destroying sample in concentrated H,SO4 + H>O,.
Total concentration of other macro and microelements was determined from the common
solution, wet combustion with the mix of acids HNO3, H,SO,4, HC1O; in relation 3:2:1.
Phosphorus (% P) was measured by spectrophotometry, upon coloring method with
ammonium vanadate.
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Total K, Ca, Mg and microelements Fe, Mn, Zn, Cu were determined by AAS technique.

RESULTS AND DISCUSSION
The content of nitrogen (N) was the highest in the gentian leaves, in average of 1,35%, with
the variation interval 1,14 - 1,56 % (Table 1), while the content of nitrogen in the root was
lower, on average 0,91 % in inner part of the root, and in a bark of the root it was 0,94 % with
the variation interval between 0,55 — 1,19 % (Tables 2 and 3). Considering physiological role
of nitrogen in plants it is known that plants contain more nitrogen in aboveground organs
than in the underground organs [15]. The lowest content of nitrogen was in the gentian
samples from the Osjecenica site in both analyzed parts of the plant, the leaves and the root,
which indicates that environmental factors significantly determine the content of nitrogen in
ther plant.
The content of phosphorus (P) was very low in gentian from natural habitats in Bosnia and
Herzegovina. The content of phosphorus was the lowest in inner part of the gentian root, on
average 0,01% P, while in the leaves was 0,03 — 0,10 % P, and in the bark of the root 0,05 —
0,08% P. Generally, low level of phosphorus could be caused by low content of
physiologically active P,Os of the soils from this part of Bosnia and Herzegovina [16]. Based
on research of Radanovi¢ et al. [17], the gentian leaves showed symptoms of phosphorous
deficiency already at the level of 0,28 % P,Os in the leaves.
The content of potassium (K) was the highest in the gentian leaves, on average 0,86 % K,
with variation interval between 0,70 — 1,11 %. Potassium in the root was almost three times
lower, on average 0,33 % , while the content of K in the inner root part and in the bark of the
root varied in a lower interval (Tables 2 and 3). Generally, we can say that the phosphorus
content is low in all of gentian samples from the studied natural habitats in Bosnia and
Herzegovina, which can be related to very poor soil conditions in all three analyzed sites.
Similarly, low potassium content in the leaves (0,70 - 1,17% K) was determined for the
cultivated gentian exhibiting a physiological symptoms of disease, while the healthy gentian
plants contained 1,12 — 2,03 % K [17].

Table 1. Content of macro and micro elements in the gentian leaves from natural habitats in
Bosnia and Herzegovina

% (D.M.) mg kg (D.M.)
N P K Ca Mg Fe Mn Zn Cu
Klekovaca 1.56 | 010 1.11| 1.77| 0.27| 130.0| 40.0| 435| 15.0
Stdev 0.370 | 0.015| 0.150| 0.140 | 0.035| 83.00| 17.00| 11.50 | 2.00
Osjecenica 1.14| 0.06 | 076 | 144 | 030 56.5| 735| 42.0| 155
Stdev 0.050 | 0.015| 0.035| 0.040 | 0.000 | 2.50| 850| 2.00| 1.50
Vranica 1.35| 0.03| 0.70| 1.33| 0.60| 46.0| 28.0| 42.0| 21.0
Stdev 0.210 | 0.015| 0.093| 0.090 | 0.017 | 42.75| 12.75| 6.75| 1.75

The content of calcium (Ca) in the gentian leaves was on average 1,51 % with the variation
interval per sites from 1,33 to 1,77 % , and the highest content on Klekovaca site. Inner root
parts contained on average 1,03 % Ca, with small differences between sites (Table 2). The
bark of the root contained significantly higher content of Ca (on average 1,44 % Ca) with the
variation interval between sites from 1,38 to 1,50 % (Table 3). Higher calcium content in the
bark of roots can be effect of its greater presence in the apoplast as well as because of
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possible restraints of fine soil particles that contain calcium in the outer pores of the root
bark.

Magnesium content in the gentian leaves varied between 0,27 and 0,30 % at the Klekovaca
and Osjecenica sites, up to 0,60 % at the Vranica site. The Vranica site showed higher
content of magnesium in the roots too, comparing with other two sites (Tables 2 and 3),
which can be assumed as an impact of soil and environmental conditions, possibly more
favorable for higher accumulation of magnesium in gentian plant material. The average
magnesium content at all three sites was 0,39% in the leaves compared to 0,16 % found for
the inner and outer part of the gentian root.

Table 2.The content of macro and microelements in pealed Gentian roots from the natural
habitats in Bosnia and Herzegovina

% (D.M.) mg kg (D.M.)
N P K Ca Mg Fe Mn Zn Cu
Klekovaca 099| 0.01| 030 1.02| 015 735| 11.5| 23.0| 135
Stdev 0.215| 0.000 | 0.040| 0.090 | 0.010| 9.50| 3.50| 4.00| 2.50
Osjecenica 055| 001 031 094| 0.15| 945| 16.5| 26.0| 22.0
Stdev 0.315| 0.003 | 0.010| 0.030| 0.010| 4.50| 2.50| 1.00| 0.00
Vranica 1.19| 0.02| 037 113 0.19| 131.0|, 13.0| 30.0| 28.0
Stdev 0.265| 0.035| 0.025| 0.060| 0.010| 7.00| 3.00| 250| 1.25

The content of iron (Fe) in gentian plant material is characterized by large variability of data,
especially in root bark and leaf (Tables 1 and 3). The content of iron in the leaves was the
highest at the Klekovaca site: 130 mg kg1 Fe, compared to other two sites where the level of
iron in gentian leaves was 2.5 to 3 times lower (Table 1). In clean, peeled root the highest
content of iron was found at the Vranica site (131 mg kg'l), compared to 73,5 mg kg'1 found
at the Klekovaca site and 94,5 mg kg'1 at the Osjecenica site. The content of iron was the
highest in the root bark, on average 517,5 mg kg'l(Table 3) which is 5 times higher than in
the inner part of the root (99,7 mg kg"). Such a large difference in the content of iron
between the inner and outer part of the root probably is the result of soil particles that
remained at the bark of the root, which may contain iron in large percentage, up to 10 % [18].
Very fine soil particles remain at the root pores although the roots was repeatedly washed
with water, which probably caused increased content of elements, especially those whose
content in the soil was high.

Manganese content was the highest in the gentian leaves, on average 47,2 mg kg'1 , with large
variations per sites from 28 mg kg'1 at the Vranica site to 73,5 mg kg'1 at Osjecenica site. The
content of manganese in peeled gentian root was in the range from 11,5 to 16,5 mg kg'1 ,
which is very low concentration in comparison with 108,8 mg kg'1 of Mn found by
Radanovi¢ et al . [19] in the gentian root from Suvobor, Serbia. The content of manganese in
the root bark was twice higher than in inner root part (Table 3), and on average its content
ranged from 30 to 39 mg kg™ at all three sites.
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Table 3. The content of macro and microelements in the bark of the yellow gentian root from
natural sites in Bosnia and Herzegovina

% (D.M.) mg kg (D.M.)
N P K Ca Mg Fe Mn Zn Cu
Klekovaca 0.88 0.07 0.27| 1.50, 0.15| 865.5| 39.0/ 26.5| 14.5
Stdev 0.095| 0.035| 0.020| 0.075| 0.005| 100.50| 2.00| 2.50| 1.50
Osjecenica 0.86| 0.05| 0.26/ 1.45| 0.14] 334.0/ 34.0/ 315 23.0
Stdev 0.010| 0.035| 0.020| 0.200| 0.010| 83.00| 5.00| 2.50| 0.00
Vranica 1.09| 0.08f 0.28 1.38] 0.20] 353.0f 30.0, 33.0, 27.0
Stdev 0.028| 0.035| 0.020| 0.138| 0.007| 91.75| 3.50| 2.50| 0.75

Zinc content was the highest in gentian leaves (on average 42,5 mg kg'1 Zn), compared with
the root (Tables 2 and 3). Slightly higher zinc concentration was found in the root bark (on
average 30,3 mg kg'l) than in the root inner part (on average 26,3 mg kg'l). Differences
between the sites regarding zinc content were very small and it could be considered that
adoption of zinc is a relatively stable trait. A similar level of zinc in the gentian root was
found by Radanovi¢ et al [19]. The content of copper in the gentian leaves ranged from 15 —
21 mg kg™, and in the roots varied between 13,5 and 28 mg kg . The content of copper is
very similar in inner and in outer part of the root (Tables 2 and 3). The highest level of copper
was found in samples from Vranica site: in leaves (21 mg kg) and root (27-28 mg kg™). It
can be considered that quantities of copper found in wild growing gentian from all studied
sites in Bosnia and Herzegovina are in a range quoted for natural plant materials with the
most frequent concentration interval between 5 and 20 mg kg™ [20].

CONCLUSION
Different climatic and soil conditions at the mountains of Central and Western Bosnia and
Herzegovina have mainly influenced the content of iron, magnesium, and manganese in the
leaves of wild growing yellow gentian.
Differences in the content of nitrogen in leaves and roots and content of calcium in the leaf
samples indicate the influence of soil and other environmental factors on level of their uptake
by the Gentian plants. Content of Fe, Ca, and Mn in the root bark was significantly higher
than in the inner part of the gentian root.
The content of zinc and copper in samples of the yellow gentian was the least affected by
ecological factors of the habitat.

REFERENCES

1. POLETTIL A., SCHILCHER, H., MULLER, A. (1982): Heilkriftige Pflanzen, Walter Hiidecke Verlag,.
ISBN 3-7750-0104-2.

2. MENKOVIC, N., (1997). : Ph D. Thesis:* Phyto-chemical investigation of in vitro cultures of Gentiana
lutea L. and Gentiana punctata L. (in Serbian) “, Faculty of Pharmacy, Belgrade.

3. TUCAKOV 1. (1961): , Gentiana lutea L. in Jugoslavia“. Journal Plant Foods for Human Nutrition
(Formerly Qualitas Plantarum) Publisher Springer Netherlands ISSN0921-9668 (Print) 1573-9104 (Online)
Vol. 8, No- 3-4, pg. 363-366

4. LAKUSIC, R.(1982): ,,Planinske biljke“. ,,Svjetlost“ OOUR Zavod za udibenike i nastavna sredstva,
Sarajevo.

5. RADANOVIC, D., NESIC, LJ., SEKULIC, P., BELIC, M., MAKSIMOVIC, S., (2005) : “ Physical and
basic chemical features of soils of some natural stands of Yellow Gentian in West Serbia”, Zemljiste i
biljka, vol. 54, no. 3, 183 — 192.

Page 72 27™ - 31 May, 2012. Subotica, Republic of Serbia




Proceedings of the 7" CMAPSEEC

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

STEPANOVIC B., RADANOVIC D. (2011): ,, Tehnologija gajenja lekovitog i aromati¢nog bilja u Srbiji*.
Knjiga, Institut za proucavanje lekovitog bilja ,, Dr Josif Panci¢“ str. 1 — 243

GHEDRIA K., GOETZ P., JEUNE Le, R., FAIVRE ,C.(2009): “Gentiana lutea L. (Gentianaceae)”.
Phytothe ‘rapie 7: 172-176

MENKOVIC, N., SAVIKIN FODULOVIC, K., SAVIN, K., (2000): “Chemical composition and seasonal
variations in the amount of secondary compounds in Gentiana lutea leaves and flowers”, Planta Med.
66:178.

LUKIC, R.(1985): “Farmakognozija”, Savezsocijalisticke omladine Farmaceutskog fakulteta, Beograd
FRANZ CH., FRITZ D., (1978): “Cultivation aspects of Gentiana lutea L.” Acta Horticulturae., 73: 307 —
314.

BEZZI A., AIELLO N., TARTAROTTI M., (1986): ,La coltivazione di Gentiana lutea L. in ambienti
montani®, Estrato da Agricoultura Ricerca n. 62/1986, Instituto di Tecnica e Propaganda Agraria, Roma,
Italy.

GALAMBOSI B., (1996): ““ Experiences of cultivation Gentiana lutea L. in Finland”, Atti del Convegno
, Genziana e specie amaro — aromatiche Ricerche ed Applicazioni“, Camerino Universita degli Studi,
Camerino (Macerata) Italia, 139 — 142.

KUSAR, A., BARICEVIC, D., (2006): “Cultivation trials of Yelow Gentian (Gentiana lutea L., subsp.
symphyandra Murb.) in west part of Slovenia” (in slovenian), Acta agriculturae Slovenica, 87 — 2,
september 2006, 213 — 224.

RADANOVIC D. (2008): “Nova dostignuca u gajenju lincure (Gentiana lutea) i brdanke (Arnica montana)
u Srbiji”. Plenarno predavanje, XXVIII Savetovanje o lekovitim i aromaticnim biljkama, FDS Sekcija za
lekovito bilje, Vrsac, 8. — 11. 10. 2008., Zbornik radova, 12 — 18

BERGMANN W., (1988): “ Ernahrungsstorungen bei Kulturpflanzen.” Gustav Fischer Verlag, Jena, 1 —
762

PREDIC T., NIKIC-NAUTH P., LUKIC R., CVIJANOVIC T. (2011): “Use of Agricultural Land in
Republic of Srpska”, International Scientific Symposium of Agriculture “Agrosym Jahorina 20117,
Proceedings, Crop production, grassland management and vegetable production, pg. 1-11

RADANOVIC, D., ANTIC - MLADENOVIC S., PLJEVLJAKUSIC D., (2009): ,,Symptoms of
phisiological disorder on Yellow Gentian (Gentiana lutea) cultivated at dystric cambisol in west Serbia®,
Kongress DPZS, September, 07 — 11., 2009, Fruska Gora, Book of abstracts, pg. 188 — 189

Kabata-Pendias A, Mukherjee AB (2007): “ Trace Elements: From Soil to Human®, Springer-Verlag, Berlin
Heidelberg, 550 pp

RADANOVIC D., MLADENOVIC - ANTIC S., JAKOVLIEVIC M., KRESOVIC M. (2007): ** Content of
heavy metals in Gentiana lutea L., roots and galenic forms”, Journal of Serbian Chemistry Society 72, 133-
138

MENGEL K., AND KIRKBY, A.E. (2001): “Principles of plant nutrition”, Kluwer Academic Publishers,
397 -611.

27™ - 31 May, 2012. Subotica, Republic of Serbia Page 73



Proceedings of the 7" CMAPSEEC

Original scientific paper

CONTRIBUTION TO THE STUDY OF THE POLYPHENOLIC COMPOUNDS
OF AGASTACHE RUGOSA KUNTZE PLANTS
IN IN VITRO AND CONVENTIONAL CULTURES

Stefanache Camelia'?, Danila Doina’, Gille Elvira', Necula Radu'?, Falticeanu Maria®

'NIRDBS Bucharest/,,Stejarul” Biological Research Centre, 610004, Piatra Neamt, Romania
2 Faculty of Biology, “Al. I. Cuza” University, Carol I 20 A, 700505, Iasi, Romania
3Facultaty of Pharmacy, ,,Gr.T.Popa” Univ. of Medicine and Pharmacy, 600388, Iasi, Romania
4Vegetab]e Research and Development Station, 600388, Bacau, Romania

SUMMARY
Agastache rugosa Kuntze (Lamiaceae family) is a perennial plant widely spread in Eastern
Asia, being traditionally used in China. Recent studies mention anti-tumour, antifungal,
antiviral and cytotoxic activities of the species. The aim of our research was the evaluation of
the biosynthetic capacity of the A. rugosa species adapted to the environmental conditions of
Romania, to achieve field cultures developed under the principles of organic farming .
We studied 2 varieties of A. rugosa — with blue and white flowers, and the in vitro
multiplication was made for the blue flowered variety.
To achieve tissue cultures, the explants were made up of plantlets obtained by aseptic seed
germination. For shoot multiplication we used MS supplemented with BAP and NAA, an
optimal multiplication ratio being obtained by adding 2.0 ml/l BAP and 0.3 ml/l NAA to the
culture medium. 95% of the shoots regenerated in vitro developed a vigorous root system, .
The surviving ratio of the regenerants was of 85% after the transfer into the field culture.
The analysis of the absolute methanolic extracts for the antioxidant compounds was made by
TLC and HPLC; we noticed a raised biosynthetical capacity for the compounds of the
polyphenolic type (rosmarinic acid, chlorogenic acid, caffeic acid and cinnamic acid), out of
the rosmarinic acid was determined in high quantities in all parts of the plant. As our study
was achieved both on conventionally cultivated and on in vitro propagated plants, it was
worthwhile to evaluate the polyphenolic compound accumulation (especially the rosmarinic
acid) at different plant parts and to highlight the optimum of vegetal material to be used as
raw material for food supplements. The highest quantity of the polyphenolic compounds,
especially the rosmarinic acid, followed by the chlorogenic acid was found in leaves, both for
in vitro regenerated plants and for the cultivated ones. .

Keywords: Agastache rugosa Kuntze, in vitro, conventional cultures, polyphenols, HPLC

INTRODUCTION

Generally, the Agastache species are meliferous and ornamental species, out of which A.
rugosa, A. foeniculum, A. scorphulariifolia and A. Mexicana are especially cultivated. From
the ones mentioned, the first three species are generally described as having a smell of
anason, but anetol, the main compound in anason, is not to be found in raised quantities in
Agastache.

The Agastache rugosa was named as such due to the rugged leaves. The flowers are pink to
violet. The essential oil has an antifungal effect on the Trichophyton species that cause skin
infections and it has been proved that it selectively inhibits the in vitro proliferation of human
cancer cells [1]. The main constituent of the volatile oil is estragol in a proportion of 20 -
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96%, followed by isomenthona 0 — 45%, limonen 4 — 12%, and we found a variant with a
content of 48 — 92% metil-eugenol, and only 2 — 6% estragol [2].

A. rugosa contains a great quantity of rosmarinic acid. It is used in Chinese traditional
medicine to treat fever, stomach affections, angina aches. This species enters the composition
of a mixture of Chinese herbs to treat fever and diarrhoea caused by SIDA [3]. In Romania,
the species is found only in culture, especially as a decorative plant [4]. Recent studies on the
A. rugosa species aimed both the active principle content — mainly the essential oil and the
rosmarinic acid, the anti-apoptotic biological activity, antioxidant, antifungal, antiviral [5],
and the capitalization of the biosynthetic potential by means of biotechnologies [6, 7, 8].

MATERIAL AND METHOD
Medium and culture conditions
The basic medium was made up by Murashige and Skoog (1962) (MS) [9] salts and vitamins,
plus 2.5% sucrose, solidified with 0.80 — 0.85% agar. Previous to autoclavation (120°C for 15
min), the pH of the medium was adjusted to 5.5 with NaOH. To initiate caulogenesis, we
used variants of MS, supplemented with BAP (benzylaminopurine) and NAA
(naphthaleneacetic acid): the BN media (1.0 mg/l BAP and 0.3 mg/l NAA), By (2.0 mg/l
BAP) and By (1.0 mg/l BAP). To induce risogenesis, we used the MS variants: MS without
phytohormons, MS supplemented with 0.5 mg/l NAA and MR (MS medium variant for rooting
, poorer in salts) - supplemented with 1 mg/l NAA. The cultures were maintained in the half-
climatized room for experimental cultures, at a temperature of 22 + 1°C and a light regime of
16 hours/8 hours of darkness.
The vegetal material
We studied 2 A. rugosa varieties — with white and blue flowers (obtained from the
experimental field of the Vegetable Research and Development Station Bacau); the in vitro
multiplication was achieved for the variety with blue flowers and thus we obtained 2
experimental variants for the plants obtained in vitro after acclimatization and transfer in the
experimental field (the flowering and fruiting phenophases), and other 2 variants for the 2
varieties originated from conventional cultures (flowering phenophase).
The explants were plantlets obtained by aseptic seed germination. The seeds were collected
from donor plants of Agastache rugosa from the experimental field of the mentioned station.
Our study aimed the comparative phytochemical analysis for polyphenolic compounds only
for A. rugosa plants with blue flowers — obtained through generative propagation,
respectively in vitro culture. In order to assess the phytochemical diversity of A. rugosa
varieties, we also analyzed the variety with white flowers - plants obtained through
generative propagation (from the collection of Vegetable Research and Development Station
Bacau).
The phytochemical analysis of the experimental material
a) Thin Layer Chromatography (TLC)
The preliminary identification of the absolute methanolic extracts for the polyphenolic and
flavonoidic compounds, of the dichlormethanic extracts for the triterpenic and phytosterolic
compounds, respectively, was made by TLC. As standards we used caffeic acid, rosmarinic acid
chlorogenic acid, quercetin, rutin, luteolin and apigenin (for polyphenols and flavons), B-sitosterol,
stigmasterol, oleanolic acid and ursolic acid (for the triterpenic acids and phytosterols).
b) High Performance Liquid Chromatography
For the HPLC analysis, we used an Agilent 1200 series system, equipped with a diode-array
UV detector (DAD) and autosampler. To separate the compounds, we used an analytic
chromatography column with reverse phase of the Zorbax Eclipse XDB-CI18 type
(granulation 5 pm, 150 x 4.6 mm d.i.). The column temperature was maintained at 30°C. For
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the elution we applied a gradient with two solvents: acetonitryl (solvent A) and an acetic
buffer solution (solvent B), prepared starting from a watery solution of sodium acetate (2mM)
adjusted to a pH=3.5 with acetic acid of 99% purity. The initial conditions were 2%A and
98%B. The linear gradient programme was of 2-14-20-30-25% solvent A for 0-20-40-50-60
min, after which we switched back to the initial conditions. The discharge used was of 1.0
mL/min. The sample injecting (100 uL) was done by help of the autosampler.

As standard substances we used chlorogenic acid, caffeic acid, rosmarinic acid cinnamic acid
(furnished by the LG-Standards company). The stock solutions of the standards were diluted
with methanol and analyzed in the same conditions to achieve the standard curves.

To identify the peaks we compared both the values of the retention time (RT) and the UV
absorption spectra of the compounds identified in the analyzed samples, with those of the standards
used. For the quantitative results calculation we used the peak areas in the standard curve method.

RESULTS AND DISCUSSIONS

Determining the germination capacity

The germination capacity of the seeds collected from the donor plants was made on three
variants: on filter paper, on (in aseptic conditions) and in soil, obtaining a germination degree
between 30 and 70%. To aseptically isolate the seeds, we tested 3 sterilizing agents (different
action times).

Table 1. The effect of the sterilizing agents tested for aseptical seed isolation

Sterilizing Agent ACt(l::;nT)l me Aseptic Isolation Degree Ge;‘)rg;r;zgon
Mercury chloride 25 ++ ++
0,1%) 35 +++ +
Sodium hypochlorite 25 + ++
(B3%) 35 ++ +
Chloramine T (5%) 35 - ++

Plant regeneration and multiplication

Plant regeneration and inducing risogenesis for inoculated explants, after 4 weeks of culture,
was of 95% for all the medium variants. The best multiplication ratio was obtained by using
MS supplemented with 1 mg/l BAP and 0.3 mg/l NAA (BN), obtaining 4-5 plantlets per
explant in 4 weeks. The media supplemented with 1 mg/l BAP, 2 mg/l BAP respectively, lead
to more reduced multiplication ratios. The subcultivations were achieved ar 4 weeks each.

To induce risogenesis, a good morphogenetic answer was obtained by using MS
supplemented with 0.5 mg/l NAA, in 4 weeks, 95% of the plantlets forming a vigorous
radicular system.

Acclimatization of the in vitro regenerated plants

It was achieved in 2 steps: in a hydroponic system for 2 weeks, the plants being later
transferred into sterile soil pots. To assure a vapour saturated atmosphere, the plants were
covered with transparent glasses, gradually removed. After 4-5 weeks of accommodation, the
plants were moved into the field, were they obtained maintenance activities characteristic to
the species. The survival ratio of the regenerated plants was of 85%.
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Aspects of the in vitro of Agastache rugosa culture

B

Fig. 8: Accomodation to the septic medium

Fig. 7: Indcing riseneis

Phytochemical characterization

The analysis of the absolute methanolic extracts for the compounds with antioxidant action
was made by TLC and HPLC showing the fact that the A. rugosa species has a raised
potential for the synthesis of the polyphenolic type (chlorogenic acid, caffeic acid, rosmarinic
acid and cinnamic acid). Along these, the rosmarinic acid is present in all the parts of the
plant. As our study was made both on the plants obtained through generative propagation and
on those obtained by in vitro multiplication, it was important for us to evaluate the
accumulation of the rosmarinic acid from different plant parts (floriferous stems, stems and
leaves), to highlight the vegetal material best suited to be used as raw material for food
supplements. Our data show that at the level of the leaves there accumulates the highest
quantity of polyphenolic compounds, and especially of rosmarinic acid (3275.5 mg/100g
d.w.), followed by chlorogenic acid (231.8 mg/100g d.w.).

Due to the standards used by us and depending on the Rf, in the dichlormethanic extracts we
identified B-sitosterol, oleanolic and ursolic acids, and the number of the fractions shown by TLC
are variable, depending on the plant organ originating the extract obtained.
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Table 2. Samples of Agastache rugosa phytochemically analyzed

Sample no. Sample description

1 . floriferous stem / floriferous stem ear
Flowering phenophase

2 (July 2011) Stem

3 In vitro Y Leaves

4 multiplied plants - floriferous stems / floriferous stem ear

Fruiting phenophase

> (November 2011) >l

6 leaves / young shoots

9 floriferous stems / floriferous stem ear

10 Blue flowers Stem

11 Generative Leaves

12 propagated plants Floriferous stems / floriferous ear

13 White flowers Stem

14 Leaves

Cl Res Cw+R L+Ap

Caf Cl Ros Cv+R L+Ap

Fig. 9, 10, 11, 12: TLC for polyphenolcharboxylic acids and flavonoids (samples 1-6, 9-14)
Standards: Caf = Caffeic acid; Cl.= Chlorogenic acid; Ros = Rosmarinic acid; C+R= Quercetin + Rutin; L+Ap = Luteolin + Apigenin
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Fig. 13, 14, 15, 16: TLC for triterpenic acids and phytosteropls (samples 1-6, 9-14)
Standards: B-sito = B-sitosterol; Stg = Stigmasterol; A.O. = Oleanolic acid; A.U.=Ursolic acid;
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Table 3. HPLC analysis of the absolute methanolic extracts for the polyphenolic compounds

Sample no mg/100g dry vegetal material
Rosmarinic acid | Cinnamic acid | Chlorogenic acid | Caffeic acid

1 1297.1 714.3 185.3 5.1
2 190.3 101.6 9.1 0.0
3 2945.7 193.8 231.8 28.1
4 219.5 128.7 13.2 25
5 290.8 151.5 0.0 3.6
6 242.1 99.3 0.0 4.5
9 908.5 334.6 15.7 2.8
10 953.1 177.7 0.0 3.2
11 3221.2 324.8 66.8 4.7
12 1708.4 68.6 52.4 6.5
13 637.0 0.0 4.2 5.6
14 3275.5 106.7 57.7 3.5

Mind: <1.d.* = under the detection limit

We analyzed the plant material collected in full flowering and fructification phenophase,
because we wanted to evaluate the optimum harvest period in order to obtain a high content
in polyphenols, which is important in using the plant material in food supplements or as
seasoning.

The comparative evaluation of the biosynthetic capacity of the plants from the conventional
culture and those from in vitro multiplication shows that the multiplied plants have the same
biosynthetic model. The rosmarinic acid was the best represented compound, with the highest
values at full flowering, the amount being comparable for the plants with blue flowers,
respectively white flowers. Our result are in correlated those from literature where the
variability of the rosmarinic acid content is mentioned as depending on the cultivated variant
[10].

The analysis of the polyphenols for the studied variants aimed to advance the cultivation of A.
rugosa species in Romania, especially as medicinal and aromatic plant; A. rugosa was taken
in the collections of Vegetable Research and Development Station Bacau mainly as an
ornaments species. In A. rugosa was also highlighted a content in flavonoids that have a
variety of physiological and pharmacological activities on inflammatory immune responses
[11].

The content in polyphenols, especially in rosmarinic acid gives the analyzed plant material an
antioxidant potential with potential in the use of the species as medicinal and aromatic plant.
Thus, further phytochemical studies will focus on volatile oil content for A. rugosa plants
adapted to the climatic conditions of Romania.

CONCLUSIONS

The study shows the possibility of using in vitro multiplication in the propagation/conservation of the
chemotypes/chemovarieties valuable from the point of view of the active principles content
(antioxidant compounds), the plant multiplied in vitro preserving the biosynthetical potential. We
intended an as complete as possible phytochemical analysis of the active principles
characteristic to this species as, being an autochtonous species, the information regarding its
chemical composition, after the adaptation to the pedo-climatic conditions of Romania, were
not found.
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With this species, the in vitro multiplication is a non-conventional way of
multiplication/conservation of some chemotypes/chemovarieties with a raised biosynthetic
potential.
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SUMMARY

The genus Thymus L. is one of the most important genera regarding number of species within
the Lamiaceae family. In the whole area of distribution, Thymus species are widely used as
medicinal and aromatic plants. In this work we included seven populations of Th.
pulegioides, species which is very common in flora of Serbia and widely used in traditional
medicine. Dried leaves of each sample were examined by thermal desorption-gas
chromatography-mass spectrometry. The essential oil compounds were identified by
comparing retention indices (calculated against an n-alkane series) and by comparing mass
spectra with published data. Three major groups of oil compounds were identified, such as
monoterpene hydrocarbons, oxygenated monoterpene hydrocarbons and sesquiterpene
hydrocarbons. In three populations the dominant compound was Geraniol with concentrations
of 87.92%, 87,12% and 86.97%. Thymol was major compound in two populations (62.92%
and 52.95%). In one population major compounds were Cymene and Thymol (48.59% and
22.12% respectively) and in one major compounds were Cymene and Carvacrol (42.59% and
39.95% respectively). In order to establish relationship between examined populations of Th.
pulegioides five main compounds (in concentration higher than 10%) of essential oils were
statistically analyzed through cluster analysis and PCA.

Key words: Thymus, Essential Oils, Chemotypes

INTRODUCTION
Genus Thymus L. is one of the most important genera as regards number of species within the
Lamiaceae family. Thymus belongs to tribe Mentheae, subfamily Nepetoideae. Although the
number of species within this genus varies depending on taxonomical viewpoint, there is
more than 200 species. Thymus is distributed throughout the arid, temperate and cold regions
of the Old World north of the Equator and on the coasts of Greenland [1]. However the
central area of this genus surrounds the Mediterranean Sea.
Thymus species are used as medicinal and aromatic plants, as well as in cosmetics and
perfumery, throughout their range. Most aspects of their medicinal use are related to the
essential oil which contains various levels of thymol and/or carvacrol, phenolic derivatives
with strong and wide-spectrum of antimicrobial activity [2- 5]. Species such as Thymus
vulgaris L., Thymus zygis Loefl. ex L. and Thymus serpyllum L. sensu lato are the biological
sources of herbal drugs such as Thymi herba, Thymi aetheroleum and Serpylli herba,
officially recognized in many modern pharmacopoeias e.g. European Pharmacopoeia 6.0
(2007).
Thymus pulegioides L. is a suberect to procumbent plant, woody at base, with gonotricgous
stem. with wide distribution in Europe [6]. In Serbia it is widely distributed in various
habitats [7].
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The existence of different chemotypes within the same population of Thymus species is very
well documented [8]. Estimation of chemical variability, besides scientific importance has
great impact in assessment of the herbal drug quality.

MATERIALS AND METHOD
Plant material of seven populations of Th. pulegioides was collected from their natural
habitats in Serbia. A list of the populations analyzed with latitude and longitude is given in
Table 1. The plant taxa were identified according to Flora Europaea and Flora of Serbia.
Voucher specimens have been deposited at the Herbarium of Department of Botany, Faculty
of Agriculture, University of Belgrade.

Table 1. Thymus pulegioides populations included in the analyses

Latitude Longitude Altitude

Population (N)# (E) (m)
PO1 43.84 21.68 592
P02 43.88 20.66 473
P03 43.45 21.47 648
P04 43.61 20.55 264
P06 44.17 21.12 877
P09 45.16 19.75 474

#N - North; E - East; Coordinates are in degree decimal format.

GC-MS and TD-GC-MS Parameters:

The TD-GC-MS system consisted of an ATD400 thermal desorption unit, an
AutoSystemXLGC, and a TurboMass quadrupole MS (Perkin-Elmer, Waltham, MA).
Approximately 3 mg of plant material was held between glass wool in a glass tube insert and
placed into a standard stainless steel desorption tube. The sample was desorbed at 150°C for
10 min in a flow of 60 mL/min helium that passed to a Tenax TA trap (80-100 mesh) held at
4 °C with no inlet split. Following desorption, the Tenax trap was heated ballistically to 300
°C under a helium pressure of 15 psi and with an outlet split flow of 18.75 mL/min. The
volatile components passed through a deactivated glass capillary transfer line at 200 °C onto
a 30 m x 0.25 mm i.d. x 0.25 pm DB-5MS capillary GC column (Agilent J&W, Santa Clara,
CA), and chromatography proceeded using an oven temperature program of 60-300 at 6
°C/min under the pressure from the ATD. The MS was fitted with an EI source operated at 70
eV with a source temperature of 180 °C, and mass spectra were recorded in the range m/z 38-
600. The operating software was Turbomass version 4.1.1. Retention indices (RI) were
determined in relation to a series of n-alkanes (C8-C20, Supelco, United Kingdom), and peak
integration was performed to RI 1900 (i.e., prior to the elution of palmitic acid).Compounds
were identified by comparing RI and/or mass spectra with published data [9, 10].

Statistical Analisys

The five main compounds (in concentration higher than 10%) were chosen for further
analyses of chemotypes identification: geraniol, thymol, carvacrol, p-cymene and y-terpinene

Correlations. The relationships among five main essential-oil compounds were assessed by
Pearson's correlation coefficient using STATISTICA (data analysis software system), version
8.0. (StatSoft, Inc. 2007).

Principal-Components Analysis (PCA). The PCA based on five main essential-oil
compounds was performed using STATISTICA (data analysis software system), version 8.0.
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(StatSoft, Inc. 2007). The biplot was constructed by two principal components showing
populations and essential-oil compounds (as vectors).

Cluster Analysis (CA). The standardized scores of the two principal components were
multiplied by the root of their eigenvalues and the Euclidean distance matrix between all
pairs of populations was calculated to be used in cluster analysis (CA). The Average linkage
method (i.e. UPGMA) was applied in order to determine the optimal number of clusters.

RESULTS AND DISCUSSION

In essential oils of seven populations of Th. pulegioides, growing wild in Serbia, a total of 67
compounds was recognized (Table 2). Three major groups of compounds were present,
monoterpene hydrocarbons (16 compounds), oxygenated monoterpene hydrocarbon
derivatives (13 compounds) and sesquiterpene hydrocarbons (26 compounds). 12 compounds
didn’t belong to any of major groups. In essential oil of population P02 41compound was
identified, in PO1 and PO5 39 compounds, in population PO6 38 compounds, in population
P03 32 compounds , in population PO4 30 compounds and in population P09 26 compounds.

Table 2. Essential oil composition in populations of Th. pulegioides (MH — monoterpene
hydrocarbon; OMHD - oxygenated monoterpene hydrocarbon; R — rest; SH - Sesquiterpene
hydrocarbons)

Compound KI Type P01 P02 P03 P04 P05 P06 P09
Tricyclene 927 MH - 0.02 0.02 - - - -
a-Thujene 930 MH 0.01 0.83 0.01 0.73 0.75 - 1.15
o-Pinene 939 MH 0.02 0.73 0.08 0.40 0.40 0.01 0.60
Camphene 954 MH 0.03 0.76 0.15 0.04 0.05 0.01 0.25
Sabinene 975 MH - 0.02 - 0.02 0.02 - -
B-Pinene 979 MH - 0.11 0.01 0.09 0.09 - 0.14
Myrcene 991 MH 0.45 1.14 0.50 0.09 0.49 0.42 0.01
a-Phellandrene 1003 MH 0.03 0.19 - 0.04 0.09 0.04 -
a-Terpinene 1017 MH 0.02 1.45 0.02 0.51 0.73 0.02 0.10
Limonene 1029 MH 0.08 0.17 0.09 - - 0.06 0.12
B-Phellandrene 1030 MH - 0.08 - - - - -
Sylvestrene 1031 MH - - - . 0.14 - .
(Z)-B-Ocimene 1037 MH 0.11 0.04 0.12 0.01 0.03 0.10 -
(E)-B-Ocimene 1050 MH 0.17 0.03 0.17 - 0.01 0.16 -
y-Terpinene 1060 MH 0.02 | 21.39 | 0.01 1.51 3.71 0.03 0.27
Terpinolene 1089 MH 0.02 0.04 0.03 0.02 0.04 0.02 -
(Z)-Sabinene hydrate 1067 OMHD - - - - - - 0.11
Linalool 1097 | OMHD 0.12 0.05 - - - 0.11 0.21
a-Pinene oxide 1099 | OMHD - 0.01 0.10 0.03 0.11 0.07 0.05
Camphor 1146 OMHD - - 0.01 - B - -
B-Pinene oxide 1159 OMHD 0.02 - - - - - -
Borneol 1169 | OMHD | 0.06 1.57 0.37 0.03 0.04 0.01 0.61
3-Thujanol 1169 OMHD - - 0.01 0.09 0.04 - -
trans-Dihydro carvone 1209 | OMHD - - - - 0.01 - -
Thymoquinone 1252 | OMHD - - - 0.11 3.09 - 5.49
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Compound KI Type P01 P02 P03 P04 P05 P06 P09
Geraniol 1253 | OMHD | 87.12 - 87.92 - - 86.97 -
Bornyl acetate 1289 | OMHD - 0.02 0.02 - - - 0.08
Methyl geranate 1325 | OMHD - - 0.18 - - - -
Geranyl acetate 1381 | OMHD - - - - - 0.31 -
Caryophyllene oxide 1583 R 0.02 0.02 - 0.44 0.08 - -
p-Cymene 1025 R - 4.89 - 42.59 | 1736 | 0.01 | 48.59
m-Cymenene 1085 R - - . - . - 0.04
p-Cymenene 1091 R - - - - 0.03 - -
3-Octanone 984 R 0.05 0.12 0.06 0.01 0.10 0.10 6.14
Thymol 1290 R 0.05 | 52.95 - 0.05 | 62.82 | 0.07 | 22.12
Carvacrol 1299 R - 0.14 - 39.95 | 0.61 - 0.04
Thymohydroquinone 1555 R - - - 2.72 0.46 - -
Thymol methyl ether 1235 R - 2.75 - 0.91 091 - 4.05
Carvacrol methyl ether 1245 R - 1.14 - - 0.93 0.03 2.68
3-Octanol 991 R 0.35 0.04 0.11 - 0.03 1.10 0.63
Oct-1-en-3-o0l 979 R 0.39 1.19 0.26 0.20 1.14 0.05 0.95
a-Cubebene 1351 SH 0.01 - - - - 0.03 -
a-Copaene 1377 SH 0.02 0.01 - - - 0.01 -
B-Bourbonene 1388 SH - - 0.03 - - - 0.09
a-Bourbonene 1390 SH 0.14 0.02 - 0.02 0.01 0.15 -
B-Elemene 1391 SH 0.01 - - - - - -
(E)-Caryophyllene 1419 SH 2.71 0.86 1.87 6.00 0.66 0.19 0.19
B-Copaene 1432 SH 0.03 0.01 - 0.01 - 0.02 -
trans-o. Bergamotene 1435 SH 0.02 0.02 0.03 - 0.01 0.03 -
Aromadendrene 1441 SH - - - - - 0.02 -
trans-B-Farnesene 1443 SH - - - - 0.16 0.01 -
trans-Muurola-3,5 diene 1454 SH 0.01 - 0.01 - - - -
a-Humulene 1455 SH 0.27 0.04 - 0.14 0.04 - -
Alloaromadendrene 1460 SH 0.01 - 0.08 - - 0.05 -
Y -Muurolene 1480 SH 0.04 0.06 - - - - -
a-Amorphene 1485 SH - 0.01 - 0.01 - - -
Germacrene-D 1485 SH 1.69 0.02 0.08 0.02 - 0.55 -
v-Amorphene 1496 SH - - - - - 0.02 -
Bicyclogermacrene 1500 SH 0.01 - 0.10 - 0.01 0.46 -
a-Muurolene 1500 SH 0.02 0.01 - - 0.01 - -
B-Bisabolene 1506 SH 3.40 6.47 4.24 0.08 3.70 7.28 3.41
5-Amorphene 1512 SH - - - - - 0.02 -
v-Cadinene 1514 SH 0.02 - - - - - -
B-Sesquiphellandrene 1523 SH 0.05 - 0.06 - 0.04 0.07 -
trans-Cadina-1,4 diene 1535 SH 0.01 - - - - - -
a-Cadinene 1539 SH 0.02 - - - - - -
B-Atlantol 1608 SH - - - - 0.01 0.02 -
Procenat determinacije 97.62 | 99.43 | 96.75 | 96.84 | 98.97 | 98.63 | 98.13
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Monoterpene hydrocarbons: 16 different monoterpene hydrocarbons were determined and
their percentage ranged from 0,86%, in population P06, to 27,01%, in population PO2. In
essential oil of population PO1 the percentage of monoterpene hydrocarbons was 0,95%, in
population P04 it was 3,44%, in population PO3 1,21%, in population P09 2,64% and in
population P05 it was 6,56%. In essential oil of population PO2 only y-terpinen, from this
group of compounds, had significant concentration of 21,39%.
Oxygenated monoterpene hydrocarbons: In total 13 different oxygenated monoterpene
hydrocarbon derivatives were determined and their percentage ranged from 0,27%, in
population P04 to 88,60% in P03. This was, as well, the dominant group of compounds in
essential oil of populations P06 (87,47%) i POl (87,32%). In these three populations the
major compound of essential oils was geraniol with concentrations of 87,92% in population
P03, 87,12% in population PO1 and 86,97% in population P06. In other four populations none
of the compounds from this group was present in sikgnifikcant percentage.
Sesquiterpene hydrocarbons: 26 compounds from this group were determined, and none of
compounds from this group wasn’t present in significant percentage. In total their percentage
ranged from 3,69% in population P09 to 8,93% in P06.
Rest: In the essential oils included in this study 12 compounds didn’t belong to any of the
major groups. Among these, two phenolic compounds, thymol and carvacrol were present in
high percentages, as well aromatic hydrocabon p-cymene. In the essential oils of P02 and P05
thymol was the major compound with concetrations of 52,95% and 62,92% respectively. In
population P09 thymol had significant percentage of 22,12%, while p-cymene was the major
compound with 48,59%. p-Cymene was the major compound in the essential oil of
population PO4 with concentration of 42,59%, while carvacrol was als present in high
percentage of 39,95%.
Pearson's correlation coefficients among the five main essential oil compounds showed that
concentration of any of the main compounds is not in significant (P>0.5) correlation.

Figure 1. Biplot of the principal-

components analysis based on the five

main essential-oil compounds of Thymus
pulegioides

Figure 2. UPGMA dendrogram of cluster
analysis of Th. pulegioides populations
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Analysis of main components (PCA) revealed that first two components had eigenvalues
higher than one, and they were responsible for 84.23% of total variability. PCA diagram (Fig
1) on the basis of five main compounds and correlations among five main compounds and
first two components apparently show that: first main component is separating populations
with high geraniol from other populations; second component is separating populations rich
with thymol and y-terpinene from populations rich in p-cymene and carvacrol. Euclidian
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distance between populations was calculated using eigenvectors of first two components.
Average Euclidian distance was 2.89, in the range between 0.001 (PO1/P06) to 4.51
(P02/P04). Separation of populations into three clusters is presented on UPGMA
(Unweighted pair-group method using arithmetic averages) dendrogram (Fig 2) where are:
cluster A with three geraniol populations (P01, P03 and P06), cluster B with three thymol
populations (P02, PO5 and P09) and C with one population (P04) rich in carvacrol.

The existence of chemotypes in wild populations of Thymus taxa is well known. For example,
in populations of Th. vulgaris from southern France it is established existence of six
chemotiypes. They are named after dominant monoterpen in the essential oil as follows:
Geraniol, Linalool, a-terpineol, Thuyanol-4, Carvacrol and Thymol [11, 12].

In populations of Th. pulegioides, included in this study, two well defined chemotypes can be
identified. In populations PO1, PO3 and P06 geraniol was present in high percentage, 87.12%,
87.92% and 86.97%, respectively. Geraniol as a major compound in the essential oil of some
Th. pulegioides populations was described previously [13-15].

In essential oils of populations P02, P04, PO5 and P09 there is a high concentration of p-
cymene, Yy-terpinene, carvacrol and thymol, terpenes that are closely connected by
biogenetical processes. These compounds always occur in essential oil simultaneously, since
p-cymene and y-terpinene are the precursors in the biochemical pathway of the phenols [16].
Total content of those compounds ranged from 71.02%, in population P09, to 84.50%, in
population P05, in P02 it was 79.37% and in P04 it was 84.09%, so these populations can be
treated as phenolic chemotypes. Phenolic terpenes thymmol and carvacrol are most important
constituents of the essential oil considering their abundance in Thymus taxa [16]. Many of
previously investigated Th. pulegioides populations belong to phenolic group. In essential
oils of Th. pulegioides from Lithuania, both thymol and carvacrol chemotype were described
[17]. Thymol and carvacrol chemotypes were described in populations from British Isles
[18], as well in populations from Croatia [19].

CONCLUSION
Essential oils containing large amounts of phenolic compounds have been shown to possess
high antioxidant activity [20-22], and our further research will therefore be focused on
biological activity of the essential oil of Th. pulegioides as well as analysis of flavonoids,
since they have been reported to be an important taxonomic character of the tribe Menthae
[23].
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SUMMARY

The fruits of blueberries are rich in anthocyanins. In those plant species there are six most
important anthocyanidines: cyanidine, delfinidine, malvidine, pelargonidine, peonidine and
petunidine. Anthocyanins are heteroglycosides, which are composed of sugar and aglycone —
anthocyanidine. They have hydroxyl group position on C-3. Pelargonidine has sugar -3-O-
arabinoside and -3-O-xyloside. The five other anthocyanidines have -3-O-arabinoside, -3-O-
glucoside and -3-O-galactoside. The blueberry has 15 anthocyanins in the fruits. Total
anthocyanins content depending on variety, ecological conditions, standard of agricultural
technology, and particularly on the temperature and solar radiation. We were evaluated
variety Berkeley from experimental field Regional Research Station Kriva located in Orava,
Slovakia. In our study was found 0.62 % content of anthocyanins in fresh blueberry fruits.
Literature sources indicate 0.300 — 0.698 % content of this compounds. Content of selected
anthocyanins reached these amounts: cyanidine-3-O-glucoside 33.772 mg.kg”, cyanidine-3-
O-galactoside 64.465 mg.kg'l, malvidine-3-O-glucoside 36.052 mg.kg'l, and malvidine-3-O-
galactoside 230.037 mg.kg'l.

Key words: anthocyanidines, anthocyanins, blueberry (Vaccinium corymbosum), content, ecological conditions

INTRODUCTION

Vaccinium L. (Ericaceae) is a morphologically diverse genus of terrestrial or epiphytic
shrubs and lianas, comprising approximately 450 species. Blueberry (Vaccinium corymbosum
L.) is one important species of this genus. The fruits have positive effect on the human and
they belong to the healthiest type of fruits. Genus Vaccinium L. is the best known for the
production of bioactive anthocyanins and flavonoids. More than 116 anthocyanins and
flavonoids compounds have been isolated and identified primarily from the fruits and leaves
of Vaccinium (Zushang Su, 2012). These bioactive substances are important source for food
and pharmaceutical ingredients coupled with their high antioxidant potential. Above all
anthocyanins are important plant pigments visible to the human eye.

The aim of our research will be the mixture of pure anthocyanins which can be used as food
supplements. Based of this goal we tried to find the most optimal methods for the extraction
anthocyanidins without their demages or degradation and their identification. Among the few
different methods we choosed one described below which is the most suitable to our future
goals.
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MATERIAL AND METHOD

Plant material

Plant material was obtained from experimental planting Centre of Agriculture Research
Piestany - Research Station Kriva in Orava in Slovak Republic. The locality was situated
in North part of Slovakia, altitude 700 m up to see level, average temperature 6°C during the
year and precipitation 800 - 900 mm. The blueberry fruits where harvesting on august 2011.
For our experiment there were use the fruits from variety Berkeley.

Chemicals and analysis

The analytical procedure includes five successive steps: homogenizing of frozen fruits,
extraction, concentration, qualitative and quantitative analysis. Homogenization was carried
out on partially melted fruits. Fruits of homogenized samples were extracted with 70 vol. %
methanol, 29 vol. % water and 1 vol. % formic acid to achieve the low pH of the solution and
the stability of extract. The extraction mixture was cooled to -10 ° C. Concentrating the
extract was carried out in stages on a rotary evaporator. Evaporation started at a pressure of
100 to 150 mbar. Then the pressure was reduced to 50 mbar. The final residual solvent
evaporation was carried out at a pressure of 25 mbar to a final volume of extract.

Amount identification of anthocyanins components were determined by liquid
chromatography on reverse phase in conjunction with mass detection. There were used
technology of hybrid mass spectrometer consisting of an ion trap (IT) mass analyzer and
time-range particles (TOF), which provides a highly differentiated mass spectra to
determination the composition and content of anthocyanins._It is also possible to do the
fragmentation experiments (MS", n = 1-10), which is essential for the structural analysis of
unknown substances. Measured exact molecular weight and fragmentation experiments
(MS"), resulting in the calculation of the summary formula discovered chemical compound.
There was developed gradient chromatographic method of reversed-phase using an external
standard for the quantitative determination. Commercially obtained pure compounds (98%
HPLC purity) of selected anthocyanins were used to prepare standard in three concentration
levels. Mixed standards included 13.34 mg.1", 95.20 mg.I" and 667.00 mg.I"" cyanidin-3-O-
galaktoside, cyanidin-3-O-glucoside, malvidin-3-O-galaktoside, malvidin-3-O-glucoside.
Gradient elution was optimized for the separation of the two isobaric pairs of cyanidin-3-O-
galaktoside, cyanidin-3-O-glucoside and malvidin-3-O-galaktoside, malvidin-3-O-glucoside.
As the mobile phase used was 0.12 mol.dm™ aqueous solution of formic acid (pH = 2.35) and
acetonitrile at a flow rate 0.3ml.min" and a temperature of 40°C.

RESULTS AND DISCUSSION
Fruit extraction was done in triplicate. In the first extraction there was achieved 59.6%
efficiency. Second time was 26.9% and a third extraction reached 13.5% amount of
anthocyanins. Total content of anthocyanins from the fresh fruits was 0.62%. The available
literature sources say 0.300 to 0.698% of the total content of biologically active substances.
In the blueberry fruit (Vaccinium corymbosum L.) was identified delphinidin-3-O-
galactoside,  delphinidin-3-O-glucoside,  delphinidin-3-O-arabinoside, = cyanidin-3-O-
galactoside, cyanidin-3-O-glucoside, petunidin-3-O-galactoside, petunidin-3-O-glucoside,
cyanidin-3-O-arabinoside, petunidin-3-O-arabinoside, peonidin-3-0-galactoside, malvidin-3-
O-galactoside, malvidin-3-O-glucoside, malvidin-3-O-arabinoside. It was detected also the
presence of delphinidin + 3-hexose. The results correspond with findings reported in the
literature. Zushang Su (2012) presents the contents of 15 anthocyanins in this plant species.
These findings corresponded with our results. They also found the presence of peonidin-3-O-
arabinoside and peonidin-3-O-glucoside, which were detected by our experiments. Similar
composition anthocyanins declare other literature sources (Kader et al., 1996; Scibisz and
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Mitek, 2006, Faria et al., 2010; Spela et al., 2011). Quantitative determination gave the
following results: cyanidine-3-O-glucoside 33.772 mg.kg'l, cyanidine-3-0O-galactoside
64.465 mgkg", malvidine-3-O-glucoside 36.052 mgkg', and malvidine-3-O-galactoside

230.037 mg.kg! (tab. 1).

Table 1: Total content of selected anthocyanins in blueberry fruits, variety Berkeley

Samples Cyanidin-?-O- Cyanidin:3-0- Malvidin-?-O- Malvidin.-3-0-
galaktoside glucosside galaktoside glucoside
VC2 (mg/kg) 63.55 39.00 200.13 37.79
VC3 (mg/kg) 61.15 36.38 210.64 38.10
VC4 (mg/kg) 61.70 30.92 227.05 32.99
VC5 (mg/kg) 71.46 28.74 282.33 35.33
X (mg/kg) 64.465 33.772 230.037 36.052
S 2.75 4.73 36.90 2.39
RSD (%) 4.26 14.00 16.04 6.62

*VC2 — VC5 — samples of Vaccinium corymbosum L., X-average, S - standard deviation, RSD — relative
standard deviation

Statistical set of 4 samples does not allow a correct interpretation of the results obtained, but
shows some trends. The relative standard deviation (RSD) ranged from 4.26 to 16.04 %. High
levels were found in cyanidine-3-O-glucoside and malvidine-3-O-galactoside. The present
results arising from the method of homogenization respectively of small number of analyzed
samples, which may be limited by LC / MS quantitative method.

CONCLUSION
The study of anthocyanins content in selected plant species was focused on amount and its
composition within research project “Isolation of Natural Plant Substances by Lyophilisation
and Change of their Qualitative and Quantitative properties” .
Partial results of the work are described above by the methods and analysis optimalized for
the aims of the main research project.
In next phase of our research we will use developed methods for purpose of anthocyanins
extraction, evaluation of their quantitative and qualitative characteristics before and after
lyophilisation, while in parallel evaluation of their biological and microbiological
characteristics. As a plant material will be used more varieties and samples of fruits of
blueberry (Vaccinium corymbosum L.) for statistical analysis with significant values.
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SUMMARY
In Romania the Bidenstripartita L. grows spontaneously, forming significant populations.
This is very common in moist places, along rivers. Unfortunately in our country the
Bidenstripartita isn’t studied and used, is practically unknown. For this reason the purpose of
this study was to identify the plant, the global chemical analysis for the identification of the
main groups of compounds and the TLC analysis for comparison with some commercial
products.
Two samples of B.tripartita from Romania collected in budding and flowering phase were
analyzed. For comparison we used three commercial products representing
Bidenstripartitaeherba tea from different geographical areas, one from Republic of Moldova
and two from Russia (Moscow Region and Republic of Karaceaevo-Cerkesia).
Samples from lasi fits very well in the global image of the productBidenstripartitacherba.
Among the analyzed samples were noted differences that we suppose to be due to differences
in the habitat of the plants.

Keywords: medicinal plants, Bidenstripartita L.,phytochemical composition, TLC, flavones,

INTRODUCTION
Bidenstripartita L. (family Asteraceae) is an erect annual plant, growing 15 to 100 cm high.
The stem is erect, heavily branched, and often brownish-red. The leaves are opposite, 3 to 5
lobed, and narrow to a short, winged petiole. The flower heads are usually solitary, erect or
inclined, with brownish-yellow petals. Fruit,glabrous achene, distinctly compressed, with 2,
sometimes 3—4 (2 longer), thorns ascending on the angles [1,2,3,4,5,6].
The usual names are Burr marigold and Water agrimony.
Bidenstripartitais a species found throughout the world wide. It is found in North America,
Europe, Asia and Australia. The areal stretches from temperate areas to the Polar Circle. This
plant is common for wet places [1,2].
The dried aerial parts contains: flavones (luteolin, cynaroside), tannins, polyacetylenes,
coumarins (umbelliferone, scopoletin and aesculetin), 0.05-0.11% essential oil (eugenol,
ocimene and cosmene), 4.51-4.65% saccharides (arabinose, galactose, glucose, rhamnose and
xylose), organic acids, carotene, vitamin C and microelements (manganese) [1,3,4,7,8].
The plant is known and used since ancient times, especially for treatment of dermal diseases
and wound healing [2]. In the popular medicine it is orally administered as a diuretic,
diaphoretic, febrifuge, antidiarrhoeal, antiallergic, anti-inflammatory, anthelminthic,
choleretic and as a kidney tonic [1,5,6,9].
As a result of pharmacological tests or clinical studies, the following actions were confirmed:
sudorific,diuretic, astringent, antimalarial, choleretic, antiulcer, photoprotective, anti-
inflammatory, antioxidant, hepatoprotective, emenagoga and sedative action. Have been
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reported good results in the treating of chronic dysentery, acute and chronic enteritis,
diarrhea, ulcerative colitis, bladder and kidney problems and some forms of cancer [1,8].

The plant is often associated with other plants [10]. By far, the most famous combination is
Averin’s tea [2,6].

Even if its use in medicine is very old, there are many unsolved issues. No consensus
regarding the optimum time for collection is established. Some authors indicate the period of
flowering, others budding and/or flowering [1,3], or just budding [5,6,9]. Some of them admit
the later collection, but only the side branches, with flowers buds [11], others are very strict
about insisting that the product collected after the beginning of flowering not possesses
curative properties [4]. The pickers from Moldova, which we managed to speak, testified that
the product was collected during flowering. This was evident by the aspect of plant product
which they sell.

In Romania the plant grows spontaneously and forms significant populations. It is very
common in moist places, on rivers and streams. But unfortunately in our country is
practically unknown. It is not enough studied and used.

For this reason we decided to collect native plant (during budding and flowering) to analyze
and compare the results with literature data and vegetable products from the pharmaceutical
trade of countries where it is used in therapeutic.

MATERIAL AND METHODS
The vegetal product was collected in lasi in the summer of the year 2011. The plant was
identified after macro- and microscopic characters [1,3]. The microscopic analysis was
performed with a microscope Celestron digital LCD Model #44340. The drying was
performed in our laboratory and, after that the vegetal product was subjected to successive
extractions with solvents of different polarities (chloroform, methanol and water). The
obtained extracts were analyzed using specific reagents [12]. To have a better view on the
chemical composition of the collected plant product we carried out a comparative analysis by
TLC. We prepared a 1:10 ethanolic extract for each analyzed sample. The extracts were
subjected to chromatographic separation. Two samples of Bidenstripartita from Romania
collected in budding and flowering phase were analyzed. For comparison we used three
commercial products representing Bidenstripartitacherba tea from different geographical
areas (one from Republic of Moldova and two from Russia — Moscow Region and Republic
of Karaceaevo-Cerkesia) and the results were compared.
The samples were noted as follows:
1. B. tripartita from Republic of Moldova (Depofarm)
2. B. tripartita from Moscow Region (Zdorov’e)
3. B. tripartitafrom Republic of Karaceaevo-Cerkesia (Fito-Bot)
4. B. tripartitafrom lasi collected during budding
5. B. tripartita from lasi collected during flowering
From each sample on the chromatographic plate were applied 10 plfrom the extractive
solution. For saponins and volatile oils the analyzed volume is 20 pl. The working conditions
are:
For coumarins:
- stationary phase - Silica gel G F254-precoated TLC plates (Merck, Germany);
- mobile phase: toluene / ether (1 /1, v/ v), saturated with 10% acetic acid;
- detection: UV (365 nm) before and after spraying the plate with 10% ethanolic
solution of KOH[13].
For flavones:
- stationary phase - Silica gel G F254-precoated TLC plates (Merck, Germany);
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- mobile phase: ethyl acetate / formic acid / glacial acetic acid / water (100 / 11/ 11/
26, v/vIvIv);
- detection: UV (365 nm) before and after spraying the plate with natural product
reagent (1% methanolicdiphenylboric acid-f-ethylamino ester) [14].
For anthracene derivatives:
- stationary phase - Silica gel G F254-precoated TLC plates (Merck, Germany);
- mobile phase: ethyl acetate / methanol / water (100 / 13.5 / 10, v/v/v);
- detection: UV (365 nm) before and after spraying the plate with 10% ethanolic
solution of KOHJ[15].
For polyacetylenes:
- stationary phase - Silica gel G F254-precoated TLC plates (Merck, Germany);
- mobile phase: n-hexane / ethylacetate / acetic acid (85 /25 /5, v/v/v);
- detection: UV (365 nm) examination [8].
For tannins:
- stationary phase - Silica gel G F254-precoated TLC plates (Merck, Germany);
- mobile phase: n-buthanol / glacial acetic acid / water (40 / 12 / 28, v/v/v);
- detection: spaying with 1% vanillin in concentrated HC1 [16].
For saponins:
- stationary phase - Silica gel G -precoated TLC plates (Merck, Germany);
- mobile phase: chloroform / methanol / water (61 /32 /7, v/v/v), [16];
- detection: visual examination of the plate, after spraying with anisaldehyde-sulphuric
acid reagent, and heated at 100°C for 5-10 min [15].
For essential oil compounds:
- stationary phase - Silica gel G -precoated TLC plates (Merck, Germany);
- mobile phase: hexane / ethyl acetate (9/ 1, v/v);
- detection: visual examination of the plate, after spraying with anisaldehyde-sulphuric
acid reagent, and heated at 100°C for 5-10 min [15].

RESULTS AND DISCUSSION
The main microscopic characteristics are shown in Fig 1.

Figure 1. The main microscopic diagnostic characters of leaf of Bidenstripartitae L.
Secretion ducts filled with dark red liquid (a), Simple hairs with thick cell walls (b), Simple
hairs with thin cell walls

The compounds found after the identification reactions are presented in Table 1.
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Table 1. Active compounds identified in B. tripartitaeherba collected in lasi

Phase Identified compounds
Chlorophormic | volatile oils, triterpenes, resin acids, flavones, anthracene derivatives
. tanins, saccharides, anthracene

Ethanolic .. . ; . .
derivatives, triterpenes,flavones,coumarins, antocianosides
anthracene

Aqueous derivatives,antocianosides,flavonosids,coumarins,saponosids,reducing
compounds,tanins,proteic compounds, polysacharides

In the chromatograms obtained
forcoumarins (Fig. 2) it can notice a
slight resemblance to all samples (for
nonspraying plate). Most of the spots
were appeared after the spraying.A
greater similarity is found for samples
1 and 5. Sample 4 have some
compounds that are found in sample 1
and others in sample 3.

Figure 2. The chromatogram for
coumarins. a). before spraying.
b) after spraying

In the chromatogram obtained for flavonoids (Fig.3.) the presence of the same spotswas
observed. Stands out the spot from the top of the plate at sample 3 (Rg= 0.84), not found in
other samples. You may notice a small trace amount of flavones in sample 2 and a clearly
higher concentration in the sample 4.

Figure 3. The chromatogram for flavones. a) before spraying-UV; b) after spraying-VIS; ¢)
after spraying-UV.
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After the chromatographic analysis for
anthracene derivatives (Fig. 4) the
similarity is observed for all samples
(except sample 2). The sample 2 does
not show any spot. In the sample 3 is a
spot (R=0.69) not found in other
samples.

Figure 4. The chromatogram for the
anthracenederivatives.a) after spraying-
VIS; b) after spraying-UV

a b c d

Figure 5. The chromatograms for polyacetylenes- UV (a), tannins (b), saponins (c) and
volatile oils (d).

In the chromatograms presented in Fig. 5.stands the differences in content of polyacetylenes
(Fig.5.a) both qualitative and quantitative. The tannins (Fig.5.b) show only quantitative
differences. The sample 2 is noticeably poor. The samples 4 and 5 are low in saponins
(Fig.5.c). The samples 3 and 4 are richer in volatile oils (Fig.5.d). Smaller quantities of
volatile oil from samples 1 and 2 would be due to the form of presentation (tea-bags); in the
sample 5, probably due later collection (flowering stage).

The results showed the Bidensherba vegetal product collect from Romania, generally
speaking, don’t present major qualitative different comparing with trade vegetal products.
The differences between vegetal products collected in budding and flowering phase are more
quantitative. Major differences present plant product derived from Moscow Region, Russia.
Given the assumption that all products marketed were collected and processed properly it can
be concluded that the differences in chemical composition due to the climatic conditions of
the habitats of plants. Plant product collected by us is much closer to the sample derived from
Moldova (especially the one collected in budding phase); even if sometimes occur in
common with that of Karaceaevo-Cerkesia.
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CONCLUSION

The similarities of the preliminary results obtained in this study allow us to say that the
B.tripartitaeherba collected in lasi has a similar chemical composition like the commercial
products we have found. So, this plant product can be used as a therapeutic for the same
indication as the commercial ones.We suppose that the differences between the analyzed
samples are due to climatic conditions of plants habitats. This encourages us to continue
further studies.
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SUMMARY

The nutritional quality of mushroom protein varies and is strongly affected by the relative
proportion of each amino acid. Thus, the purpose of this study was to estimate the
concentration of the amino acids present in mushroom proteins in order to evaluate the
protein nutritional value. In this investigation four field — collected mushroom samples of the
Tricholomataceae, family from various parts of Macedonia were included.. After acid
hydrolysis and pre — column derivatisation with phenyl isothiocyanate (PITC) determination
of seventeen amino acids was carried out by the HPLC method. Tryptophan was determined
spectrophotometrically in the alkaline hydrolisates. The dietary protein quality of the
investigated mushrooms was evaluated by comparison of the essential amino acid content
with the reference FAO/WHO pattern. Essential amino acids made up 45-74 % of all
determined amino acids depending on the origin and the species of the fruit body. Lysine was
the most often found limiting amino acid in the investigated mushrooms samples. The
nutritional value of proteins calculated by biological value, protein ratio, chemical score and
essential amino acid index was very high in the majority of mushrooms studied. The
biological value of the mushroom protein varied from 54.01 to 64.52 %. Protein amino acids
accounted for about 67.6 % of the total nitrogen, suggesting that practical nitrogen to protein
conversion factor for this Macedonian edible mushroom may be considered to be about 4.23
on average. Upon to the analysis and the obtained results of edible mushroom samples of the
Tricholomataceae, family, it can be concluded that edible mushrooms from genus Marasmius
contained medium quality proteins and from genus Tricholoma contained proteins with low
quality, required for the growth of a human organism.

Key words: Tricholomataceae, mushrooms, protein quality, amino acid content, HPLC

INTRODUCTION

Proteins are essential components of the diet needed for the survival of animals and humans.
Proteins’ basic function in nutrition is to supply adequate amounts of necessary amino acids.
The protein quality, an important part of nutritional or nutritive value of a food, depends on
its amino acids content. Most literature data consider edible mushrooms as a source of good
quality proteins [1,2]. In Macedonia many kinds of wild Tricholomataceae mushrooms have
acquired popularity as common food in addition to their usual use as condiments. No,
information is available so far on the protein content and quality of a great number of the
wide spread wild edible species in question. In order to establish the protein quality of
Macedonian edible Tricholomataceae mushrooms, it is desirable to determine their protein
content as well as to estimate the concentration of the amino acids present in their proteins. In
this way this report will provide information on these mushrooms from Macedonia,
distinguished for their protein content and great nutritional value.
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MATERIAL & METHODS

Samples

The present study comprised four species of Macedonian edible mushrooms from the
Tricholomataceae, family (of the Marasmius and Tricholoma genera). All the samples were
field collected in different areas of Macedonia in the course of 2007/09. Identification [3] of
the samples was confirmed by Prof Dr. M. Karadelev and voucher specimens were deposited
at the Macedonian collection of mushrooms which belongs to the Institute of Biology at the
Faculty of Natural Sciences in Skopje. After collecting, dry matter content was determined
immediately by drying at 105 °C and the remaining part was stabilized, dried and milled to
pass through a 0.2 mm screen. All the samples represent the whole mushrooms and were
analyzed in triplicate for the determination.

Protein determination

The level of total nitrogen was determined by the micro - Kjeldahl method [4], and percent
protein was calculated as % N x 6.25. By substraction of the water released during the amino
acid condensation from the total sum, the net (pure) protein content was calculated [5].
Amino acid analysis

Seventeen amino acids were determined by HPLC after acid hydrolysis with constant boiling
hydrochloric acid and pre — column derivatisation with phenyl isothiocyanate PITC [6,7]. A
Perkin Elmer (USA) HPLC equipped with Binary LC Pump (model 250), UV diode array
detector (model 235) set at 254 nm and Waters (USA) Pico-Tag column was used. A Mistral
thermostated oven (type 880, Spark Holland, The Netherlands) was used for maintaining the
constant column temperature at 38 +1°C. The amino acid content was calculated upon the
standard curve of amino acid standard H (Pierce I, USA). Amino acid standard H was
prepared and derivatised simultaneously with the samples.

The mobile phase consisted of aqueous buffer (0.14 mol L" sodium acetate, 0.5 mL L
triethylamine and titrated to pH 6.4 with glacial acetic acid) (Solvent A) and 60 % acetonitrile
in water (B) and the flow rate was 1.0 mL min". The gradient used for the separation
consisted of 10 % B traversing to 51 % B in a ten — minute use of a convex curve (No. 5). A
washing step was then programmed to 100 % B in order to clean any residual sample
components from the column.

Tryptophan was determined spectrometrically (Perkin — Elmer UV/VIS Lambda 16
spectrometer), after hydrolysis with 5 mol L™ NaOH according to Spies’ and Chambers’
method [8] modified by Shamanthaka [9].

Protein quality

The dietary protein quality of the investigated mushrooms was evaluated by comparison of
the essential amino acid content with reference FAO/WHO pattern of amino acid
requirements for pre-school children (two to five years) [10]. The lowest essential amino acid
being deficient is marked as the limiting amino acid.

Statistical analysis

Statistical data processing was carried out on Microsoft Excel 2003 software.

RESULTS & DISCUSSION
The Kjeldahl nitrogen content, protein data and dry matter contents of the four Macedonian
edible Tricholomataceae mushrooms, ranging from 6.80 (Tricholoma georgii, Berovo) to
10.33 % (Marasmius oreades, Veles), is relatively low when compared to other foods (11).
The average dry matter value of 9.08 is comparable with the theoretical value of 10 % dry
matter in mushrooms, which is always used in the literature data when this investigation is
not done. Kjeldahl nitrogen varied from 3.36 (Tricholoma terreum, Probishtip) to 7.81 %
(Tricholoma georgii, Berovo), which multiplied with the conversion factor 6.25 for proteins
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amounts to a 21.00 - 48.81 % protein. The fruiting bodies of the mushrooms contain a
number of unusual nitrogenous compounds which may interfere with the commonly used
Kjeldahl nitrogen analysis and imply higher protein content values for mushrooms than given
in the literature. The net (true) protein values were lower (14.88- 34.01 %), even through the
obtained protein content was still higher than that of most natural products. Tricholoma
georgii collected from Berovo (34.01 %) contained the highest net proteins levels, whereas
Tricholoma terreum from Probishtip was the poorest in net proteins (14.88 %). Net protein
nitrogen value compared with total nitrogen content was apparently different between species
and ranged between 14.88 and 34.01 %. Since the Kjeldahl method does not distinguish
between protein and non-protein nitrogen, the average value of 67.6 % protein nitrogen and
practical nitrogen — protein conversion factor 4.23 might be used for evaluation of the net
protein content in the Macedonian edible Tricholomataceae mushrooms. This coincides with
Ogawa’s [12] results of 65 % protein nitrogen in mushrooms from Japan and Stankeviciene’s
[13] value of 69.8 % protein nitrogen for Lithuanian mushrooms.

The dry matter content in the investigated mushrooms samples is not significantly correlated
with the total nitrogen (p>0.05; t=0.03) and net proteins content (p>0.05; t=0.02),
Mushrooms with closed values of dry mater very often differ in the proteins values.

Table 1. Dry matter, Kjeldahl nitrogen, crude and net protein content in the investigated
mushrooms samples (% dry mass)

Sample (location) Dry matter Nitrogen | Crude protein Net protein
(N x 6.25)

Tricholoma albobruneum

(Probishtip) 9.70 4.01 25.06 16.64

Tricholoma terreum

(Probishtip) 9.50 3.36 21.00 14.88

Tricholoma georgii 6.80 7.81 48.81 34.01

(Berovo)

Marasmius oreades 10.33 6.43 40.19 25.85

(Veles)

The amino acid composition of the four investigated Macedonian edible mushroom samples
from Tricholomataceae, family is presented in Table 2 and 3. All of the eighteen investigated
amino acids, including the essential ones, were present in all mushroom proteins. Among
amino acids, threonine alanine, arginine, cysteine and aspartic acid predominated. These data
coincide with Fujita’s [14] assumption that aspartic acids and alanine are the most abundant
amino acids constitutive of mushrooms proteins. Among amino acids, tryptophan was present
in the lowest amount, but still meeting the tryptophan requirements. Some authors [15] state
that mushrooms are good sources of this amino acid and report the value of 11-20 g kg™
protein, which is in agreement with our average tryptophan value of 11.35 g kg™ protein. The
lowest concentration of total amino acids of 17.30 % was found in Tricholoma terreum from
Probishtip and the highest amino acids concentration of 39.53 % was found in Tricholoma
georgii from Berovo. The amino acid pattern was different in all studied samples, but the
quantitative ratios were identical in mushrooms of the same genus. The content of aromatic
amino acids in all investigated samples was constistent at about 3.13 % (Tricholoma
albobruneum, Probishtip) to 9.75 % (Marasmius oreades, Veles) of the total amino acids.
The average value of 6.66 % aromatic amino acid found in this report was lower than that
reported by Vetter [16] in mushrooms of various Russula and Agaricus species (10.8 % on
average).
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Table 2. Amino acid content (% dry mass)

Sample

. Asp | Glu | Ser | Gly | His | Arg | Thr | Ala | Pro | Tyr | Val |Met|Cys2| Ile | Leu | Phe | Lys | Tr
(location) P Y £ Y Y P

Tricholoma
albobruneum  |0.37]0.67(0.18/0.23]0.39]0.65[0.40|2.19]0.70|0.42 | 10.64 |0.22|0.85]0.29[0.42|0.18]|0.31{0.23

(Probishtip)

Tricholoma
terreum 3.58(1.15/0.61/0.87]0.94|2.40|1.05]0.39]|0.44|0.91| 0.78 |1.24|1.68(0.43]0.28]|0.23(0.21]0.11

(Probishtip)

Tricholoma
georgii 4.38(2.68(0.69(1.95|3.50|1.54|3.78(6.70|0.82(2.30| 1.22 [2.46|2.83|2.06|0.91|0.54(0.61{0.56
(Berovo)
Marasmius
oreades (Veles)

2.50/1.05{0.49{1.28|1.11|0.84{0.36(1.13(6.88|2.19| 1.34 |1.14|4.86|2.10|1.08|0.74|0.75|0.20

The average sulphur amino acids content of 14.4 % of the total amino acids in the
mushrooms analyzed was higher if compared with average value of 4.6 % found by Vetter
[16]. Acid amino acids accounted for 5.43 % of total amino acids in Tricholoma
albobruneum from Probishtip to 27.34 % in Tricholoma terreum from Probishtip. The
content of heterocyclic amino acids varied in concentration limits from 3.18 % (Tricholoma
terreum, Probishtip) to 23.57 %  Tricholoma terreum  (Probishtip).  Aliphatic
monoaminomonocarbonic amino acids proved to be more abundant than other investigated
amino acids and were present in 41.19 % on average. Overall differences in regard to the
content of each amino acid per net protein (Table 3) could be noticed in different investigated
samples. This confirmed to the fact that amino acid content depends on botanical origin.
Comparison with other food proteins [17] of vegetable (wheat, potato, tomato, banana) and
animal (beef, milk) origin indicated that mushroom proteins have a higher proportion of
glycine, arginine, threonine, alanine, tyrosine, methionine, cysteine and isoleucine and a
lower proportion of serine, phenylalanine and lysine. An increase in the proportion of eight
amino acids in comparison with a decreased proportion of three amino acids still reflects the
high nutritive value of mushroom proteins. The average net protein value of 22.84 % in
Macedonian edible Tricholomataceae mushrooms (Table 1) was higher than that in vegetable
food (3.9 % banana, 12.4 % tomato) and lower than that in food of animal origin (24.9 %
milk, 70.0 % beef meat).

Table 3. Amino acid content in net proteins (g per 16 g of N i.e. per 100 g net protein)

Sample (location)| Asp |Glu|Ser|Gly| His | Arg | Thr | Ala | Pro | Tyr | Val | Met (Cys2| Ile |Leu|Phe|Lys|Trp

Tricholoma
albobruneum 2.22 (4.03(1.08|1.38| 2.34 | 3.91 | 2.40 (13.16| 4.21 | 2.52 (63.94| 1.32 | 5.11 |1.74|2.52|1.08|1.86(1.38

(Probishtip)

Tricholoma
terreum 24.06(7.73(4.10|5.85| 6.32 [16.13| 7.06 | 2.67 [ 2.96 | 6.11 | 5.24 | 8.33 |11.29(2.89|1.88|1.54(1.41|0.74

(Probishtip)

Tricholoma

. 12.88(7.88/2.03(5.73|10.29| 4.53 |11.11[19.70| 2.41 | 6.76 | 3.59 | 7.23 | 8.32 [6.06[2.67|1.59|1.79|1.65
georgii (Berovo)

Marasmius

9.67 [4.06]1.894.95( 4.29 | 3.25 | 1.39 | 4.37 |26.61| 8.47 | 5.18 | 4.41 |18.80(8.12/4.18|2.86(2.90(0.77
oreades (Veles)
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By comparing the obtained amino acid values from four species of Macedonian edible
mushrooms from the Tricholomataceae family with the proposed FAO/WHO protein pattern
[10], the following parameters were calculated and are presented in Table 4: E:N (ratio of
essential to non essential amino acid), E:T (ratio of essential to total amino acids), E:P (ratio
of essential to proteins), BV (biological value), PER (protein efficiency ratio), A/T (chemical
score), EAAI (essential amino acid index), LAA (limiting amino acid) and X (percent
limiting amino acid storage).

Table 4. Protein nutritional parameters

Sample (location) E:N | ET E:P | BV PER | A/T |EAAI |LAA | X
Tricholoma albobruneum | 5 o7 | 74 | 086 | 58.96 | 1.59 | 32.12 | 0.84 | Lys | 67.88
(Probishtip)

Tricholoma terreum

(Probishtip) 0.83 | 045 | 0.53|54.01 | 1.34 | 2431 | 0.68 | Lys | 75.69
Tricholoma georgii 1.11 | 052 | 0615817 | 1.55 | 30.86 | 0.68 | Lys | 69.14
(Berovo)

Marasmius oreades 1.12 | 053 |0.61|64.52 | 1.87 | 40.88 | 0.65 | Thr | 59.12
(Veles)

Literature data [10]

Beaf meat 70-80 % 85.00 [2.90 |73.20 26.80
Wheat flour 57.50 | 1.50 | 29.80 70.20
soybean 59.90 | 1.60 | 33.50 66.50

*E:N (ratio of essential to non essential amino acid), E:T (ratio of essential to total amino
acids), E:P (ratio of essential to proteins), BV (biological value), PER (protein efficiency
ratio), A/T (chemical score), EAAI (essential amino acid index), LAA (limiting amino acid)
and X (percent limiting amino acid storage)

The results show that E:N, E:T and E:P ratios were highest in Tricholoma albobruneum from
Probishtip and lowest in Tricholoma terreum from Probishtip. The biological value of the
investigated mushrooms fluctuated from 54.01 % (Tricholoma terreum, Probishtip) to 64.52 %
Tricholoma terreum (Probishtip). Compared to the recent FAO reference pattern [10], lysine was the
most limiting essential amino acid in the Macedonian edible Tricholomataceae mushrooms.
According to the PER (1.5-2 PER) three samples of Tricholomataceae mushrooms have
medium - quality proteins. Low - quality proteins (<1.5 PER) were estimated in Tricholoma
terreum from Probishtip. Nutritional value parameters [10] for some other proteins such as
that for 70-80 % wheat flour, soybean and beef meat were used comparatively (Table 4).
According to the BV parameter, the data indicated one of four investigated mushroom
proteins were of higher quality than the soybean protein, which is in all literature reports
marked as having a nutritional value similar to that of animal proteins [2]. However, this did
not apply to the EAAI value. Marasmius oreades from Veles showed the highest biological
value, but the EAAI value is not highest, because the EAAI value calculation includes all the
essential amino acids ratios compared to BV where only the lowest amino acid ratio is
included. The EAAI values showed that in the investigated wild Macedonian edible
Tricholomataceae mushrooms, all the essential amino acids, except the limiting one, were
present in quantities meeting dietary requirements.

CONCLUSION
Due to their botanical origin, the amino acid content and protein nutritional parameters of the
investigated wild Macedonian edible Tricholomataceae mushrooms showed considerable
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differences. Macedonian edible mushrooms, when compared to other food sources, contain
greater protein quality and represent a good protein food source.

Nitrogen to protein converting factor of 4.23 was obtained for the investigated Macedonian
edible Tricholomataceae mushrooms.
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SUMMARY
Vitamin C (L-ascorbic acid) is water soluble vitamin with strong reducing action and it is
important coenzyme for internal hydroxylation reaction e.g. collagen.
The increasing use of pharmaceuticals and other natural samples containing vitamin C has
meant that the practising chemists should develop analytical procedures for its determination
that are simple to operate, rapid, accurate, sensitive and selective.
In our study determination of ascorbic acid (AA) is based on the measurement of decreasing
of the fluorescence intensity of methylene blue (MB) due to the reaction between AA and
MB, where MB is reduced to colourless leuco-lethylene blue (LMB) and AA is oxidized to
dehydroascorbic acid (DHAA).
The fluorescence bands of MB were obtained at 635 nm for excitation and 694 nm for
emission peaks. A linear relationship was obtained between the decreasing fluorescence
intensity and the concentration of AA in the range of 1x10° — 5x10” mol/dm’ with
correlation coefficient of 0.9905. This method was applied in various farmaceutical samples.

Keywords: ascorbic acid, spectrofluorimetric method, methylene blue.

INTRODUCTION
Vitamin C (L-ascorbic acid) is a water-soluble vitamin and a very important essential
nutrient. This vitamin has a vital importance in processes of oxidation and reduction in
human organism. Ascorbic acid (AA) is important coenzyme for internal hydroxylation
reaction. AA is needed for the growth and repair of tissues in all parts of the body and it
protects cell from oxidants attack, where AA reversibly oxidise to dehydroascorbic acid
(DHAA).
AA is included in functions of central nerve system and has a role in other vitamins
protection (vitamin E and vitamin A) from oxidants attack. Many analysis have shown that an
adequate intake of vitamin C is effective in lowering the risk of developing cancer. A lack of
vitamin C in the diet causes the deficiency disease, scurvy [1].
The increasing use of pharmaceuticals and other natural samples containing vitamin C has
meant that there should be developed an analytical procedure for its determination which is
simple to operate, rapid, sensitive and selective.
There are many methods that are used for the quantitative determination of vitamin C [2, 3, 4,
5]. Although some methods are available for determination of AA but just few methods are
used for determination of both forms of ascorbic acid (AA and oxidized form, DHAA). This
is because two forms of the vitamin C possess different chemical, optical and electrochemical
properties. In the colorimetric and fluorimetric methods, AA is oxidized to DHAA and then
reduced with a chemical reagent to form a colored or fluorescent compound. In this study, the
determination of AA is based on the measurement of decreasing fluorescence intensity of
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methylene blue (MB) due to reaction between AA and MB, where MB is reduced to
colourless leuco-methylene blue (LMB) and AA is oxidized to DHAA.

This method allows us to determine the amount of AA in the purified materials, including
vitamin C tablets.

MATERIAL & METHODS
Luminiscence Spectrometre LS 55 Perkin Elmer was used to record spectra and carry out
fluorescence measurements. All used chemicals were of analytical reagent grade.
Preparation of AA: A stock solution of 0.1 mol/dm’® AA was prepared daily no more then 3h
before experiment by dissolving 440 mg of AA (Merck) in 25 mL distilled water. Working
solutions of lower concentration were prepared by appropriate dilution with distilled water.
All solutions were kept in dark.
Preparation_of MB: Solution of 4x10™* mol/dm® MB was prepared by dissolving the
appropriate amount of the MB (Merck) in 100 mL distilled water.
Preparation of samples: Investigated samples were powdered, and appropriate amount of
samples was weight accurately and dissolved in 25 mL distilled water. The final solution was
centrifuged and supernatant was used for further analysis.
If there was an interference by the presence of citric acid it was carried away by reaction with
calcium hydroxide.
Measuring: Appropriate amount of sample solution was diluted with 0.5 mL. 1 M HCI, 125
pL 4*10* M MB and distilled water in 10 mL volume flask. The investigated samples were
measured by fluorimetric method.

RESULT & DISCUSSION
The fluorescence bands for MB were obtained at 635 nm for excitation, and 694 nm for
emission peaks (Figure 1.). Dilgin and Nisli also obtained excitation band at 664 nm and

emission band at 682 nm [6].
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Figure 1. The fluorescence spectra of methylene blue.
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Optimisation of concentration of HCI was investigated in range of 0.1 — 0.9 mol/dm’ (Figure

2.).
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Figure 2. The fluorescence spectra of 10™* M ascorbic acid and HCI1 (emission spectra Aey, =

relative fluorescence intensity

694 nm) depending on HCI concentration.
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Figure 3. The fluorescence spectra of 10™* M ascorbic acid and MB (emission spectra Aey =
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From the Figure 2 it can be seen that fluerescence intensity increase with decrease of
concentration of HCI. As optimum concentration 0.1 M HCI was chosen.

Optimisation of concentration of MB is chosen by recording spectra of MB in concentration
range of 1x10” — 1x10” mol/dm” (Figure 3.).

From the Figure 3 it can be seen that fluorescence intensity increase with increase of MB
concentration. As optimum concentration 5x10° M was chosen because it gave the highest
fluorescence intensity.

Proposed method is based on the redox reaction between AA and MB, AA was oxidized to
DHAA, while MB was reduced to colourless LMB (Figure 4).
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Figure 4. Reaction of MB with AA

The calibration curve for AA was establish by plotting the fluorescence intensity versus the
concenration AA (Figure 5).
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Figure 5. Calibration curve — relative fluorescence intensity was measured after 5 minutes for
different concentrations of AA.

From the Figure 5 it can be seen that linear relationship was obtained between the decreasing
fluorescence intensity and the concentration of AA in the range of 1x10® — 5x10° mol/dm’
with correlation coefficient of 0.9905. Each spectrum was recorded at 5-min intervals.
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Detection limit was 1.48x10™* mol/dm’. It was established measuring intensity 5 times using
AA concentration 5x10° mol/dm’. Reproducibility was 5.45 % and it was established
measuring intensity 10 times using AA concentration 5x10™* mol/dm”.

This method was applied in various pharmaceutical samples of vitamin C.

Interference study was made by analysing the effect of citric acid on the determination of
ascorbic acid (Figure 6.).
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Figure 6. Interference study — Influence of different concentrations of citric acid on
determination of AA

The experimental results showed that the presence of certain amount of citric acid had
significant influence on the determination of AA. Considering that samples were
pharmaceuticals, citric acid was separated as an interfering substance, using calcium
hydroxide. After making final solutions, if there is presence of citric acid, calcium hydroxide
was added, which with citric acid form a calcium citrate, which was removed from solution
by filtration [7].

Results are shown in Table 1.

The results in Table 1 show good agreement between amount of vitamin C in the investigated
samples that was established using proposed method and amount of vitamin C (mg) given on
the lable. Recovery of the results obtained with proposed method was between 90.17 % and
104.93 % with RSD value ranging from 0.32 % to 9.93%. The results show that eight
investigated samples show recovery values in the range of 94,81% and 104,93 %, and RSD in
the range of 0.32 % to 5.22 %. Minor aberration of two investigated samples (Alkaloid and
Gesunde Plus) with recovery value of 90.17 % and 92.24 %, could be caused by the product
life of some samples. It is also known that AA concentration vary with conditions such as
temperature and the storage period, and it could also be reason for lower content of vitamin C
obtained by proposed method. Comparing to the some other methods such as titrimetric and
spectrophotometric, this method is simple, sensitive, fast, and low cost and could be used for
the determination of AA in tablets of vitamin C.
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Tabele 1. Content of AA in pharmaceutical samples

Sample of vzta.mm C Value of vitamin C Amount of vitamin C
tabletes from different mg/1 tablet
. (mg)/1 tablet
supliers on lable
Kriiger (180) 179.69 £ 0.57 180
Sensilab (180) 170.67 £ 3.58 180
SchneeKoppe (180) 183.07 £ 18.18 180
Gesunde Plus (240) 216.40 £9.87 240
Sunlife (180) 188.88 £9.87 180
Biofar (1000) 956.47 £27.19 1000
PlivitC (500) 479.53 £11.97 500
Alkaloid (500) 461.22 £44.31 500
Galenika (500) 519.83 £12.28 500
Cvit — Bosnalijek (500) 512.82 +£17.89 500
CONCLUSION

The proposed method provides a simple and sensitive fluorimetric procedure for
determination of AA with MB. This spectrofluorimetric method for determination of AA
using MB is faster and more sensitive then the simple UV-spectrophotometric method [8].
The proposed spectrofluorimetric method can be used for determination of vitamin C in
tablets as in other biological samples too.
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SUMMARY

Ascorbic acid (AA) occurs in different concentrations in a variety of natural samples. In this
study we present spectrophotometric determination of AA in different fruits and vegetables.
Method was based on the reaction of AA with highly coloured methylene blue (MB) where
MB is reduced to colourless leucomethylene blue (LMB) and AA is oxidised to
dehydroascorbic acid (DHAA). The reaction has been followed spectrophotometrically by
measuring the decrease in the absorbance of MB at 665 nm. A linear relationship was
obtained between the decreasing absorbance intensity and the concentration of AA in the
range of 0.001-0.05 molL™" with correlation coefficient of 0.9983. The proposed method is
simple, safe, inexpensive and rapid. The obtained results were compared with titrimetric
method.

Keywords: ascorbic acid, spectrophotometric method, titrimetric method, methylene blue.

INTRODUCTION

Ascorbic acid (AA, 2,3-endiol-L-gulonic acid-y-lactone) or vitamin C is water-soluble
vitamin that participate in many of the chemical reaction in the body. The principal
compound with vitamin C activity that is found naturally is L-AA [1]. As humans are not
able to synthesize ascorbic acid, they are dependent on their dietary intake. The dietary
sources of vitamin C are fruits and vegetables, especially in fresh forms. The most important
reducing property of ascorbic acid in biological systems is the radical chain terminating
reaction Vitamin C’s role as an in vivo antioxidant has received much attention over the past
decades. Methodology has advanced from the bioassay to instrumentally advance
spectrophotometric, fluorometric, electrochemical, and chemiluminescence methods.

The aim of this study was to establish spectrophotometric method for the determination of
AA in some fruits and vegetables using methylene blue (MB), which is a water-soluble
cationic dye molecule that has been widely studied since its synthesis. It is easely reduced to
the colorless hydrogenated molecule leucomethylene blue (LMB), by a variety of agents and
one of them is AA [2]. Results were compared with iodometric titration.

MATERIALS & METHODS
Samples
Fourteen different fruit and vegetable samples were analyzed. Samples were found in local
supermarkets fresh and shade dried.
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Reagents and Materials

L(+)-Ascorbic acid; citric acid monohydrate; starch and methylene blue were purchased from
Merck, acetic acid (glacial) and potassium iodide from Semikem, iodine resublimisan from
Zorka. All used chemicals were of analytical grade.

Preparation of solution

lodine solution (0.005 mol L™). 2 g of potassium iodide and 1.3 g of iodine added into the
100 mL beaker and dissolved. This solution is diluted ten times. The concentration of
prepared iodine solution was more accurately determinated by titration with a standard
solution of AA.

Starch indicator solution (0.5%). 0.25 g of soluble starch added to 50 mL of near boiling
water. It was stired to dissolve and cooled before using [3].

Preparation of Samples

Samples for the analysis were prepared the same way whether they're fresh or shade dried.
Samples (5g) were coarsely powdered and it was added glacial acetic acid (2 mL) then
filtered and the volume made up to 100 mL with distilled water. Samples were not
centrifuged. The samples were analyzed both methods, spectrophotometric and titrimetric in
very short time because of the AA instability.

Preparation of Standard Curve

Standard of AA was disolved in distilled water and concentration of stock solution was 0.1
molL™". This stock solution was used to prepare required dilutions containing 0.001, 0.005,
0.01, 0.025, 0.05 molL".

Titration condition

The procedure for titration of AA: 10 mL of sample, 50 mL of water and 1 mL of 0,5% starch
solution was titrated with iodine solution All samples were analised as triplicate.
Spectrophotometry conditions

The spectrophotometric study was carried out with Perkin Elmer UV/VIS Spectrometer to
determine the amounts of AA in fruits and vegetables. Fifty microliters of sample and 125 pL
of MB (c=0,004 mmol/L) solution were diluted up with distilled water to 10 mL. Decreacing
of absorbtion was measuered at 665nm. A linear relationship was obtained between the
decreasing absorbance intensity and the concentration of AA in the range of 0.001-0.05 mol
L. All analysis was carried out in triplicates. Reaction mechanism of MB with AA is given
by Figure 1 [4].

/
N
X HO

/ + e

. H
(H30),N s N(CHg), ©

CH,0H
HO
Methylene blue (MB) J Ascorbic acid (AA)
| /
'L O
0O
+
o™ H
S
(H3C)2N ’I‘J(CH 3)2 CH,0H
H HO
Leucomethylene blue (LMB) Dehydroascorbic acid (DHAA)

Figure 1. Reaction mechanism of MB with AA
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From the Figure 1 we can see that this reaction is based on the reaction between AA and
highly coloured MB where MB is reduced to colourless LMB and AA is oxidised to
dehydroascorbic acid (DHAA).

RESULTS & DISSCUSION
For the investigation of absorption maximum, different concentration of MB in the range of
0.004 to 0.025 mmolL" were used. It was found A=665 nm (Figure 2).

1,2

1 B
. 0.8 z e C(MB)=0.004mmoliL
E - % —=—c{MB)=0.009mmaliL
5 —= C{MBI=0.015mmaol/L
2 04 e ¢(MB)=0.025mmaoliL

0,2

0

400 500 600 700 500

Wavelength {nim)

Figure 2. Absorption maximum

As it can be seen from the Figure 2 the intensity of absorbace increase with increase of
concentration of MB. As optimum concentration of MB was chosen 0.004 mmolL" , because
it gives the highest absorption intensity.

The standard curve for AA was prepared for concentration versus the decreasing absorbance
intensity (Table 1. and Figure 3.)

Table 1. Concentrations and absorbances of standard solution of AA

¢ (mol L) A
0.001 0.2646
0.005 0.2623
0.010 0.2543
0.025 0.2378
0.050 0.2096
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Figure 3. Standard curve of AA

The calibration curve for AA exhibite linear range from 0.001-0.05 mol L", with good
corelation coefitient of 0.9983.

In the Table 2. are given results of content of AA in different investigated samples. Content
of AA in fourteen different samples of fruits and vegetables are ranged from 5.43 mg/100g to
51.24 mg/100g for the spectrophotometric method and from 5.35 mg/100g to 57.95 mg/100g
for the titrimetric method. The highest content is in orange (both methods) and the lowest
content is in the sample of banana (both methods).

Table 2. Quantitative results of AA in fourteen different samples by two methods.

Spectrophotometric  Titrimetric method
Samples method (mg/100g of sample)

(mg/100g of sample)

1. Banana 5.43 +0.29 5.36 £0.21

2. Pear 7.83 £0.19 12.46 £0.11

3. Apple (1) 9.78 £0.04 9.46 £0.29

4. Apple (2) 11.44 £0.07 9.38 £0.18

5. Grapefruit 12.21 £ 0.89 14.68 +0.18

6. Kiwi 14.37 £0.09 12.49 +0.30

7. Lime 19.21 £ 0.69 17.35+0.29

8. Juniper (shade dried) 20.67 £ 1.96 19.58 £ 0.92

9 Lemon 23.89 £ 1.59 22.51+£0.22

10.  Potato 25.76 £ 0.07 8.83 +£0.30

11.  Cranberry (candied) 27.05+£0.42 24.57+£1.22

12.  Cranberry (shade dried) 27.21 £0.59 23.33+£1.30

13.  Spinach 30.26 £ 1.16 24.03 £0.21

14.  Orange 51.24 £0.59 57.94 +0.17

A lot of scientific papers about investigation of content of vitamin C in different kind of fruits
and vegetables were published. Okiei et al. (2009) were investigated AA levels in the red
apple (12.72 mg/100 g), green apple (11.73 mg/100 g), yellow apple (11.73 mg/100 g),
banana (15.00 mg/100 g), lime (56.57 mg/100 g) [5]. Pfendt et al. (2003) were publish
determination of content vitamin C in some fruits and vegetables: orange (43.42 mg/100 g),
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lemon ( 34.24 mg/100 g), grapefruit (43.33 mg/100 g), kiwi ( 42,26 mg/100 g) [6].
Aydogmus and Cetin (2002) reported the determination of AA in fruits and vegetables, and
results were 48 mg/100 g in lemon, kiwi (79.9 mg/100 g), spinach- cultivated (80 mg/100 g),
spinach- purchased (19.0-52.0 mg/100 g) [7].Accoding to Combs (2001) content of vitamin C
in potato was 19-20 mg/100 g, juniper (25-30 mg/100 g), cranberry (10-12 mg/100 g), pear (4
mg/100 g) and banana (9 mg/100 g) ( [8].

There are significant differences in the value of AA investigated and published by many
researchers. Obtained value of AA are different since content depends of many factors, such
as climate, conditions as light and temperature and the storage period on preservation.
Vitamin C content slowly decreases with temperature and storage period of fruits and
vegetables [9].

Citric acid that is present in many vegetables and fruits, and was interfered by the
spectrophotometric determination of AA in lemon, grapefruit and lime. Citric acid stabilize
ascorbic acid. Its influence on AA determination is shown in Figure 4.

0,35
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L, 025
= —— C(CA=0.00TM;
g 0 CEAAI=0.01M
B 015 - e (CAY=C{AA)=0.01M
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U —— C{CA)=0.01M;
¢ {AAT=0.001 M
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Figure 4. Influence of citric acid on determination of AA

That influence is more strongly expressed if the concentration of citric acid is approximately
equal to the concentration of AA in the investigated solution. Citric acid has no influence on
titrimetric determination of AA in vegetables and fruits. It is possible to remove citric acid
from the solution using calcium hydroxyde. Citric acid with calcium hydroxyde combine to
form a calcium citrate, which was removed from solution by filtration [10]. Because of the
citric acid influence in three samples (grapefruit, lime and lemon) results were higher than
those after citric acid was eliminated from solution. After citric acid was removed from
solution results were allied to titration results. Results are given in Table 3.

Table 3. Quantitative results of AA before and after citric acid was removed

Spectrophotometric Spectrophotometric Titrimetric method
Samples method, before citric method, after citric acid (mg/100g of sample)
acid elimination elimination (mg/100g)
(mg/100g)
1. Grapefriut 22.39+1.36 12.21+0.89 14.68+0.18
2. Lime 29.76+1.02 19.21+0.69 17.35+0.29
3. Lemon 23.89+1.59 22.48+1.28 22.51+0.22

Page 114 27™ - 31% May, 2012. Subotica, Republic of Serbia




Proceedings of the 7" CMAPSEEC

From the obtained results we can see good correlation between two methods for all
investigated samples except for the potato. The reason for the low correlation between two
methods used in potato sample could be high content of polysaharide starch. Since iodometric
titration used starch as indicator, it could be possible that remove starch from the investigated
sample was not completly and the end point in the titration method was achived much
earlier. So obtained result of content od vitamin C was much lower that with
spectrophotometric method.

O Spectraphotometry
| Titration

Caontent of A% (rmof1 00rmg)

12 3 4 5 B 7 8 91011121314

Humhber of samples

Figure 5. Results comparation by two different methods
1. Banana, 2. Pear, 3. Apple (1), 4. Apple (2), 5. Grapefruit, 6. Kiwi, 7. Lime, 8. Juniper, 9. Lemon, 10. Potato,
11. Cranberry (candried), 12. Cranberry (shade dried), 13. Spanach, 14. Orange.

CONCLUSION
Spectrophotometric method has been chosen for this study as it has been widely applied in
determinig the AA contents in biological samples. Applied procedure detects L-ascorbic acid
form of vitamin C. The results showed the fruits and vegetables are good source of vitamin C.
Results obtained by two presented methods are in good correlation.
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SUMMARY

Plant species and its fruits choosed for our experiments (highbush blueberry - Vaccinium
corymbosum L.; elderberry - Sambucus nigra L. variety Hachsberg; chokeberry - Aronia
melanocarpa Wild. variety Nero and grapevine - Vinis vitifera L.) are rich in anthocyanins.
Scientists have begun to realise the potential of anthocyanins as compounds of industrial
importance, both as pigments in their own right and also as pharmaceuticals during last
decades. Our research was focused on determination heavy metals, pesticide residues and
radioactivity as an important environmental factors influenced development of selected fruits.
Different ecological condition can caused differences in qualitative and quantitative
properties of anthocyanins. Results of our investigation are as follows. Content of heavy
metals at all samples determinated by AAS were under limit according to the Regulations
from the Ministry of Healthy Service in Slovak Republic. Value of radioactivity was in
hygienic convenient standard and pesticide residues reached minimum of the limit for Slovak
Republic.

Key words: Anthocyanins, heavy metals, radioactivity, pesticide residues, fruits

INTRODUCTION
Xenobiotics have been the important and complex environment problems for the long time.
They have caused a pollution of air, soil and water. Scientists divided them into two groups -
inorganic (heavy metals) and organic components (pesticide residues). Usually they are not
the natural origin and their quantity in ecosystem can operate from unhealthy to toxic. The
largest catastrophe in history was in Chernobyl, Ukraine, on April 26™ 1986. The
radioactivity had been affected vegetation in the Slovak Republic even if the Chernobyl crash
was many years ago. The agriculture commodities and medicinal plant exported to the West
European countries was conditioned by the certificates of radioactivity determination
(galamon — Haban, 2004). Measurments of 134Cs mass radionuclide activity at medicinal
plant have carried out by Salamon (2001). It was determined that radioactivity of individual
medicinal plant species are dependent on time and exposure in a space (Salamon, 2001;
Kirchner, Daillant, 2002). The medical quality and effect of selected plants depend on the
environment conditions, which influence directly grow of plants and the process of creation
secondary metabolites. At the same time, there are some changes in chemical composition
(presence or absence of some component, or the content varies) (VeliCkovi¢ et al., 2002). It is
very important to determine the hazard values and compare it with the regulation on the
highest permissible toxic effects in food, which are notified by the Slovak legislation. Plants,
selected for our research, are rich at antocyanins. They were collected in different localities in
Slovak Republic. Key functional hypotheses of anthocyanins include protection of
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chloroplasts from the adverse effects of excess light; attenuation of UV-B radiation; and
antioxidant activity. Interactions between anthocyanin pigments and other flavonoids or other
phytochemicals accumulating within a plant contribute significantly to the ability of natural
plant extracts (ingested as food or pharmaceutical product) to protect human health or
mitigate disease damage (Gould et al., 2009).

The aim of this contribution was to determinate heavy metals, pesticide residues content and
radioactivity in fruits of selected plants, as a potential risks of environmental toxicity.

MATERIAL AND METHODS
Plant material
Plant material was collected in different localities - highbush blueberry (Vaccinium
corymbosum L.) in location Kriva - Orava region, elderberry (Sambucus nigra L.) variety
Hachsberg in cultivation area in the village Lesné, Michalovce, chokeberry (Aronia
melanocarpa Wild.) variety Nero in cultivation area in the village PozdiSovce, Michalovce,
grapevine (Vinis vitifera L.) varieties Frankovka and Cabernet Saugvinon. The fruits of this
species were used for the analysis.
Chemicals and analysis
Chemical analysis required HNO; (65%) and H,O, (30%) available in our laboratory
purchased from Sigma Aldrich, Bratislava, Slovakia. Standards were supplied by Ultra
scientific, Poland. 2 % solution of HNOj3 and deionized water with the conductivity <0,1uS
was used for stabilization of extracts.
Mineralization for determination heavy metals in fruits was realized by Speedwave 2 Berghof
(AAS), voltage ~ 230V, frequency 50/60 Hz, input power 1610W, magnetrone frequency
2450MHz. Pressure vessels DAP-60K, volume 60 ml, maximum pressure 40 bar, maximum
temperature 230 °C, maximum amount <300mg, minimum volume of acids >5ml.
Atomic absorbtion spectrophotometer (AAS 7000) Shimadzu fully automatic dual-purposed
instrument with 3D-optic system, automatic 6-lamps holder, background correction with D-
lamp with SR-correction of spectral interferences. Software includes default operating
parameters for oven and for all elements and standards. Thermal stablity of dual-purposed
system is for 2 ppm Cu and 600 measurements relative standard deviation < 1 %. Low cross
contamination, max. 10, mikrosampling for lower than 100 pl.
For mineralisation in AAS there was weighted 0,3 g of each sample - blueberry, elderberry,
chokeberry, grapevine. The pressure vessels DAP-60K was filled with this amount, than was
added 5 ml HNOj3 (65%) and 2 ml H,O, (30%). Temperature program beginning at 0 °C
continue 8 °C/min to 75 °C (9 min), then temperature increased into 120°C (5 min) and 192
°C. The last fase was finishing mineralization by temperature decrease into 75 °C/10 min.
The samples were cooled in room temperature. After that 1 ml of mineralized samples was
taken and refilled into 100 ml with 2% solution of HNO3 and deionized water. Finally, the
measurements of Cd, Ni and Pb amount by AAS (A = 226,502 nm for Cd, A = 231,604 for Ni
and A =220,351 for Pb) was done. The pesticide residues were determined by the GC-method
with an application of equipments type Varian Star, model 3,400, and Varian Star, model
3,800; the detector ECD after plant sample arrange. Most components were identified from
their GC retention indices compared with standards. All these chemical analysis were carried
out in the Ecological and Veterinary Laboratories in Spisska Nova Ves, Slovakia. The
quantity values of pesticide residues obtained in plant materials were compared with the
highest permissible concentrations according to the Regulation No. 14/1996 from the
Ministry of Healthy Service in Slovak Republic. The fruits of selected plants were used to
determination the mass radio-nuclide activities. The gama-spectrometric determination by the
HPGe detector with using of Cesium ("**Cs) radio nuclide was carried out at the Special State
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Health Institute, Department of Health Protection against the Radioactivity in Banska
Bystrica, Slovakia. The quantity values of radioactivity obtained in these plant materials were
compared with the highest permissible concentrations according to the Regulation No.
12/2001 from the Ministry of Healthy Service in Slovak Republic

RESULTS AND DISCUSION
Heavy metals have ecological toxic effect and high accumulation capacity. It presents one of
the most important environmental problems than any other degradation. Determination
contents of heavy metals and additional microelements in fruits of the selected plants are
noted. Ministry of Agriculture and Ministry of Health Service in Slovak Republic in
Regulation No. 608/3/2004-100 allowes the highest amount of chemical components in food.
The highest allowed amount for Cd is 0,5 mg/kg, for Pb is 3,0 mg/kg and for Ni 0,5 mg/kg.
The very unfavourable comparative of heavy metal concentration (Cd and Pb) in medicinal
plant rawmaterials, which were obtained from the cultivation in Scotland, Findland and in the
Central Europe was published in 1994 by Svoboda and Gough. The medicinal plant drugs
from our region (the Central Europe) were contamined by double quantities of cadmium and
lead concentrations more than another rawmaterials.
Determination of heavy metals in the fruits of blueberry (Vaccinium corymbosum L.),
elderberry (Sambucus nigra L.), chokeberry (Aronia melanocarpa Wild.) and grapevine
(Vinis vitifera L.) by the AAS presented, that no one sample was over limit. The contents of
heavy metals were determined by the force detection device, which was for nickel 0.009 mg
.kg'1 and for lead and cadmium of 0.001 mg .kg'1 (Table 1).

Table 1: The contents [mg .kg"'] of Ni, Pb and Cd in dry matter of selected fruits

Name of the Ni Pb Cd
sample concentration concentration | concentration
elderberry 1 < 0.009 < 0.001 <0.001
elderberry 2 <0.009 < 0.001 <0.001
chokeberry 1 < 0.009 < 0.001 <0.001
chokeberry 2 <0.009 < 0.001 <0.001
blueberry 1 <0.009 < 0.001 <0.001
blueberry 2 < 0.009 < 0.001 <0.001
grapevine 1 < 0.009 < 0.001 <0.001
grapevine 2 < 0.009 < 0.001 <0.001

The present production of the special crops is not possible without direct pesticide
application. On the other hand, a control of pesticide residues in individual phases of
ontogenetic plant development and into the final product or yield is inevitable (Oravec et al.,
1981). The problematic question is a metabolism and degradation of pesticides in the single
plant species. (Schuphan et al., 1990). Table 2 illustrates the values of determined residue
pesticides in the selected plants.

Radioactivity was performed by artificial radionuclide 134Cs. All samples from fruits were
under limit (Table 3). Contaminants in fruits were at a minimum levels. In any case exceed
to the maximum allowable levels in accordance to the Decree of the Ministry of Health.
There are some plants, which are exposed to the radiation on the high places continuously
several years. Icelandic Lichen, Cetraria islandica L. Ach., can be a good example.
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Table 2: The contents [mg .kg'] of pesticide residues in dry matter of selected species

Pesticide residues elderbery chokebery | grapevine | blueberry
aldrine + dieldrine < 0,005 < 0,005 < 0,005 < 0,005
endrine < 0,005 < 0,005 < 0,005 < 0,005
heptachlorepoxide < 0,005 < 0,005 < 0,005 < 0,005
4,4 DDT < 0,005 < 0,005 < 0,005 < 0,005
alfa-hexachlorecyklohexane < 0,005 < 0,005 < 0,005 < 0,005
beta-hexachlorcyklohexane < 0,005 < 0,005 < 0,005 < 0,005
hexachlorbenzene < 0,005 < 0,005 < 0,005 < 0,005
endosulfane I < 0,005 < 0,005 < 0,005 < 0,005
endosulfane II < 0,005 < 0,005 < 0,005 < 0,005
endosulfane sulfate < 0,005 < 0,005 < 0,005 < 0,005
eldrine aldehyde < 0,005 < 0,005 < 0,005 < 0,005
endrine ketone < 0,005 < 0,005 < 0,005 < 0,005
metoxychlorine < 0,005 < 0,005 < 0,005 < 0,005
heptachlorine < 0,005 < 0,005 < 0,005 < 0,005
4,4 DDE < 0,005 < 0,005 < 0,005 < 0,005
4,4 DDD < 0,005 < 0,005 < 0,005 < 0,005
gama-chlordane < 0,005 < 0,005 < 0,005 < 0,005
alfa-chlordane < 0,005 < 0,005 < 0,005 < 0,005

This thallopatic plants is occurred on the rocks in the High and Low Tatras (the Slovak parts
of Carpathian Mountains). In regard to radioactivity determination of Icelandic Lichen thallus
were gotten from 350 to 600 Bq.kg-1 of 3Cs mass radionuclide activity (Salamon, 1998).
Obtained data from different research works (Sloof et al. 1992; Steinnes et al. 1993; Kociova
et al., 2002) can serve as a model of the role of lichens in immobilization of radio strontium
from contaminated environment and as a tool for radioactivity monitoring. The regulation on
the highest permissible radioactivity in food was notified in the Slovak Republic in January
2001. The highest levels of food radioactivity after a nuclear crash are presented in Table 4.

Table 3. Determined radioactivity in the fruits of selected plants

Samples Fresh matter Dry matter
[Bg.kg™] [Bg.kg']
elderberry (Sambucus nigra) 0,05 +0,01 0,25 + 0,06
chokeberry (Aronia melanocarpa) < 0,06 <0,31
grapevine (Vitis vinifera) < 0,07 < 0,27
Blueberry (Vaccinium corymbosum) < 0,07 <0,52

Table 4. The highest permissible radioactivity of food after a nuclear breakdown in the

Slovak Republic
. . Baby food Milk products Basic foodstuffs Liquid food
Radio-nuclides
[Bq.kg-1] [Bq.kg-1] [Bq.kg-1] [Bq.kg-1]
134Cs and 137Cs 400 1,000 1,250 1,000
CONCLUSION

Legislation of state in regard to hazardous interactions in environment is connected with
human consciousness, control and measurement of chemical, physico-chemical and physical
measurement and their influence for biological systems. At present it is very important to
introduce the Europe environment recommendations.
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Environmental risks (contents of heavy metals, pesticide residues and radioactivity) in regard
to production and collection of plants was determined by the analytical methods. The results
were compared by the Slovak Republic legislation. In spite of the results, the trace xenobiotic
values and radioactivity of fruits of selected plants were stated.

10.

11.

REFERENCES
VELICKOVIC, D.T., RANDJELOVIC, N.V., RISTIC, M.S., SMELCEROVIC, A.A., VELICKOVIC, A.S.
2002. Chemical composition and antimicrobial action of the ethanol extracts of Salvia pratensis L., Salvia
glutinosa L. and Salvia aethiopis L. J. Serb. Chem. Soc. 67 (10)639-646(2002)
SALAMON, 1., HABAN, M. 2004. The Radioactivity Evaluation of Selected Species of Medicinal Plants.
Acta fytotechnica et zootechnica 4, Nitra, Slovaca Universitas Agriculturae Nitriae, 2004,
Gould, K., Davies, K., Winefield, Ch. 2009. Anthocyanins - Biosynthesis, Functions, and Applications.
2009 Springer Science+Business Media, LLC. .p. 345. ISBN: 978-0-387-77334-6
SALAMON, 1. 2001. Radioaktivita vybranych lie¢ivych rastlin na Slovensku. In: Prehlad ekologického
vyskumu na Slovensku, Ed. Ekologické Studie IV., Banskd Stiavnica, SEKOS : Vydavatel'stvo STU, 2001,
s. 248-252, ISBN 80-967883-8-8.
KOCIOVA, M., PIPISKA, M., HORNIK, M., AUGUSTIN, J. 2004. Biosorpcia radiostroncia lifajnikmi.
In: Nova Biotechnologova IV-I, Trnava, Universita ss. Cyrilli er Methodii Tyrnaviae, 2004, s. 7-16, ISBN
80-89034-79-9
KIRCHNER, G., DAILLANT, O. 2002. The potential of lichens as long-term biomonitors of natural and
artificial radionuclides. In: Environmental Pollution, Vol. 12, 2002, p. 145-150
SLOOF, J.E., WOLTERBEEK, B.T. 1992. Lichens as biomonitors for radiocaesium following the
Chernobyl accident. Journal of Environmental Radioactivity, Vol. 20, 1992, p. 229-242
STEINNES, E. — NJASTAD, O. 1993. Use of mosses and lichens for regional mapping of 137Cs fallout
from the Chernobyl accident. Journal of Environmental Radioactivity, Vol. 21, 1993, p. 65-73
ORAVEC, V., BUBEN, L, CERNAJ, P., REPCAK, M., HONCARIV, R. 1981. Herbicidal Experiments the
Station for Development of Medicinal Plant Large Scale Cultivation. Symposium Novi Sad, 1981, p. 34
SCHUPHAN, I., SCHMIDT, B., VEIT, P. 1990. Pesticide Metabolism and Degradation in Plants. In:
Gesunde Pflanzen, Vol. 42, 1990, No. 4, s. 276-280
SVOBODA, K.P., GOUGH, J.E. 1994. Herb crops in the U.K. — an overview of current trends in
production and development. In: Journal of the Science of Food and Agriculture, Vol. 57, 1994, No. 3, pp.
193-202

27™ - 31% May, 2012. Subotica, Republic of Serbia Page 121



Proceedings of the 7" CMAPSEEC

Page 122 27™ - 31 May, 2012. Subotica, Republic of Serbia



Proceedings of the 7" CMAPSEEC

Section 11

“Pharmacology and biological effects
of active MAP compounds”
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MORPHOLOGICAL AND CHEMICAL CHARACTERISATION OF HUNGARIAN
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SUMMARY
In our experiment we examined the genetic variability of 16 wild growing Hungarian
chamomile populations by testing progenies of selected individuals as mother plants. In each
population seeds were taken from 10-10 spontaneously pollinated individuals. In the next
year, the 160 strains were propagated at the Experimental and Research Farm of the Corvinus
University of Budapest in Soroksdr. We measured 4 morphological features sampling 20-20
individuals from each progeny and 4 chemical characteristics from average sample of every
strain. By detecting the variability among the progeny strains, assumptions could be made on
the genetic variability of the original populations.
The results revealed that the diameter of the inflorescence and of the discus varied only on a
very tight scale (CV¢4<10%) inside the progenies. Similarly, the plant height and size of the
ray flowers exhibited a low level of variability, too (CV¢=10-20%). The progenies
originating from the same wild growing populations showed similar mean values and
variability, therefore, it can be assumed that chamomile populations are characterised by
relatively low individual genetic diversity referring to the morphological features. At the
same time, differences among populations are more considerable.
Polysaccharide content (swelling index) and total-flavonoid content of the families were
rather uniform. However, considering the essential oil content and composition, they showed
large variances (CV4>20%) which reflects a great genetic diversity of the mother plants and
significant polymorphism of the original wild-growing populations.
During our work we found several populations which are perspective based on their
advantageous chemical properties for further breeding work.

Key words: essential oil, progeny, swelling index, total-flavonoid content, variability

INTRODUCTION

Chamomile (Chamomilla recutita L.) is one of the most important medicinal plants in
Hungary. It has been used for centuries in the Carpathian basin, and its usage still has great
importance even nowadays. Beside its traditional application forms (internally the decoction
is useful against inflammations in the throat and in the stomach, externally it is a well-know
remedy against phtalmitis and skin problems) it is also used in the homeopathy, in several
cosmetics; there is an increasing demand on chamomile also in the fields of domestic
chemistry and food industry as well.

The inflorescence of chamomile contains 0.4-1.2% blue-coloured essential oil, where the
main constituents are chamazulene, o-bisabolol, bisabolol-oxide A and B. Further
components are cis- and trans-spiroethers, B-farnesene, bisabolon-oxide A and other minor
sesquiterpenes (1). Among the non-volatile active agents, flavonoids and mucilage are the
most important. Roemisch (2) examined the total flavonoid content of 102 commercially
available chamomile drug samples and he measured 1.0-2.5% accumulation levels. Schilcher
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(1) found 0,30-2.96% total flavonoid content in the flower drug of 12 chamomile populations.
The total mucilage (polysaccharide) content may vary between 3-17% in the drug (3).

Higher ratio of the exported Hungarian chamomile is still coming from collection (wild
growing populations of the Great Hungarian Plain), cultivation has less importance.
However, the quality parameters of the collected populations have been hardly revealed.

The main aim of our research work was to make a survey on the morphological and chemical
features of wild growing chamomile populations collected in the Great Hungarian Plain by
applying modern examination techniques for getting appropriate additional information to
develop raw material of extra high quality. Further goals were to determine the individual
variability of chamomile populations based on the main quality parameters to avoid
heterogeneity of the final product.

MATERIAL & METHODS
Basic plant material was collected in May (2006 and 2007), from 16 wild growing
chamomile populations of the Great Hungarian Plain in Hungary. In each case seeds were
taken from 10-10 cross pollinated individuals. All samples were stored individually in a
cooled place until the seed sowing. During the spring of 2008 the propagated progenies (all
together 160 strains) were grown in a glass-house and were transplanted into open field at the
beginning of April in the Experimental and Research Farm of the Corvinus University of
Budapest, in Soroksar.
In our study we compared these 160 strains of 16 original populations (further on: families)
under the same environmental conditions in 2008 from morphological and chemical point of
view. We investigated the following characteristics:
We measured the plant height from the soil surface till the shoot tip of 20, randomly chosen
individuals during full flowering. Diameter of the inflorescence was measured at 25
randomly selected inflorescences at the end of the primary and secondary sprouts in every
strain with ruler in full flowering. We determined the diameter of the discus (the size of the
middle part of the inflorescence) in case of these flowers too. Difference between the
diameter of inflorescence and diameter of discus resulted in the size of ray flowers.
For the analysis of chemical properties representative amount of samples with maximum 1
cm stem part, were collected in full flowering stage. The flowers were dried in natural way on
trays; then the material was stored on a dry place until the chemical measurements.
Determination of the essential oil content was carried out by hydrodistillation using a
Clevenger type apparatus. 20 g drug was distilled by 500 ml water for 3 hours. Since the
essential oil is easily sticking on the wall of the cooling part of the apparatus, it was washed
by hexane. The amount of the essential oil was measured after the evaporation of the
solvent, and was expressed as ml/100 g dry material.
Essential oil composition was analysed by gas chromatograph (GC 6890 N) equipped with
mass spectrometer (MS 5975), Agilent Technologies. Capillary columns: HP-5 MS (5%
phenyl, 95% dimethyl polysiloxane, lenght: 30 m, film thickness: 0.25 pm, id. 0.25 mm).
The instrument was programmed as follows: initial temperature 60 °C, then by rate of
3°C/min up to 204°C; the final temperature was kept for 5 min; injector temperature: 250°C,
carrier gas: helium (constant flow rate: 1ml/min); split ratio: 30:1. Ionization energy was 70
eV. The mass spectra and linear retention indices (LRI) were compared with those of
commercial (NIST) and home-made library mass spectra built up from data obtained from
pure compounds.
For the characterisation of mucilage content the swelling index (SI) was determined
according to the general and specified descriptions (for Althaeae folium) of the VIII.
Pharmacopoeia Hungarica (4, 5), by using 0.2 dry, powdered drug.
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Analysis of the total flavonoid content (TFC) was carried out following the specifications of
the VIII. Pharmacopoeia Hungarica for Crataegi folium cum flore (6).

Because the limited quantity of drug, determination of the essential oil content and
composition was made without replications, TFC and SI examinations, were carried out in
triplicate for each population.

Data were evaluated using means, standard deviations and coefficient of variation (CV%).
Variability of the measured characteristics was evaluated by grouping the values into the
following clusters: very homogeneous (CV%<10.0%), homogeneous (CV%=10.0-20.0%),
heterogeneous (CV%>20.0%).

RESULTS & DISCUSSION

Morphological features

The average plant height of the 16 families varied between 24.0-40.9 cm (St.d.: 4.3-7.0 cm)
(Table 1), and in their progenies we found 14.8-48.2 cm mean values (St.d.: 1.5-7.5 cm)
during the cultivation under the same environmental conditions. It may refer to the diverse
genetic background of wild chamomile individuals. 13 families proved to be homogeneous in
terms of the studied characteristics (CV¢=11.6-19.4%), and 3 ones were heterogeneous
(CV¢=20.5-22.5%).

The average diameter of inflorescence was 16.5-17.9 mm as the families mean (St.d.:1.1-1.6
mm), and 14.9-18.8 mm as mean values of the progeny strains (St.d.: 0.6-2.8 mm). In point
of individual variability we didn’t experience significant difference between families, all of
them were very homogeneous (CV¢=6.2-9.1%) (Table 1). Therefore presumable, that wild
chamomile populations have low individual genetic diversity in respect of flower size.

The mean values of the diameter of discus in the examined families changed between 5.8
and 6.5 mm (St.d.: 0.4-0.6 mm), while in their progenies we measured mean values between
5.3 and 6.9 mm (St.d.: 0.1-0.8 mm). Every family proved to be very homogeneous according
to discus size (CV4=7.3-9.8%), except the family nr. 11 which showed a higher degree of
heterogeneity (CV4=10.5) (Table 1).

Examining the size of ray flowers in the inflorescence the values varied from 10.5 to 11.7
mm (St.d.: 1.1-1.6 mm) as family means and from 9.5 and 12.8 mm as mean values of the
progeny strains (St.d.: 0.7-3.0 mm). Regarding the individual variability each family proved
to be homogeneous referring to the this characteristics (CV¢=10.5-15.4%) (Table 1). Thus, it
may be assumed that wild chamomile populations have a high degree of genetic uniformity
with relevance to the flower structure and proportions, too.

Chemical properties

The average essential oil content of the examined families varied between 0.44 and 0.63
g/100g (St.d.: 0.05-0.19 g/100g), and in the progenies it’s ratio changed between 0.26 and
1.01 g/100g during the investigation. Nine families proved to be heterogeneous (CV¢=20.2-
29.7%), six ones were homogeneous (CV¢=15.2-19.5%) and one family was very
homogeneous (CV4=9.9%) in terms of the essential oil content (Table 1). Because of the
above mentioned variability of the progenies of the same origin, great genetic diversity of the
mother plants and significant polymorphism of the basic, wild-growing populations can be
assumed. However, huge differences may occur among the populations, as well.

The average ratio of a-bisabolol in the essential oil varied between 8.6-66.4% in the families
(St.d.: 2.6-20.0%), while it showed an even larger diversity comparing the values of the
progeny strains (4.6-88.3%). This component was detectable in each sample. Regarding the
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amount of a-bizabolol, families proved to be heterogeneous (CV¢=21.5-84.4%), except two
of them (Nr. 10 and 12), which were homogeneous (CV4=11.4-16.7%) (Table 1).

The families’ average bisabolol-oxide A ratio ranged from 0.5 to 52.5% in the essential oil
(St.d.: 0.6-18.9%), and in their progenies we found values between 0.2 and 69.6%. In case of
10 strains we could not detect the presence of this component. It was established that each
family was heterogeneous (CV¢=22.7-258.1%), except two ones (Nr. 2 and 9) which was
homogeneous (CV¢=19.0%) (Table 1).

The average content of bisabolol-oxide B changed between 4.3 and 18.9% (St.d.: 2.9-15.9%)
in the families, while in the progeny strains we measured 0.6-46.1% values. The component
was found in each sample. Every group appeared to be heterogeneous, but there were
differences in their rates. The family No. 10 was characterized by the lowest variability
(CV¢=53.2%), while the most variable family was the 15th (CV¢=120.4%) (Table 1).

The families’ average chamazulene ratio in the essential oil varied between 6.5 and 15.3%
(St.d.: 2.6-6.7%), while in their progenies the amount ranged between 0.9 and 28.7%. This
compound was detected in each samle, too. All of the 16 families proved to be heterogeneous
according to the accumulation of chamazulene, but the degree of variability was different.
The lowest variability (CV= 20.3%) was measured in family No. 2, and the highest
(CV¢=70.7%) was found in No. 8 (Table 1).

Families showed 8.3-19.3% mean accumulation level of cis-spiroether in the essential oil
(St.d.: 1.1-8.9%), and that in their progenies was 2.9-25.5%. This compound was a uniform
one too, found in each sample, except a single strain. 13 families were heterogeneous
(CV¢=21.4-81.0%) and three ones were homogeneous (CV¢=13.3-16.5%) referring to the
ratio of cis-spiroether (Table 1).

We established, that as the progenies within the families were very heterogeneous according
to the ratio of their essential oil’s components. Therefore it may be supposed that Hungarian
wild growing chamomile populations have a high genetic diversity in this respect, too. The
degree of variability, however, proved to be different in each population.

The swelling index refering to the polysaccharide content of chamomile inflorescences
varied between 32.8 and 50.6 (St.d.: 3.2-16.1) in the examined families, and we measured
mean values from 25.8 to 84.2 in case of their progenies cultivated during the same
environmental conditions. More than half of families were homogeneous (CV4=11.2-19.9%),
five ones were heterogeneous (CV¢=22.3-31.8%) and one family was very homogeneous
(CV¢=8,4) according to the mentioned feature (Table 1).

The average total flavonoid content changed between 1.16 and 1.51% (St.d.: 0.09-0.31%) in
the families, and we found mean values from 0.67 to 1.91% in the progenies. Seven families
proved to be homogeneous (CV¢=10.1-13.9%), six ones were very homogeneous (CV¢=6.1-
9.4%) while families Nr. 3 and 5 were heterogeneous (CV¢=21.5-23.9%) based ont he total
flavonoid content of the flowers (Table 1).

Based on the findling that only slight variability of swelling index and total flavonoid content
was experienced among the strains of most examined familes, it seems that mother plants of
the same origin might have similar genotype referring to these features. Presumable, wild
chamomile populations may assure a relatively homogeneous drug quality from this point of
view.
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Table 1. Characteristics of the chamomile populations of wild origin according to the average
values of their progenies under cultivation in Soroksar (2008)

Plant Diam. | Diam. Size of EO a- Bis. Bis. Cha- Cis-
. . of in- of ray flo- bisa- | oxide | oxide | mazu | spiro- TFC
Family height . content SI
(cm) flores. | discus wers (/100g) bolol A B -lene | ether (%)
(mm) | (mm) (mm) 8 (%) (%) (%) (%) (%)

1. Mean 33.8 17.0 6.5 10.5 0.58 174 43.6 9.1 125 140 359 131
St.D. 5.7 1.2 0.6 1.3 0.12 10.8  13.8 55 39 4.4 6.0 0.18
CV% 169 7.2 9.6 12.4 20.2 625 316 598 315 318 166 139

2. Mean 323 17.1 6.3 10.7 0.63 139 451 117 13.0 11.7 483 1.35
St.D. 6.0 1.1 0.5 1.1 0.19 7.7 8.6 6.4 2.6 4.4 10.8  0.19
CV% 18.7 6.2 8.3 10.5 29.7 555 190 544 203 380 223 13.8

3. Mean 342 17.1 6.1 10.9 0.45 170 483 100 139 8.3 50.6  1.27
StD. 53 1.4 0.4 1.5 0.07 13.9 121 7.6 6.7 1.1 16.1  0.27
CV% 156 8.2 7.3 13.4 16.2 819 250 756 484 133 318 215

4. Mean 313 17.3 6.2 11.1 0.45 115 406 152 153 131 - -
StD. 6.1 1.4 0.5 1.6 0.11 9.7 189 128 4.6 5.2 - -
CV% 194 8.3 8.1 14.1 23.4 844 467 844 30.1 393

5. Mean 332 16.8 59 10.9 0.53 8.6 525 152 101 102 38.6 1.28
StD. 50 1.4 0.5 1.4 0.12 2.6 11.9 105 3.7 3.1 10.0  0.31
CV% 150 8.6 9.2 13.2 23.0 306 227 690 365 299 260 239

6. Mean 354 17.2 6.4 10.7 0.48 358 213 189 104 102 41.1 1.51
StD. 52 1.5 0.6 1.5 0.08 16.6 114 119 6.0 2.7 5.2 0.20
CV% 147 8.6 9.4 14.2 16.7 463 534 63.0 574 264 12,6 13.1

7. Mean 40.9 17.4 6.1 11.3 0.44 385 232 122 7.4 125 398 1.30
St.D. 4.7 1.4 0.4 1.5 0.11 12.2 9.8 7.5 4.0 3.1 5.6 0.10
CV% 11.6 8.3 7.3 13.4 23.8 317 424 614 547 249 14.1 7.7

8. Mean 30.8 17.2 6.1 11.1 0.54 384 235 15.4 8.4 10.7 328 1.20
StD. 54 1.5 0.5 1.5 0.11 198  16.3 13.2 59 34 3.7 0.11
CV% 174 8.5 7.6 13.3 19.5 515 695 86.1 707 319 112 8.9

9. Mean 30.6 17.0 6.0 11.0 0.44 54.2 1.3 16.9 8.8 102 434 121
St.D. 49 1.3 0.6 1.3 0.11 20.0 1.7 15.9 5.6 4.6 6.5 0.12
CV% 159 7.9 9.2 12.2 25.5 37.0 128 940 644 449 150 10.1

10. Mean 24.2 17.0 6.2 10.9 0.50 60.4 1.7 4.3 6.9 9.5 383 134

St.D. 4.7 1.4 0.5 1.5 0.08 10.1 4.3 5.1 4.1 3.6 32 0.12
CV% 193 8.0 8.9 14.1 17.0 16,7 258.1 1204 59.6 379 8.4 9.2
11. Mean 26.5 16.5 6.0 10.5 0.48 53.8 4.6 13.8  10.1 113 413 1.27
St.D. 43 1.5 0.6 1.6 0.07 14.3 52 12.7 3.8 2.0 54 0.16

CV% 16.1 9.0 10.5 154 15.3 265 1144 921 372 175 132 124

12. Mean 24.0 16.8 5.8 11.0 0.45 66.4 0.5 4.7 9.9 11.0 365 1.32
StD. 54 1.5 0.5 1.5 0.09 7.5 0.6 29 5.6 8.9 5.6 0.18
CV% 225 9.1 8.5 13.7 20.2 114 1157 617 564 810 154 133

13. Mean 283 17.0 6.0 11.0 0.47 422 7.1 16.0 9.4 143 356 1.16
StD. 53 1.3 0.5 1.3 0.08 13.1 6.8 10.7 2.7 24 8.0 0.11
CV% 1838 7.4 8.4 11.9 17.2 309 958 67.1 287 165 223 94

14. Mean 30.2 17.9 6.3 11.7 0.47 44.0 35 16.1 6.5 193 418 1.36
St.D. 6.2 1.5 0.6 1.5 0.12 11.2 2.1 9.7 3.0 4.1 10.8  0.15
CV% 205 8.6 9.4 13.0 25.2 255 607 604 456 214 259 109

15. Mean 38.7 17.7 6.3 114 0.48 36.5 14.3 18.1 8.2 149 384 145
Stb. 7.0 1.6 0.6 1.6 0.10 11.5 8.1 9.6 3.8 43 4.6 0.09
CV% 182 9.1 9.2 14.2 20.4 31,6 567 532 463 28.7 12.0 6.1

16. Mean 24.7 17.0 6.1 10.9 0.50 62.6 1.6 6.6 103 135 413 134

St.D. 5.1 1.3 0.6 1.5 0.05 13.5 1.0 4.2 42 6.0 8.2 0.10
CV%  20.8 7.8 9.8 13.6 9.9 215 597 634 410 442 199 7.6
Average

17.6 8.2 8.8 13.3 20.2 403 670 729 456 330 178 12.1
CV%
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CONCLUSION
In case of the individual genetic diversity of chamomile populations we came to the
conclusion that the progenies of spontaneously pollinated mother plants were rather
homogeneous based on the diameter of the inflorescence (CV4=8.2) and the discus
(CV¢4=8.8). With relevance to the plant height and size of the ray flowers they were also
homogeneous (CV¢=17.6 and 13.3). Progenies with the same origin showed the same
variability, therefore, it can be ascertained that chamomile populations are characterised by
relatively low individual genetic diversity referring to the morphological features; however, a
slight variability still exists among the populations of different origin.
Referring to the chemical characteristics based on the SI and total flavonoid content the 16
families of different origin were homogeneous (CV¢=17.8 and 12.1), however, with
relevance to the essential oil content and composition they were more different (CV4,=20.2-
72.9). As the progenies of the same origin showed a high variability of their essential oil
accumulation rate and compositional spectrum too, presumably the individuals of the wild-
growing populations possess a considerable genetic polymorphism for these traits.
Summarizing our results we came to the conclusion that wild growing chamomile
populations are rather variable especially referring to the chemical characteristics. Therefore
good quality, homogeneous plant material is difficult to be produced by collection, which
method is useful only for assuring common quality characteristics. The collection has to be
restricted to those populations having appropriate chemical properties. In the bigger
collection zones, based on the quality control done parallel with the primary processing, the
different quality plant material needs to be handled as individual batch. Further solution can
be that one part of the demand on the drug is satisfied by cultivation of those cultivars
characterised by “traditional quality”.
For further breeding work 12 strains of the families signed 10, 14 and 16 can be perspective
based on their essential oil content and composition, therefore, their seeds were taken into our
gene-bank.
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SUMMARY

Antimicrobial activity of the essential oils (EOs) obtained from the rhizome and roots of
Acorus calamus Linn. against Gram-negative and Gram-positive bacteria, yeasts and fungi
was investigated using disc diffusion method and microdilution methods. The EOs of both
rhizome and roots exhibited a pronounced antifungal activity against tested dermatophytic
and phytopathogenic fungi, mainly Microsporum gypseum and Botrytis cinerea as well as
anti-yeast activity against Rhodotorula glutinis, Candida albicans and Saccharomyces
cerevisiae. The rhizome essential oil has shown antibacterial activity against wider range of
bacteria, but the oil from the roots was more effective in lower concentrations. In
comparison, both EOs had stronger antifungal and anti-yeast activity than their antibacterial
activity. Both EOs were non-mutagenic as determined by Ames test using Salmonella
typhimurium test strains.

Key words: Acorus calamus, antimicrobial, antifungal, genotoxic

INTRODUCTION

Sweet flag (Acorus calamus Linn.) is a perennial plant belonging to the family of Asteraceae
(Arum family). It grows up to 6 feet tall with sword-shaped leaves, small yellow/green
flowers and b