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A comparative study of extraction methods of bioactive 

compounds from Nigella sativa L. seed 
 

Fisnik Nuhi*, Arita Sabriu-Haxhijaha, Olga Popovska, Aziz Pollozhani 
  

Faculty of Technological Sciences “Mother Teresa” University, Mirce Acev 4,  

1000 Skopje, Republic of North Macedonia 

 

Introduction 

 

Nigella sativa L. (black cumin) represents an 

annual herbaceous plant of the Ranunculaceae 

family (Palabıyık and Aytaç, 2018; Ramadan, 2007). 

The plant commonly grows in the Middle East, 

Western and Central Asia and Eastern Europe. The 

characteristics of the plant include a slightly bitter 

and peppery taste of the small-sized seeds with a 

crunchy texture and dark grey or black color. Plant 

research is of great interest due to the chemical 

compounds showing beneficial effects against 

diabetes, cancer, headache, eczema, dizziness, fever, 

hypercholesterolemia, cardiovascular diseases, 

gastrointestinal and respiratory disorders (Ramadan, 

2007). Black cumin is also categorized as a plant 

with anti-inflammatory and antioxidant potential 

(Jerrine et al., 2017; Ramadan, 2007). Nutrients and 

antioxidant compounds such as phenolic 

compounds, flavonoids, polyunsaturated fatty acids, 

phospholipids, amino acids, proteins, carbohydrates, 

crude fibers, terpenoids and saponins are present in 

the essential oil isolated from black cumin 

(Samarakoon et al., 2010). The main bioactive 

compounds present in Nigella sativa L. seeds are 

thymoquinone, p-cymene and carvacrol (Palabıyık 

and Aytaç, 2018). The most common commercially 

forms of the plant include shampoos, oils, and soaps. 

In the literature, the described extractive methods 

include maceration, reflux, sonication (Kausar et al., 

2017) or microwave extraction (Xue et al., 2013) in 

relation to relatively expensive methods like HPLC 

(Kausar et al., 2017). The aim of this study was to 

make a comparative study of extraction methods 

with an easy-to-handle and economic thin-layer 

chromatography (TLC) method for control analysis 

of the composition of Nigella sativa L.   

 

Materials and methods 

 

ThermoFisher (UK) supplied analytical grade 

methanol, hexane, diethyl ether, toluene and ethyl 

acetate, while Merck (Germany) supplied sodium 

sulfate. Commercially available black cumin seed 

and oil were used in the analysis. 

Several extraction modes like liquid-liquid 

extraction followed by steam distillation and Soxhlet 

extraction, and reflux method were used in the 

analysis. Methanol and hexane were chosen for 

extraction of the most abundant compounds in the 

plant material (thymoquinone and dithymoquinone). 

The steam distillation and the process of reflux were 

carried out with 10 g of the black cumin and were 

placed in a 500 mL round-bottom flask with 150 mL 

of water. The distillate was collected until no further 

droplets of oil could be seen in the case of steam 

distillation, while the reflux extraction was 

performed for 2 hours. A separatory funnel was used 

for the liquid-liquid extraction with a hexane portion 

(3x5 mL). Anhydrous sodium sulfate was used as a 

drying agent. Evaporation of the organic solvent was 

performed in a moderate hot plate. A Soxhlet 
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apparatus using 500 mL round-bottom flask, a 300 

mm condenser and methanol as solvent was 

performed preliminarily for 2 cycles. The reflux 

material was filtered with Büchner funnel.  

A preliminary thin-layer chromatography (TLC) 

method was developed for the qualitative 

determination of black seed content and fractions 

from various types of extracts. The TLC was carried 

out using Merck pre-coated plates (60 F254, 250 µm) 

and visualized at 254 nm using an Analytikjena 

(Germany) ultraviolet lamp. A mixture of mobile 

phases like diethyl ether and toluene (1:1 v/v), 

mobile phase A and toluene and ethyl acetate (7:3 

v/v), mobile phase B were used in the analysis.  

 

Results and discussion 

 

Methanol and hexane were chosen as proper 

solvents for black cumin not only for fewer hazard 

effects than organochloric substances (Kausar et al., 

2017; Xue et al, 2013) but also for the high 

solubility of the plant in it. The main drawbacks of 

the use of Soxhlet extraction are time-consuming 

and decomposition of bioactive compounds (Kausar 

et al., 2017). The yield with hexane followed by the 

steam distillation was 1%. After the third cycle of 

the Soxhlet extraction, the result showed a relatively 

high yield (4%). The reflux method itself was 

achieved at hot with constant cooling. The yield was 

3% using hexane as extraction solvent.  

The TLC method was included as a control 

method for the process. The analytical purity was 

indicated with TLC (one spot) where the Rf values 

depended on the use of mobile phase. The Rf values 

for thymoquinone and dithymoquinone with the 

mobile phase A were 0.7 and 0.5 while when TLC 

was carried out with the mobile phase B the Rf 

values were 0.6 and 0.4, respectively, for both 

commercial oil and the oil obtained through different 

extraction mode. 

 

Conclusion 

 

The extraction mode and the used temperature 

are significant factors for the process. The methods 

which depend upon heat were carried out at a 

moderate temperature to protect the phytochemicals 

of the plant from degradation. The TLC method 

represents a choice to conduct analyses between the 

commercial oil and the oil obtained with several 

different extraction procedures including steam 

distillation, reflux and Soxhlet extraction. Both 

bioactive compounds of the oil, thymoquinone and 

dithymoquinone, could be successfully detected with 

TLC method. 
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Analysis of herbal medicinal products in the Republic of 

Bulgaria classified in ATC - Respiratory system 

Ivan Lalovski*, Ivan Svinyarov, Anely Nedelcheva 
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1164 Sofia, Bulgaria 

 

Introduction  

 

Respiratory diseases, acute or chronic, 

contagious and non-contagious, affect millions of 

people and are of global social significance. The flu 

is an infectious disease which can lead to seasonal 

epidemics. It is caused by the Influenza viruses 

(types A, B, C and D) which are transmitted via 

droplets or contact (WHO, 2018). This hinders 

prevention and facilitates spreading of the 

pathogens, especially in crowded areas. 

The disease includes the following symptoms – 

fever, cough (usually dry), rhinorrhea, muscular and 

articular pain, general weakness. The severity and 

duration of the illness can vary. Usually the patients 

recover from it within a week without a need of 

hospitalization, but some symptoms (cough for 

example) can last 2 and more weeks. Patients 

undergoing the sickness with mild severity should 

receive symptomatic treatment. People who are 

known to be at risk of more severely advancing 

disease or developing complications should be 

treated with antiviral medicines in combination with 

the symptomatic treatment. 

OTC medicines (BDA, 2020a) are the most 

accessible and suitable for treatment of the 

respiratory disorders (cough and rhinorrhea). The 

present study focuses on the variety of herbal 

medicinal products (HMP) classified in ATC code R 

in the current “List of medicinal products without 

prescription in the Republic of Bulgaria” (BDA, 

2020b). 

 

Materials and methods  

Estimation of HMP proportion 

The “List of medicinal products without 

prescription in the Republic of Bulgaria” and the 

summaries of product characteristics (SmPC) (BDA, 

2020a) of the OTC medicines have been studied to 

determine what part of the products classified in 

ATC code R are registered as HMP. 

 

Assessment of ATC code distribution 

The above-mentioned list and the SmPC have 

been researched to verify the ATC codes and 

determine the distribution across the different levels 

of the ATC code R. 

 

Assessment of pharmaceutical form distribution 

The above-mentioned sources have been used to 

estimate the variety of pharmaceutical forms utilized 

by the HMP. 

 

Occurrence of plant sources in Bulgaria 

The aforementioned list and one of the editions 

on distribution of the Bulgarian flora (Assyov et al., 

2012) have been studied to determine the 

significance of native plants (in the form of herbal 

substances and/or herbal preparations) used as 

sources for the production of HMP. 
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Results and discussion  

HMP percentage 

According to the current “List of medicinal 

products without prescription in the Republic of 

Bulgaria” (BDA, 2020a) 221 OTC medicines are 

classified in ATC code R. 18% of them are 

registered as HMP (40 in total). 

 

ATC code distribution 

The HMP are distributed unevenly in several 

levels of the ATC code. Expectorants (R05CA, 

R05CA10 and R05CA12) are predominant (22.5%), 

while Expectorants, excluding combinations with 

antitussives (R05C) and Other cold combinations 

(R05X) are less frequent (7.5%). Cough and cold 

preparations (R05) and Mucolytics (R05CB) are also 

not common (5.0%). Cough suppressants, excluding 

combinations with expectorants (R05D), Other 

antitussives and expectorants (R05FB) and Nasal 

preparations (R01AX) are the least frequent (2.5%). 

The reason behind these results could be the herbal 

species used and their contents – for example 

Hedera helix contains triterpenoid saponins which 

act as expectorants. 

 

Pharmaceutical form spread 

The HMP are spread across ten pharmaceutical 

forms. Syrups (40%), lozenges (12.5%), oral drops 

(12.5%), tablets (10.0%) and capsules (10.0%) being 

a majority. Oral solutions (5.0%), oral liquids, 

ointments, nasal drops and effervescent tablets 

(2.5%) make up a smaller part of the ten 

pharmaceutical forms. The unequal distribution 

between the different pharmaceutical forms can be 

explained by factors such as their convenience of 

intake and age of the patients. 

 

Occurrence of plant sources in Bulgaria 

Herbal substances and preparations from 29 

medicinal plants are found to be active substances of 

the 40 HMP. More than half of them (55%) are part 

of the Bulgarian flora. The species Hedera helix, 

Thymus vulgaris, Althaea officinalis, Gentiana lutea 

and Primula veris are used in more than one HMP. 

In comparison, there are 26 mentioned species for 

symptomatic treatment of respiratory disorders in 

one of the summarizing editions on traditional 

medicine (Petkov, 1982) out of which only just 34% 

overlap with the ones found in the current study. 

Conclusion 

 

The biodiversity in the country, the 

ethnobotanical and ethnopharmacological 

knowledge are a potential for creating new HMP by 

scientific reconstruction of their traditional use. 
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Introduction 

 

Among all 360 species included in Hypericaceae 

family, only Hypericum perforatum L. is officially 

accepted for its positive pharmacological activities. 

This plant has been traditionally used for the 

treatment of temporary mental exhaustion and mild 

gastrointestinal complains and stomach ulcer, or 

externally as an oil extract for skin problems and 

wound healing agent (Savikin et al., 2017). 

Chemical composition of Hypericum perforatum is 

very complex, thus several groups of components 

(naphtodianthrone derivatives hypericin and 

pseudohypericin, phloroglucinol derivatives 

hyperforin and adhyperforin, flavonoids and 

xanthones) are considered as the active principles. 

These compounds are connected with variety of 

biological activities such as antibacterial, antiviral, 

antiinflamatory and antioxidant. Moreover, 

flowering aerial parts of this plant have been 

commonly used in form of tea or extracts as well as 

for preparation of herbal medicinal products which 

are mainly recommended in the treatment of mild to 

moderate depression with less side effects then 

synthetic drugs (Butterweck and Schmidt, 2007).  As 

neuroprotective agent, it can also prevent 

neurodegenerative pathologies by regulating 

neurotransmitter releases as well as by its 

antioxidant and antiinflamatory activity (Savikin et 

al., 2017).  

A number of phytochemical investigestions of 

Macedonian Hypericum perforatum have been done 

(Shabani et al, 2019). The aim of this work was to 

investigate antioxidative properties of this species. 

 

Materials and methods 

 

Plant material: Aerial parts of the plant were 

collected on three different localities (Mavrovo, 

Debar and Tetovo) in R.N. Macedonia and was dried 

at room temperature and on draft.  

Extraction procedure: 0.5 g of powdered dried 

plant material were extracted two times with 5 mL 

methanol, 10 min in ultrasonic bath. The obtained 

methanol extracts were transferred in 10 mL 

volumetric flask and field with methanol.   

Total phenolic and flavonoid content: Procedure 

described by Singleton et al. with Folin-Ciocalteu 

reagent and aluminum chloride assay reported by 

Talari et al. was used, respectively (Talari et al., 

2012).  

Antioxidant activity: Three different methods 

were performed. Free radical scavenging activity 

was determined with DPPH assay, according to 

Gyamfi et al. method (Gyamfi et al., 1999). Ferric 

reducing antioxidant power was determined with 

FRAP assay, described by Shahat et al., (Shahat et 

al., 2011). -Carotene bleaching assay was 

performed according to Dapkevivius et al. procedure 

(Dapkevicius et al., 1998). 
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Results and discussion  

 

Methanolic extracts of H. perforatum showed 

radical scavenging activity in DPPH assay with IC50 

values ranged from 2.35-6.88 mg/mL, 3.52-6.28 

mg/mL and 3.15-6.37 mg/mL, for the samples 

collected from region of Tetovo, Debar and 

Mavrovo, respectively. In addition, methanol 

extracts showed antioxidant activity in FRAP assay 

with IC50 from 2.08-4.84 mg/mL, 2.48-4.24 mg/mL 

and 2.12-5.10 mg/mL, for the samples collected in 

Tetovo, Debar and Mavrovo, as well. IC50 values for 

methanol extracts of H. perforatum tested with -

carotene bleaching assay, were higher, ranging from 

16.97-34.91 mg/mL, 15.75-37.46 mg/mL and 12.66-

34.70 mg/mL for the plant samples originated from 

Tetovo, Debar and Mavrovo region, respectively. 

The percentage of inhibition of the tested methanol 

extracts with concentration of 10 mg/mL were very 

high and achieved values of 93.56% for DPPH, 

90.52% for FRAP and 92.11% for -carotene 

bleaching assay. Compared to the total phenol and 

total flavonoid content, analyzed plant samples 

contained high amount of phenols (up to 121.56%) 

and flavonoids (up to 125.34%).  

According to the available literature data, the 

obtained results were similar to the Muzykiewicz et 

al. and Ozkan et al. findings, as they referred IC50 

values from 2.42-4.37 mg/mL and 19.42-37.82 

mg/mL for DPPH and FRAP assay as well as 2.49-

4.82 mg/mL, for DPPH assay, respectively 

(Muzykiewicz et al., 2019, Ozkan et al., 2018).  

 

Conclusion 

 

Methanolic extracts of Macedonian Hypericum 

perforatum possessed promising antioxidant activity 

due to the high content of secondary metabolites 

such as phenols and flavonoids.   

In the future, subsequent assessment of 

chemical composition and evaluation of biological 

activity should be done in order to provide more data 

for better knowledge of biological activity of this 

Macedonian species.  
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Introduction 

 

The common selfheal, Prunella vulgaris L. 

(Lamiaceae), also known in Bulgarian as 

”prishnitsa”, is a pharmacopoeial medicinal plant 

(Common selfheal fruit-spike, Ph. Eur. 10.0, 2439: 

01/2017), with a cosmopolitan distribution, diverse 

and contradictory ethnobotanical data on the used 

morphological parts and their application as a folk 

remedy. Rarely, the infusion of the aboveground 

parts is the application of the herb in Bulgarian 

traditional medicine. 

A number of contemporary papers focus on 

review on the phytochemical constituents and 

pharmacological effect, which clearly show the 

potential of the selfheal as a medicinal plant with 

promising antibacterial, antiviral, anti-obesity, anti-

inflammatory, anticarcinogenic, antihyperglycemic 

and immunomodulatory activities (Bai et al., 2016; 

Wang et al., 2019). A number of studies aim to 

evaluate the antioxidant and radical scavenging 

activity (Ahn et al., 2018; Feng et al. 2010; Li et al., 

2015). Known data raise a number of questions 

about the relationship between environmental factors 

and the accumulation of secondary metabolites, the 

formation and transfer of traditional knowledge, and 

the evaluation of herb as a plant resource. 

Antioxidant and radical scavenging activity are one 

of the indicators that reflect the potential of benefit 

for human health. Data on the biological activities of 

morphologically different herbal substances 

(Prunellae herba u Prunellae spica) and their herbal 

preparations of different geographical origin are 

relevant for the objective and reliable 

characterization of the species as a medicinal plant 

and for a real assessment of its prospects as a 

resource and source of natural compounds with 

biological activity. The aim of the study is to 

evaluate the antioxidant capacity of herbal 

substances Prunellae herba and Prunellae spica from 

Bulgarian populations. 

 

Materials and methods  

Plant material and extraction procedure 

Plant samples from 14 localities (7 floristic 

regions) of Prunella vulgaris [PV] in Bulgaria were 

collected: flowering aerial parts (Prunellae herba) 

[PVh] and fruit-spikes (Prunellae spica) [PVs]. 

Plants sampled in various habitats at a wide range of 

altitudes (from 0 to 1740 m a.s.l.). Dried powdered 

drug of PVh and PVs was extracted by water and 

20%, 40%, 60% and 80% ethanol (Ph. Eur. 10.0, 

20814: 01/2008). 

 

Quantitative estimation of total phenolic compounds 

The total phenol content was determined by the 

method using the Folin–Ciocalteu reagent and were 

expressed as mg of pyrogallol (PG) equivalent per 

gram of dried weight sample. 

 

Determination of (DPPH•) radical scavenging and 

superoxide (O2•-) anion radical scavenging activity 

The antioxidant capacity of the crude extracts 

was measured against 1,1-diphenyl-2-picrylhydrazyl 

(DPPH•) and superoxide (O2•-) radicals as reported 

by Miliovski et al. (2015) with slight modifications. 
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Results and discussion  

Total phenolics content determination 

The total phenolics content ranged from 

6.5±0.15 mg PG/g dw sample to 69.72±1.44 mg 

PG/g dw sample of all the plants' extracts and varied 

significantly among the samples from the studied 

habitats. A significant difference was found among 

water extracts between the two kinds of herbal 

substances - PVh and PVs. The average amount for 

the PVh is much higher than for the PVs 

(44.54:13.71). In only two of the samples (high 

altitude habitat origin) was the difference below 

10%. In addition, very high values were obtained for 

the same two localities (> 60.67 mg PG/g dw). 

 

Comparison of antioxidant activity of different 

localities 

It was shown that the antioxidant capacities of 

all extracts evaluated by DPPH• and superoxide 

(O2•-) assays were in agreement with the content of 

total phenolics. The results showed that in all 

samples, the ethanol extracts had a higher amount of 

total phenolic, as well as higher antioxidant activities 

when compared to the water extracts. 40% ethanol 

and 60% ethanol extract demonstrated the greater 

radical scavenging activities. For most of the 

samples, the PVh extracts showed higher antioxidant 

activity than these obtained from PVs. The levels of 

total phenols and antioxidants activity obtained in 

this study are comparable with those reported for 

herbs with confirmed high health benefits (Pereira et 

al., 2014). Populations with valuable properties 

(antioxidant activity - a potential source of 

biologically active substances and plant material for 

research and cultivation) have been highlighted. 

 

Conclusion 

 

The results confirm the appropriateness of the 

use of the flowering aerial parts of the common self-

heal in Bulgarian folk medicine as well as revealing 

the potential for using selfheal fruit-spike in addition 

to traditional knowledge. The potential of Prunella 

vulgaris of Bulgarian origin as a medicinal plant is 

underestimated and deserves to be further 

investigated in order to use them practically in the 

pharmaceutical and medicine fields. 
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Introduction 

 

The common selfheal Prunella vulgaris L. 

(Lamiaceae) is a well-known and widespread plant 

in Bulgaria, known as “обикновена пришница” 

[obiknovena prishnitsa] - the common “skin blister”, 

or by default commonly used for the treatment of 

blisters. It’s a medicinal, forage and honey plant. 

The plant is well known to be therapeutic in many 

parts of the world. In recent years, some publications 

have summarized data on its traditional use, its 

phytochemical composition and biological activity 

mostly for the herb with Asian origin. Selfheal is a 

plant associated with traditional Chinese medicine 

and is also a pharmacopoeial herbal drug (Ph. Eur.). 

There are few published ethnobotanical data on the 

use of the plant in the Balkans for Albania, Bosnia 

and Herzegovina, related mainly to its use as a 

wound-healing plant, tea for female disorders and 

against viral infections (Šarić-Kundalić et al., 2010; 

Jarić et al., 2018; Rexhepi et al., 2013). There is a 

little more data on different regions of Turkey that 

are expanding knowledge of the use of the plant and 

supplementing it with remedy against rheumatism, 

cardiac disorders, colds, abdominal ache, as a tea for 

gastric ulcer (Kilic, 2016). For Bulgaria, there is 

fragmentary knowledge of its use in some of the 

summary studies (Georgiev, 2013). The purpose of 

the study is to present the data on the traditional use 

of the selfheal as a herbal remedy in Bulgaria and to 

analyse it in the context of what is known for 

different regions of the Balkans. 

Materials and methods 

 

This study was conducted in the 2015-2019 

period and gathered data from main sources that 

provide information for medicinal plants for the end 

of 19th and to the middle of the 20th century. The 

field data was compiled through semi-structured 

interviews with a field questionnaire organized to 

seek the following information about plant: local 

name, plant part(s) used, local mode of preparation. 

At this stage, the study did not seek the 

representation of all or certain folk or administrative 

regions. 

 

Results and discussion 

Folk names 

Several different names in Bulgaria are 

indirectly related to the treatment of superficial skin 

injuries: “посечено биле” [posecheno bile], 

“хайдушка трева” [haidushka treva], “прищена 

трева” [prishtena treva]. Until the middle of the 20th 

century, the common botanical name of the selfheal 

was “живениче” [zhiveniche] related to life, living 

or the derivative meaning of it. Other name reflects 

its use in the treatment of livestock: “гърленик” 

[gurlenik]. Most of the folk names of the common 
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selfheal in the Balkan region are also associated with 

wound healing. During the field studies, the new 

name of the plant was established as “horse basil” 

[konski bosilek] - horse basil (SW Bulgaria, Rila). It 

is similar to the plant name in East Anatolia 

acıfesleğen (bitter basil) (Kilic, 2016). At the same 

time, representatives of the genus Salvia are known 

by this name, which is a prerequisite for confusion 

and overlapping of ethnobotanical data. Names that 

characterize the plant as spring are also known bahar 

çiçeği (spring flower), bumbur otu (bumblebee 

herb), erik otu (plum herb), as well as typical 

locality dağçayı (mountain tea) (Kilic, 2016). 
 

Used parts 

Mostly aboveground parts are collected, in many 

cases it is emphasized that the plant is harvested 

during the flowering period. Only inflorescence is 

rarely used. The use of common selfheal leaves is 

also rarely reported. Both dried and fresh plant parts 

are used. This contrasts with the dominant use of 

dried fruit spike in traditional Chinese medicine. 
 

Preparation and medicinal use 

In Bulgarian folk medicine, the most frequently 

prepared common selfheal formulation was an 

infusion and direct application of plant without prior 

preparation. Other applied preparations with 

decreasing frequency were maceration and 

decoction. It is taken internally for cough, for 

coughing up of blood, for stomach pain, for 

headache, generally as a pain reliever. Besides, in 

our field studies, new data have shown its increased 

use as a haemorrhoid agent and a total body 

strengthening agent. Externally applied as infusion 

and decoction, as well as freshly crushed pulp 

leaves, which require superficial wounds, purulent 

wounds, boils, burn wounds and bites. It can also be 

used with a honey base, especially in oral care and 

for treatment of pyorrhoea. Maceration in olive oil is 

used in the same way, especially for skin rashes and 

swelling, blue pimple and mastitis, as well as snake 

bites. It is interesting to use it as an anti-hair loss 

effect (Göktaş and Gıdık, 2019), which is not 

mentioned in the rest of the study area. 

Ethnoveterinary agent - in the treatment of the 

disease pasteurellosis in pigs is added to the food 

fresh or as a decoction. 

 

Conclusion 
 

The use of the plant in the study area has a 

common ethnobotanical profile, which is combined 

by the use of aboveground parts such as infusions 

and macerates, for internal and external use mainly 

in the treatment of superficial wounds, mucous 

membranes diseases and painkillers. More up-to-

date ethnobotanical data are needed to supplement 

traditional knowledge. The study showed that the 

plant was undervalued as a source of biologically 

active compounds and traditional knowledge needed 

to be scientifically reconstructed and used to design 

modern herbal medicinal products. 
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Introduction 

 

Basil (Ocimum basilicum L.) is one of the most 

important medicinal and aromatic plants worldwide. 

It is used as an ornamental plant and herb in many 

cuisines. Also, it has numerous potent activities due 

to the present metabolites. It is present in traditional 

medicine and has also been used as commercial 

fragrances, flavours and to improve the food 

products shelf life (Purushothaman et al., 2018). 

Various plant phenotyping platforms which combine 

modern imaging techniques with automatic data 

analysis have been developed in order to assess plant 

performance under different environmental 

conditions (Rahaman et al., 2015). Non-destructive 

plant imaging techniques, such as chlorophyll 

fluorescence and multispectral imaging, are based on 

reflectance of different wavelengths from the plant 

leaves to be used for calculation of different Spectral 

Vegetation Indices as indicators of plant chemical 

composition and physiological status (Li et al., 

2014). 

The aim of this experiment was to quantify 

morphological traits in basil using 3D multispectral 

scanner and to investigate the potential of 

multispectral imaging systems for high-throughput 

yield phenotyping in basil. 

 

Materials and methods 

 

Plants of O. basilicum 'Genovese' were grown in 

greenhouse (Tmean=22.5) during their whole 

vegetation period. Multispectral LED lamps were 

placed 100 cm above plant level and a 16 h 

photoperiod was set from 5:00 am up to 9:00 pm. 

Plants were scanned four times (1st when they were 

planted in 3L pots and every week until they reach 

flowering stage) using PlantEye F500 multispectral 

3D scanner (Phenospex, Heerlen, The Nederlands). 

Plant spectral reflectance in Red (620 - 645 nm), 

Green (530 - 540 nm), Blue (460 - 485 nm), Near-

Infrared (820 - 850 nm) and the 3D Laser (940 nm) 

was scanned in 3D. Based on plant scans different 

vegetation indices and morphological parameters 
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were automatically calculated using HortControl 

software (Phenospex, Heerlen, The Nederlands). 

Calculated morphological parameters included: 

digital biomass (cm3), plant height (mm), total leaf 

area (mm2), projected leaf area (mm2), leaf 

inclination (mm2 mm-2), leaf area index (mm2 mm-2), 

leaf angle (°) and light penetration depth (mm).  

The Pearson’s correlation coefficients were 

calculated using the SAS system for Windows (SAS, 

2011).  

 

Results and discussion  

 

All measured morphological traits showed 

increasing values during four scanning times, except 

leaf angle. Average leaf angle decreased for 7.9%, 

from 39.7ᵒ determined at first scan to 36.5ᵒ which 

was determined at last scan. 

When comparing all measured morphological 

traits, greatest increase was detected in digital 

biomass which increased for 331% for four weeks, 

from 170.4 cm3 to 734.6 cm3. Increase in digital 

biomass was more related to increase in leaf biomass 

(as indicated traits related to leaf area) than to 

increase in plant height. During for weeks (four 

scans) total leaf area increased for 183.2% (from 

9602 mm2 to 27199 mm2), projected leaf area 

increased for 159.3% (from 5846 mm2 to 15160 

mm2), and leaf area index increased for 182% (from 

0.1 mm2 mm-2 to 0.28 mm2 mm-2), whereas plant 

height increased for 51.9% (from 176.9 mm to 268.9 

mm). 

Regardless of considerable incensement in leaf 

area and digital biomass, data show increased light 

penetration depth for 29.7% (from 101 mm to 131 

mm). These results may seem confusing. However, 

the fact that light penetration depth increased is 

probably related to increased plant height, which 

thus increase depth to which light are penetrating 

canopy.  

Significant correlation (P < 0.001) between 

digital biomass and shoot fresh weight (r = 0.90) as 

well between digital biomass and shoot dry weight (r 

= 0.72) indicated a high precision and usefulness of 

3D multispectral scanning in measuring 

morphological traits in basil. 

 

 

 

Conclusion 

 

Concerning the measured basil morphological 

parameters all of them showed increasing values 

during four scanning times, except leaf angle. 

Moreover, used multispectral analyses are non-

destructive and fast techniques with minimum error 

and human interference which potential usage covers 

disciplines from stress quantification to yield 

prediction, and thus are a highly recommended 

methods for plants phenotyping. 
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Introduction 

 

Aerial parts of Sideritis raeseri are widely 

utilized in Mediterranean folk medicine. Their use as 

a remedy is based on anti-inflammatory and 

antioxidant properties, antimicrobial effects, and 

possible immune-stimulant activity (Karapandzova 

et al., 2013). Although numerous data have been 

published about the chemical composition of 

phenolic compounds from various extracts in aerial 

parts of S. raeseri (Petreska et al., 2011, 

Karapandzova et al., 2013), there are no data about 

the phenolic compounds in the rosette leaves. 

Traditionally, rosette leaves of S. raeseri are not 

used (Qazimi et al., 2014). 

The aim of this work was determination of the 

phenolic compounds in the methanolic extracts of 

spontaneous flowering stems and rosette leaves of S. 

raeseri using LC/DAD/ESI-MSn 

 

Materials and methods 

 

Plant material: The flowering stems (S-f) and 

rosette leaves (S-r) of Sideritis raeseri were 

collected in 3 different localities from National Park  

Galichica in R. N. Macedonia (Kazani, Krstec and 

Vojtino). The plant material was air dried, packed in 

paper bags and kept in a dark and cold place until 

analysis.  

Extraction of phenolic compounds: 0.2 g of powder 

plant material of flowering stems (homogenized 

samples from flower, leaf and stem) (S-f) and rosette 

leaves (S-r) were extracted with 25 ml of 70% 

methanol, 30 min, using US bath. The supernatant 

was filtered through 0.45 μm pore-size 

polyethersulfone filter before analysis. 

LC/DAD/ESI-MSn analysis: Chromatographic 

separations were carried out on 250 mm x 4.6 mm, 5 

µm C18 Luna column (Phenomenix). The mobile 

phase consisted of two solvents: water - formic acid 

(1 % v/v) (A) and methanol (B). A linear gradient 

starting with 25% B was installed to reach 30% B at 

7 min, 45% B at 30 min, 50% B at 50 min and 100 

% B at from 55 to 60 min. The HPLC system was 

equipped with an Agilent 1100 series diode array 

and mass detector in series (Agilent Technologies, 

Waldbronn, Germany). It consisted of a G1312A 

binary pump, a G1329A autosampler, a G1379B 

degasser and G1315D photo-diode array detector, 
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controlled by a ChemStation software (Agilent, 

v.08.03) 

Spectral data from all peaks were accumulated 

in range 190-600 nm and chromatograms were 

recorded at 290 and 300 nm for glycosides and 

acylated derivatives and at 330 nm for 

phenylethanoid glycosides and hydroxycinnamic 

acid. The mass detector was a G2449A Ion-Trap 

Mass Spectrometar equipped with an electrospray 

ionisation (ESI) system and controlled by LCMSD 

software (Agilent, v.6.1.). Nitrogen was used as 

nebulising gas at pressure of 65 psi and the flow was 

adjusted to 12 L min-1. Maximum accumulation time 

of ion trap and the number of MS repetitions to 

obtain the MS average spectra were set at 300 ms 

and 5, respectively. 

The identification and peak assign mentation of 

all phenolic compounds was based on comparison of 

their retention times and mass spectral data with 

those of standards and published dates.  

 

Results and discussion 
 

Phenolic compounds in the Sideritis extracts 

were identified by their UV spectra, their 

deprotonated molecular ions and their corresponding 

ion fragments, by using LC/DAD/ESI-MSn. Total of 

28-29 and 26-28 components were identified in the 

methanolic extracts of spontaneous flowering stems 

(S-f) and rosette leaves (S-r) of S. raeseri, 

representing 78,98-104,76 mg/g DW and 131,64-

157,20 mg/g DW of the total content, respectively. 

Phenolic compounds in S-f and S-r were classified 

into four groups: hydroxycinnamic acids derivatives 

(1-3 and 1-3), phenylethanoid glycosides (PHEG) 

(8-9 and 8-9), flavonoid 7-O-diglucosides (5 and 5) 

and flavonoid acetylglucosides aglycones (12-13 and 

11-12), respectively. 

The total amount of hydroxycinnamic acid 

derivatives in S-f and S-r extracts ranged from 1,89-

3,13 mg/g and 1,56-2,34 mg/g, respectively. 5-

caffeoylquinic acid was found in all samples and it 

was dominant hydroxycinnamic acid. PHEG were 

the abundant group of polyphenols in the studied 

samples with the content ranging from 43,84-62,55 

mg/g in S-f and 70,29-106,40 mg/g in S-r. The most 

abudant compounds of PHEG in S-f and S-r samples 

were: verbascoside (17,11-22,27mg/g and 27,93-

36,16 mg/g), lavandulfolioside (9,63-18,70 mg/g and 

13,68-40,73 mg/g) and allysonoside (3,85-6,97 mg/g 

and 5,46-17,93 mg/g), respectively, and represent 

around 90% of total PHEG content. Total content of 

flavonoid glycosides (non acetylated and acetylated) 

in S-f and S-r ranged from 32,69-40,95 mg/g and 

49,25-60,15 mg/g, respectively. The major 

components in S-f and S-r samples were 

isoscutellarein 7-O-[6′′′-O-acetyl]-allosyl(1→2) 

glucoside (4,53-5,30 mg/g and 5,97-8,14 mg/g), 3' 

O-methylhypolaetin 7-O-[6′′′-O-acetyl]-allosyl 

(1→2)glucoside (8,91-11,89 mg/g and 12,61-16,49 

mg/g) and 4'-O-methylhypolaetin 7-O-[6′′′-O-

acetyl]-allosyl-(1→2)-[6′′-O-acetyl]-glucoside (5,73-

6,58 and 6,82-11,83 mg/g), respectively. 

Conclusion 

The differences in total phenolic content 

between S-f and S-r samples are directly correlated 

with differences in PHEG content.  Rosette leaves 

exhibit very similar phenolic compounds profile 

with the stems, and accordingly can be 

recommended for utilization as an additional plant 

material source of this endemic aromatic plant. For 

complete assessment additional phytochemical 

analysis are require. 
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Introduction 

 

The widespread use of synthetic herbicides in 

agriculture results in the accumulation of harmful 

substances in the environment, which affects human 

health. The search for new natural sources for weed 

control is an important topic in the present time (Cai 

and Gu, 2016; Pino et al., 2013). The potential of 

essential oils as bioherbicide has been the subject of 

intense research in recent years (Amri et al., 2013; 

Hazrati et al., 2018; Ibáñez and Blázquez, 2019; 

Nikolova and Berkov, 2018; Önen et al., 2002). 

Most studies in the field are limited to determine the 

inhibitory potential of essential oils on germination 

of weed seeds (Amri et al., 2017; Angelini et al., 

2003; Synowiec et al., 2017). The research related to 

the application of essential oils on developed weeds 

are insufficient (Benvenuti et al., 2017; Dayan et al., 

2011). 

The aim of the present study was to evaluate the 

effect of essential oils of Artemisia campestris L., 

Artemisia annua L., Thymus longedentatus (Degen 

& Urum.) Ronniger and Origanum vulgare ssp. 

hirtum (Link) Ietsw. on growth of some weeds 

(Capsella bursa-pastoris (L.) Medicus, Dasypyrum 

villosum (L.) Borbás, Matricaria chamomilla L., 

Sinapis arvensis L., Lolium perenne L., Trifolium 

repens L. and Trifolium pratense L.). The essential 

oil profiles of the studied species were determined.  

 

Materials and methods  

Plant and seed material 

Plant materials (aerial parts and seeds) were  

collected from natural populations of the studied 

species (A. campestris, A. annua, T. longedentatus, 

C. bursa-pastoris and D. villosum) and from the ex 

situ collection of IBER (M. chamomilla, S. arvensis, 

O. vulgare ssp. hirtum) during the vegetation period 

of 2019. The seeds of L. perenne, T. repens and T. 

pratense were purchased from Florian Company.  
 

Isolation and GC/MS analysis of the essential oil 

Essential oil was extracted in Clevenger 

apparatus by water distillation, from dry plant 

material. Oil sample analyses were performed on 

Thermo GC equipped with a Focus DSQ II mass 

detector and a HP-5MS capillary column (30 m × 

0.25 mm i.d., 0.25 µm film thickness). The 

components were identified by comparing their 

relative retentions times with the retention times of 

authentic standards, and mass spectra with National 

Institute of Standards and Technology (NIST), of the 

GC/MS system as well as literature data (Adams, 

2007). 
 

In vivo toxicity test 

The fifteen seeds of each weed were planted in 

plastic pot (8 cm diameter) filled with substrate. Pots 

were placed in room phytotron with average 

temperature 23ºC and 30% humidity. The weed 

individuals at seedling stage were sprayed with an 

aqueous solution of essential oils at concentration 5 

µl/mL using surfactant 0,1% Tween 40 Sigma, as an 

emulsifier. Seven days after spray, the treated weed 

plants were checked for visible injury and the dead 

individuals were counted. The test was repeated 

three times for each weed.  
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Results and discussion  
 

Essential oils of A. campestris, A. annua, T. 

longedentatus and O. vulgare ssp. hirtum were 

tested for growth inhibition of weeds. The essential 

oil composition of studied species was analyzed by 

GC/MS. The main compound in O. vulgare ssp. 

hirtum was carvacrol, while in T. longedentatus the 

predominant components were citral isomers and 

eucalyptol. Profiles of the other two species were 

more complex and no clearly dominant compounds 

could be outlined. Essential oil of A. annua contains 

artemisia ketone, camphor, β-pinene, camphene, 

eucalyptol, β-cybebene, caryophylene oxide, 

caryophylene. In the profile of A. campestris were 

identified β-pinene, α-pinene, β-оcimene, 

acenaphthene, eugenol.  

The treatment of weed plants with an aqueous 

solution of the essential oils caused spots on the 

leaves but in the most cases, the growth resumes. L. 

perrene and D. villosum were found to be the most 

resistant. Apex yellowing was noted only on single 

individuals and it did not affect their growth. The 

toxic damage caused yellow brown spots on the 

leaves of S. arvensis and C. bursa-pastoris. In the 

samples of M. chamomilla a few completely 

destroyed individuals were observed whereas in the 

T. repens and T. pratense about half were died. 

The essential oil of O. vulgare ssp. hirtum 

expressed the highest activity in comparison with all 

studied species. The received results confirm that 

carvacrol, citral isomers and eucalyptol are potent 

growth inhibitors (Amri et al., 2013). Furthermore, 

experiments with a wider concentration range of 

application of the essential oils should be proceed.  

 

Conclusion 
 

The results showed differences in weed species 

sensitivity to the applied essential oils. The studied 

representatives of fam. Poaceae were the most 

resistant. 
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Introduction 

 

Phytoestrogens are plant compounds that can 

exhibit estrogen-like activity. Isoflavones are one of 

the best studied groups of phytoestrogens known for 

their human health benefits. Red clover (Trifolium 

pratense L.) is one of the leading forage legumes in 

northern and south-eastern Europe, the United States 

and Canada. In recent years, the use of natural 

antioxidants found in red clover has attracted interest 

due to their presumed nutritional and therapeutic 

values (Vlaisavljevic et al., 2014; Vlaisavljevic et 

al., 2017). Studies of utilization of red clover by the 

pharmaceutical industry have pointed that dietary 

phytoestrogens play an important role in the 

prevention of menopausal symptoms (Lipovac et al., 

2010), osteoporosis (Atkinson et al., 2004a), 

estrogen-related cancers like breast cancer, prostate 

cancer (Atkinson et al., 2004b; Velentzis et al., 

2008) and heart disease (Cano et al., 2010; Dixon, 

2004). The isoflavones content in red clover is 

controlled by genetic and environmental factors 

(Boot et al., 2006; Sivesind and Seguin, 2005; Tsao 

et al., 2006; Visnevschi-Necrasov et al., 2013). The 

aim of this study was to determine if the isoflavones 

quantitative and qualitative content depends on 

different growth stages in red clover variety Una.  

 

 

Materials and methods  

 

Sample preparation 

Red clover herbage samples (Una variety) were 

collected from four different growth stages (1. bud 

emergency, 2. first flower stalk emergence, 3. mid of 

flowering and 4. full flowering) at the experimental 

field of the Institute of Field and Vegetable Crops, 

Bački Petrovac, in 2019. Herbage samples were 

dried at 60 °C for about 48 hours, homogenized and 

grounded to a particle size of Ӕ = 0.8 mm, as well 

as mixed with 2 ml of water at 37 °C. After that, 

HCl and ethanol wereadded and this mixture was 

heated to boiling. Obtained extracts were purified by 

solid phase extraction on HLB cartridges and 

analyzed on HPLC after filtration.  

 

HPLC analysis of isoflavones 

Zorbax SB C18 reversed phase HPLC column 

was used for separation of main isoflavones present 

in red clover: formononetin, biochanin A, genistein, 

and daidzein. Isoflavones were identified by 

comparing the retention times in HPLC 

chromatograms and UV spectral patterns with those 

of standard compounds. Isoflavone concentrations 

were quantified by external standard method using 

five-point regression curves of formononetin, 

biochanin A, genistein, and daidzein standard 

compounds. 
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Results and discussion  

 

Results of isoflavones analyses in different 

growth stages of red clover variety Una revealed the 

highest total content in the stage of bud emergency, 

due to greater proportion of leaves in the samples. In 

this stage the highest value of two isoflavones 

content: formononetin (3.21 mg g-1) and biochanin A 

(3.19 mg g-1) was found. Moreover, concentrations of 

formononetin and biochanin A decreased markedly 

as flowering progressed, while a smaller decrease, 

found for daidzein and genistein. Previous studies 

have confirmed the existence of differences in 

isoflavone content depending on growth stage and it 

has been noticed that two isoflavones: formononetin 

and biochanin A, are the most abundant (Booth et al., 

2006; Sivesind and Seguin, 2005; Tsao et al., 2006; 

Lemežienė et al., 2015).  

 

Conclusion 

 

Red clover variety Una harvested at the lowest 

growth stage can be used as row material for 

production of dietary supplements due to the 

significant content of isoflavones. 
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Introduction 

 

The popularity of complementary and alternative 

medicine (CAM) and its use have increased over the 

previous decades (Frass et al., 2012). The amount of 

avliable literature regarding the use of CAM in 

providing different types of health care is increasing 

(Bazargan et al., 2008; Rosenberg et al., 2008).  

The National Center for CAM (NCCAM, 2008) 

defines CAM as “a group of diverse medical and 

health care systems, practices, and products that are 

not generally considered part of conventional 

medicine”. The most commonly investigated CAM 

modalities among university students were 

biologically based modalities (which include 

herbals) and mind-body medicine modalities (which 

include meditation, spiritualities, hypnosis and yoga) 

(Loh et al., 2013).  

There have been a rising number of studies in-

vestigating medical students’ knowledge and attitude 

regarding CAM in recent years. Two studies from 

Saudi Arabia (Albadr et al., 2018; Alzahrani et al., 

2016) that assessed knowledge and attitude regard-

ing CAM among medical students, found gap in 

knowledge, despite their positive attitude towards 

the topic. Another study conducted at two universi-

ties in the United States reported that medical stu-

dents received the least amount of education about 

CAM and doubted the usefulness of CAM the most, 

among all health professions students (Baugniet et 

al., 2000).  

Data on knowledge and attitude of medical stu-

dents from developing countries about CAM are 

limited. In Serbia, there is still lack of data. There-

fore, the aim of this study is to assess the attitude 

towards CAM and its use among medical students at 

the University of Pristina in Kosovska Mitrovica. 

The Medical Faculty of the University of Pristina in 

Kosovska Mitrovica is one of the five state medical 

faculties in Serbia. Currently, CAM is not part of the 

study curriculum, so the second goal of this study is 

to assess students' attitude toward its inclusion into 

the medical curriculum. 

 

Materials and methods  

 

This cross-sectional study recruited medical stu-

dents on 3rd, 4th, 5th and 6th year of study during the 

academic 2019-2020 year. These study groups were 

chosen because they are in contact with patients that 

are interested in the effectiveness of this kind of 

treatment. The study was approved by the Ethical 

Committee of the Faculty of Medicine.  
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22                                              Section 

Maced. Pharm. Bull. 66 (Suppl 2) 21 - 22 (2020) 

Out of total 337 filled questionnaires, 45 were 

excluded from the study because of incomplete data. 

The first part of the questionnaire assessed the 

socio-demographic characteristics of students (age, 

gender, year of education). The second part of the 

questionnaire assessed the use of CAM, and the third 

part assessed the attitude towards CAM. The attitude 

was assessed using 7 questions with dichotomous 

yes or no answers. 

Procedures of CAM examined in this study 

were: acupuncture, massage, hypnosis, herbal medi-

cine, meditation, homeopathy, chiropractic, yoga, 

reflexology, prayer and self-help groups.  

Descriptive statistics were used to analyze inves-

tigated parameters. 

 

Results and discussion  

 

Among the 292 students who completed the 

questionnaire, 74 (25%), 64 (22%), 91 (31%), and 

63 (22%) were in the third, fourth, fifth and sixth 

years of study, respectively.  

The percentage of students that currently use 

CAM was 17.5%, while 33% had never used CAM. 

Massage therapy (39%), herbal products (24%), 

prayer (13.7%) and meditation (11.3%) were most 

common used procedures of CAM. The most com-

mon reasons for using CAM among medical stu-

dents were improvement of general health, exam 

stress relief and improvement of concentration.  

The most popular sources of information about 

CAM was internet (74%). 

Interestingly, despite the fact that most of the 

students believe that CAM could be used to improve 

general health and alleviate or eliminate the symp-

toms of the disease, over 50% of students are unsure 

about their effectiveness and safety. 

Majority of the students (75%) felt that 

knowledge about CAM could be beneficial to their 

medical practice and should be included in the medi-

cal curriculum.  

 

Conclusion 

 

Our results showed medical students positive 

attitude about CAM regardless of their insufficient 

knowledge of this topic. A high percentage of stu-

dents agreed that CAM can be useful in the preven-

tion and treatment of various medical conditions. 

Finally, the students showed significant interest for 

including of CAM concept in the medical curricu-

lum. 
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Introduction 

 

Alkanna tinctoria (L.) Tausch (alkanet) is a 

medicinal plant native to the Southern Europe, 

Northern Africa and Southwestern Asia. 

In Bulgaria, A. tinctoria is a protected plant with 

fragmented populations mainly in southwestern and 

southeastern parts of the country. It is included in the 

Red Data Book of Bulgaria (Evstatieva, 2015), in the 

Red List of vascular plants (Petrova and Vladimirov, 

2009) in the "endangered species" category, and in 

Annex 3 of the Bulgarian Biodiversity Act (BDA, 

2002) for species prohibited for harvesting from 

their natural habitats. There are no actual data on the 

distribution of the species on the territory of the 

country. 

The aim is to study the current distribution of the 

species and the status of its populations in Bulgaria. 

 

Material and methods 

 

The distribution of the species was investigated 

using route and stationary methods. In the 2019 

growing season, field studies were conducted in the 

floristic regions of Valley of River Struma, 

Danubian Plain, Tundzha Hilly Country, Thracian 

Lowland, Eastern Rhodopes Mts and Strandzha Mts. 

Population monitoring was performed through 

observations according to the "Methodology for 

Monitoring of vascular plants" and "Methodology 

for Assessment of the state of vascular plants" by the 

NBMS (National Biodiversity Monitoring System 

(http://eea.government.bg/en/nsmos), taking into 

account the floristic area, phenological phase, GPS 

coordinates, habitat characteristics, population 

density, projective coverage, presence of invasive 

species, threats and natural phenomena. The data is 

submitted on unified and approved by MOEW 

forms. 

The available herbarium specimens of A. 

tinctoria in the Bulgarian collections have been 

reviewed (76 numbers in total). A chorological 

reference on the distribution of the species in 

Bulgaria has been done according to literature data. 

 

Results and discussion 

 

As result of the field survey carried out, the 

location, spatial structure, size and age structure of 

the populations were established. A map of the 

current distribution of the species on the territory of 

the country has been elaborated.  

The literature review and herbarium specimens 

revealed that the species is distributed in seven 
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floristic regions of the country – Valley of River 

Struma, Thracian Lowland, Tundzha Hilly Country, 

Pirin Mts (Southern), Eastern Rhodopes Mts, 

Strandzha Mts and Danubian Plain (Kozhuharov, 

1989, Еvstatieva, 2015). 

During our visits in the above cited floristic 

regions, 17 populations of A. tinctoria were found: 

14 between Kresna town and Kulata village (Struma 

valley and Pirin Mt), and 3 in southeastern Bulgaria 

(Eastern Rhodopes Mts). The localities in Danubian 

Plain, Thracian Lowland, Tundzha Hilly Country, 

Strandzha Mts. and some of this in southeastern 

Bulgaria noticed in literature sources and herbarium 

specimens have not been confirmed. Probably, the 

reason for their disappearance is the change in the 

habitat conditions as a result of their abandonment 

(as the established in the population at village 

Orsoya, near the town of Lom) or burning (observed 

in the population at village Archar in Danubian 

Plain). 

On the base of the population localized, it was 

found that the species' habitats are located in three 

floristic regions of the country: Valley of River 

Struma, Pirin Mts (Southern) and Rhodopi Mts. 

(Eastern). The populations are fragmented and 

located in open grassy or shrub communities on 

sandy, poorly eroded terrains. The same 

characteristics of the Alkanna tinctoria habitats were 

described for the Hungarian flora (Pluhar et al., 

2001). The authors pointed out the species as 

tolerant plant that requires warmth, long duration of 

sunshine in the vegetation period and calciferous 

soils, poor in humus coincide with our observations 

on the Bulgarian populations. The requirements of 

A. tinctoria explain its occurrence on limestone 

rocks in the Mediterranean region that is central 

region of distribution of the species, or on loose 

sandy stream deposits such that were found in 

Hungarian and Bulgarian populations. In the cited 

countries A. tinctoria is representative element of the 

submediterranean flora. This showed that the species 

have specific requirements to the environmental 

conditions that determine its distribution.  

Concerning the age structure of the monitored 

populations, our observations showed that in them 

predominated the generative individuals. The main 

threat established was the trampling from herds of 

small and large cattle grazing on their territory, as 

they are all located near settlements, arable lands 

and roads.  

 

Conclusion 

 

During the present study, the localization of the 

populations of Alkanna tinctoria in Bulgaria and 

their state were established. It was confirmed the 

limited distribution of the species on the territory of 

the country. The reason for this is the specific 

requirements to the environmental conditions on the 

one hand, and the disappearance of populations 

under anthropogenic pressure on the other hand. In 

this respect, it may be appropriate, in addition to the 

measures taken so far to protect the species, such as 

its inclusion in the Red Data Book of Bulgaria, Red 

List of Higher Plants and Biodiversity Act, to 

enterprise activities on protection of the localities of 

the species by declaring them protected areas. 
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Introduction 

Fucoidans are highly complex and 

heterogeneous polysaccharides composed of L-

fucose and sulfate groups, but may also contain 

uronic acids, galactose, xylose, mannose, arabinose 

and glucose. They are mainly found in brown 

seaweeds and marine invertebrates. In recent years, 

fucoidans are attracting great interest for their 

various activities such as anti-inflammatory, 

immunomodulatory, antioxidant, anticoagulant, anti-

angiogenic, antihyperlipidemic, antibacterial, 

antitumor, prebiotic and wound healing activity 

(Hahn et al., 2012; Hentati et al., 2018). 

Brown algae fucoidans are usually in complexes 

with different molecules as polyphenols, proteins, 

lipids and other polysaccharides (alginates). The 

coextraction of other algal compounds could 

influence the purity of the isolated fucoidan and 

respectively its biological activity (Hahn et al., 

2012). Therefore, a pretreatment of the algae mass 

before the fucoidan isolation is required. The aim of 

this study was to optimize the extraction process of 

fucoidan from the Bulgarian Black sea algae 

Cystoseira crinita in order to achieve high 

polysaccharide yield and purity.  

 

Materials and methods 

The depigmentation/delipidization of dry 

powder of Cystoseira crinita was carried out using 

five different methods: Method 1: methanol 

extraction; Method 2: methanol:chlorophorm:water 

(4:2:1) extraction; Method 3: a consecutive 

acetone:chlorophorm: ethanol extraction; Method 4: 

formaldehyde:water extraction (1:50); Method 5: 

ethanol:formaldehyde:water extraction (80:5:15). 

The drug extragent ratio (DER) for all models was 
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1:10 and the extraction time was 24 h. The fucoidan 

extraction was performed according to the procedure 

proposed by Hentati et al. (2018) using 0.1 M HCl. 

The purity of the isolated fucoidan was 

estimated by quantifying the content of total 

polyphenols and proteins. Total phenolic compounds 

were determined by the colorimetric Folin-Ciocalteu 

assay using gallic acid as a standard (Singleton et al., 

1999). Protein content was estimated according to 

the Bradford method (1976) calibrated against a 

standard of bovine serum albumin.  

 

Results and discussion  

The extraction yield of fucoidan from Cystoseira 

crinita was approximately 5% of the dry biomass. 

Other algal compounds such as phenols, terpenes, 

lipids and some pigments have a high affinity for 

fucoidan, adsorbing tightly to it during the process 

of extraction (Hahn et al., 2012). Therefore, an 

appropriate pretreatment procedure was performed 

to achieve high purity of the target product. 

Polysaccharide stability was also taken into 

consideration when choosing the purification agent. 

The results from the five different purification 

protocols used were as follows: Method 1: Fucoidan 

yield: 4.72%; Phenolic content: 0.97 %; Protein: 

1.17%; Method 2: Fucoidan yield: 5.84%; Phenolic 

content: 1.02 %; Protein: 1.43%; Method 3: 

Fucoidan yield: 5.83%; Phenolic content: 1.39 %; 

Protein: 1.37%; Method 4: Fucoidan yield: 2.53%; 

Phenolic content: 0.2 %; Protein: 0.11%; Method 5: 

Fucoidan yield: 5.15%; Phenolic content: <0.1 %; 

Protein: 0.56% 

The highest yield of fucoidan was estimated 

using methanol:chloroform:water mixture (method 

2) and a consecutive acetone:chlorophorm:ethanol 

extraction (method 3). On the other hand, these 

models showed highest phenols and proteins 

content. Acetone and chloroform were used to 

remove fatty acids, terpenes, chlorophyll and some 

phenols. Alcohols as methanol and ethanol, and their 

aqueous solutions, were used to remove chlorophyll 

and the major reserve carbohydrate mannitol. 

Method 1, method 2 and method 3 are not expected 

to alter fucoidan structure but they usually result in 

high traces of coextracted compounds, which was 

also confirmed by our results (Hahn et al., 2012).  

Method 4 and method 5 using formaldehyde 

showed the lowest content of impurities (<0.1% of 

phenols and <0.6% of proteins). This could be 

attributed to the polymerization of polyphenols by 

formaldehyde which linked and fixed phenols, 

making them insoluble (Hahn et al., 2012). The 

lowest yield of fucoidan when aqueous solution of 

formaldehyde was used, could be due to the water-

solubility of the polysaccharide. Hence, in method 5 

an ethanol:water solution (80:15) was applied to 

prevent the extraction of fucoidan during the 

purification procedure. 

 

Conclusion  

Water-ethanol solution of formaldehyde was 

determined as the optimal purification agent for the 

pretreatment procedure of fucoidan extraction, due 

to the obtained high yield and purity of the isolated 

polysaccharide. 
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Introduction 

 

The common selfheal, Prunella vulgaris L., also 

known in Bulgarian as  ”prishnitsa”, is a herbaceous, 

widespread, wild plant, part of the Bulgarian flora. A 

typical representative as morphological 

characteristics of the Lamiaceae family.  

The common selfheal known as “Xia Ku Cao” is 

part of Traditional Chinese Medicine, where the 

morphological part "spica" is mainly used - fruit-

spike. Prunellae spica is used for the treatment of 

many diseases, e.g. swollen eyes, scrofula, swollen 

and painful mastitis, breast cancer, tuberculosis and 

other conditions.  

In recent years the interest in Prunella vulgaris L. 

and the herbal substance used by it - Prunellae spica 

is growing worldwide and the plant for the first time 

in 2017 is included in the European Pharmacopoeia 

(Ph.Eur. 8) with the monograph Common Selfheal 

fruit-spike (2439: 01/2017). 

A number of contemporary papers focus on 

review on the phytochemical constituents and 

pharmacological effect (Bai et al., 2016; Wang et al., 

2019). 

The focus of this study is the products containing 

herbal substances and/or herbal preparations of 

common selfheal, established from publicly available 

databases. The herbal products have been analyzed to 

determine their diversity, structure, active substances, 

functions, target area and application. A comparative 

analysis has been carried out according to the known 

data on the biological activity of Prunella vulgaris L. 

and the herbal substances Prunellae herba and 

Prunellae spica. 

 

Materials and methods  

 

The study has been conducted in publicly 

available databases with information on available 

plant products with a component Prunella vulgaris 

herbal substances and/or herbal preparations, 

including medical, pharmaceutical, commercial and 

specialized (BDA, Cos Ing and etc.). 

 

Results and discussion  

 

Over 50 herbal products have been identified in 

approximately equal proportions: dietary 

supplements (52%) and cosmetics (41%). 

 

Combinations of herbal substance(s) and/or herbal 

preparation(s) 

Both mono-components of Prunellae herba 

(extract, tincture, essential oil) and combinations with 

plants mainly with herbal substances from Traditional 

Chinese Medicine (Centella asiatica, Gleditsia 

sinensis), but also with species present in the 

Bulgarian flora (Arctium lappa) are widely used. 

 

Prunella as a cosmetic ingredient  

Nine cosmetic ingredients from Prunella 

vulgaris have been registered with skin and hair 

conditioning and protecting functions, antioxidant 

function, as well as an emollient and antiseborrhoeic 
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(CosIng, 2020). Fermented filtrates and hydrolyzed 

extracts are present.  

Mono-component (55.5%) ingredients 

predominate as herbal substances and herbal 

preparations as follows: Prunella Vulgaris (dried cut 

herb) (1), Prunella Vulgaris Extract (extract of the 

whole plant) (1), Prunella Vulgaris Flower/Leaf/Stem 

Extract (extract of the flowers, leaves and stems) (1), 

Prunella Vulgaris Flower Extract (1) and Prunella 

Vulgaris Leaf Extract (1). The other ingredients are 

combinations of more than three herbal preparations 

(extracts and/or ferments). The diversity of plant 

species includes Bidens tripartita L. (Compositae), 

Perilla frutescens (L.) Britton (Lamiaceae), Centella 

asiatica (L.) Urb. (Apiaceae), Gleditsia sinensis Lam. 

(Leguminosae), Houttuynia cordata Thunb. 

(Saururaceae), Phellodendron amurense Rupr. 

(Rutaceae), Polygonum cuspidatum Willd. ex Spreng. 

(Polygonaceae), Glycine max (L.) Merr. 

(Leguminosae) and Torilis japonica (Houtt.) DC. 

(Apiaceae). In addition, a filtrate of the product 

obtained by the co-fermentation of the flowers and 

leaves of Prunella vulgaris and Glycine max by the 

microorganisms (Bacillus spp., Monascus spp.) is 

also used. An interesting component for a synergistic 

effect is hydrolysate of an extract of the aerial parts of 

Prunella vulgaris derived by acid, enzyme or other 

method of hydrolysis as well as Torilis japonica 

extract by the Lactobacillus spp. (CosIng, 2020). 

Prunella in cosmetic products 

Several types of cosmetic products have been 

identified during the study: pore care sheet mask 

(antioxidant), makeup remover (restorative cleanser 

gel), body cream (moisturizer and soothing skin 

cream), aromatherapy body cream (stimulates the 

skins own healing processes), body lotion (anti-

inflammatory), hand and foot balsam (skin care 

substance), hair çonditioner (intensively nourishes 

and strengthens the hair) and toothpaste (health care, 

repairing damaged tissue). Prunella vulgaris is a key 

ingredient in a baby herbal cosmetic series with anti-

inflammatory and antiallergic properties. 

Dietary supplements 

The main purpose of the established dietary 

supplements is as immunostimulants and in the 

treatment of skin diseases and superficial wounds, 

which corresponds to part of the experimentally 

established in the last decade antioxidant, 

antibacterial, antiviral, anti-inflammatory, 

anticarcinogenic, antihyperglycemic and 

immunomodulatory activities. 

 

Herbal medicinal products  

Prunella vulgaris is a pharmacopoeial medicinal 

plant (Common selfheal fruit-spike, Ph. Eur. 10.0, 

2439:01/2017). No registered herbal medicinal 

products have been identified (BDA, 2020).  

 

Conclusion 

 

Prunella vulgaris is a plant with wide traditional 

use, the focus is on a number of modern 

phytochemical and pharmacological studies. 

Traditional knowledge and scientific evidence of its 

effects far exceed their use today in products from the 

plant. Compared to registered one, the established 

cosmetics have a wider range of functions based on 

traditional knowledge. The analysis shows Prunella 

vulgaris as a herb with potential for the development 

of herbal medicinal products. 
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Introduction 

 

Chelidonium majus L. or Ch. majus (greater 

celandine) is a well-known and widespread 

herbaceous perennial medicinal plant which is native 

to Europe, Northern Africa and Western Asia. The 

whole plant contains isoquinoline alkaloids 

(coptisine, allocryptopine, protopine, berberine, 

chelidonine, sanguinarine, chelerythrine, etc.). The 

herb is used for different purposes in traditional 

medicine in various countries. Nowadays it is a 

component in a few remedies (Maji and Banerji, 

2015; Zielinska et al., 2018). 

Drought and soil salinity have a disastrous effect 

on plant growth and development. They are 

becoming increasingly serious problems worldwide.  

When plants are under the influence of stressful 

factors such as drought, soil salinity, extreme 

temperatures, heavy metals, etc., they accumulate 

different types of metabolites. Among them are 

amino acids, and especially proline which is 

overproduced in plants when they are under stress. 

Moreover, it contributes to stress tolerance 

(Verbruggen and Hermans, 2008).  

The aim of this study is to reveal how different 

levels of PEG 6000 and NaCl affect plant survival 

and proline concentration in cultivated plants of Ch. 

majus. PEG and NaCl are used in order to resemble  

drought and soil salinity. 

 

Materials and methods  

Seed origin 

The seeds from Ch. majus were collected from 

plants grown in the village of Mramor, near Sofia, 

Bulgaria. They were pre-soaked in distilled water for 

24 hours before sterilization.  

 

Seed sterilization and germination 

The seeds were soaked in 70% ethanol (2 

minutes) and sterilized in 0.1% HgCl2 (2 minutes), 

then rinsed once with sterile distilled water. 

Thereafter, the seeds were sterilized with 

commercial bleach (chlorine < 2.5%) half-diluted 

with sterile distilled water for 10 minutes and then 

rinsed three times with sterile distilled water. 

The seeds germinated on filter paper moistened 

with distilled water at 8±2°C in dark for 7 days. 

Afterwards, they were placed at 23±3°C in dark for 

14 days and then in light for 7 days.  

 

Seedling cultivation and proline content 

The seedlings were planted in plastic pots filled 

with 30 g perlite. Firstly, they were watered with 

liquid medium B5 (Gamborg et al., 1968) 

supplemented with three different concentrations of 

PEG 6000 (1%; 5%; 10%) or NaCl (50 mM; 100 
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mM; 150 mM). Afterwards, the plants were watered 

only with liquid medium B5 without sucrose, 

adjusted to pH 5.5. The plants were cultivated in a 

growth camera (POL-EKO Aparatura) for 8 weeks. 

The surviving plants have been presented as a 

percentage. 

Proline was determined according to the method 

of Bates et al. (1973).  

 

Results and discussion  

 

The highest percentage of surviving plants from 

the treated ones was observed in the variant with 1% 

PEG (80.00±1.73%), which is close to the 

percentage of the control plants (96.67±0.58%). The 

higher the PEG concentration, the lower the survival 

rate. The highest concentration of PEG (10%) 

accounted for 3.33±0.58% surviving plants. The 

plants are more susceptible to NaCl influence. 

73.33±0.57% of the plants survived at the lowest 

concentration of NaCl (50 mM NaCl), where the 

survival rate sharply decreased to 6.67±0.51% and 

0.00% at 100 mM and 150 mM, respectively. The 

plants cultivated in perlite with PEG accumulated 

high content of proline. In the studied concentrations 

its content significantly increased in comparison 

with the control (4.59±0.10 µM/g) - 38.61±0.01 

µM/g for 1%, and 31.46±0.02 µM/g for 5% PEG, 

where the highest content was observed in the 

variant with 10% PEG (162.55±0.42 µM/g). Plants 

cultivated with 50 mM NaCl didn’t accumulated 

high content of proline and its percentage (6.20±0.09 

µM/g) is close to that of the control. Because of the 

absence or low percentages of surviving plants in the 

other two concentrations proline content wasn’t 

analysed in them. 

Plants accumulated higher content of proline 

under stress, and a lot of research correlated the 

higher content of proline with adaptation to the 

stress conditions (Verbruggen and Hermans, 2008). 

Our study showed that the plants cultivated with 

PEG accumulated significantly more proline than the 

variant with NaCl. 

According to the content of proline and plant 

survival rate we can assume that Ch. majus can 

possibly adapt more successfully to drought than salt 

stress. Significantly higher proline content in all 

PEG concentrations revealed the species’ higher 

ability to adapt to these conditions. 

Conclusion 

 

Cultivated plants of Ch. majus displayed good 

survival rate at low concentrations of PEG and 

NaCl. Increase in the concentrations decreased the 

percentage of surviving plants. Proline content was 

significantly influenced by supplementation of PEG 

and slightly less by NaCl compared to the control 

group. In light of our results we could presume that 

Ch. majus is more resistant to drought than to 

salinity stress and further research is required. 
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Introduction 

 

Summer savory (Satureja hortensis L.) is a well 

known annual, herbaceous spice plant belonging to 

the Lamiaceae plant family with significant 

importance in culinary and herbal medicine. 

Flowering leafy shoots (S. hortensis herb) are the 

most important parts of the plant where essential oil 

containing glands are present along with many other 

active substances. This study aims to find the best 

preservation methods in order to conserve the 

organoleptic properties and the most important 

active substances present in summer savory plant.  

 

Materials and methods 

Plant material 

A Polish hybrid variety named “Saturn” was 

used for the examinations. The plant stand was 

established in the Research Field of the Department 

in Soroksár, Hungary in 2020. Approximately 5 kg 

of flowering leafy shoots were harvested at the 

beginning of August, in full flowering stage. The 

homogeneous plant material was divided into ten 

parts for the different treatments.  

 

Preservation methods 

In our experiment the effect of sun drying, shade 

drying, oven drying at 40ºC and 60 ºC, 

lyophilization, microwave drying at 250 and 700 W, 

slow freezing and fast freezing was investigated 

compared to the freshly harvested plant material. 

The duration of drying for different drying methods 

were as follows: 

Sun drying: 2 days 

Shade drying: 12 days 

Oven drying (40 ºC): 20 hours 

Oven drying (60 ºC): 6 hours 

Microwave drying (250 W): 15 minutes 

Microwave drying (700 W): 6 minutes 

 

Chemical analyses 

For essential oil extraction, 40 g fresh (or 

frozen) and 20 g of each dried samples were distilled 

for 2 h in a Clevenger-type apparatus in 3 

replications. For GC-MS analysis, an Agilent 

Technologies 6890 N chromatograph equipped with 

HP-5 and HP-5ms capillary columns was used. 

Measurements were taken in three replications. 

Determination of total phenol content (TPC) of 

aqueous extracts prepared from summer savory 

samples was carried out by the modified method of 

Singleton and Rossi (1965). Antioxidant capacity 

(AC) of the same extracts was measured using 

FRAP method according to the modified method of 

Benzie and Strain (1996). The extracts were 

prepared in three replications for each treatment. 
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Triplicate measurements were carried out from each 

of the three biological replicates. Values obtained in 

each chemical analyses were referenced to the dry 

matter content of the samples.  

 

Colour measurement 

Konica Minolta CR-410 tristimulus colorimeter 

was used for colour determination. L*, a* and b* 

values were recorded and a*/b* was calculated. The 

measurements were performed in six replications. 

 

Results and discussion 

Essential oil content 

In fresh and lyophilized samples, similar amount 

of essential oil was obtained (1.96 mL/100 g). The 

highest essential oil content was recorded in the 

shade dried and oven dried at 40 ºC samples (2.50 

and 2.44 mL/100 g, respectively), but we found high 

values in slow and fast frozen samples too (2.23 

mL/100 g). In case of oven dried (60 ºC) and sun 

dried samples, the essential oil content significantly 

decreased (1.40 and 0.97 mL/100 g, respectively), 

and in case of microwave dried samples it was 

almost completely lost (250 W: 0.40 mL/100 g and 

700 W: 0.17 mL/100 g).  

 

Essential oil composition 

The essential oil composition of fresh summer 

savory flowering leafy shoots and samples dried in 

shade, at oven 40 ºC, frozen slowly and fastly were 

very similar: the major compounds were carvacrol 

(63.2-70.4%), γ-terpinene (19.6-22.3%) and p-

cymene (3.5-4.9%). We also obtained rather similar 

essential oil composition in case of samples dried in 

the sun, in oven at 60 ºC and after lyophilization 

(carvacrol: 67.8-69.1%, γ-terpinene: 17.1-18.8% and 

p-cymene: 4.2-5.1%), although in lyophilized 

sample some new minor compounds also appeared 

(e.g. trans-anethole in 0.81%). But in case of 

microwave dried samples we experienced significant 

changes: the γ-terpinene (2.3-4.1%) and p-cymene 

(0.7-1.1%) content significantly decreased, possibly 

because these compounds evaporated during drying, 

while the content of carvacrol (85.3-86.4%) 

increased in their essential oil.  

 

Total Phenolic Content (TPC) 

The significantly highest TPC was measured in 

the fresh and shade dried samples (302.0 and 231.6 

mg GAE/g, respectively), but slow frozen, 

lyophilized, microwave dried at 700 W, sun dried 

and oven dried at 40 C samples also contained a lot 

of phenolic compounds (176.4-208.2 mg GAE/g). 

The lowest TPC was recorded in the summer savory 

sample dried in the oven at 60ºC (113.8 mg GAE/g). 

 

Total antioxidant capacity (TAC) 

The significantly highest antioxidant capacity 

was recorded in fresh sample (283.5 mg AAE/g), 

while the lowest AC was observed in leafy shoots 

dried at 60 ºC (66.5 mg AAE/g). In case of shade 

dried, lyophilized and microwave dried (700 W) 

samples, we found similar, and rather high 

antioxidant potency too (166.5, 163.7 and 157.3 mg 

AAE/g, respectively).  

 

Colour measurement 

Freezing and lyophilization could preserve the 

fresh sample’s original colour the best. However, 

lyophilized sample was paler green. Sun drying and 

oven drying at 60 ºC caused spectacular colour 

degradation. 

 

Conclusion 

 

According to the data of this experiment, the 

gentle drying methods (shade drying, oven drying at 

40 ºC, lyophilization) and freezing proved to be the 

most effective preservation methods among the 

applied treatments. Microwave drying at 700 W was 

a very fast and cheap drying technique, the sample 

thus preserved contained appreciable amount of TPC 

and TAC but most of the essential oil evaporated 

from the plant parts during drying. 
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Introduction 

 

Weight loss dietary supplements are 

dynamically growing group of consumer’s products 

as they are used for speeding up the process of 

weight loss in the treatment of obesity. In order to 

comply with the minimal regulatory requirements in 

demonstrating efficacy (Koncz et al., 2021), some 

manufacturers are economically motivated for the 

addition of unauthorized ingredients to enhance their 

slimming effects. This substandard practice known 

as adulteration is becoming health concern and more 

important since dietary supplements are not assessed 

and approved prior to commercialization (Rocha et 

al., 2016). Moreover, these products are widely 

available in pharmacies, some retail stores or over 

the Internet (Rebiere et al., 2012). Therefore, 

detection of the substances used for adulteration 

remains a great challenge for the regulatory. The aim 

of this study was to validate a HPLC-DAD method 

for simultaneous determination of sibutramine, 

fluoxetine, caffeine, theobromine and 

phenolphthalein, which are reported as the most 

common adulterants of weight loss supplements 

(Khazan, 2014).  

 

Materials and methods 

 

Nineteen weight loss supplements sampled from 

the market were tested for eventual presence of 

sibutramine, fluoxetine, caffeine, theobromine and 

phenolphthalein. Standard solutions were prepared at 

concentration of 0.2 mg/mL using reference 

substances. To prepare sample solutions, 

homogenized powders obtained by direct emptying 

of capsules or grounding the tablets were sonicated 

with a mixture of phosphate buffer pH 2.5 and 

acetonitrile in ratio 64:36 (v/v). This mixture was 

used as a mobile phase delivered at a flow rate of 1 

mL/min. The extracts were filtered through a 

0.45 μm pore size membrane filter and injected at a 

volume of 10 μL on a HPLC system Agilent 1200 

(Agilent Technologies, USA) equipped with a 

LiChrospher® 60 RP-select B (125 mm × 4 mm, 5.0 

μm) column at 40 °C. The detection wavelength was 

225 nm (Zhivikj et al., 2021).  

 

Results and discussion  

 

The method was fully validated according to the 

ICH Q2 guideline (ICH, 2005). Specificity of the 

method was confirmed from the chromatograms 
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obtained from the blanc, individual standards, 

mixture of the standard solutions and placebo 

containing the most commonly used excipients. The 

chromatograms showed no interfering peaks with the 

peak of any studied compound. The resolution factor 

for the analytes peaks was found to be more than 2 

from the nearest eluting peak and with no 

interference appeared in the retention of analytes 

(confirmed by analysis of peak purity), indicating on 

the satisfactory specificity and selectivity of the 

method. The linearity of the method was tested using 

seven concentrations (0.002, 0.005, 0.01, 0.02, 0.05, 

0.1, 0.2 and 0.3 mg/mL) of the standard solutions 

and evaluated using correlation coefficient (R2) 

obtained from regression analysis. R2 for the 

calibration curves for all of the components was 

consistently ≥ 0.999. The accuracy of the method 

was determined from the recovery study by adding 

known amounts of each compound corresponding to 

50, 100 and 150% of the respective working 

concentration. The method is accurate (98.17-

100.26%) and precise (RSD ≤ 5%). The robustness 

of the method was tested for the various factors such 

as flow rate (±0.1 mL/min), column temperature (±5 

°C), pH of mobile phase (±0.1), mobile phase ratio 

(±2%) and concentration of phosphate in the buffer 

(±0.01 mol/L). The system suitability parameters 

obtained for each compound were evaluated and 

showed no significant changes indicating that the 

method is robust at small, but deliberate 

modifications.  

The method was used for screening of the 

presence of adulterating substances in nineteen 

weight loss supplements sampled from the market. 

Undeclared substances were detected in three of the 

tested products: fluoxetine was detected in two 

products and theobromine was detected in one of the 

products.  

 

Conclusion 

 

A simple, fast and convenient HPLC-DAD 

method was adopted for simultaneous separation and 

assay of five potential adulterants in weight loss 

dietary supplements available in Macedonian market 

(sibutramine, fluoxetine, caffeine, theobromine and 

phenolphthalein). The proposed method is specific, 

selective, linear, accurate, precise and robust; 

therefore, it is valid for detection of five adulterants 

potentially present in weight loss supplements in 

analysis with a 10-min run time. The major 

challenge and at the same time an advantage of this 

method is the possibility for simultaneous detection 

and identification of adulterants due to their different 

physicochemical properties and distinct polarities, as 

well as difficulty related to the different matrices of 

weight loss supplements. 

This method was successfully applied to local 

marketed products and hence can be useful for the 

routine analysis of any of the five investigated 

compounds illegally added in weight loss 

supplements.  
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Introduction 

 

Sideritis raeseri Boiss. & Heldr. is endemic to 

the Balkan Peninsula and is reported to grow in 

Greece, R.N. Macedonia and Albania (Obon de 

Castro and Rivera - Núńez, 1994). Mountain tea is a 

traditional beverage in the Balkan countries, 

prepared as a refreshing herbal tea. Aerial parts of 

this plant are widely utilized in folk medicine in the 

form of a decoction or infusion (Karapandzova et al., 

2013; Romanucci et al., 2017). The specific and 

particular aroma is maybe the most important reason 

for the wide use of the flowering stems of S. raeseri 

by the Balkan peoples. Rosette leaves traditionally is 

not used (Qazimi et al., 2014). There are not data 

about the volatile aroma compounds in the dried 

rosette leaves of S. raeseri. To analyze these 

compounds a refined method of headspace sampling 

hyphenated with GC/FID/MS analysis can be 

utilized (Watson, 2005). 

The aim of this work was the determination of 

the volatile aroma compounds in the dried flowering 

stems and rosette leaves of spontaneous S. raeseri 

using a headspace (HS) method with GC/FID/MS.  

 

 

 

Materials and methods  

 

Plant material: The flowering stems (S-f)  

and rosette leaves (S-r) of Sideritis raeseri were 

collected in 3 different localities from National Park 

Galichica in R. N.  Macedonia (Kazani, Krstec and 

Vojtino). The plant material was air dried, packed in 

paper bags and kept in a dark and cold place until 

analysis.  

 

Analyses of aroma compounds:  

GC and GC-MS analyses: 0.3 g of dried 

flowering stems ((homogenized samples from 

flower, leaf and stem) (S-f) and rosette leaves (S-r) 

was put in sealed vials, warmed for 5 minutes and 

the gas phase (highly volatile compounds) was 

investigated on Agilent 7890А Gas Chromatography 

system equipped with flame ionization detector 

(FID) and Agilent 5975C Mass Quadrupole detector 

as well as capillary flow technology which enable 

simultaneous analysis of the sample on both 

detectors. HP-5ms (30 m x 0.25 mm, film thickness 

0.25 m) capillary column was used. Operating
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conditions were as follows: oven temperature 60C, 

20C/min to 280C; helium as carrier gas at a flow 

rate of 1 mL/min; injector temperature 260C and 

FID temperature 270C. 1000 L of gas phase was 

injected at split ratio 1:1. The mass spectrometry 

conditions were: ionization voltage 70 eV, ion 

source temperature 230C, transfer line temperature 

280C and mass range from 50-500 Da. The MS was 

operated in scan mode.  

Headspace method: Incubation temperature 80˚C; 

incubation time 5 min; syringe temperature 85˚C; 

agitator speed 500 rpm. 

Identification of components: Identification of 

the components was made by comparing the mass 

spectra of components with those from NIST, Wiley 

and Adams mass libraries, by AMDIS (Automated 

Mass Spectral Deconvolution and Identification 

System) and by comparing literature and estimated 

Kovat’s (retention) indices that were determined 

using a mixture of a homologous series of normal 

alkanes from С9 to С25 in n-hexane, under the same 

conditions. The percentage ratio of the components 

was computed by the normalization method of the 

GС/FID peak areas and average values were taken. 

 

Results and discussion  

 

Total of 16 individual volatile aroma compounds 

were identified in dried flowering stems (S-f) of S. 

raeseri, representing 91.93-92.17% of the total 

content. Data analysis of the chemical composition 

revealed three different classes of components: 

monoterpene hydrocarbons (MH) (6) 83.08-88.96%, 

oxygen containing monoterpenes (OM) (4) 2.21-

4.57% and sesquiterpene hydrocarbons (SH) (6) 

0.87-3.7%. The most abundant components in S-f 

samples were MH: β-pinene (44.35-47.32%), α-

pinene (37.51-38.96%) and limonene (1.38-1.72%), 

followed by OM: pinocarvone (1.03-1.72%) and 

myrtenal (1.18-1.82%) as and sesquiterpene 

hydrocarbon α-copaene (0.35-1.76%). 

Total of 16 individual volatile aroma 

components were identified in dried rosette leaves 

(S-r) of S. raeseri, representing 94.49-97.42% of the 

total content. Data analysis of the chemical

 composition revealed three different classes of 

components: MH (5) 91.58-93.15%, OM (3) 0.03-

1.04% and SH (8) 1.31-3.93%. The prevailing 

components in all S-r samples were MH: β-pinene 

(48.96-56.17%), α-pinene (33.06-38.82%) and 

limonene (2.45-3.93%), followed by SH: α-copaene 

(0.68-1.75%) and trans-caryophyllene (0.52-1.23%).  

 

Conclusion 

 

Rosette leaves of S. raeseri exhibit very similar 

volatile aroma compounds profile with the flowering 

stems, comprising β-pinene, α-pinene, limonene and 

α-copaene as predominate components and 

accordingly can be consider as an additional plant 

material source of this aromatic plant. For complete 

assessment additional phytochemical analysis are 

require. 
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Introduction  

 

Currently, it is very important to have time to 

collect endangered folk details about the features of 

the use of small nations species of local flora as 

useful species (medicinal, food, hygiene). Collection 

and analysis ethnobotany data about using of wild 

species of local flora as medicinal plants people 

from small ethnic population on the North of Russia 

(Tkachenko and Lebedeva, 2018). The aim of this 

work was to collect and study materials 

ethnobotanical number of Baltic and Finnish ethnic 

peoples of the North European part of Russia (Veps, 

Karelians, Izhora, Vodes, Estonian-Seto), Komi-

Zyrian, Saami and Russian, with which almost all 

these people have long live in more or less close 

geographical and cultural contact.  

 

Materials and methods 

  

There was a list of 160 questions on the use of 

local flora plants as useful. The methodological basis 

of this work was the personal collection of material 

by the survey method during expedition trips to the 

settlements of the North-West of the Russian 

Federation. 

 

 

 

 

 

Results and discussion  

 

Flora of North-West part Russia includes 

approximately 2700 species of vascular plants. 

Small ethnic groups look like as Veps, Karelians, 

Izhora, Vodes, Seto-Estonians, Komi-Zyrian, Saami 

– they using as helpful (medicinal and edible) plants 

only some species from local flora (not more than 1-

2% from the total number of species from flora of 

North-West of Russia).  

Modern information technologies penetrate 

deeper into the lives of different segments of the 

population. This leads to a rapid loss of traditional 

knowledge accumulated by many centuries. 

Everything is quickly erased the memory of the use 

of different kinds of plants to treat diseases, using 

them as amulets, and their role in many ceremonies. 

Only in small remote villages can still find people 

who preserve old knowledge about the use of plants 

as useful. It is important to have time to collect and 

store grain of people's knowledge and skills in the 

use of wild plant species as useful (food, medicinal, 

ceremonial, construction, ritual). Fewer young 

people who pass native folk knowledge about the 

use of plants. 

Particular attention should be paid to informants 

(who to interview and how). Many healers, who 

keep native people's knowledge, often do not go to 

the contact, and do not share their knowledge to use 

as a medicinal plant (Lebedeva and Tkachenko 2016 

a, b; 2017a, b). 
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Conclusion 

 

In many countries, especially in the last decade, 

a lot of attention to the collection of ethnobotanical 

and ethnopharmacy data. These works are important 

to and among minorities of the North, whose lives 

are still largely dependent on the connection with 

Mother Nature, the ability to use the plant as useful. 

In the data collection process, it has been revealed 

that a single national group, but residing remotely 

from each other, one and same species are not 

equally used. Different people often use various 

types of plant for the treatment of diseases or as 

edible. 

Currently requires the organization of a wide 

collection of information on the use of wild species 

of local flora of the local population as useful, 

especially as food and medicines. 

The most complete knowledge about potential 

new sources from local floras for the development of 

new drugs of plant origin, derived from data 

collected ethnobotanical, will identify promising 

new kinds of complex medical and biological 

research and development of new highly effective 

drugs. 
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Introduction 

 

Seed viability is an important parameter for 

assessing the success of the introduction, 

propagation and breeding of plants. The viability of 

the reproductive diasporas is determined by the 

place of growth, environmental factors, the 

overgrowth of maternal plants, the supply of 

nutrients and water during the growth and 

development and formation of fruits and seeds, as 

well as climate and weather conditions during 

flowering and ripening of fruits. Currently, Botanical 

institutions are beginning to pay more and more 

attention to the protection and reproduction of rare 

and endangered plant species, the creation of seed 

banks, as well as the introduction of new introduced 

plant species into the wide culture and practice of 

gardening. The relevance of scientific work aimed at 

a comprehensive study of the latent period in plant 

life. 

 

Materials and methods 

 

Reproductive diasporas are divided into three 

categories: microbiotic (germination of which lasts 

up to 3 years); mesobiotics - germination lasts from 

3 to 15 years; and - macrobiotic - seeds are viable 

for over 15 years. Rare and species-reducing species 

most often fall into the first group (microbiotic). The 

vast majority of cultivated and cultivated plant 

species belong to the group of mesobiotics. The 

latter group is represented mostly by weedy plant 

species. 

In the twentieth century, methods were 

developed for non-destructive determination of seed 

viability and methods for increasing their 

germination using ultraviolet radiation, a high 

voltage electric field, and even gamma radiation. 

 

Results and discussion  

 

The most promising method of non-destructive 

determination of seed viability was radiography. The 

effectiveness of the use of fluoroscopy was clearly 

shown to assess the quality of large fruits and seeds 

with dense covers (Amygdalus, Cerasus, Cucumis, 

Cucurbita, Foeniculum, Helianthus, Hordeum, 

Malus, Paeonia, Phaseolus, Pinus, Prunus, Quercus, 

Triticum) (Smirnova, 1978; Tkachenko et al., 2016). 

With the development of x-ray machines, the 

development of new microfocus modifications, 

using a computer image immediately after shooting 

objects, it became possible to quickly analyze the 

quality of fruits and seeds. 

At present, it is possible to evaluate the quality, 

to determine the degree of fulfillment and damage 

by various pests of the reproductive diasporas (fruits 

and seeds) of plants of different families, in order to 

select completed (full-fledged) seeds and use them 

for growing (Tkachenko et al., 2015a, b, c; 

Tkachenko et al., 2016). 

X-ray analysis of fruits and seeds allows you to 

get images of much higher quality. Thus, the 
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assessment of the quality of seeds of species of the 

genus Abies Hill. (Pinaceae), introduced species of 

the genus Malus Mill. Insects (from the collected 

seeds of the above plant species) were assigned to 

Chalcides from the Torymidae family. This is a 

family of parasitic riders of the subfamily 

Chalcidoidea of the suborder Stem-bellied order of 

Hymenoptera insects. 

The result of successful introduction tests of 

different plant species in the Botanical Gardens is to 

obtain seed offspring in new growing conditions for 

these species. Reproductive diasporas obtained from 

plants grown under controlled conditions are 

included in the Index seminum or Delectus or Lists 

of spores, fruits, and seeds, where are used for 

exchange among botanical institutions in the world 

and are sent out according to applications received. 

As a rule, before sending the seeds are only subject 

to thorough cleaning, without special quality control. 

Often, having received seeds from any botanical 

garden in the world, of one or another species of 

plants, it also happens that they cannot germinate. 

Most often, the cause of failures is attributed either 

to their poor quality, or to the fact that they quickly 

lose germination, or undergo adverse thermal effects 

during transportation. And in view of the small 

number of seeds sent (or sent), as a rule, they are not 

involved in checking their germination or identifying 

the degree of maturation, fulfillment, or full grain. 

But for the formation of collections of living plants 

in the Botanical Gardens, this is very important. And 

the use of the method of fluoroscopy of fruits and 

seeds can significantly simplify the assessment of 

the quality of reproductive diasporas entering the 

Garden. Putting this method into practice will allow, 

firstly, to quickly identify the presence of pests 

inside the seeds and urgently take measures to 

neutralize them; and to select for sending (shipping), 

to the curators for growing at the breeding nurseries 

only high-quality, fulfilled, full-grain fruits and 

seeds (reproductive diasporas). 

 

Conclusion 

 

Using a fluoroscopic method for analyzing the 

quality and completeness of the forming seeds 

allows relatively easy and quick control of the 

collected reproductive diasporas, additionally 

reveals the presence of viable and fulfilled ones, as 

well as enables determination of the degree of their 

defeat by pests. After express analysis, it is possible 

to evaluate each batch of seeds as a whole, and 

select specific completed and full seeds for sowing, 

and / or remove low-quality, feeble and pest-infected 

seeds from samples, including those laid for long-

term storage. 

Special studies should be performed by developing 

methods for assessing the quality of small, with thin 

external covers of reproductive diasporas of plants. 
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Introduction  

 

Hypericum perforatum L. (St. John’s wort) is still 

one of the most important medicinal plants widely 

used in herbal medicine as a source of bioactive 

metabolites. Among the many biological activities of 

the plant (antidepressant, anti-inflammatory, 

antiviral, anti-cancer, antibacterial and 

antihyperglicemic) (Asgarpanah, 2012), H. 

perforatum extracts were found to be endowed with 

the ability to modulate the activity of key enzymes 

from the carbohydrate metabolism in diabetic rats 

(Arokiyaraj et al., 2011). Among the phenolic 

compounds present in the species are xanthones, a 

class of secondary metabolites that are known as the 

most potent antidiabetic agents with powerful 

antioxidant activities (Vladimirovna and Chi, 2016).  

The downside is that this class of compounds 

occurs in traces in the field-grown plants (hyperici 

herba - HH) and are mainly accumulated in the roots. 

However, H. perforatum transgenic roots cultures 

(HR) are characterized with the strong capacity for 

xanthone accumulation (Tusevski et al., 2013). Based 

on the above knowledge, in this study we investigated 

the effect of HH and HR extracts on the heart 

carbohydrate-related key enzymes and substrates in 

control and diabetic rats, as well as markers of tissue 

damage in the blood.  

 

 

Materials and methods  

 

For the experimental purposes, adult male Wistar 

rats (200 - 250 g) were used. We estimated the effect 

of hyperici herba (HH, and hairy roots (HR) extracts 

in healthy and streptozotocin induced-diabetic rats. 

The extraction of bioactive compounds from HH and 

HR powder was made using 80% (v/v) CH3OH 

(Gadzovska et al., 2005). The obtained dry HH and 

HR extracts were dissolved in 0.3% CMC and ad-

ministrated daily as a single dose (200 mg/kg bw), in 

a 14 days’ treatment. Glibenclamide (Glb) was used 

as a positive control. Key carbohydrate enzymes and 

substrates were assessed in heart tissues homogenate 

by appropriate enzymatic methods, as well as plasma 

enzyme profile were determined by colorimetric 

methods.  

 

Results and discussion  

 

Our results show that experimental diabetes 

caused a significant increase of heart Glu 

concentration and HK activity, which resulted with 

increased Glc. On the other side, there was decrease 

of GPa activity and G6P concentration in the heart. 

Namely, the shift of cardiac energy substrate 

utilization from carbohydrate to lipids increases the 

intracellular Glc pool, probably through augmented 

Glk synthesis, or impaired glycogenolysis, or a 

combination of both processes (Montanari et al., 
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2005). Some studies indicated that transmembrane 

Glc gradient is determined by the interstitial and 

intracellular free Glc concentration, which in 

hyperglycemia, accompanying STZ-induced diabetes 

are helping to compensate for the decreased capacity 

for sarcolemmal Glc transport as a result of decreased 

GLUT transporters (Stanley et al., 1997). Therefore, 

taking in consideration these changes, the increased 

HK activity that we found in the heart of diabetic 

animals, is probably important mechanism that 

facilitates Glc input into the cell and regulates 

intracellular Glc content.  

Both HH and HR treatment of diabetic rats’ 

reverses and even normalizes the Glc content up to 

control values. Still, concerning heart Glu content, 

there was even more evident increase by both HH and 

HR compared to diabetic rats. These changes were 

accompanied with still elevated HK activity in DHH 

and DHR animals. Compared to diabetic animals, HH 

and HR treatment did not cause significant changes in 

GPa activity and G6P content. Finally, both HH and 

HR caused increase of Glc content, decrease of Glu 

and G6P content, decreased GPa and increased HK 

activity.  

The main two active ingredients of H. perforatum 

extract appear to be complementary in inhibiting 

inflammatory signaling in pancreatic beta cells and 

improving insulin sensitivity in peripheral tissues.  In 

this sense, Tian et al. (2015) suggests that H. 

perforatum, and in particular its naphthodianthrone 

components, facilitates insulin-dependent glucose 

uptake in skeletal muscle. As to our knowledge, no 

data were found for effects of H. perforatum over 

cardiac muscle in diabetic state.  

AST and ALT are intracellular enzymes, which 

have been widely used in clinical practice to evaluate 

extent of liver injury or myocardial injury. Namely, 

increased serum activity of these enzymes due to their 

leakage in the blood indicates tissue damage (McGill, 

2016). Our results show that STZ causes significant 

increase of ALT activity, but did not affect the 

activity of AST. Glb treatment had no significant 

effect on any of the parameters. Administration of HH 

and HR extracts significantly reduced the activity of 

ALT, but did affect the activity of AST in diabetic 

animals. Also, both extracts show non-significant 

effect on these parameters in healthy animals. 

Arokiyaraj et al. (2011) showed similar effects of HH 

extracts in the study. 

 

Conclusion 

 

Our findings indicate that HH and HR treatments 

manifested only moderate improvement of the 

carbohydrate-related enzymes in the heart of diabetic 

animals. Also, there was moderate tissue damage in 

this model of STZ-induced diabetes and both HH and 

HR extracts tended to reverse the markers of tissue 

damage.  
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Introduction  

 

Kosovo is rich in biological diversity, currently 

are around 1,800 plant species known to make up the 

flora of Kosovo. However, the actual total flora of 

Kosovo is estimated to comprise more than 2,500 

plant species (Krasniqi, 1998). In the other hand, 

Kosovo is rich in cultural aspects too. Actually in 

Kosovo are living six ethnic groups, Albanians, 

Serbs, Turks, Bosniaks, Gorani and Roma (REA) 

community, respectively. This biological and 

cultural richness in Kosovo represents a unique 

hotspot in Europe, which allows interesting cross-

cultural ethnobotanical studies. Rahovec 

municipality is a small town located in south-west 

Kosovo. It is a rural area, inhabited mainly by 

Albanians and other communities including Serbs. 

The Albanians are speaking Gegë dialectal of the 

Albanian language, while Serbs are speaking the 

Serbian language. Many inhabitants of Rahovec 

town, apart from the Albanian language are speaking 

Rahovecjançje, or Rahovec’s speech too, which is 

community language with the predominance of 

Slavic linguistic elements (Hoxha, 2019). This 

community language is known as Ravëqki, 

Rahovecianshe, Gjuha e Rahovecit, etc. too.  

Small-scale agro-pastoral activities especial 

viniculture still represent the pillar of subsistence 

economies for local inhabitants who lives in this 

region. Except that, the economy of the many 

families in the study area is depending on the 

remittances sent by relatives living abroad.  

Local populations have been negatively affected 

by migration due to displacement of peoples from 

rural areas to urban areas and abroad too. Migration 

patterns contribute to the rapid decline of traditional 

knowledge of plant species used as medicine, food 

and handicrafts; it has also contributed to a decrease 

the vertical transmission of traditional oral 

knowledge from one generation to another (Mustafa 

et al., 2015). 

This ethnobotanical study aims to document the 

ethnobotanical knowledge of plant uses for food and 

medicine and to compare the findings among 

Muslim Albanians (speaking Albanian language and 

those using Rahovec’s speech) and Christian 

Orthodox Serbs living in Rahovec municipality.  

 

Materials and methods  

 

In this study, traditional ecological knowledge 

(TEK) use of local plants in 14 villages situated in 

the territory of Rahovec municipality were 

investigated. The field study conducted in 2017. 

Snowball sampling techniques used to recruit 145 

elderly informants (95 Albanians and 35 Serbs), 
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while semi-structured interviews used, in which the 

respondent asked for food and medicine uses of local 

plant resources. Interviews conducted in the 

Albanian and Serbian languages. Informed consent 

from all participants verbally obtained before 

conducting interviews and ethical guidelines 

prescribed by the International Society of 

Ethnobiology (ISE, 2008) followed. 

 

Results and discussion  

 

Overall, 72 species (belonging to 33 families) 

we recorded to be used by locals. The predominantly 

quoted plant families were Rosaceae (13 species) 

and Lamiaceae (10 species). In total fifty species 

used only for medicinal purposes, eighteen specie 

only for food, while five species used as food and 

medicine. 

The most important species traditionally used 

were: Achillea millefolium, Artemisia absinthinum, 

Crataegus monogyna, Cornus mas, Calendula 

officinalis, Hypericum perforatum, Juglans regia, 

Malus sylvestris, Matricaria chamomilla, Prunus 

spinose, Plantago major, Rosa canina, Urtica 

dioica, Vaccinum myrtillus, etc.  

The most common wild species used for food 

were: Urtica dioica, Cornus mas, Corylus avellana, 

Chenopodium album, Fragaria vesca, Malus 

sylvestris, Plantago major, Rumex acetosa, etc.  

Collected plant species for medicinal purposes 

mostly were used to treat gastrointestinal troubles 

(58%), nervous system illness (20%), respiratory 

system illnesses (19%), urinary and genital system 

(17%), blood circulation system disorders (16%), 

endocrine system (15%), skin inflammations (13%), 

to increase immunity (10%), etc. Mainly decoction 

(64%), followed by maceration (11%), infusion 

(7%), etc.  

Comparison of the data recorded among the 

studied group's results of: 15 species used only from 

Albanians, 25 only from Serbians, and only 4 

species used by Rahovec’s speaking people; 18 

species used by both Albanians and Serbs, 20 by 

Serbs and Rahovec’s speaking people, 16 from 

Albanians and Rahovec’s speaking people, and 28 

by all groups. Members of the two ethnic groups 

ubiquitously mentioned the majority of the cited 

taxa; however, the specific uses of taxa differed 

between the groups.  

Conclusion 

 

The study showed that this area located in south-

west Kosovo still represents an important reservoir 

of traditional ecological knowledge. Cross-cultural 

ethnobiological studies are crucial to better 

understanding the cultural factors that may affect 

plant perceptions and uses. Thus the similarities on 

using the plant species show that different groups 

living together share the same experiences of the 

uses of natural resource. At the same time, 

differences confirm the importance of cultural, 

religious and ethnic divisions in shaping divergent 

traditional uses of natural resources.  

The tradition ecological knowledge on using 

plant natural resources can help for proposing of the 

new ways of their uses, as well as could contribute 

in the sustainable local development of the region 

(e.g. on eco-tourism and small-scale trade of 

medicinal herbs, food niche and handicrafts 

products) but also for fostering collaboration and 

reconciliation among diverse ethnic and religious 

communities. 
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