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Abstract
Medicinal (aromatic) plants (MAPs) are playing an important role for the solution of World
Health Organization Problem Health for everyone in 21st Century. In Lithuania, since 1924
until, medicinal plants collections have been developed in the Sector of Medicinal and
Aromatic Plants in Botanical Garden at Vytautas Magnus University (SMAPs BG VMU). In
Europe unique collection of MAPs is a base for scientific researches, project-based activities,
national and international studies and the object of public education. The topics and
tendencies of the research on medicinal herbs have varied since that time quite a lot.
Collections of medicinal plants are still an important constituent and object of the
phytochemical scientific research process. The methods of chemical investigations have been
changing during the distinct research periods (1st – 1924–1949, 2nd – 1949–1984, 3rd – 1984–
1999, 4th – 1999–2018). The main objective of research is the introduction and phytochemical
investigation of MAPs. Biodiversity of plant resources, scarce information on biologically
active compounds and their properties in many species including those naturally growing in
Lithuania or introduced, as well as increasing demand for natural food, food supplements and
homeopathic medicine have been the main motivation aspects of the ongoing study. MAPs
are sources of raw materials, required in pharmacy and phytotherapy are a part of genetic
resources of Lithuania. Phenological observation, phytochemical investigation of raw material
of MAPs from SMAPs BG VMU revealed that new species from foreign and local flora can
be successfully introduced in Lithuania. Lithuania has good growing conditions for a great
variety of MAPs.
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Introduction
In addressing the issue of the development of high-quality, healthy and environmentallyfriendly food technologies raised by the World Health Organization in the European Health
Policy document "WHO Traditional Medicine Strategy 2013-2023" and in the priority
research, the variety of MAPs, rational, sustainable use of them is promoted.
Recently, more and more attention has been paid to the biological properties of introduced as
well as local flora plants, their cultivation, medicinal plant raw materials and their
phytochemical research (Briskin, 2000). In accordance with the requirements of the World
Health Organization and Good Manufacturing Practice, medicinal plant raw materials and
plant products must comply with safety, efficacy and stability parameters (GASP, 2003; Ph.
Eur., 2013;). ) MAPs grown in industrial plantations can control and ensure the good quality
of medicinal plant material: by conducting plant biological tests, standardizing cultivation
conditions, determining the optimum time of preparation of medicinal plant raw materials,
drying and other conditions. Now and in the future it is necessary to study the biological
properties of the introduced plants, expand the range of these plants, increase their biological
diversity and accumulate national genetic resources (Radušienė and Janulis, 2004;
Motiekaityte, 2006). For this purpose, since 1924 in the climate conditions of the Republic of
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Lithuania, research on the introduction of medicinal plants and herbs has been carried out at
SMAAPs BG VMU. Based on national and international complex, interdisciplinary research,
a collection of medicinal plants has been developed, which is the subject of studies and
research. In 1924-2018, the collection of medicinal plants, research issues and research trends
in individual periods (1st - 1924-1949, 2nd - 1949-1984, 3rd - 1984-1999 and 4th - 1999-2018)
changed, but the main tasks have remained significant, preparing scientific recommendations
for medicinal plant growers and pharmaceutical raw material processing companies
(Juknevičienėa and Juronis 2000; Ragažinskienė et al., 2007).
The aim of this work is to carry out the long-term (1924-2018) scientific activities in
researching the introduction of MAPs, as well as summarizing and evaluating scientific issues
and developments.
The aim of the research was to carry out a retrospective analysis of the chemical composition
of MAPs, in separate periods: 1st - 1924-1949, 2nd - 1949-1984, 3rd - 1984-1999 and 4th 1999-2018 during plant introduction period, ex situ long-term outdoor collections at SMAAPs
BG VMU in Central Lithuania.
Material and Methods
The object of the research is the development of studies and methods of MAPs their
introduction and chemical composition in separate periods. The retrospective analysis of the
explorations and methods of chemical composition of prospective MAPs and hop varieties
was performed by theoretical descriptive method using scientific publications and reports as
well as archival data of Botanical Garden of Vytautas Magnus University (Juknevičienė and
Juronis, 2000; Maruška and Kornyšova, 2006; Ragažinskienė et al.,2007; Ragažinskiene and
Rimkienė, 2003; Stankevičius et al., 2011). MAPs research is carried out according to the
scheme presented in Fig. 1.

Fig. 1. Schema and Metods of the Introduction and Phytochemical Investigation of MAPs.
Results and Discussion
Retrospective analysis of the development of scientific research on the chemical composition
of prospective MAPs. There were four research periods of chemical composition of medicinal
(aromatic) plants: the 1st (1924-1949), the 2nd (1949-1984), the 3rd (1984-1999) and the 4th
(1999-2018), which took place in the field of plants during introduction, ex situ field
collections, at SMAPs BG VMU, Central Lithuania. This analysis highlighted the
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development of research methods for plant chemical composition at separate periods and the
possibility of using medicinal (aromatic) plants and their raw material.
During the 1st period chemical composition of the medicinal, technical and forest medicinal
plants and medicinal herbs was carried out in the time of the introduction. 224 plant species
accumulated in the collection of medicinal plants, the chemical composition of which is the
quantitative analysis of essential oils, was carried out by hydro distillation. These studies
supported the selection of 77 viable plant species and their cultivation in Lithuania
(Grybauskas, 1954).
During the 2nd period phytochemical laboratory was founded. The chemical composition of
medicinal, technical, oil, fermentation plant was investigated - the amount of essential oils by
hydrodistilation method, their quality by gas chromatography, during plant introduction. The
research direction was "Sustainable use of the plant world and their protection biological
bases". During this period, the following collections of plants were created and equipped:
medicinal plants, hops, rare vegetables, spice and honey plants (Penkauskienė and Rimkienė,
1991).
The 3rd period carried out research in The consistent of functionality of variety and
phytocyanosis and their sustainable use in the improvement of feed. During this period, the
chemical composition of MAPs was investigated: the amount of essential oils - by
hydrodistilation method  for aerotherapy for sanatorium treatment. The quality of the
medicinal plant raw material was evaluated: the qualitative analysis of flavonoids and
phenolic carboxylic acids was carried out using a plane paper chromatography method.
Flavanols and leaven were determined quantitatively in the terrestrial and underground parts
of the plant by colorimetric methods, nitrates were titrated using ionometric methods and
ascorbic acid was evaluated titrimetrically. Also, the sum of oxycinamines was calculated by
recounting the chicory acid. All chemical analysis data was counted for an absolutely dry raw
material (Juknevičienė and Juronis 2000; Penkauskienė and Rimkienė, 1991).
Field of research of the 4th period investigations of MAPs diversity and their introduction,
assessment of raw material and rational, sustainable use in medicine, food industry and
veterinary.
The value of medicinal plant collections. Since 1924 the pharmacognomic principle has
been the development of a long-term inventory and documented collection of medicinal
plants. It has already introduced 594 plant species belonging to 373 genera and 88 families.
This collection contains 31 rare and endangered species of medicinal plants in Lithuania.
Based on long-term introduction and chemical properties, more than 128 species of MAPs
have been investigated for the status of Lithuanian national genetic resources. 54 medicinal
plant species are on the list of plant genetic resources (ANGI). The 25 varieties and forms of
hops are included on the list of medicinal plants and aromatic plant field collections that are
assigned to Lithuanian plant genetic resources. Studies were carried out on the basis of the
project "Plant Genetic Resources Research 2000-2008" (Grant No. 12) of the Ministry of
Education and Science of the Republic of Lithuania (Ragažinskienė et al., 2007; 2010;
Ragažinskienė and Rimkienė, 2003).
There is an exchange of medicinal plant seeds with more than 400 Botanical Gardens from
different countries.
Scientific activity. Medicinal plants in collections are the subject of scientific research. Here,
complex, innovative, interdisciplinary, interdisciplinary scientific work is being carried out
for research of biologically active substances of medicinal (aromatic) plants together with
Instrumental Analysis Open Access Center of Faculty of Natural Sciences at Vytautas
Magnus University on the basis of scientific projects (Kaškonienė et al., 2011; Maruška and
Kornyšova, 2006; Maruška et al., 2010; Stankevičius et al., 2011).
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The study of the methods of preparation of the medicinal plant raw material and the
improvement of the drying technology in the medicinal plant raw material determined the
dependence of the content of the bioactive substances – essential oils and flavonoids on the
conditions of drying (natural ventilation, air velocity and flowing air flow and temperature),
which are selected according to the plant's composition of the raw material components
(leaves, stems, grass) and the groups of biologically active substances (Kaškonienė et al.,
2011; Maruška et al., 2010).
Based on the research of these plants, 37 medicinal plant species which are promising for the
pharmaceutical and food industry have been selected: Achillea millefolium L., Agrimonia
eupatoria L., Alchemilla vulgaris L., Althaea officinalis L., Angelica archangelica L.,
Arctium lappa L., Arnica chamisonis Lessing., Arnica montana L., Aronia melanocarpa
(Michx.) Elliott, Artemisia absinthium L., Bidens tripartita L., Borago officinalis L.,
Calendula officinalis L., Chamaemelum nobile (L.) All. = Anthemis nobilis L., Convallaria
majalis L., Melissa officinalis L., Mentha piperita L., Echinacea purpurea (L.) Moench,
Echinacea pallida (Nutt.) Nutt, Glycyrrhiza glabra L., Geranium macrorrhizum L., Hyssopus
officinalis L., Humulus lupulus L., Inula helenium L., Juglans regia L., Leonurus cardiaca L.,
Nigella damascena L., Nigella sativa L., Origanum vulgare L., Perilla frutescens (L.) Britton,
Potentilla erecta (L.) Raeusch., Potentilla fruticosa L., Rhaponticum carthamoides (DC.)
Iljin, Schisandra chinensis (Turcz.) Baill., Scutellaria baicalensis Georgi, Viola tricolor L.
The research findings are presented in monographs, scientific and popular science articles,
national and international scientific conferences and recommendations (Bartkienė et al., 2015;
Ligor et al., 2014; Šulniūtė et al., 2017; Venskutonis et al., 2007).
Scientific knowledge for herbalist business. In the area of herbal development there is
cooperation with rural communities. The geographic regions of Lithuania, under various
ecological conditions, have been equipped with collections of medicinal plants and testing
areas for their cultivation. In addition, scientific methods for the preparation of medicinal
(aromatic) plants and medicinal plant raw materials have been introduced. A modern herbal
dryer was developed, using alternative solar energy: the European Agricultural Fund for Rural
Support Project: Lithuanian Rural Development Programme 2007-2013 project ‘”Cultivation
of medicinal plants and innovative technology using of solar energy for preparation medicinal
plant raw materials“ (Grant No. 1 PM-PV-10-1-003015-PR001 (2011-2014) (Raila et al.,
2009; Maruška et al., 2014 ).
Legislative justification for science and business. Participating with the Ministry of Health
of the Republic of Lithuania in the legislative process, starting from 2013, Supplemental and
Alternative Health Care Act is being developed.
Conclusion
Introduction studies of medicinal, (aromatic) plants have been carried out at Vytautas Magnus
University since 1924.
In the 1st collection, 77 (out of 224) promising medicinal plant species were selected by
investigating their chemical composition with hydrodistillation method.
The 2nd period founded the phytochemical laboratory, and the chemical, technical, oil, tartar
chemical composition (essential oil content) was investigated by distillation method, their
qualitative composition was determined by the gas chromatography method.
The 3rd (1984 – 1999) Chemical composition of medicinal (aromatic) plants: the amount of
essential oils was investigated by hydrodistilation method. The quality of the medicinal plant
raw material was evaluated: the quality of flavonoids and phenolic carboxylic acids was
determined by plane paper chromatography, quantitatively flavonols and leaven colorimetric, nitrates - by the ionometric method.
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During the 4th period the following methods and apparatus are used for the evaluation of the
chemical composition of MAPts and hop varieties: the amount of essential oil is determined
by methods of hydro-distillation, super-liquid extraction and carbon black microextraction,
their qualitative composition - gas chromatography and mass spectrometry, phenolic
compounds – effective liquid chromatography, standard spectrophotometry and capillary
electrophoresis, the activity of binding of free radicals to plant extracts was evaluated
spectrophotometrically, the antioxidant and radical components of the individual extracts.
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