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Instructions to authors 
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submissions. Once you have prepared your manuscript 
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strictly. In this way you will help ensure that the review and 

publication of your paper are as efficient and quick as possible. 
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concisely written in English. 

Aim and editorial policy. All submitted manuscripts 

should contain original research not previously published and 

not under consideration for publication elsewhere. The primary 

criterion for acceptance is scientific quality. Papers should avoid 

excessive use of abbreviations or jargon, and should be 

intelligible to as wide an audience as possible. Particular 

attention should be paid to the Abstract, Introduction, and 

Discussion sections, which should clearly draw attention to the 

novelty and significance of the data reported. Failure to do this 

may result in delays in publication or rejection of the paper. 

Texts can be published as a review, a full paper (article) or 

as a short communication. 

Types of papers. 

Reviews. Reviews are published by invitation only. 

However, a proposal for a Review may be submitted in the form 

of a brief letter to the Editor at any time. The letter should state 
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the topics and authors of the proposed review, and should state 

why the topic is of particular interest to the field. 

Articles. Whenever possible the articles should be 

subdivided into the following parts: 1. Front Page; 2. Abstract 

(written on a separate page, 200 words or less, no 

abbreviations); 3. Introduction; 4. Materials and Methods; 5. 

Results; 6. Discussion; 7. Acknowledgments, if applicable; 8. 

References. Articles from some areas should follow their usual 

format. In some cases it may be advisable to omit part (4) and to 

merge parts (5) and (6). Whenever applicable, the Materials and 

Methods section should indicate the Ethics Committee that 

evaluated the procedures for human studies or the norms 

followed for the maintenance and experimental treatments of 

animals. 

Short communications. Short communications aim to 

report on research which has progressed to the stage when it is 

considered that results should be divulged rapidly to other 

workers in the field. A short communication should also have an 

Abstract (100 words or less) and should not exceed 1,500 words. 

Tables and Figures may be included but the text length should 

be proportionally reduced. Manuscripts submitted as articles but 

found to fit these specifications will be published as short 

communications upon the author's agreement. 

Preparation of manuscripts. All parts of the manuscript 

should be 1.0 line spacing – NEW!. After acceptance, no 

changes will be made in the manuscript so that proofs require 

only correction of typographical errors. 

The authors should send their manuscript in electronic 

version only. 

Page format: Paper Size A4, portrait, 

Margins: Top – 2.2 cm, Bottom – 2.2 cm, Left – 2.2 cm, 

Right – 2.2 cm, Header – 0 cm, Footer – 1.7cm 

Length of manuscript: 10 pages A4 format. – NEW! 

 

Tables and Illustrations: Tables must be integer in the 

text and must have captions - Times New Roman, Font Size 

11pt, Centered, Paragraph spacing – Before 6pt, after 3pt. 
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Digitalized figures. 1. Figures must be integer in the text 

and must have captions - Times New Roman, Font Size 11pt, 

Centered, Paragraph spacing – Before 3pt, after 6pt; 

2. Only black and white figures will be accepted; 

3. Chemical formulae must be integer in the text as 

ChemDraw or ChemWindow objects or as images. 

Front page. Article Title - Times New Roman, Font Size 

14pt, Bold, Centered, Paragraph spacing – After 6pt, 

Authors - Times New Roman, Font Size 12pt, Bold, 

Centered, Paragraph spacing – After 6pt, 

Affiliation - Times New Roman, Font Size 12pt, Italic (Email 

Regular), Centered, 

Abstract - Times New Roman, Font Size 11pt, Bold 

&Italic, Justified, Paragraph spacing – Before 12pt, After 6pt, 

Keywords - Times New Roman, Font Size 11pt, 

Bold&Italic, Justified, Paragraph spacing – Before 6pt, After 

6pt. 

Acknowledgements. These should be included at the end 

of the text. Personal acknowledgments should precede those of 

institutions or agencies. Footnotes should be avoided; when 

necessary they must be numbered. Acknowledgments to grants 

and scholarships and of indebtedness to colleagues as well as 

mention to the origin of an article (e.g. thesis) should be added 

to the Acknowledgements section. 

Abbreviations. These should be defined at their first 

occurrence in the text, except for official, standard 

abbreviations. Units and their symbols should conform to those 

approved by the International System of Units 

http://www.bipm.org/en/si/si_brochure/general.html. 

References. Authors are responsible for the accuracy of 

the References. The cited literature within the text must be 

marked with Arab digits in square brackets. The reference 

section must be arranged following the appearance in text and in 

following order: authors, journal (italic), year of issue (bold), 

volume (italic), first and last pages, Times New Roman, Font 

Size 11pt, Justified. 
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Original articles 

Chemistry 

 

Methyl N-alkyl(phenyl)-P-(3-methylalka-1,2-

dienyl)phosphonamidoates – synthesis and properties 

Dobromir D. Enchev 

Konstantin Preslavsky University of Shumen, Faculty of Natural 

Sciences 

Department of Organic Chemistry & Technology 

115 Universitetska St., 9700 Shumen 

e-mail: enchev@shu-bg.net 

 

Abstract: The synthesis of titled compounds has been described. 

Their reactivity towards sulfanyl- and selanylbromides have been 

investigated. 

Keywords: Allenephosphonate, synthesis, cyclization, 2,5-dihydro-

1,2-oxaphosphole.  

 

Introduction 

It is well-known that 1,2- alkadienephosphonates react with 

different kind of reagents due to their unique structure. Their structural 

parameters allowed activation of different reaction centers in their 

molecules, i.e. two orthogonal double bonds and a phosphoryl group. 

This activation could be achieved by variation of the type and number 

of substituents at phosphorus and carbon atoms of the 

allenephosphonate systhem [1].  

Continuing our investigations in the area of N-containing-1,2-

alkadienephosphonates[2-8], we would like to report our results on the 

synthesis and reactions of the titled compounds.  

mailto:enchev@shu-bg.net
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Results and Discussion 

The methyl-N-alkyl(phenyl)-P-(3-methylalka-1,2-

dienylphosphonoamidoates 2a-f were synthesized via a procedure 

described [2], i.e. via nucleophilic substitution of the two chlorine 

atoms at phosphorus in the 1,2-alkadienephosphonate dichlorides 1a,b 

in the reaction with methanol and primary amines according to 

Scheme 1. 

 

 

Scheme 1. Synthesis of compounds 2a-f 

The obtained methyl-N-alkyl(phenyl)-P-(3-methylalka-1,2-

dienylphosphonoamidoates 2a-f  were investigated in the reactions 

with sulphenyl- and selenenylbromides. In all cases, regardless of the 

type of the electrophile, 2,5-dihydro-1,2-oxaphosphole 2-oxide 

derivatives 3a-l were obtained. The reaction follows the Scheme 2: 
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Scheme 2. Synthesis of compounds 3a-l 

All spectral data confirm the structure of obtained compounds 

3a-l. Thus, the characteristic band for allenic system in the IR spectra 

of 2a-f at 1980-1990cm
-1

 disappears in the IR spectra of the 

compounds 3a-l and a new characteristic band for endo-cyclc double 

bond appears at 1590-1580cm
-1

. The signals for methoxy-group 

protons and for olefinic proton in the 
1
H-NMR spectra of 2a-f 

disappear in the same spectra of the compounds 3a-l and two doublets 

for the protons, connected with the C3 atom of the oxaphosphole ring 

appears. The signal for 
31

P in the 
31

P NMR spectra of 2a-f appears at 

16.8-17.3ppm, while they shift up to 27.9-32.00ppm for compounds 

3a-l. The molecular formulae of 3a-l were confirmed by elemental 

analysis data. 

Experimental 

Analytical Methods 

The 
1
H NMR and 

31
P NMR spectra were measured at normal 

probe temperature on a Brucker Advance DRX 250 MHz 

spectrometer, using TMS or H3PO4 as internal standards in CDCl3 

solution Chemical shift are given in ppm and are positively downfield 

from the standard. The IR spectra were recorded on a Shimadzu 
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IRAffinity-1 spectrophotometer. Elemental analyses were carried out 

by the University of Shumen Microanalytical Service Laboratory. 

Starting Materials 

The dichlorides 1a,b were prepared according to the procedure 

described[10]. 

Benzeneselanylbromide is commercially available. 

Benzenesulfanylbromide was synthesized according the procedure 

described [9]. 

The solvents were purified by standard methods. All reactions 

were carried out in oven-dried glassware under an argon atmosphere 

and exclusion of moisture. All compounds were checked for their 

purity on TLC plates. 

Synthesis of compounds 2a-f 

General procedure: 

To a solution of the appropriate dichloride 1a,b (5mmol) in dry 

diethyl ether(100ml) at 0 - -5
o
C and stirring, a mixture of methanol 

(5mmol) and pyridine (5mmol) dissolved at the same solvent (50ml) 

was added. Then a mixture of appropriate ammine (5mmol) and 

pyridine (5mmol) dissolved at the same solvent (50ml) was added too. 

After an additional stirring (1 hour) the reaction mixture was rest for 

additional time (12 hours/ 0
o
C – to room temperature), the precipitate 

was filtered off, the solvent was removed under low pressure and the 

residue was distilled in vacuum. 

Methyl-N-propyl-P-(3-methylbuta-1,2-

dienyl)phosphonamidoate 2a. Yellow-red liquid, b.p.(
o
C/0.5mmHg) 

uncorrected 136-138; 0.83g(85%); IR(KBr): max/cm
-1

 1986, 1256, 

980; 
1
H NMR(CDCl3): /ppm 5.05-4.95(m, 1H), 3.39(d, 

3
JHP 11.2Hz, 

3H), 2.67-2.54(m, 2H), 1.46(s, 3H), 1.51(s, 3H), 2.00(d, 
2
JHP 10.0Hz, 

1H), 1.28-1.19(m, 2H), 0.91(t, 3H); 
31

P NMR (CDCl3
31

P 

17.1; Anal. Calcd. For C9H18NO2P (Mr = 203.2): P 15.24, N 6.89%; 

Found: P 15.19, N 6.82%. 
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Methyl-N-butyl-P-(3-methylbuta-1,2-dienyl)phosphonamidoate 

2b. Yellow-red liquid, b.p.(
o
C/0.5mmHg) uncorrected 136-138; 

0.83g(85%); IR(KBr): max/cm
-1

 1988, 1260, 980; 
1
H NMR(CDCl3): 

/ppm 5.05-4.97(m, 1H), 3.38(d, 
3
JHP 11.2Hz, 3H), 2.66-2.53(m, 2H), 

1.46(s, 3H), 1.51(s, 3H), 2.00(d, 
2
JHP 10.0Hz, 1H), 1.27-1.18(m, 2H), 

1.16-0.99(m, 2H), 0.63(t, 3H); 
31

P NMR (CDCl3) /ppm: 
31

P 16.8; 

Anal. Calcd. For C10H20NO2P (Mr = 217.23): P 14.26, N 6.44%; 

Found: P 14.21, N 6.40%. 

Methyl-P-3-methylbuta-1,2-dienyl-N-phenylphosphonamidoate 

2c. Colorless cryst., m.p.(
o
C) uncorrected 143-146; 0.94g(80%); 

IR(KBr): max/cm
-1

 1987, 1264, 980; 
1
H NMR(CDCl3):/ppm 7.29-

7.17(m, 2H), 7.05(d, 
2
JHH 7.75Hz, 1H), 6.89(t, 

2
JHH 7.2Hz, 2H), 5.45-

5.35(m, 1H), 4.03(d, 
2
JHP 11.2Hz, 1H), 3.74(d, 

3
JHP 11.5Hz, 3H), 

1.46(s, 3H), 1.51(s, 3H);  
31

P NMR (CDCl3) /ppm: 
31

P 17.0; Anal. 

Calcd. For C12H16NO2P (Mr = 237.22): P 13.06, N 5.90%; Found: P 

13.00, N 5.88%. 

Methyl-N-propyl-P-(3-methylpenta-1,2-

dienyl)phosphonamidoate 2d. Yellow-red liquid, b.p.(
o
C/0.5mmHg) 

uncorrected 137-139; 1.03g(87%); IR(KBr): max/cm
-1

 1990, 1258, 

980; 
1
H NMR(CDCl3): /ppm 5.04-4.97(m, 1H), 3.38(d, 

2
JHP 11.2Hz, 

1H), 2.67-2.54(m, 2H), 1.82-1.68(m, 3H),1.49(dd, 
3
JHH 10.0Hz, 

4
JHH 

3.53Hz, 3H), 1.28-1.19(m, 2H), 0.77(dt, 
2
JHH 1.2Hz, 3H), 0.91(t, 3H); 

31
P NMR (CDCl3) /ppm: 

31
P 16.8; Anal. Calcd. For C10H20NO2P (Mr 

= 217.23): P 14.26, N 6.44%; Found: P 14.21, N 6.40%. 

Methyl-N-butyl-P-(3-methylpenta-1,2-

dienyl)phosphonamidoate 2e. Yellow-red liquid, b.p.(
o
C/0.5mmHg) 

uncorrected 427-145; 0.93g(81%); IR(KBr): max/cm
-1

 1989, 1260, 

980; 
1
H NMR(CDCl3): /ppm 5.04-4.97(m, 1H), 3.38(d, 

2
JHP 11.2Hz, 

1H), 2.66-2.53(m, 2H), 1.82-1.68(m, 3H),1.49(dd, 
3
JHH 10.0Hz, 

4
JHH 

3.5Hz, 3H), 1.27-1.18(m, 2H), 1.16-0.99(m, 2H), 0.77(dt, 
2
JHH 

1.25Hz, 3H), 0.63(t, 3H); 
31

P NMR (CDCl3) /ppm: 
31

P 17.3; Anal. 

Calcd. For C10H23NO2P (Mr = 231.26): P 13.39, N 6.05%; Found: P 

13.34, N 6.00%. 



16 
 

Methyl-P-3-methylpenta-1,2-dienyl-N-

phenylphosphonamidoate 2f. Colorless cryst., m.p.(
o
C) uncorrected 

145-147; 1.01g(81%); IR(KBr): max/cm
-1

 1992, 1259, 980; 
1
H 

NMR(CDCl3): /ppm 7.29-7.17(m, 2H), 7.05(d, 
2
JHH 7.7Hz, 1H), 

6.89(t, 
2
JHH 7.2Hz, 2H), 5.45-5.35(m, 1H), 4.03(d, 

2
JHP 11.2Hz, 1H), 

3.74(d, 
3
JHP 11.5Hz, 3H), 1.98-1.75(m, 2H), 1.64(dd, 

3
JHH 8.5Hz, 

4
JHH 

3.2Hz, 3H), 0.85(t, 3H);  
31

P NMR (CDCl3) /ppm: 
31

P 16.9; Anal. 

Calcd. For C13H18NO2P (Mr = 251.24): P 12.33, N 5.57%; Found: P 

12.29, N 5.52%. 

Synthesis of compounds 3a-l 

General procedure: 

To a solution of the appropriate methyl-N-alkyl(phenyl)-P-(3-

methylalka-1,2-dienyl)phosphonamidoates 2a-f (5mmol) in dry 

methylene chloride (50ml) at -12 - -10
o
C and stirring, a solution of the 

appropriate electrophile (PhSBr or PhSeBr) (5mmol) dissolved at the 

same solvent (5ml) was added. After an additional stirring (1 hour) the 

reaction mixture was rest for additional time (12 hours/ -10
o
C – to 

room temperature), the solvent was removed under low pressure and 

the residue was purified by column chromatography. 

(5,5-Dimethyl-2-oxo-4-phenylsulfanyl-2,5-dihydro-2
5
-

[1,2]oxaphosphol-2-yl)propylamine 3a. Colorless cryst., m.p.(
o
C) 

uncorrected 113-115, 1.26g(85%), IR(KBr): max/cm
-1

 1592, 1259, 

1000; 
1
H NMR(CDCl3): /ppm 7.56-7.46(m, 2H), 7.29-7.23(m, 3H), 

5.35(dd, 
2
JHP 27.7Hz, 

3
JHH 3.7Hz, 1H), 2.54(m, 2H), 1.46(s, 3H), 

1.51(s, 3H), 2.00(d, 
2
JHP 10.0Hz, 1H), 1.28-1.19(m, 2H), 0.91(t, 3H) ; 

31
P NMR (CDCl3) /ppm: 

31
P 29.0; Anal. Calcd. For C14H20NO2PS 

(Mr = 297.33): P 10.42, N 4.71, S 10.78%; Found: P 10.40, N 4.68, S 

10.72%. 

(5,5-Dimethyl-2-oxo-4-phenylsulfanyl-2,5-dihydro-2
5
-

[1,2]oxaphosphol-2-yl)butylamine 3b. Colorless cryst., m.p.(
o
C) 

uncorrected 115-118, 1.30g(84%), IR(KBr): max/cm
-1

 1590, 1260, 

1000; 
1
H NMR(CDCl3): /ppm 7.64-7.60(m, 5H), 5.35(dd, 

2
JHP 

27.7Hz, 
3
JHH 3.7Hz, 1H), 2.66-2.53(m, 2H), 1.46(s, 3H), 1.51(s, 3H), 
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2.00(d, 
2
JHP 10.0Hz, 1H), 1.27-1.18(m, 2H),1.16-0.99(m, 2H),  0.63(t, 

3H) ; 
31

P NMR (CDCl3) /ppm: 
31

P 28.9; Anal. Calcd. For 

C15H22NO2PS (Mr = 311.36): P 9.95, N 4.50, S 10.30%; Found: P 

9.91, N 4.48, S 10.28%. 

(5,5-Dimethyl-2-oxo-4-phenylsulfanyl-2,5-dihydro-2
5
-

[1,2]oxaphosphol-2-yl)phenylamine 3c. Colorless cryst., m.p.(
o
C) 

uncorrected 123-126, 1.35g(82%), IR(KBr): max/cm
-1

 1598, 1257, 

1000; 
1
H NMR(CDCl3): /ppm 7.63-7.59(m, 2H), 7.49-7.37(m, 3H), 

7.26-7.18(m, 2H), 7.07-6.95(m, 3H), 5.44(dd, 
2
JHP 28.0Hz, 

3
JHH 

5.00Hz, 1H), 1.46(s, 3H), 1.51(s, 3H); 
31

P NMR (CDCl3) /ppm: 
31

P 

30.0; Anal. Calcd. For C17H18NO2PS (Mr = 331.34): P 9.35, N 4.22, S 

9.68%; Found: P 9.33, N 4.19, S 9.65%. 

(5-Ethyl-5-methyl-2-oxo-4-phenylsulfanyl-2,5-dihydro-2
5
-

[1,2]oxaphosphol-2-yl)propylamine 3d. Colorless cryst., m.p.(
o
C) 

uncorrected 114-116, 1.30g(84%), IR(KBr): max/cm
-1

 1592, 1259, 

1000; 
1
H NMR(CDCl3): /ppm 7.56-7.46(m, 2H), 7.29-7.23(m, 3H), 

5.35(dd, 
2
JHP 27.7Hz, 

3
JHH 3.75Hz, 1H), 2.67-2.54(m, 2H), 1.82-

1.68(m, 3H), 1.49(dd, 
3
JHH 10.0Hz, 

4
JHH 3.5Hz, 3H), 1.28-1.19(m, 

2H), 0.77(dt, 
2
JHH 1.2Hz, 3H), 0.91(t, 3H) ; 

31
P NMR (CDCl3) /ppm: 

31
P 29.8; Anal. Calcd. For C15H22NO2PS (Mr = 311.36): P 9.95, N 

4.50, S 10.30%; Found: P 9.91, N 4.48, S 10.28%. 

(5-Ethyl-5-methyl-2-oxo-4-phenylsulfanyl-2,5-dihydro-2
5
-

[1,2]oxaphosphol-2-yl)butylamine 3e. Colorless cryst., m.p.(
o
C) 

uncorrected 116-118, 1.33g(82%), IR(KBr): max/cm
-1

 1590, 1260, 

1000; 
1
H NMR(CDCl3): /ppm 7.64-7.60(m, 5H), 5.35(dd, 

2
JHP 

27.7Hz, 
3
JHH 3.75Hz, 1H), 2.66-2.53(m, 2H), 1.82-1.67(m, 3H), 

1.49(dd, 
3
JHH 10.0Hz, 

4
JHH 3.53Hz, 3H), 1.27-1.18(m, 2H), 1.16-

0.99(m, 2H), 0.77(dt, 
2
JHH 1.2Hz, 3H), 0.63(t, 3H) ; 

31
P NMR (CDCl3) 

/ppm: 
31

P 32.0; Anal. Calcd. For C16H24NO2PS (Mr = 325.38): P 

9.52, N 4.30, S 9.85%; Found: P 9.50, N 4.28, S 9.81%. 

(5-Ethyl-5-methyl-2-oxo-4-phenylsulfanyl-2,5-dihydro-2
5
-

[1,2]oxaphosphol-2-yl)phenylamine 3f. Colorless cryst., m.p.(
o
C) 

uncorrected 125-127, 1.38g(80%), IR(KBr): max/cm
-1

 1589, 1257, 
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1000; 
1
H NMR(CDCl3): /ppm 7.63-7.59(m, 2H), 7.49-7.37(m, 3H), 

7.26-7.18(m, 2H), 7.07-6.95(m, 3K),  5.44(dd, 
2
JHP 28.0Hz, 

3
JHH 

5.0Hz, 1H), 1.98-1.75(m, 2H), 1.64(dd, 
3
JHH 8.5Hz, 

4
JHH 3.2Hz, 3H), 

0.85(t, 3H) ; 
31

P NMR (CDCl3) /ppm: 
31

P 27.9; Anal. Calcd. For 

C18H20NO2PS (Mr = 345.37): P 8.97, N 4.05, S 9.22%; Found: P 8.94, 

N 4.00, S 9.22%. 

(5,5-Dimethyl-2-oxo-4-phenylselanyl-2,5-dihydro-2
5
-

[1,2]oxaphosphol-2-yl)propylamine 3g. Colorless cryst., m.p.(
o
C) 

uncorrected 114-116, 1.44g(84%), IR(KBr): max/cm
-1

 1592, 1259, 

1000; 
1
H NMR(CDCl3): /ppm 7.56-7.46(m, 2H), 7.29-7.23(m, 3H), 

5.35(dd, 
2
JHP 27.7Hz, 

3
JHH 3.75Hz, 1H), 2.54(m, 2H), 1.46(s, 3H), 

1.51(s, 3H), 2.00(d, 
2
JHP 10.0Hz, 1H), 1.28-1.19(m, 2H), 0.91(t, 3H) ; 

31
P NMR (CDCl3)/ppm: 

31
P 29.7; Anal. Calcd. For C14H20NO2PSe 

(Mr = 344.23): P 9.92, N 4.48%; Found: P 9.90, N 4.43%. 

(5,5-Dimethyl-2-oxo-4- phenylselanyl -2,5-dihydro-2
5
-

[1,2]oxaphosphol-2-yl)butylamine 3h. Colorless cryst., m.p.(
o
C) 

uncorrected 119-120, 1.54(86%), IR(KBr): max/cm
-1

 1590, 1260, 

1000; 
1
H NMR(CDCl3): /ppm 7.64-7.60(m, 5H), 5.35(dd, 

2
JHP 

27.7Hz, 
3
JHH 3.75Hz, 1H), 2.66-2.53(m, 2H), 1.46(s, 3H), 1.51(s, 3H), 

2.00(d, 
2
JHP 10.0Hz, 1H), 1.27-1.18(m, 2H),1.16-0.99(m, 2H),  0.63(t, 

3H) ; 
31

P NMR (CDCl3) /ppm: 
31

P 30.05; Anal. Calcd. For 

C15H22NO2PSe (Mr = 358.26): P 9.49, N 4.29%; Found: P 9.45, N 

4.23%. 

(5,5-Dimethyl-2-oxo-4- phenylselanyl -2,5-dihydro-2
5
-

[1,2]oxaphosphol-2-yl)phenylamine 3i. Colorless cryst., m.p.(
o
C) 

uncorrected 143-126, 1.55g(82%), IR(KBr): max/cm
-1

 1589, 1257, 

1000; 
1
H NMR(CDCl3): /ppm 7.63-7.59(m, 2H), 7.49-7.37(m, 3H), 

7.26-7.18(m, 2H), 7.07-6.95(m, 3H), 5.44(dd, 
2
JHP 28.0Hz, 

3
JHH 5.0Hz, 

1H), 1.46(s, 3H), 1.51(s, 3H); 
31

P NMR (CDCl3) /ppm: 
31

P 28.8; 

Anal. Calcd. For C17H18NO2PSe (Mr = 378.24): P 8.94, N 4.04%; 

Found: P 8.90, N 4.00%. 

(5-Ethyl-5-methyl-2-oxo-4- phenylselanyl -2,5-dihydro-2
5
-

[1,2]oxaphosphol-2-yl)propylamine 3j. Colorless cryst., m.p.(
o
C) 



19 
 

uncorrected 115-117, 1.48g(83%), IR(KBr): max/cm
-1

 1592, 1259, 

1000; 
1
H NMR(CDCl3): /ppm 7.56-7.46(m, 2H), 7.29-7.23(m, 3H), 

5.35(dd, 
2
JHP 27.7Hz, 

3
JHH 3.75Hz, 1H), 2.67-2.54(m, 2H), 1.82-

1.68(m, 3H), 1.49(dd, 
3
JHH 10.0Hz, 

4
JHH 3.53Hz, 3H), 1.28-1.19(m, 

2H), 0.77(dt, 
2
JHH 1.2Hz, 3H), 0.91(t, 3H) ; 

31
P NMR (CDCl3) /ppm: 

31
P 29.8; Anal. Calcd. For C15H22NO2PSe (Mr = 358.26): P 9.49, N 

4.29%; Found: P 9.45, N 4.23%. 

(5-Ethyl-5-methyl-2-oxo-4- phenylselanyl -2,5-dihydro-2
5
-

[1,2]oxaphosphol-2-yl)butylamine 3k. Colorless cryst., m.p.(
o
C) 

uncorrected 120-122, 1.52g(82%), IR(KBr): max/cm
-1

 1590, 1260, 

1000; 
1
H NMR(CDCl3): /ppm 7.64-7.60(m, 5H), 5.35(dd, 

2
JHP 

27.7Hz, 
3
JHH 3.75Hz, 1H), 2.66-2.53(m, 2H), 1.82-1.67(m, 3H), 

1.49(dd, 
3
JHH 10.0Hz, 

4
JHH 3.53Hz, 3H), 1.27-1.18(m, 2H), 1.16-

0.99(m, 2H), 0.77(dt, 
2
JHH 1.2Hz, 3H), 0.63(t, 3H) ; 

31
P NMR (CDCl3) 

/ppm: 
31

P 30.09; Anal. Calcd. For C16H24NO2PSe (Mr = 372.28): P 

9.10, N 4.11%; Found: P 9.06, N 4.08%. 

(5-Ethyl-5-methyl-2-oxo-4-phenylsulanyl-2,5-dihydro-2
5
-

[1,2]oxaphosphol-2-yl)phenylamine 3l. Colorless cryst., m.p.(
o
C) 

uncorrected 127-129, 1.58g(81%), IR(KBr): max/cm
-1

 1589, 1257, 

1000; 
1
H NMR(CDCl3): /ppm 7.63-7.59(m, 2H), 7.49-7.37(m, 3H), 

7.26-7.18(m, 2H), 7.07-6.95(m, 3K),  5.44(dd, 
2
JHP 28.0Hz, 

3
JHH 

5.0Hz, 1H), 1.98-1.75(m, 2H), 1.64(dd, 
3
JHH 8.5Hz, 

4
JHH 3.25Hz, 3H), 

0.85(t, 3H) ; 
31

P NMR (CDCl3) /ppm: 
31

P 31.7; Anal. Calcd. For 

C18H20NO2PSe (Mr = 392.27): P 8.59, N 3.88%; Found: P 8.55, N 

3.85%. 
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Abstract: 

Within the scope of the present study a field survey in the area 

of “Strandzha” Natural Park in south-east Bulgaria was carried out. 

The main goal of the investigation was to gain more detailed 

information on the diet of the European otters (Lutra lutra) that 

inhabit the park. As indicators for the presence of the mustelids a set 

of standard procedures, such as footprints tracking and inspecting 

the terrain for otter spraints were used.  A total of 204 excrements 

were found, measured, documented and then disintegrated in water. 

The food rests in the faeces were investigated and the diet of the 

local population was documented. On the base of the results we 

separated the excrements into six groups and analysed the relations 
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between the contents of the spraints and the characteristics of the 

habitat where they were found. We discovered a clear tendency 

toward piscivory in the middle and down streams of the studied 

rivers in the Natural Park. In the upper streams, otters relied almost 

exclusively on invertebrates like bivalves and crayfish as food 

source. The fact, that even suboptimal habitats, which offered 

invariable menu, were exploited by the otters is an indication for the 

stability of the local population.  

Key words: nutrition, mustelids, spraint analysis, predator, 

fish farming, population dynamics 

Introduction: 

Similarly to most members of the mustelid family, the European 

otter (Lutra lutra) is an actively hunting predator which destroys very 

large amount of prey animals, as the corps are often left uneaten (at 

least in closed basins). This fact is the probable reason for the public 

opinion that otters seriously damage the fisheries (see [1], [2], [3], 

[4]). In the past, the species was intensively hunted because it harms 

the fish reserves and during the 50-s of the 20
th
 century, the European 

population collapsed to a critical minimum [5]. According to the 

Bulgarian Red book of endangered species, the number of the adult 

wild otters had varied dramatically. During the thirties of the 20
th
 

century, there were about 4000 otters in Bulgaria, but similar to the 

European tendency, during the next ten years the population was 

critically diminished. This resulted in the implementation of measures 

to mitigate the negative impact on the species in 1962 and since then 

in Bulgaria the hunt and the skin trade had been regulated by the 

national legislation. In 1985 the species was included in the Bulgarian 

Red book of threatened species. Currently the conservation status of 

the species is as follows: Bulgarian Red Book – vulnerable; Bulgarian 

Biodiversity low – Anex II and III; IUCN – near threatened; CITES – 

Anex I; Bern convention – Anex II; AnexI; Habitat directive – Anex I 

and II. Thanks to the conservation efforts, the population of the 

species in Europe is showing a trend to recover (for overview see [6], 

[7]). 
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The male European otters live solitary and their territory covers 

the territory of two and more resident females, inhabiting their own 

smaller areas. These territories vary dramatically in range and can 

reach huge patches of over 20 km diameter or 40 km on linear objects. 

According to [8], the otters inhabiting fresh water basins need larger 

territories than the individuals living on the sea shores.  

The females have a polyestros annual cycle and can bear trough 

the whole year. They live with their offspring for about a year after the 

birth [9]. These are actually the only social groups which can be found 

for that species - for the Bulgarian population a socialisation of more 

otters was never reported as it is for Austrian populations (see [10]). 

L. lutra is an opportunistic animal and the range of the territory 

and breeding behaviour depend on the food and breeding sites 

resources. There is a clear difference in the habitat preference of the 

adult animals. The males prefer to inhabit the main streams of the 

rivers and the females and the subadults prefer small tributaries, 

ponds, lakes and swamps (see [10], [11]). The subadults which are 

already separated from their mothers inhabit peripheral areas, but have 

a temporary access to the resources of the larger water basins when 

the residential adults are absent (see [7]). 

Currently, for the territory of Bulgaria was calculated that there 

are around 2000 otters, as 1500 of them are adults. The breeding 

animals are considered to be 1000 (see Bulgarian Red Book).  

The “Strandzha” Natural Park is situated in Strandzha 

Mountain, Southeast Bulgaria. The public materials, issued by the 

Directorate of  “Strandzha” Natural Park stated, that the indicative 

number of otters in the protected area is about 50 animals. In Bulgaria, 

the biology and the ethology of the otter were studied in detail [12, 13, 

14, 15, 16, 17, 18, 19, 20; 21, 22, 23, 24, 25]. Still, data concerning 

the feeding behaviour of the species in the region of the “Strandzha” 

Natural Park are rather scarce and insufficient.  

In the range of the present study we performed field survey to 

inspect the diet and the feeding behaviour of the otters living on the 
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territory of “Strandzha” National Park. Important aspect of our work 

was to determine whether there was a shift in the food preferences 

when the animals inhabit different types of water basins. On the base 

of interviews face to face we were able to judge on the image of the 

otter by the local people, the hunters and the personnel of the fisher 

farm in the Natural Park.    

Material and methods: 

The European otter is the largest mustelid in Bulgaria. This 

species shows sexual dimorphisms as the males are larger than the 

females and can reach about 15 kg of weight [26]. Normally the 

weight of a male otter is in the range of 11 – 12 kg, while the females 

weight about 8 kg. The body length is about 90 cm and the tail is 40 

cm long. The species inhabits aquatic habitats of different kind like 

rivers with different stream debit, small tributaries, lakes, artificial 

dams, brackish waters, sea shores etc. [27]. 

For the purpose of our work, we classified the water basins on 

the territory of the natural park dependent on their specific 

characteristics. We selected presumably suitable otter habitats along: 

rivers which are wide over 20 m; sections along smaller rivers 

between 2 and 10 m bright; sections along rivers under 2 m bright; 

tributary with temporary character. Additionally, in attempt to gain 

more information concerning the conflict between the predator and the 

fish farmers we monitored two fish farms – one of them completely 

fenced (between Mladezhko and Evrenozovo villages) and one that is 

not fenced (near Brushljan village). We interviewed the personnel of 

the fisher farms in addition to our field investigation. 

Because of the relatively small territory of the “Strandzha” 

Natural Park, we did not follow standard procedures concerning the 

transect lengths and our tracks were longer than the standard of 600 m. 

We did not concentrate our efforts only around river bridges (see 

[28]). 

Generally, the field surveys were conducted in the summer and 

autumn months (six days pro month in June, July, August, September 
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and October) of 2014. During the investigations, we found that the 

most detailed information can be gathered when the track is performed 

along the longitudinal axis of the rivers. By walking or swimming in 

the middle of the smaller rivers and tributaries, we were able to 

observe shores, as well as the stones and trunks for faeces. For 

transects in the estuary of the Veleka river we used a boat.  

As indicators for the presence of L. lutra we surveyed for the 

classical indicating signals described in the literature (for overview see 

24], [28], [29], [30]). To gain information concerning the diet of the 

local otter, the found faeces were measured and then disintegrate in 

water for content investigations. Special attention was paid to the 

remnants of chitin or shell rests, bones, scales or other epidermal skin 

derivates. The characteristics of the spraints were documented by 

using Canon EOS 300D digital camera with a Canon Tele Zoom Lens 

75-300 mm II (Canon Inc., Tokyo, Japan) and via underwater camera 

Kodak ZX 5. We used a small fisher net to obtain data on the potential 

prey of the European otter in the Natural Park. We were also able to 

catch by hand and identify the crayfish at the visited sites.   

The number of spraints including only chitin rests and spraints 

including predominantly fish rests were compared  (together with their 

occurrence in the different  sections of the Strandzha rivers) using 

Fisher exact probability test.  

Results:  

During the field surveys we were able to find and investigate a 

total of 204 faeces of European otters. We had split the found faeces 

in the following groups: 

1. Spraints including only chitin rests (121 faeces); 

2. Spraints including chitin and bivalvia shell rests (19 faeces); 

3. Spraints including chitin, bivalvia shell rests, as well as fish 

bones and scales (26 faeces); 

4. Spraints including predominantly fish bones and scales (36 

faeces); 

5. Spraints including avian rests (1 faeces); 
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6. Spraints including squamate rests (1 faeces);  

 East Middle West 

Group 1 86.13% 5.66%  

Group 2 8.76% 13.21%  

Group 3 4.38% 32.07% 100% 

Group 4  47.17%  

Group 5  1.89%  

Group 6 0,73%   

Table 1. Percentage of the spraints belonging to the six groups 

found in the three sections of the “Strandzha” Natural Park; 

Surprisingly, our results indicated that spraints (see Table 1) 

including only chitin rests were significantly more abundant than 

spraints including predominantly fish bones and scales (p<0.0001). 

These facts are explicitly discussed below. The chitin spraits were 

significantly more abundant in the eastern part of the Strandzha 

Mountain, while fish containing spraits significantly predominated in 

the middle and western section of the mountain (p < 0.0001). No 

spraints were found on the tracks along the temporary tributaries of 

the two main rivers in the park. 

In 2014 the Mladezhka river did not went dry. The 

ichthyophauna and the batrachophauna along the river were very poor. 

Still, other species which could be a potential food source for L. lutra 

were found: the potamon crayfish (Potamon ibericum), the marsh 

frogs (Pelophilax ridibundus), the common toad (Bufo bufo), the 

green toad (Bufotes viridis), the agile frog (Rana dalmatina), the 

European pond turtle (Emys orbicularis) and the grass snake (Natryx 

natryx). No skinned frogs were registered. All spraints found were 

from 1.7 to 2.1 cm in diameter and had different contents belonging to 

groups 1, 2 and 4 (see Figure 1).  
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Figure 1. European otter spraints from groups 2 and 4 found on stones 

in Mladezhka river; 

A small tributary, with similar debit as Mladezhka river, which 

was selected for investigation, was the river in the region of „St. 

Mary“ Chapel near Malko Turnovo town. The water here was always 

cold (11° to 15°C). No green frogs or larger fishes were registered. On 

the river rocks were found abundant rests of potamon exoskeletons as 

well as spraints from group 1.  

Near the waterfalls of  Stoilovo village were found abundant 

rests of crayfish exoskeletons. The otter excrements were from groups 

2 and 5. The spraint from group 5 was positioned on a stone in the 

middle of the river bed 36 cm above the water level and included 

bones and skin epidermal derivates (leg scales ,beak and claws) from a 

strigiform bird (see Figure 2). 
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Figure 2. European otter spraint from group 5 including rests of a 

strigiform bird; be, rest of the beak; cl, rest of claws; ls, rests of leg 

skin;  

We visited the midsection of Veleka River in the regions of 

Brodilovo and Kosti villages. The water stream was very strong and 

the river bed was full with dragged logs. The otters marked both 

stones in the water, as well as trunks which jut out of the water with 

spraints of groups 2, 3 and 4. 

In the upper stream of Rezovska River at the locality 

“Vulchanov most” near Malko turnovo town, the river bed was stony 

and the water stream was strong. No green or brown frogs were 

observed and we were not able to catch any fish - the ichthyophauna 

and the batrachophauna in 2014 were poor. We found several groups 

of marking sites of L. lutra in a linear distance of around 400m (700 m 

on the track). The numerous spraints differ in their diameter and 

condition. Some excrements were old and dry, but others were very 

fresh and had characteristic smell. All spraints were from group 1 (see 
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Figure 3), with one exception from group 6 (see Figure 4). The snake 

rests were from a grass or dice snake (Natrix sp.). Additionally to the 

faeces, we found numerous chitin exoskeletons of potamon crayfish, 

which were crashed by the otters and left on the river rocks. Some 

rests indicated that the crayfishes were killed and then left uneaten 

(see Figure 5). 

 

Figure 3. European otter spraint of group 1 from the upper stream of 

Rezovska River; 

We received permeation from the Bulgarian boarder police to 

enter the border zone at the down streams of the Rezovska River. 

Along the riverbed we found a swamp with abundant vegetation on 

the banks (Figure 6). In the down streams of the Resovska River we 

found otter excrements from group 3 (see Figure 7), but in the 

downstream of Veleka River we were not able to detect any spraints. 

Both rivers are rich of fish, crayfish and frogs in these sections, still 

the registered spraints were scarce.  

In our visits at the fish farm near Mladezhko village we found 

that the trophic base for the European otter was very rich. The 

artificial water basins were stocked with carps (Cyprinus caprio), 
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silver carp (Hypophtalmichtys molitrix) and also inhabited by mullet 

(Leociscus cephalus) and carucian (Carassius gibelio). Besides the 

rich fish resource, we found that the region was inhabited by a dense 

population of green frogs (P. ridibundus). Other species, which can be 

used as a food source by the otters in the region, were the European 

pond turtle, the European green lizard (Lacerta viridis) and the grass 

snake.  

During the field surveys no indication of otter activities were 

recognised. The manager of the fish farm stated that in the past the 

region was inhabited by numerous European otters. The mustelids had 

inflicted severe damage on the fish resources. Therefore, in 2011 the 

farm was fenced, but the otters were still able to undermine the nets 

and enter the farm. After the fences were buried into the substrate, the 

otter incursions were stopped. On the base of our investigation, we 

may conclude that the area around this particular fish farm was not a 

resident territory of L. lutra, because the food resources were currently 

inaccessible for the predators and the local river dries out very often. 

  

Figure 4. European otter spraint from group 6 including rests of a 

Colubrid snake; ds- dorsal scales, vs- ventral scales;  
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The other fish farm which we visited is the largest in the 

“Strandzha” Natural Park. It is positioned in the region of Brushlyan 

village (north of the village and east from road E87) on the upper 

stream of Veleka River. This farm is specialized in breading of 

rainbow trout (Oncorhynchus mykiss) and accipenser hybrids. These 

fishes inhabit concrete channels 70 m in length and 3m bright. The 

channels are 1.5 m deep and have fixed feeding installations. Near the 

channels there is a dam with a diameter of 60 m for breeding of carp. 

The river bed surrounds the complex from east and has a rich fish 

resource. No anuran species were registered. During the field surveys, 

we found otter spraints in four permanent marking spots on river 

stones with a height of approximately 40 cm above water level. Two 

of the marking positions were on the north-east site of the farm (about 

150 m from the centre of the complex) and two were on about 100 m 

south-west from the complex. All spraints had a diameter between 2.1 

and 3.6 cm. The faeces differ in their contents and included fish rests, 

chitin rests and bivalvia shell fragments – spraints of groups 2 and 3. 

According to the data gained by interview of the ichthyologist 

of the complex, the region is inhabited by two resident female animals 

and is included in the territory of a very large male.  The fish farm 

could not be effectively guarded from the otters and they regularly 

inflict heavy damages on the fish resources. The complex lacks a 

fence and is guarded by men and dogs. The guard system is not fully 

effective - regularly the ichthyologists find dozens of dead fishes on 

the shores of the water basins.  

Discussion: 

The diet of the European otter may vary in large ranges and the 

ratio of the different items can dramatically change between the 

populations. According to [31], the otters inhabiting the Scandinavian 

Peninsula have a fish based diet (over 80%). Other scientists reported 

that in Asia L. lutra preys predominantly on crayfish [32], [33] and 

amphibians [34], with fish playing a very minor role in the diet. 
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Figure  5. Rests of the chitin exoskeleton of Potamon  ibericum left 

by an otter on a river stone at the upper flow of Rezovska River;  

As part of the diet of the European otters were recorded 

invertebrates (insects and crayfish) as well as amphibians, cold and 

warm blooded amniotes - squamates, birds and mammals (for 

overview see [7]). Concerning the striking misbalanced in presence or 

absence of spraint types described in our results, we have to stress that 

these finding should not be an object of direct and simplistic 

comparisons. It is obvious that the spraints from the group 1 were 

predominant and one can draw the misleading conclusion, that the 

local otters prefer to feed on crayfish. This conclusion would be 

completely inadequate, as where fish was available the diet of the 

otters was for sure more balanced than in regions where large fish was 

lacking (see result). In the down streams of the rivers, where the 

ichthyophauna was rich, the regions are under stronger anthropogenic 

pressure. For sure this is a reason for alternations in the marking 

behaviour of the otters. Furthermore, the down streams of the rivers of 

the “Strandzha” Natural Park are inhabited by the European pond 

turtle and the Caspian pond turtle (Mauremys rivuleta). These turtles 

are basking species and use stones, rocks, logs and stem on the banks 

and in the river bed to temperate their bodies (see [35], [36]). These 

are exactly the favourite object on which the otters leave spraints to 
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mark their territories. It is logical that the otters do not leave marks 

which may be removed by the basking turtles and this is the reason 

that we found low number of excrements including fish remnants 

(groups 3 and 4). This is also the main reason for the relatively low 

number of our samples. Concerning the low number of spraints 

including snake and bird rests (groups 5and 6), we propose that the 

percentage of these excrements reflects the actual feeding behaviour 

of the otter in the region.   

 

Figure 6. Swamp beyond the border fence of Bulgaria near Resovo 

village represents an optimal otter habitat;  

For the territory of Bulgaria, data on the diet of the European 

otter are provided in the Red list of protected species, as well as in the 

manuscripts of local scientists (see [16], [17], [18], [21], [25]). Despite 

the large amount of information on the feeding ethology of the 

species, data from the region of Strandzha Mountain are rather scarce. 

In this context the analysis of the dietary specifications of the otter 

population inhabiting the “Strandzha” Natural Park is very intriguing. 
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Figure 7. European otter spraint from group 3 found in the area of the 

swamp represented on Figure 6; 

On the territory of the Natural Park were found habitats with 

very different specifications. There are upper streams of rivers with 

fast water streams, where the water is cold and the food resources are 

limited in diversity and abundance. On the other hand, at the down 

streams of Rezovska and Veleka rivers, where the water is warm, the 

ichthyophauna and the batrachophauna were rich. Despite these 

controversial habitat characteristics, the European otters inhabit the 

whole area around the rivers and the larger tributaries on the territory 

of the park. Even in the small rivers Mladezhka and Silistar were 

found food rests and the specific marking spraints indicating the 

presence of L. lutra. The local otters inhabit both the optimally suited 

habitats as the rich on fish reserves downstream of Rezovska and 

Veleka rivers, as well as small but permanent tributaries.  

In particular sections of the rivers, object of our monitoring, the 

content of the otters excrements indicated that the individuals are on a 

very limited diet of invertebrates – molluscs and crayfish. This fact 

indicates that in certain periods of their life cycles, the otters can 

survive despite the lack of fish in their menu. The species showed an 

extraordinary plasticity toward the utilization of the trophic resources 



35 
 

of the habitat. The fact that even adult animals inhabited sections of 

the river (mainly the upper river streams), where they rely 

predominantly on crayfish and mussels as food source, indicated that 

the population density of the otters in the “Strandzha” Natural Park 

was high in 2014. 

Aknowlagements: We would like to thank to mag. Nina 

Stoilova for her help during the field surveys. The personnel of the 

fish farm “Ribarnik” is acknowledged for the helpful information 

provided. Dr Nikolay Tzankov from NHM-Sofia, made useful 

comments on the structure of the manuscript and confirmed the 

identification of the snake rests. The team of the “Strandzha” Natural 

Park had supported our research. 

References:  

 

[1] Kranz A. Otters (Lutra lutra) increasing in Central Europe: from 

the threat of extinction to locally perceived overpopulation? 

Mammalia. 1998, 64, 4, 357-368. 

 

[2] Adamek Z, Kucerovа M, Roche K. The role of common carp 

(Cyprinus carpio) in the diet of piscivorous predators – cormorants 

(Phalacrocorax carbo) and otter (Lutra lutra). Bull. VURH Vodnany. 

1999, 4, 185–193. 

 

[3] Adamek Z, Kortan D, Lepic P, Andreji J. Impacts of otter (Lutra 

lutra L.) predation on fishponds: A study of fish remains at ponds in 

the Czech Republic. Aquaculture International. 2003, 11, 389–396.  

[4] Kortan D, Adamek Z, Polakova S. Winter predation by otter, Lutra 

lutra on carp pond systems in South Bohemia (Czech Republic). Folia 

Zool. 2007, 56, 4, 416–428. 

[5]  English Nature. Retrieved 2010, 03-15. 

[6] Conroy J, Chanin P. The status of the Eurasian otter (Lutra lutra) 

in Europe – a review. Proceedings of the first otter toxicology 

http://en.wikipedia.org/wiki/English_Nature


36 
 

conference, Eds., Conroy, J. W. H., Yoxon, P. and Gutleb, A. C.)  

2000, 7-29. 

[7] Ruiz-Olmo J, Loy A, Cianfrani C, Yoxon P, Yoxon G, de Silva 

PK, Roos A., Bisther M, Hajkova P, Zemanova B, 2008. Lutra lutra. 

In:  IUCN Red List of Threatened Species. 2008, Retrieved 21 March 

2009. 

[8] Kruuk H, Moorhouse A, Conroy J W, Durbin L, Freares S. An 

estimate of numbers and habitat preferences of otters Lutra lutra in 

Shetland, U.K. Biological Conservation. 1989, 49, 241-254. 

[9] Reuther C. Development in weight and length of cubs of the 

Eurasian otter (Lutra lutra). IUCN Otter Specialist Group 

Bulletin. 1999, 16, 1, 11-25. 

[10] Kranz A.. On the ecology of otters in central Europe. Doctoral 

thesis. 1995, University of Agriculture, Vienna. 

 

[11] Green J, Green, R. and Jefferies, D. J. A radio-tracking survey of 

otters Lutra lutraon a Perthshire river system. Lutra . 1984, 27, 85-

145. 

 

[12] Spiridonov G, Spassov  N. The otter (Lutra lutra L., 1758) in 

Bulgaria, its statе and conservation. - Historia naturalis bulgarica. 

1989, 1, 57-63. 

[13] Spiridonov G, Mileva L.  The status of otter (Lutra lutra) in 

Bulgaria. Seminar on the Conservation of the European Otter (Lutra 

lutra), Leeuwarden, the Netherlands, 7-11 June 1994, Council of 

Europe, Strasbourg. 1994, 77-80. 

[14] Peshev Ts, Peshev D, Popov V. Fauna Bulgarica: Mammalia.Vol. 

27. 2004, Marin Drinov Acad. Publ.  

[15] Georgiev D,. Diet of the Otter Lutra lutra in Different Habitats of 

South-Eastern Bulgaria. IUCN Otter Spec. Group Bull. 2006, 23, 1, 4 

– 10. 



37 
 

[16] Georgiev D. The fish species participation in otter`s (Lutra lutra) 

diet in Maritza river, West of Plovdiv town (Southern Bulgaria). 

Animalia. 2006, 42, 153–159. 

[17] Georgiev D, Stoicheva SFreshwater crabs preyed on by the 

Eurasian Otter Lutra lutra in a river habitat of southern Bulgaria. 

Hystrix It. J. Mamm. 2006, 17, 2, 129-135. 

[18]Georgiev D, Stoycheva S. Habitats, Distribution and Population 

Density Otter Survey in the Western Rhodopes Mountains (Southern 

Bulgaria) IUCN Otter Spec. Group Bull. 2006, 23, 1, 35 – 43. 

 

[19] Georgiev D. Study on the Home Range of the Resident Female 

Otter (Lutra lutra), (Carnivora, Mammalia) in South-East Bulgaria. 

Acta zool. bulg., 2007, 59, 2, 165-172. 

[20] Georgiev D. Otter (Lutra lutra L.) Mortalities in southern 

Bulgaria: a case study. IUCN Otter Spec. Group Bull. 2007, 24, 1.  

 

[21] Georgiev D. Size of Marsh frogs in the diet of Eurasian otter in 

southern Bulgaria. Hystrix It. J. Mamm. 2008, 19, 1, 55-59 

[22] Georgiev D. Ecological monitoring study of the otter (Lutra lutra 

L.) in the catchments of Tundzha and Maritsa Rivers. PhD Thesis, 

University of Plovdiv, Faculty of Biology, Department of Ecology and 

Environmental Conservation. 2008, 200 p. 

[23] Georgiev D. Eurasian Otters In Micro Dams Of Southern 

Bulgaria: Where To Place The Monitoring Zones? IUCN Otter Spec. 

Group Bull. 2009, 26 (1) 5 – 9. 

[24] Dimitrova R, Georgiev D. The Otter (Lutra lutra L.) Signs and 

the Banks Tree Cover: A Survey in Central and Eastern Bulgaria. 

Ecologica Balkanica, 2012,   4 , 2, 1-4. 

 

[25] Georgiev D. Materials on the diet of the Otter (Lutra lutra L.) in 

the West Rhodopes Mountain, South Bulgaria. Ecologica Balkanica. 

2013, 5, 1, 137-139. 



38 
 

[26] Wood R, Gerald L. The Guinness Book of Animal Facts and 

Feats. 1983, Sterling Pub Co Inc.  

[27] Manson CF, Macdonalds SM. Otters: Ecology and Conservation. 

1986, Cambridge University Press.  

[28] Chanin P. Monitoring the Otter. 2010,  Conserving Natura 2000 

Rivers ,  English Nature . 

[29] Pagett M. What Shat That?: A Pocket Guide to Poop Identity. 

2007.  

[30] Brown RW, Lawrence MJ, Pope J. Animals. Tracks & 

Signs. 1984. Hamlyn. p. 225.  

[31] Erlinge S. Food habits of the otter (Lutra lutra L) and the mink 

(Mustela visonSchreber) in a trout water in southern Sweden. Oikos. 

1969, 20, 1-7. 

 

[32] de Silva P. Food and feeding habits of the Eurasian Otter lutra 

lutra L. (Carnivora, Mustelidae) in Sri Lanka. Journal of South Asian 

Natural History . 1996, 2, 1, 81-90. 

 

[33] de Silva P. Seasonal variation of the food and feeding habits of 

the Eurasian otter Lutra lutra L. (Carnivora, Mustelidae) in Sri 

Lanka. Journal of South Asian Natural History.  1997, 2, 2, 205-216. 

 

[34] Kruuk H, Kanchanasaka B, O'Sullivian, S Wanghongsa S. Niche 

separation in three sympatric otters Lutra perspicillata, Lutra 

lutra and Aonyx cinerea in Huai Kha Khaeng, Thailand. Biological 

Conservation . 1944, 69: 115-210. 

 

[35] Stojanov A. Order anurans. In: Biserkov V. (Editor). A field 

guide to Amphibians and Reptiles of Bulgaria. Sofia. Green Balkans. 

2007, 39-62. 

[36] Stojanov A, Tzankov N, Naumov B. Die Amphibien und 

Reptilien Bulgariens. 2011, Chimaira, Frankfurt am Main, Germany. 

http://translate.googleusercontent.com/translate_c?anno=2&depth=1&hl=bg&rurl=translate.google.bg&sl=en&tl=bg&u=http://books.google.co.uk/books%3Fid%3DgCkwEDBPg6UC%26pg%3DPA69&usg=ALkJrhhj_C7OkWjBjR0oVoB7JJbwegMEyQ


39 
 

Study on the current use of four important medicinal plants of 

Lamiaceae in Bulgaria 

Zheni Nanova
1*

, Asya Dragoeva
1
, Vanya Koleva

1
, Nesho Chipev

1
, 

Borislav Georgiev
1
, Irina Yotova

1
, Milen Ivanov

1 

1
University of Shumen, Faculty of Natural Sciences, Department of 

Biology, 115 "Universitetska" str., 9712 Shumen, Bulgaria 

*e-mail: jenidim@gmail.com 

Abstract 

In contemporary society various demographic factors lead to 

changes of people habits to use medicinal plants. A matter of interest 

is to establish how specific demographic features of people influence 

the use of herbs. The present survey aimed at determining the 

current trends regarding the use of four valuable medicinal 

Lamiaceae species in Bulgaria: thyme, mint, lemon balm and 

oregano. In the survey, 220 people were interviewed. Demographic 

profiles of the respondents were evaluated. Then the participants 

were questioned for the following item: “Do you use any of these 

herbs: thyme, mint, lemon balm and oregano." In order to disclose 

correlations between demographic features of the participants and 

their answers cross-relationships were analyzed. The majority of 

respondents reported to use these plants. Mint and thyme were more 

commonly used herbs. We identified that age of respondents had 

sufficient influence on the answer to the questionary. Level of 

education and living regions had moderate impact on the use of 

relatively lesser utilized herbs – oregano and lemon balm. The 

analysis showed the persistence of traditional knowledge for these 

plants. At the same time, the results revealed better knowledge on 

medicinal plants in groups of better educated people and in urban 

population. 

Keywords: ethnobotanical survey, Lamiaceae, thyme, mint, 

lemon balm, oregano, folk medicine 
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1. Introduction 

Ethnobotany has been defined as the study of the indigenous 

knowledge on diversity and use of native plants [1]. Modern 

ethnobotany is a multidisciplinary science area focused on the plant 

utilization in local ethnopharmacy and ethnomedicine [2]. In 

contemporary society various factors (globalization, urbanization, 

migration, a lack of interest in young people, free access to 

information etc.) lead to changes of people habits to use medicinal 

plants. The loss of traditional knowledge on medicinal plants is widely 

reported globally in recent years [3, 4]. Therefore, a matter of interest 

from an ethnobotanical viewpoint is to establish how specific 

demographic features of people influence the use of herbs [5, 6]. 

Bulgarians have a traditions in using herbal medicines to treat 

common diseases from ancient times [7], but research on the factors 

associated with herbal medicinal use in Bulgaria nowadays is limited. 

Lamiaceae is one of the major sources of medicinal plants all 

over the world. Because of this the species of this family have been 

studied in various ethnobotanical surveys [8, 9]. The members of this 

family are widely used also in Bulgarian folk medicine [4, 10]. 

Among the most popular plants from the Lamiaceae family are species 

thyme, mint, lemon balm and oregano. These plants have been used as 

spices and protective and curative remedy for many ailments for 

centuries [11, 12, 13, 14]. Contemporary scientific research confirmed 

their valuable medicinal properties [13, 14, 15, 16, 17, 18]. 

The present survey aimed at determining the current trends 

regarding the use of four valuable medicinal Lamiaceae species in 

Bulgaria: thyme, mint, lemon balm and oregano. 

 

2. Materials and methods 

The survey has been conducted in different regions of 

Bulgaria during April-September 2013. The survey was carried out by 

using the face-to-face interview technique as described in similar 

studies [5, 6]. The interviewed people were chosen randomly. The 

researchers and Ethnobotany Club student members (Department of 

Biology, University of Shumen, Bulgaria) carried out the survey. 

The demographic features of the people who accepted to 

participate in the interview were determined. Then the participants 
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were questioned for the following item: “Do you use any of these 

herbs: thyme, mint, lemon balm and oregano". 

Descriptive statistic procedures like percentages and 

frequency distributions are used for analyzing the data. Pearson 

correlation coefficient was calculated to measure the correlation 

between items questioned and demographic variables. The magnitude 

of the correlation coefficient that determines the strength of the 

correlation was estimated according to [19]: r = 0 lack of correlction, 

0 < r ≤ 0.3 weak correlation, 0.3 < r ≤ 0.5 moderate correlation, 0.5 < r 

≤ 0.7 significant correlation, 0.7 < r ≤ 0.9 strong correlation, 0.9 < r ≤ 

1 very strong correlation, r = 1 means functional dependence.The chi-

square tests allow us to determine if the dependence between the 

corresponding variables is statistically significant and P < 0.05 was 

evaluated as significant. 

 

3. Results and discussion 

Conducting interviews with representatives of the local 

population is the primary method of data collection in ethnobotany [5, 

6, 20, 21]. In the present survey 220 people were interviewed. The 

demographic features of the respondents are summarized in Figure 1. 

 

Figure 1. Demographic features of the informants (n = 220). 
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In Table 1 the distribution of the participants with respect to 

their answers to the inquiry "Do you use any of these herbs: thyme, 

mint, lemon balm and oregano" is presented. As can be seen, the 

majority of respondents use mint (83.18%) and thyme (75.91%). 

About half of the respondents use lemon balm (55.45%) and oregano 

(50.45%). In Bulgaria herbal medicines have been utilized since 

centuries [7]. Results of present study show that the local traditional 

use of herbs persists nowadays. Several recent studies also highlighted 

that knowledge about the use of herbs persists in many places in 

Europe [22]. 

Table 1. Responses of the participants (n = 220) to the inquiry. 

Do you use any 

of these herbs: Responses Number (%) 

Thyme yes 167 (75.91) 

no 51 (23.18) 
Mint yes 183 (83.18) 

no 35 (15.91) 
Lemon balm yes 122 (55.45) 

no 96 (43.64) 
Oregano yes 111 (50.45) 

no 107 (48.64) 
The percent differs from 100% if some of respondents gave no 

answer. 

Further we analyzed cross-relationships between demographic 

features of participants and responses to the inquiry. In order to 

determine the correlation between item questioned and demographic 

variables standardized Pearson correlation coefficient was calculated. 

The analysis shows that age factor significantly influenced the 

questioned item (Table 2). The majority of respondents using four 

herbs belong to the age group of 61 to70 years and/or the group over 

70. This result is probably due to the experience of the respondents 

from these age groups in the use of medicinal plants. A lot of studies 

underlined that the age is an important factor influencing the opinion 

of people on utilization of herbal medicines [5, 23, 24, 25]. 
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Analysis showed a moderate influence of the level of education 

on the responses about the use of thyme, lemon balm and oregano and 

little impact on the use of mint (Table 3). The largest proportion of 

respondents consuming lemon balm and oregano are university 

graduates, respectively 66.18% and 70.59%. Interestingly, these two 

plants are relatively less known (Table 1). The proportion of people 

reported to use thyme with primary and higher education is almost the 

same – about 85.00%. Similarly, the level of education doesn`t 

influence the use of mint. 

Table 2. Relationship between the plants’ uses and the age of 

respondents. 

Do you use any 

of these herbs: 

Age of 

respondents 

Responses 

Yes, n (%) No, n (%) 

Thyme*
d
 > 20 (n = 39) 28 (71.79) 11 (28.21) 

21 - 30 (n = 63) 46 (73.02) 17 (26.98) 

31 - 40 (n = 26) 21(80.77) 5 (19.23) 

41 - 50 (n = 30) 22 (73.33) 7 (23.33) 

51 - 60 (n = 36) 30 (83.33) 6 (16.67) 

61 - 70 (n = 17) 15 (88.24) 2 (11.76) 

< 70 г. (n = 8) 5 (62.50) 3 (37.50) 

Mint*
c
 > 20 (n = 39) 32 (82.05) 7 (17.95) 

21 - 30 (n = 63) 51 (80.95) 12 (19.05) 

31 - 40 (n = 26) 22 (84.62) 4 (15.38) 

41 - 50 (n = 30) 21 (70.00) 8 (26.67) 

51 - 60 (n = 36) 32 (88.89) 4 (11.11) 

61 - 70 (n = 17) 17 (100.00) 0 (00.00) 

< 70 г. (n = 8) 8 (100.00) 0 (00.00) 

Lemon balm*
d
 > 20 (n = 39) 15 (38.46) 24 (61.54) 

21 - 30 (n = 63) 26 (41.27) 37 (58.73) 

31 - 40 (n = 26) 16 (61.54) 10 (38.46) 
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41 - 50 (n = 30) 19 (63.33) 10 (33.33) 

51 - 60 (n = 36) 25 (69.44) 11 (30.56) 

61 - 70 (n = 17) 15 (88.24) 2 (11.76) 

< 70 г. (n = 8) 6 (75.00) 2 (25.00) 

Oregano*
 d
 > 20 (n = 39) 13 (33.33) 26 (66.67) 

21 - 30 (n = 63) 27 (42.86) 36 (57.14) 

31 - 40 (n = 26) 16 (61.54) 10 (38.46) 

41 - 50 (n = 30) 15 (50.00) 14 (46.67) 

51 - 60 (n = 36) 24 (66.67) 12 (33.33) 

61 - 70 (n = 17) 9 (52.94) 8 (47.06) 

< 70 г. (n = 8) 7 (87.50) 1 (12.50) 

n – number; * – Р < 0.05; 
с
 – significant, 

d
 – strong correlation. The 

percent differs from 100% if some of respondents gave no answer. 

 

Table 3. Relationship between the plants’ uses and the level of 

education of respondents. 

Do you use any 

of these herbs: Level of education 

Responses 

Yes, n (%) No, n (%) 

Thyme*
 b
 Basic school (n = 29) 25 (86.21) 4 (13.79) 

High school (n = 114) 79 (69.30) 35 (30.70) 

University (n = 68) 58 (85.29) 9 (13.24) 

Mint*
 a
 Basic school (n = 29) 24 (82.76) 5 (17.24) 

High school (n = 114) 96 (84.21) 18 (15.79) 

University (n = 68) 57 (83.82) 10 (14.71) 

Lemon balm*
 b
 Basic school (n = 29) 13 (44.83) 16 (55.17) 

High school (n = 114) 58 (50.88) 56 (49.12) 

University (n = 68) 45 (66.18) 22 (32.35) 
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Oregano*
 b
 Basic school (n = 29) 12 (41.38) 17 (58.62) 

High school (n = 114) 46 (40.35) 68 (59.65) 

University (n = 68) 48 (70.59) 19 (27.94) 

n – number; * – Р < 0.05; 
a
 – weak, 

b
 – moderate correlation. The 

percent differs from 100% if some of respondents gave no answer. 

We identified that living at the urban or rural regions 

influence the use of four herbs (Table 4). Most of respondents 

reported to use mint are rural inhabitants. This observation showed 

existence of traditional knowledge concerning this herb. On the 

contrary, most of respondents reported to use thyme, lemon balm and 

oregano belong to urban population. This might be due to growing 

popularity of these herbs distributed by mass media and internet, to 

which people living in villages do not always have access. 

 

Table 4. Relationship between the plants’ uses and the place that have 

been inhabited longer by the respondents. 

Do you use any 

of these herbs: 

Place where live 

longer 

Responses 

Yes, n (%) No, n (%) 

Thyme*
 b
 Urban area (n = 159) 124 (77.99) 34 (21.38) 

Rural area (n = 55) 40 (72.73) 15 (27.27) 

Mint*
 b
 Urban area (n = 159) 133 (83.65) 25 (15.72) 

Rural area (n = 55) 47 (85.45) 8 (14.55) 

Lemon balm*
 b
 Urban area (n = 159) 91 (57.23) 67 (42.14) 

Rural area (n = 55) 28 (50.91) 27 (49.09) 

Oregano*
 b
 Urban area (n = 159) 88 (55.35) 70 (44.03) 

Rural area (n = 55) 20 (36.36) 35 (63.64) 

n – number; * – Р < 0.05; 
b
 – moderate correlation. The percent differs 

from 100% if some of respondents gave no answer. 

Sex of respondents exerts a little impact on the answers to the 

inquiry. (Таблица 5). The percentage of women who reported to use 

thyme, mint and lemon balm was higher. A popular assumption is that 
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women usually take better care of their health than men. The results of 

present survey confirmed this observation [4]. It must be noticed that 

oregano – the least used herb (Table 1) is more common to male 

respondents. This data might be explained by observation that women 

usually are bearer of traditional knowledge [26]. Recently oregano 

valuable properties have been widely studied and results are presented 

in mass media. It might be speculated, that men preferred to access 

information by this way. 

 

Table 5. Relationship between the plants’ uses and the sex of 

respondents. 

Do you use any 

of these herbs: 

Sex of 

the respondents 

Responses 

Yes, n (%) No, n (%) 

Thyme
 a
 Male (n = 86) 61 (70.93) 24 (27.91) 

Female (n = 134) 106 (76.10) 27 (20.15) 

Mint
 a
 Male (n = 86) 71 (78.53) 14 (20.59) 

Female (n = 134) 112 (82.18) 21 (16.36) 

Lemon balm
 a
 Male (n = 86) 43 (50.00) 42 (48.84) 

Female (n = 134) 79 (58.96) 54 (40.30) 

Oregano
 a
 Male (n = 86) 45 (52.33) 40 (46.51) 

Female (n = 134) 66 (49.25) 67 (50.00) 

n – number; 
a
 – weak correlation. The percent differs from 100% if 

some of respondents gave no answer. 

 

4. Conclusions 

 

The results of present survey showed the persistence of 

traditional knowledge for selected plants: thyme, mint, lemon balm 

and oregano. Among the four herbs mint and thyme are more 

frequently used in Bulgaria. Lemon balm and oregano are used mostly 

by respondents with better education and by the urban population. The 

largest proportion of respondents who reported to use four herbs 

belongs to the age group over 60 years. 

 



47 
 

References 

 

[1]. Abbasi, A.M.; Khan, M. A.; Ahmad, M.; Zafar, M., Medicinal 

plant biodiversity of lesser Himalayas-Pakistan, Springer 

Science+Business Media, LLC. 2012, p. 17. 

[2]. Choudhary, K.; Singh, M.; Pillai, U., Ethnobotanical survey of 

Rajasthan - an update. American-Eurasian Journal of Botany. 2008, 

1(2), 38-45. 

[3]. Vandebroek, I.; Balick, M. J., Globalization and loss of plant 

knowledge: challenging the paradigm, PLoS ONE. 2012, 7(5), 

e37643. doi:10.1371/journal.pone.0037643. 

[4]. Kozuharova, E.; Lebanova, H.; Getov, I.; Benbassat, N.; 

Napier, J., Descriptive study of contemporary status of the traditional 

knowledge on medicinal plants in Bulgaria. African Journal of 

Pharmacy and Pharmacology. 2013, 7(5), 185-198. 

[5]. Sarper, F.; Akaydin, G.; Şimşek, I.; Yeşilada, E., An 

ethnobotanical field survey in the Haymana District of Ankara 

Province in Turkey. Turkish Journal of Biology. 2009, 33, 79-88. 

[6]. Akaydin G.; Simşek, I.; Arituluk, Z.C.; Yeşilada, E., An 

ethnobotanical survey in selected towns of the Mediterranean 

subregion (Turkey). Turk J Biol. 2013, 37, 230-247. 

[7]. Nedelcheva, A., Medicinal plants from an old Bulgarian 

medical book. Journal of Medicinal Plants Research. 2012, 6(12), 

2324-2339. 

[8]. Naghibi, F.; Mosaddegh, M. S.; Motamed, M.; Ghorbani, A., 

Labiatae Family in folk Medicine in Iran:from Ethnobotany to 

Pharmacology. Iranian Journal of Pharmaceutical Research. 2005, 2, 

63-79. 

[9]. Raja, R. R., Medicinally potential plants of Labiatae 

(Lamiaceae) family: an overview. Research Journal of Medicinal 

Plant. 2012, 6, 203-213. 

[10]. Evstatieva L.; Hardalova, R.; Stoyanova, K., Medicinal plants 

in Bulgaria:diversity, legislation, conservation and trade. Phytologia 

balcanica. 2007, 13(3), 415-427. 

[11]. Dababneh B., Antimicrobial activity and genetic diversity of 

Thymus species on pathogenic microorganisms, Journal of Food, 

Agriculture & Environment. 2007, 5(3&4), 158-162. 



48 
 

[12]. Adinee, J.; Piri, K.; Karami, O., Essential Oil Component in 

Flower of Lemon Balm (Melissa officinalis L.), American Journal of 

Biochemistry and Biotechnology. 2008, 4(3), 277-278. 

[13]. Chishti, S.; Kaloo, Z. A.; Sultan, P., Medicinal importance of 

Genus Origanum – A review, International Journal of Advanced 

Research. 2013, 1(8), 75-84. 

[14]. Chawla, S.; Thakur, M., Overview of Mint (Mentha L.) as a 

promising health-promoting herb. International Journal of 

Pharmaceutical Rasearch and Development. 2013, 5(06), 073-080. 

[15]. Rasooli I.; Mirmostafa, S. A., Antibacterial properties of 

Thymus pubescens and Thymus serpyllum essential oils, Fitoterapia. 

2002, 73(3), 244-50. 

[16].  Mimica-Dukic, N.; Bozin, B.; Sokovic, M.; Simin, N., 

Antimicrobial and antioxidant activities of Melissa officinalis L. 

(Lamiaceae) essential oil, J. Agric. Food Chem. 2004, 52(9), 2485-

2489. 

[17]. López, V.; Martín, S.; Gómez-Serranillos, M.; Carretero, M.; 

Jäger, A.; Calvo, M. I., Neuroprotective and neurochemical properties 

of mint extracts. Phytotherapy Research. 2010, 24(6), 869-874. 

[18]. Cleff, M. B.; Madrid, I.; Meinerz, A. R.; Meireles, M. C. A.; 

de Mello, J. R. B.; Rodrigues, M. R.; Escareño, J. J. H., Essential oils 

against Candida spp: in vitro antifungal activity of Origanum vulgare, 

Afr. J. Microbiol. Res. 2013, 7(20), 2245-2250. 

[19]. Vulchev, H., P. Yordanova, Statistika. Shumen University 

“Episkop Konstantin Preslavsky”, 2004. ISBN: 954-577-254-9 [in 

Bulgarian]. 

[20]. Çakılcıoğlu, U.; Sengün, M. T.; Türkoğlu, Đ., An 

ethnobotanical survey of medicinal plants of Yazıkonak and Yurtbası 

districts of Elazığ province, Turkey. Journal of Medicinal Plants 

Research. 2010, 4(7), 567-572. 

[21]. Kilic, O.; Bagci, E., An ethnobotanical survey of some 

medicinal plants in Keban (Elazığ-Turkey), Journal of Medicinal 

Plants Research. 2013, 7(23), 1675-1684. 

[22]. Heinrich, M., Ethnobotany and natural products: the search for 

new molecules, new treatments of old diseases or a better 

understanding of indigenous cultures?,Current Topics in Medicinal 

Chemistry. 2003, 3, 29-42. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Rasooli%20I%5BAuthor%5D&cauthor=true&cauthor_uid=12048019
http://www.ncbi.nlm.nih.gov/pubmed?term=Mirmostafa%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=12048019
http://www.ncbi.nlm.nih.gov/pubmed/12048019
http://pubs.acs.org/action/doSearch?action=search&author=Mimica%5C-Dukic%2C+Neda&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Bozin%2C+Biljana&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Sokovic%2C+Marina&qsSearchArea=author
http://pubs.acs.org/action/doSearch?action=search&author=Simin%2C+Natasa&qsSearchArea=author
http://onlinelibrary.wiley.com/doi/10.1002/ptr.v24:6/issuetoc


49 
 

[23]. Kennedy, J., Herb and supplement use in the US adult 

population. Clin Ther. 2005, 27(11), 1847-1858. 

[24]. Bruno, J. J.; Ellis, J. J., Herbal use among US elderly: 2002 

National Health Interview Survey. Ann Pharmacother. 2005, 39(4), 

643-648. 

[25]. Wu, C. H.; Wang, C. C.; Kennedy, J., Changes in herb and 

dietary supplement use in the U.S. adult population: a comparison of 

the 2002 and 2007 National Health Interview Surveys, Clin Ther. 

2011, 33(11), 1749-58. 

[26]. Pardo-de-Santayana, M.; Pieroni, A.; Puri, R. K., “The 

Ethnobotany of Europe, past and present”. In: Pardo-de-Santayana М. 

et al., (Eds), Ethnobotany in the new Europe. People, health and wild 

plant resources, Berghahn Books, Oxford- New York ISBN 978-1-

78238-124-2, 2013, p. 408. 

 

 

 

 

  



50 
 

The medicinal plants of Chepan Mountain (Western Bulgaria) 

Dimcho Zahariev 

University of Shumen Bishop Konstantin Preslavski, 

Faculty of Natural Sciences, 

Department of Agricultural Sciences and Plant Protection, 

115 Universitetska Str., BG-9712, Shumen  

Е-mail: dimtchoz@abv.bg 

Abstract:  

Bulgaria is one of the European countries with the greatest 

biodiversity, including biodiversity of medicinal plants. The object of 

this study is Chepan Mountain. It is located in Western Bulgaria 

and it is part of Balkan Mountain. Оn the territory of the Chepan 

Mountain (only 80 km
2
) we found 344 species of medicinal plants 

from 237 genera and 83 families. The floristic analysis indicates, 

that the most of the families and the genera are represented by a 

small number of inferior taxa. The hemicryptophytes dominate 

among the life forms with 49.71%. The biological types are 

represented mainly by perennial herbaceous plants (60.47%). There 

are 7 types of floristic elements divided in 27 groups. The largest 

percentage of species are of the European type (58.43%). Among the 

medicinal plants, there are two Balkan endemic species and 18 relic 

species. We described 23 species with protection statute. The 

anthropophytes among the medicinal plants are 220 species 

(63.95%). 

Key words: Chepan Mountain, medicinal plants, analysis 

Introduction 

Chepan Mountain is part of the Western part of Balkan 

Mountain, the longest mountain chain in Bulgaria, which divides the 

country into two parts: North and South Bulgaria. Chepan Mountain 

bordered to the north by the valley of the Nishava River, to the east 

bordered to Mala Mountain, to the south are Dragoman marsh and 
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Ponor Mountain and on the west the road Dragoman–Godech 

separates it from the neighboring hills. The mountain is oriented in an 

east–west. Its length is about 20 km, and its width varies from 2.5 to 

5.5 km. Its area is about 80 km
2
. The highest peak is Petrov crast 

height 1205.6 m above sea level, located in the western part of the 

mountain, about 3 km northeast of the town of Dragoman. 

At the foot of the mountain there are 14 villages connected by 

roads, describing the belt around it. The only cities in the 

neighborhood are Dragoman, located in the southwestern foothills and 

Godech, located in remote north. The mountain is about 6 km from the 

border checkpoint Kalotina–Dimitrovgrad. Next to the mountain, there 

are international road E80 and the railway line connecting Bulgaria 

with Serbia. 

In phytogeographic terms Chepan Mountain is located in the 

Balkan floristic province of the European deciduous forest area. It is 

located in two floristic regions: the western parts are in Znepolski 

floristic region and east parts are in Stara planina (Western) floristic 

region. During the Crusades, between the cities of Nis and Sofia there 

was a huge array, that included Chepan Mountain and was going 

through narrow mountain roads [1]. Today, in the mountain dominates 

the treeless landscape. Its entire length Chepan Mountain is a typical 

karst terrain with typical phenomena: karst surfaces, potholes and 

cliffs. Southern and southwestern slopes of the mountain are rugged, 

with rocky valleys and rock ledges with steep slope, making them 

difficult to pass. At the bottom of the northern slopes reserved arrays 

of deciduous forests. On the southern slopes are common mosaic 

cultures of pine. 

In 1889, during his third trip to Bulgaria Velenovski, 

accompanied by his collaborator Hermengild Shkorpil collected and 

described plants near to town of Dragoman. In the following years 

Shkorpil continues to send materials to Velenovski from this region. 

The results are reflected in the first Bulgarian flora and supplement to 

it [2]. 

The herbaceous vegetation of Chepan Mountain is explored by 

Velchev as part of a study of grass cover near to the area Dragoman–

Belidie Khan [3]. The study of the flora of the mountain is made by 

Tashev and Angelova [4, 5, 6]. They found the presence of 465 species 
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and subspecies of vascular plants belonging to 252 genera and 63 

families and publish data on the medicinal plants in the mountain [7]. 

The current information on species with conservation status gives 

Angelova [8]. Later it was expanded and extended together with 

Tashev [6]. We conducted a detailed study of the flora as a result of 

which found the presence of 784 species of wild vascular plants 

belonging to 378 genera and 84 families. 

In 2007, with a decision of the Council of Ministers of Bulgaria 

№122 of March 2, 2007 Chepan mountain is included in Dragoman 

Protected area (BG0000322). The protected area is designated under 

the Habitats Directive (Directive 92/43/EEC of the Council of the 

European Community for the conservation of natural habitats and of 

wild fauna and flora) and overlaps a protected area under the Birds 

Directive (Directive 79/409/EEC on the conservation of wild birds, 

replaced by Directive 2009/147/ЕО). It covers an extensive karst 

region in the southwestern foothills of Balkan Mountain with a total 

area of 21 357.18 ha. Chepan Mountain occupies 12.45% of the 

territory of the protected area [9]. The aims of the protected area are 

the following: 

1. Keeping the area of the natural habitats and the habitats of 

species and their populations under protection within the protected 

area. 

2. Preserving the natural state of the natural habitats and the 

habitats of the species subject to conservation in the protected area, 

including the natural habitat for these species composition, 

characteristic species and environmental conditions. 

3. Recovery if necessary of the areas and the natural condition 

of the priority habitats and the habitats of the species as well as the 

populations of the species subject to protection within the protected 

area. 

The subjects to protection in the protected area are 17 natural 

habitats and 3 plant species. Thereof in Chepan Mountain there are 12 

habitats and one plant species Himantoglossum caprinum (Bieb.) C. 

Koch. 

The aim of our study was to perform a new inventory of the 

medicinal plants of Chepan Mountain. The reason for this is that in the 
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study of flora of the mountain we found significantly greater wealth of 

species. The results of our study of the flora of the mountain not yet 

been published. 

Materials and Methods 

This survey was conducted on the route method in the period 

2010–2011. The medicinal plants are under the Annex to the 

Medicinal Plants Act [10], supplemented with data from the literature 

on the medicinal plants in Bulgaria. In determining the species are 

used: Handbook for Vascular Plants in Bulgaria [11], Flora of PR 

Bulgaria, Volumes 1 to 9 [12, 13] and Flora of the Republic of 

Bulgaria, Volume 10 [14]. The names of the taxa are under 

Conspectus of the Bulgarian vascular flora [15]. 

The life forms are represented in the system of Raunkiaer [16]. 

For their determination are used Flora of PR Bulgaria, Volumes 1 to 9 

[12, 13] and Flora of the Republic of Bulgaria, Volumes 10 and 11 

[14, 17]. Biological types are defined by Handbook for Plants in 

Bulgaria [18]. The floristic elements and the endemics are under 

Conspectus of the Bulgarian vascular flora [15]. Relics are presented 

under Gruev & Kuzmanov [19], Peev & al. [20] Peev [21], Boža & al. 

[22]. 

The conservation statute is recognized using the following 

documents: Annex II to Council Directive 92/43/EEC of the European 

Community to protect natural habitats and of wild fauna and flora 

[23], Appendix I to Convention on the Conservation of European 

Wildlife and Natural Habitats (Bern Convention) [24], Appendix II to 

Convention on International Trade in Endangered Species of Wild 

Fauna and Flora (CITES) [25], Red Data Book of the Republic of 

Bulgaria, Vol. 1. Plants and Fungi [26], IUCN Red List for Bulgaria 

[27], Annex III and Annex IV to Biological Diversity Act [28]. 

Described species are included in Order for special arrangements for 

the conservation and use of the medicinal plants [29]. 

The anthropophytes are presented by Stefanov & Kitanov [30]. 
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Results and Discussion 

As a result of our investigations of Chepan Mountain 344 

species, belonging to 237 genera and 83 families were identified. This 

represents 43.88% of the species, 62.53% of families and 93.26% of 

the families of vascular plants identified by us in the mountain. 

Medicinal Plants of Chepan Mountain are 40.76% of the 

species, 53.38% of the genera and 70.34% of the families of the 

medicinal plants in Bulgaria. Systematic list of identified species is 

presented in Appendix 1. 

The most of the families and genera are presented with smaller 

number of lower taxa, from 1 to 4. The majority of families, 76 

(87.36%) were presented with 1–4 genera. Only 11 (12.64%) of the 

families included 5 or more genera (Table 1). 

 

Table 1. Families with most genera and species 

Families Genera Species 

Asteraceae 28 40 

Lamiaceae 22 40 

Fabaceae 12 24 

Rosaceae 13 22 

Scrophulariaceae 9 20 

Apiaceae 15 16 

Ranunculaceae 10 15 

Caryophyllaceae 9 12 

Brassicaceae 8 9 

Orchidaceae – 7 

Boraginaceae 6 7 

Geraniaceae – 6 

Polygonaceae – 6 

Poaceae 5 5 

Rubiaceae – 5 
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Most genera are found in the families: Asteraceae (28), 

Lamiaceae (22), Apiaceae (15), Rosaceae (13), Fabaceae (12). Most 

families, 72 (82.76%) have 1–4 species. Only 15 (17.24%) of the 

families are represented by 5 or more species (Table 1). Most species 

belong to the following families: Asteraceae (40), Lamiaceae (40), 

Fabaceae (24), Rosaceae (22), Scrophulariaceae (20). Only 5 genera 

(2.11%), included 5 or more species: Veronica L. (7), Artemisia L. (5), 

Geranium L. (5), Thymus L. (5) and Trifolium L. (5). 

In the analysis of the life forms (Table 2) was found dominant 

participation of the hemicryptophytes, 171 species (49.71%), followed 

by the phanerophytes, 48 species (13.95%) and the therophytes, 47 

species (13.66%). 

 

Table 2. Distribution of the species by life form 

Group Subgroup Number 

of 

species 

Percentage 

Phanerophytes 

(Ph) 

 48 13.95 

Megaphanerophytes 3 0.87 

Mesophanerophytes 25 7.27 

Microphanerophytes 14 4.07 

Nanophanerophytes 6 1.74 

Chamaephytes 

(Ch) 

 24 6.98 

Hemicryptophytes 

(H) 

 171 49.71 

Therophytes-

Hemicryptophytes 

 22 6.40 
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(Th-H) 

Cryptophytes 

(Cr) 

 31 9.01 

Geophytes 25 7.27 

Helophytes 5 1.45 

Hydrophytes 1 0.29 

Therophytes (Th)  48 13.95 

 

Among the biological types (Table 3) dominated perennial 

herbaceous plants: 208 species (60.47%). The annual herbaceous 

plants are significantly less: 48 species (13.95%). The remaining 

groups are represented by a small number of species. 

 

Table 3. Distribution of the species by biological type 

Biological type Symbol Number 

of 

species 

Percentage 

Annual herbaceous plant a 48 13.95 

Annual or biannual 

herbaceous plant 

a-b 17 4.94 

Annual or perennial 

herbaceous plant 

a-p 5 1.45 

Biannual herbaceous 

plant 

b 11 3.20 

Biannual or perennial 

herbaceous plant 

b-p 9 2.62 

Perennial herbaceous 

plant 

p 208 60.47 

Perennial herbaceous 

plant or shrub 

p-sh 1 0.29 

Shrub sh 14 4.07 

Shrub or tree sh-t 8 2.33 
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Tree t 23 6.69 

 

Regarding the phytogeographical structure (Table 4) the highest 

percentage of the species is of European type (58.43%), followed by 

species of Mediterranean (16.28%) and Boreal type (11.92%). 

Table 4. Phytogeographical structure 

Type of floristic elements Number of 

species 

Percentage 

Boreal 41 11.92 

European 201 58.43 

Pontic 15 4.36 

Mediterranean 56 16.28 

Cosmopolitan 20 5.81 

Adventive 6 1.74 

Endemic and sub-endemic 4 1.16 

Other 1 0.29 

 

Among the medicinal plants have two Balkan endemics 

(0.58%) and 18 relicts (5.23%). Balkan endemics are: Acanthus 

balcanicus Heywood & I. Richardson and Achillea clypeolata Sm. Of 

the relict species 17 are Tertiary relicts: Acer campestre L., Acer 

pseudoplatanus L., Betula pendula Roth, Carpinus betulus L., 

Clematis vitalba L., Corylus avellana L., Cotinus coggygria Scop., 

Fraxinus ornus L., Hedera helix L., Juniperus communis L., Populus 

nigra L., Populus tremula L., Quercus dalechampii Ten., Salix alba 

L., Salix fragilis L., Syringa vulgaris L. and Ulmus minor Mill. One 

species is a Quaternary relict: Gymnadenia conopsea (L.) R. Br. 

The species with conservation status are 23 (6.69%). One of 

them Himantoglossum caprinum (M. Bieb.) Spreng. is included in 
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Annex II of Directive 92/43/EEC: Plant and animal species of 

Community interest whose conservation requires the designation of 

special areas of conservation and in Appendix I of the Bern 

Convention. 

In Appendix II of CITES Convention are included 9 species: 

Adonis vernalis L., Galanthus elwesii Hook. f., Gymnadenia conopsea 

(L.) R. Br., Himantoglossum caprinum (М. Bieb.) Spreng., Ophrys 

cornuta Steven, Orchis morio L., Orchis purpurea Huds., Orchis 

simia Lam. and Orchis tridentata Scop. 

In IUCN Red List for Bulgaria are included 7 species. In 

category Endangered is included Galanthus elwesii Hook. f. In 

category Vulnerable are two species: Himantoglossum caprinum (M. 

Bieb.) Spreng. and Ophrys cornuta Steven. In category Near 

threatened are two species: Anemone sylvestris L. and Artemisia 

pontica L. In category Least concern are two species: Acanthus 

balcanicus Heywood & I. Richardson and Laserpitium siler L. 

In Red Book of Bulgaria are included two species: Galanthus 

elwesii Hook. f. in the category Endangered and Himantoglossum 

caprinum (M. Bieb.) Spreng. in the category Vulnerable. 

In Biodiversity Act in Annex III: Protected species are included 

four species: Anemone sylvestris L., Galanthus elwesii Hook. f., 

Himantoglossum caprinum (M. Bieb.) Spreng. and Ophrys cornuta 

Steven. In Annex IV: Under the conservation and regulated use of the 

nature are included 14 species: Asparagus officinalis L., Asphodelus 

albus Mill., Bupleurum rotundifolium L., Dryopteris filix-mas (L.) 

Schott, Echinops sphaerocephalus L., Lilium martagon L., Orchis 

morio L., Orchis purpurea Huds., Orchis simia Lam., Orchis 

tridentata Scop., Paeonia peregrina Mill., Polygonatum odoratum 

(Mill.) Druce, Primula veris L., Scilla bifolia L. 

Among the listed 23 species of medicinal plants with 

conservation status with the highest conservation value are as follows: 

Himantoglossum caprinum (M. Bieb.) Spreng. (included in 6 

documents), Galanthus elwesii Hook. f. (included in 4 documents) and 

Ophrys cornuta Steven (included in 3 documents). 

In Order №RD-83 of 03.02.2014 on special arrangements for 

conservation and use of the medicinal plants in 2014 are included 17 

species. Prohibited from gathering herbs from their natural habitats are 
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9 species: Adonis vernalis L., Asarum europaeum L., Asplenium 

trichomanes L., Hyssopus officinalis L. ssp. aristatus, Orchis morio 

L., Orchis purpurea Huds., Orchis simia L., Orchis tridentata Scop. 

and Valeriana officinalis L. Under restricted collection of herbs from 

their natural habitats are 8 species: Artemisia alba L., Berberis 

vulgaris L., Betonica officinalis L., Carlina acanthifolia All., Galium 

odoratum (L.) Scop., Paeonia peregrina Mill., Primula veris L. and 

Sedum acre L. 

The anthropophytes among the medicinal plants are 220 species 

(63.95%). Many of them are distributed as ruderal plants: Agrimonia 

eupatoria L., Capsella bursa-pastoris Moench., Cardaria draba (L.) 

Desv., Conium maculatum L., Conyza canadensis (L.) Cronquist, 

Galium aparine L., Heracleum sibiricum L., Lactuca serriola L., 

Plantago major L., Sambucus ebulus L., Solanum dulcamara L., 

Stellaria media (L.) Vill., Urtica dioica L., Xanthium strumarium L. 

and more. 

Conclusions 

The inventory of the medicinal plants on the territory of Chepan 

Mountain is only the first step in a long series of studies required: 

mapping of the distribution, inquiry status, threats and prospects of the 

population, resource characteristics of the deposits of industrial stocks. 

Not registered effects that lead to overexploitation and destruction of 

the habitats of the medicinal plants. The obtained data can be used as a 

basis for comparison with the data of the medicinal plants in other 

floristic regions, and in the study of the flora of different geographical 

sites in Znepolski floristic region and Stara planina (Western) floristic 

region. 

 

Appendix 1 

Systematic list of species of vascular medicinal plants, 

established in Chepan Mountain (Western Bulgaria) 

Equisetophyta 
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Equisetaceae: Equisetum arvense L. 

Polypodiophyta 

Aspidiaceae: Dryopteris filix-mas (L.) Schott; Aspleniaceae: 

Asplenium ruta-muraria L., Asplenium trichomanes L.; 

Polypodiaceae: Polypodium vulgare L. 

Magnoliophyta 

Pinopsida 

Cupressaceae: Juniperus communis L. 

Magnoliopsida 

Acanthaceae: Acanthus balcanicus Heywood & I. Richardson; 

Aceraceae: Acer campestre L., Acer pseudoplatanus L.; 

Amaranthaceae: Amaranthus retroflexus L.; Anacardiaceae: 

Cotinus coggygria Scop.; Apiaceae: Aegopodium podagraria L., 

Bifora radians M. Bieb., Bupleurum rotundifolium L., Chaerophyllum 

bulbosum L., Chaerophyllum temulentum L., Conium maculatum L., 

Daucus carota L., Eryngium campestre L., Ferulago sylvatica 

(Besser) Rchb., Heracleum sibiricum L., Laser trilobum (L.) Borkh., 

Laserpitium siler L., Pimpinella saxifraga L., Sanicula europaea L., 

Tordylium maximum L., Torilis arvensis (Hudson) Link; 

Apocynaceae: Vinca herbacea Waldst. & Kit.; Araliaceae: Hedera 

helix L.; Aristolochiaceae: Asarum europaeum L.; Asclepiadaceae: 

Vincetoxicum hirundinaria Medicus; Asteraceae: Achillea clypeolata 

Sm., Achillea millefolium L., Arctium lappa L., Arctium minus Bernh., 

Artemisia absinthium L., Artemisia alba L., Artemisia annua L., 

Artemisia pontica L., Artemisia vulgaris L., Bellis perennis L., 

Carlina acanthifolia All., Carlina vulgaris L., Carthamus lanatus L., 

Centaurea calcitrapa L., Centaurea cyanus L., Centaurea rhenana 

Boreau, Centaurea solstitialis L., Cichorium intybus L., Cirsium 

vulgare (Savi) Ten., Conyza canadensis (L.) Cronquist, Doronicum 

columnae Ten., Echinops sphaerocephalus L., Eupatorium 

cannabinum L., Filago vulgaris Lam., Hieracium pilosella L., Inula 

britanica L., Inula ensifolia L., Lactuca serriola L., Leucanthemum 
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vulgare Lam., Matricaria trichophylla (Boiss.) Boiss., Pulicaria 

dysenterica (L.) Bernh., Senecio jacobaea L., Taraxacum officinale 

Weber, Tragopogon pratensis L., Tussilago farfara L., Xanthium 

spinosum L., Xanthium strumarium L., Xeranthemum annuum L.; 

Berberidaceae: Berberis vulgaris L.; Betulaceae: Betula pendula 

Roth, Carpinus betulus L., Corylus avellana L.; Boraginaceae: 

Buglossoides arvensis (L.) I. M. Johnst., Buglossoides 

purpurocaerulea (L.) I. M. Johnst., Cerinthe minor L., Echium 

vulgare L., Myosotis arvensis (L.) Hill., Pulmonaria officinalis L., 

Symphytum officinale L.; Brassicaceae: Alliaria petiolata (M. Bieb.) 

Cavara & Grande, Capsella bursa-pastoris (L.) Medicus, Cardaria 

draba (L.) Desv., Descurainia sophia (L.) Webb ex Prantl, Erysimum 

diffusum Ehrh., Lepidium campestre (L.) R. Br., Rorippa pyrenaica 

(L.) Rchb., Thlaspi alliaceum L., Thlaspi arvense L.; 

Campanulaceae: Campanula persicifolia L.; Cannabaceae: 

Humulus lupulus L.; Caprifoliaceae: Lonicera xylosteum L., 

Sambucus ebulus L., Sambucus nigra L.; Caryophyllaceae: 

Herniaria hirsuta L., Herniaria incana Lam., Lychnis coronaria (L.) 

Desr., Minuartia setacea (Thuill.) Hayek, Saponaria officinalis L., 

Scleranthus annuus L., Scleranthus perennis L., Silene otites (L.) 

Wibel., Spergularia rubra (L.) J. & C. Presl, Stellaria graminea L., 

Stellaria media (L.) Vill., Viscaria vulgaris Röhl.; Celastraceae: 

Euonymus europaeus L., Euonymus verrucosus Scop.; 

Chenopodiaceae: Chenopodium album L., Chenopodium hybridum 

L.; Convolvulaceae: Convolvulus arvensis L.; Cornaceae: Cornus 

mas L.; Crassulaceae: Sedum acre L., Sedum album L., Sedum 

maximum (L.) Suter, Sempervivum marmoreum Griseb.; 

Cucurbitaceae: Bryonia alba L.; Cuscutaceae: Cuscuta europaea L.; 

Dioscoreaceae: Tamus communis L.; Dipsacaceae: Dipsacus 

laciniatus L., Knautia arvensis (L.) Coult., Scabiosa ochroleuca L.; 

Euphorbiaceae: Euphorbia amygdaloides L., Euphorbia cyparissias 

L., Euphorbia peplus L., Mercurialis perennis L.; Fabaceae: Anthyllis 

vulneraria L., Astragalus glycyphylloides DC., Chamaespartium 

sagittale (L.) Gibbs., Coronilla scorpioides (L.) C. Koch., Coronilla 

varia L., Lathyrus pratensis L., Lathyrus tuberosus L., Lathyrus 

vernus (L.) Bernh., Lotus corniculatus L., Medicago falcata L., 

Medicago sativa L., Melilotus alba Medicus, Melilotus officinalis (L.) 
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Pall., Ononis arvensis L., Ononis spinosa L., Robinia pseudoacacia 

L., Trifolium alpestre L., Trifolium arvense L., Trifolium pannonicum 

Jacq., Trifolium pratense L., Trifolium repens L., Vicia cracca L., 

Vicia grandiflora Scop., Vicia sativa L.; Fagaceae: Fagus sylvatica 

L., Quercus dalechampii Ten., Quercus frainetto Ten.; Fumariaceae: 

Corydalis solida (L.) Schwarz; Gentianaceae: Centaurium 

pulchellum (Sw.) Druce, Gentiana cruciata L.; Geraniaceae: 

Erodium cicutarium (L.) L  er., Geranium dissectum L., Geranium 

macrorrhizum L., Geranium pyrenaicum Burm. f., Geranium 

robertianum L., Geranium sanguineum L.; Globulariaceae: 

Globularia aphyllanthes Crantz; Hyacinthaceae: Scilla bifolia L.; 

Hypericaceae: Hypericum perforatum L.; Juglandaceae: Juglans 

regia L.; Lamiaceae: Acinos arvensis (Lam.) Dandy, Ajuga 

chamaepitys (L.) Schreb., Ajuga laxmanii (L.) Benth., Ajuga reptans 

L., Ballota nigra L., Betonica officinalis L., Calamintha nepeta (L.) 

Savi, Calamintha sylvatica Bromf., Clinopodium vulgare L., 

Glechoma hederacea L., Glechoma hirsuta Waldst. & Kit., Hyssopus 

officinalis L., Lamium maculatum L., Lamium purpureum L., 

Leonurus cardiaca L., Lycopus europaeus L., Marrubium peregrinum 

L., Mentha aquatica L., Mentha pulegium L., Mentha spicata L., 

Nepeta cataria L., Origanum vulgare L., Prunella vulgaris L., Salvia 

aethiops L., Salvia nemorosa L., Salvia sclarea L., Satureja montana 

L., Sideritis montana L., Stachys annua L., Stachys germanica L., 

Stachys recta L., Stachys sylvatica L., Teucrium chamaedrys L., 

Teucrium montanum L., Teucrium polium L., Thymus callieri Borbás 

ex Velen., Thymus glabrescens Willd., Thymus longicaulis C. Presl, 

Thymus pulegioides L., Thymus striatus Vahl; Lemnaceae: Lemna 

minor L.; Linaceae: Linum catharticum L.; Lythraceae: Lythrum 

salicaria L.; Malvaceae: Alcea pallida (Waldst. & Kit. ex Willd.) 

Waldst. & Kit., Lavatera thuringiaca L., Malva sylvestris L.; 

Oleaceae: Fraxinus ornus L., Ligustrum vulgare L., Syringa vulgaris 

L.; Onagraceae: Epilobium angustifolium Vill., Epilobium 

parviflorum Schreb.; Paeoniaceae: Paeonia peregrina Mill.; 

Papaveraceae: Papaver rhoeas L.; Plantaginaceae: Plantago 

lanceolata L., Plantago major L., Plantago media L., Plantago 

subulata L.; Polygalaceae: Polygala major Jacq., Polygala vulgaris 

L.; Polygonaceae: Bilderdykia dumetorum (L.) Dumort., Persicaria 
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hydropiper (L.) Opiz, Rumex acetosa L., Rumex acetosella L., Rumex 

crispus L., Rumex pulcher L.; Portulacaceae: Portulaca oleracea L.; 

Primulaceae: Anagallis arvensis L., Lysimachia nummularia L., 

Primula veris L.; Ranunculaceae: Adonis vernalis L., Anemone 

ranunculoides L., Anemone sylvestris L., Clematis vitalba L., 

Consolida regalis Gray, Helleborus odorus Waldst. & Kit., Hepatica 

nobilis Mill., Isopyrum thalictroides L., Nigella arvensis L., 

Ranunculus acris L., Ranunculus ficaria L., Ranunculus 

polyanthemos L., Ranunculus repens L., Thalictrum aquilegifolium L., 

Thalictrum minus L.; Resedaceae: Reseda lutea L.; Rosaceae: 

Agrimonia eupatoria L., Crataegus monogyna Jacq., Crataegus 

pentagyna Waldst. & Kit., Filipendula ulmaria (L.) Maxim., 

Filipendula vulgaris Moench, Fragaria vesca L., Geum urbanum L., 

Malus sylvestris Mill., Potentilla argentea L., Potentilla cinerea 

Chaix. ex Vill., Potentilla reptans L., Potentilla rupestris L., Prunus 

avium L., Prunus cerasifera Ehrh., Prunus mahaleb L., Prunus 

spinosa L., Pyrus pyraster Burgsd., Rosa canina L., Rosa gallica L., 

Rubus caesius L., Sanguisorba minor Scop., Sorbus torminalis (L.) 

Crantz; Rubiaceae: Cruciata glabra (L.) Ehrend., Cruciata laevipes 

Opiz, Galium aparine L., Galium odoratum (L.) Scop., Galium verum 

L.; Rutaceae: Dictamnus albus L.; Salicaceae: Populus nigra L., 

Populus tremula L., Salix alba L., Salix fragilis L.; Saxifragaceae: 

Saxifraga rotundifolia L.; Scrophulariaceae: Digitalis ferruginea L., 

Digitalis grandiflora Mill., Digitalis lanata Ehrh., Euphrasia 

pectinata Ten., Euphrasia stricta D. Wolff., Kickxia spuria (L.) 

Dumort., Lathraea squamaria L., Linaria vulgaris Mill., Rhinanthus 

minor L., Scrophularia canina L., Verbascum densiflorum Bertol., 

Verbascum phlomoides L., Verbascum phoeniceum L., Veronica 

arvensis L., Veronica austriaca L., Veronica beccabunga L., Veronica 

chamaedrys L., Veronica officinalis L., Veronica prostrata L., 

Veronica spicata L. subsp. orchidea (Crantz) Hayek; 

Simarоubaceae: Ailanthus altissima (Mill.) Swingle; Solanaceae: 

Datura stramonium L., Solanum dulcamara L., Solanum nigrum L.; 

Tamaricaceae: Tamarix tetrandra Pall. ex M. Bieb.; Tiliaceae: Tilia 

cordata Mill., Tilia tomentosa Moench; Ulmaceae: Ulmus glabra 

Huds., Ulmus minor Mill.; Urticaceae: Urtica dioica L.; 
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Valerianaceae: Valeriana officinalis L.; Verbenaceae: Verbena 

officinalis L.; Violaceae: Viola odorata L., Viola tricolor L. 

Liliopsida 

Alismataceae: Alisma plantago-aquatica L.; Amaryllidaceae: 

Galanthus elwesii Hook. f.; Araceae: Arum maculatum L.; 

Juncaceae: Juncus inflexus L.; Liliaceae: Allium scorodoprasum L., 

Asparagus officinalis L., Asphodelus albus Mill., Colchicum 

autumnale L., Lilium martagon L., Polygonatum odoratum (Mill.) 

Druce, Veratrum nigrum L.; Orchidaceae: Gymnadenia conopsea 

(L.) R. Br., Himantoglossum caprinum (M. Bieb.) Spreng., Ophrys 

cornuta Steven, Orchis morio L., Orchis purpurea Huds., Orchis 

simia Lam., Orchis tridentata Scop.; Poaceae: Anthoxanthum 

odoratum L., Briza media L., Cynodon dactylon (L.) Pers., Elymus 

repens (L.) Gould., Lolium temulentum L.; Sparganiaceae: 

Sparganium erectum L.; Typhaceae: Typha angustifolia L., Typha 

latifolia L. 
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Abstract:  

The Frangensko Plateau is located in the northeastern part of 

Bulgaria and covers an area of 360 km
2
. On the territory of the 

plateau there are two protected areas, as well as two areas of the 

European ecological network NATURA 2000. The study of the 

medicinal plants on the territory of the Frangensko Plateau is made 

for the first time. As a result of our research we found 362 species of 

vascular plants from 242 genera and 80 families. The most of the 

families and the genera are represented by a small number of 

inferior taxa. The analysis of their life form indicates that the 

hemicryptophytes dominate with 39.50%, followed by the 

phanerophytes (22.10%). The biological types are represented 

mainly by perennial herbaceous plants (52.21%), annual 

herbaceous plants (14.09%) and trees (10.50%). There are 8 types of 

floristic elements divided in 32 groups. The largest percentage of 

species is of European type (51.93%). Among the medicinal plants, 

there are two Balkan endemic species, one Bulgarian endemic 

species and 30 relic species. Thirty four species with protection 

statute are described. The anthropophytes among the medicinal 

plants are 242 species (66.85%). 

Key words: Frangensko Plateau, medicinal plants, analysis 

Introduction 
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The Frangensko Plateau is located in Northeastern Bulgaria, the 

eastern part of the Danube Plain (Figure). It is located southeast of the 

Dobrudja Plateau. The boundaries of the plateau are as follows: 

Varna–Beloslav Firth to south, the Black Sea to the east and the arched 

curve of the Batovska River valley to west and north. The maximum 

altitude is 356 m alt., marked about 2 km west of the Vaglen village 

[1]. In so delineated Frangensko Plateau covers an area of about 360 

km
2
. 

From botany-geographically terms the Frangensko Plateau is 

located in Western Black Sea coastal district of the Euxinian province 

of European deciduous forest area. It is located in two floristic 

regions: Black Sea coast (north) and Northeastern Bulgaria. 

The first studies on the flora of the plateau conducted by Velenovski 

and his associates Hermengild Shkorpil and Anani Yavashev. In the 80s of 

the XIX century they held the first botanical studies in Northeastern 

Bulgaria, including in the vicinity of Varna sity. The results are reflected in 

the first Bulgarian flora and it’s Supplement. Anani Yavashev carries out 

independent botanical studies near Varna in the period 1884 – 1905. 

 

 

Figure. Geographical location of Frangensko Plateau 

In 1901 the Bulgarian Literary Society (now the Bulgarian 

Academy of Sciences) assign Anani Yavashev, Andrey Toshev and 

Vaclav Stribarni preparing a monograph entitled Flora of Bulgaria by 

belts. Yavashev had to develop the flora of Eastern Bulgaria. The book 

and is not ready for printing, but it collected materials are kept in the 
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archives of the Bulgarian Academy of Sciences. Hermengild Shkorpil 

also explores the flora in the vicinity of Varna and for years sent the 

collected materials to Joseph Velenovski. 

Vaclav Stribarni, one of the most effective collaborators of 

Velenovski in Bulgaria, also collects and sends to Velenovski plants 

from the area between Varna and Kavarna in the period 1889 – 1904 

[2]. 

On the territory of Golden Sands Nature Park are described 400 

species of vascular plants, which is about one tenth of the flora of 

Bulgaria. These species belong to 271 genera and 79 families [3]. 

On Frangensko Plateau there are two protected areas: Aladza 

manastir Protected Site and Zlatni pyasatsi Nature Park as well two 

protected areas from Natura 2000 network: Dolinata na reka Batova 

Protected Area (BG0000102) and Zlatni pyasatsi Protected Area 

(BG0000118). 

Aladza manastir Protected Site has an area of 17 ha. The 

objectives of its announcement are: 1. Protection of areas with 

spectacular landscapes; 2. Conservation of the habitats of endangered 

and rare plant and animal species and communities [4]. 

Zlatni pyasatsi Nature Park has an area of 1324.7 ha and has 

objective of its announcement conservation of plant and animal 

communities and characteristic earth formations and landscapes that 

have scientific and cultural value and significance [3]. 

Dolinata na reka Batova Protected Area (BG0000102) was 

declared by the Habitats Directive (Directive 92/43/ EEC), which 

overlaps a protected area of the Birds Directive (Directive 

2009/147/EC). In announcing of the protected area in 2008 the total 

area is 18459.24 ha. It aims to preserve the area and the natural state 

of natural habitats and habitats of species and their populations under 

protection within the protected area, and if necessary their restoration. 

Subject to conservation are 12 natural habitats, 7 of which are located 

within the Frangensko Plateau. Besides them the subjects of 

conservation are Himantoglossum caprinum (М. Bieb.) Spreng. 

(Orchidaceae) and a number of animal species. Described are also 

other important plant species, including medicinal are as follows: 

Cyclamen coum Mill., Eryngium maritimum L., Leucojum aestivum 

L., Opopanax chironium ssp. bulgaricum (L.) Koch, Periploca graeca 
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L., Smilax excelsa L. [5]. 

Zlatni pyasatsi Protected Area (BG0000118) was declared by 

the Habitats Directive (Directive 92/43/EEC), which overlaps a 

protected area of the Birds Directive (Directive 2009/147/EC). In 

announcing of the protected area in 2008 the total area is 1374.44 ha. 

It aims to preserve the area and the natural state of natural habitats and 

habitats of species and their populations under protection within the 

protected area, and if necessary their restoration. Subject to 

conservation are 11 natural habitats. Besides them the subjects of 

conservation are Himantoglossum caprinum (М. Bieb.) Spreng. 

(Orchidaceae) and a number of animal species. Described are also 

other important plant species, including medicinal are as follows: 

Anacamptis pyramidalis (L.) Rich., Artemisia lerchiana Weber, 

Galanthus nivalis L., Ophrys cornuta Steven, Opopanax chironium 

(L.) Koch, Primula acaulis (L.) L., Seseli rhodopeum Velen. [6]. 

Until now, no study has been performed of the medicinal plants 

of Frangensko plateau. The aim of this study is an inventory of 

medicinal plants and floristic analysis of the data to be used for 

comparison with other geographical features as the area and the 

territory of Bulgaria. 

Materials and Methods 

This survey was conducted on the route method in the period 

2010 – 2014. The medicinal plants are under the Annex to the 

Medicinal Plants Act [7], supplemented with data from the literature 

on the medicinal plants in Bulgaria. In determining the species are 

used: Handbook for Vascular Plants in Bulgaria [8], Flora of PR 

Bulgaria, Volumes 1 to 9 [9, 10] and Flora of the Republic of 

Bulgaria, Volumes 10 and 11 [11, 12]. The names of the taxa are 

under Conspectus of the Bulgarian vascular flora [13]. 

The life forms are represented in the system of Raunkiaer [14]. 

For their determination are used Flora of PR Bulgaria, Volumes 1 to 9 

[9, 10] and Flora of the Republic of Bulgaria, Volumes 10 and 11 [11, 

12]. Biological types are defined by Handbook for Plants in Bulgaria 

[15]. The floristic elements and the endemics are under Conspectus of 

the Bulgarian vascular flora [13]. Relics are presented under Gruev & 

Kouzmanov [16], Peev & al. [17] Peev [18], Boža & al. [19]. 
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The conservation statute is recognized using the following 

documents: Annex II to Council Directive 92/43/EEC of the European 

Community to protect natural habitats and of wild fauna and flora 

[20], Appendix I to Convention on the Conservation of European 

Wildlife and Natural Habitats (Bern Convention) [21], Appendix II to 

Convention on International Trade in Endangered Species of Wild 

Fauna and Flora (CITES) [22], Red Data Book of the Republic of 

Bulgaria, Vol. 1. Plants and Fungi [23], IUCN Red List for Bulgaria 

[24], Annex III and Annex IV to Biological Diversity Act [25]. 

Described species are included in Order for special arrangements for 

the conservation and use of the medicinal plants [26]. 

The anthropophytes are presented by Stefanov & Kitanov [27]. 

Results and Discussion 

As a result of our investigations of Frangensko Plateau 362 

species, belonging to 242 genera and 80 families were identified. This 

represents 42.89% of species, 54.50% of genera and 67.80% of 

families of the medicinal plants in Bulgaria. Systematic list of 

identified species is presented in Appendix 1. 

The most of the families and genera are presented with smaller 

number of lower taxa: from 1 to 4. The majority of families, 67 

(83.75%) were presented with 1–4 genera. Only 13 (16.25%) of the 

families included the 5 or more genera (Table 1). 

Table 1. Families with most genera and species 

Семейство Родове Видове 

Asteraceae 30 46 

Lamiaceae 19 30 

Fabaceae 15 29 

Rosaceae 12 21 

Apiaceae 17 19 

Brassicaceae 10 12 

Scrophulariaceae 5 12 

Ranunculaceae 6 10 

Orchidaceae 5 9 

Boraginaceae 5 7 
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Oleaceae – 7 

Poaceae 7 7 

Polygonaceae – 7 

Salicaceae – 7 

Caryophyllaceae 5 6 

Aceraceae – 5 

Fagaceae – 5 

Liliaceae 5 5 

Malvaceae – 5 
Most genera are found in the families: Asteraceae (30), 

Lamiaceae (19), Apiaceae (17), Fabaceae (15), Rosaceae (12), 

Brassicaceae (10). Most families, 61 (76.25%) have 1–4 species. Only 

19 (23.75%) of the families are represented by 5 or more species 

(Table 1). Most species belong to the following families: Asteraceae 

(46), Lamiaceae (30), Fabaceae (29), Rosaceae (21), Apiaceae (19). 

Only 5 genera (2.07%), included 5 or more species: Artemisia L. (7), 

Veronica L. (6), Acer L. (5), Lathyrus L. (5) and Orchis L. (5). 

In the analysis of the life forms (Table 2) was found dominant 

participation of the hemicryptophytes, 143 species (39.50%) and the 

phanerophytes, 80 species (22.10%). This can be explained by the 

location of the plateau in the temperate climatic zone and the 

significant contribution of forest habitats on its territory. 

 

Table 2. Distribution of the species by life form 

Group Subgroup Number 

of 

species 

Percentage 

Phanerophytes 

(Ph) 

 80 22.10 

Megaphanerophytes 7 1.93 

Mesophanerophytes 44 12.15 

Microphanerophytes 21 5.80 
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Nanophanerophytes 8 2.21 

Chamaephytes 

(Ch) 

 17 4.70 

Hemicryptophytes 

(H) 

 143 39.50 

Therophytes-

Hemicryptophytes 

(Th-H) 

 23 6.35 

Cryptophytes 

(Cr) 

 48 13.26 

Geophytes 39 10.77 

Helophytes 7 1.93 

Hydrophytes 2 0.55 

Therophytes (Th)  51 14.09 

 

Among the biological types (Table 3) dominated perennial 

herbaceous plants, 189 species (52.21%). Relatively large are the 

number of the annual herbaceous plants, 51 species (14.09%) and the 

number of the trees, 38 species (10.50%). The remaining groups are 

represented by a small number of species. The dominant presence of 

perennial herbaceous plants can be explained by the wide variety of 

communities and habitats of the Frangensko Plateau. The relatively 

high number of the annual herbaceous plants is the result of the 

presence of settlements and arable land, and human activity is an 

important factor for the penetration of new annual species. The tree 

species are relatively large number due to many forest habitats on the 

plateau. 
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Table 3. Distribution of the species by biological type 

Biological type Symbol Number 

of 

species 

Percentage 

Annual herbaceous plant a 51 14.09 

Annual or biannual 

herbaceous plant 

a-b 19 5.25 

Annual or perennial 

herbaceous plant 

a-p 4 1.10 

Biannual herbaceous 

plant 

b 12 3.31 

Biannual or perennial 

herbaceous plant 

b-p 10 2.76 

Perennial herbaceous 

plant 

p 189 52.21 

Shrub sh 24 6.63 

Shrub or tree sh-t 15 4.14 

Tree t 38 10.50 

 

Regarding the phytogeographical structure (Table 4) the highest 

percentage of the species is of European type (51.93%), followed by 

species of Mediterranean (17.68%) and Boreal type (11.05%). This 

distribution can be explained by the location of Frangensko Plateau 

into the Continental-Mediterranean climatic region and the proximity 

to the border of the Transitional-Continental climatic region. 
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Table 4. Phytogeographical structure 

Type of floristic elements Number of 

species 

Percentage 

Boreal 40 11.05 

European 188 51.93 

Pontic 27 7.46 

Euxinian 1 0.28 

Mediterranean 64 17.68 

Cosmopolitan 22 6.08 

Adventive 13 3.59 

Endemic and sub-endemic 5 1.38 

Other 1 0.28 

 

Among the medicinal plants have two Balkan endemics 

(0.55%) and one Bulgarian endemic (0.28%). The Balkan endemics 

are: Achillea clypeolata Sm. and Angelica pancicii Vandas. The 

Bulgarian endemic is Opopanax chironium subsp. bulgaricum 

(Velen.) N. Andr. The relicts are 30 species (8.29%). Of the relict 

species 29 are Tertiary relicts: Acer campestre L., Acer 

pseudoplatanus L., Acer tataricum L., Alnus glutinosa (L.) Gaertn., 

Betula pendula Roth, Carpinus betulus L., Celtis australis L., Cercis 

siliquastrum L., Clematis vitalba L., Corylus avellana L., Cotinus 

coggygria Scop., Fagus orientalis Lipsky, Fraxinus excelsior L., 

Fraxinus ornus L., Hedera helix L., Populus alba L., Populus nigra 

L., Populus tremula L., Quercus dalechampii Ten., Ruscus aculeatus 

L., Salix alba L., Salix caprea L., Salix fragilis L., Salix purpurea L., 
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Smilax excelsa L., Staphylea pinnata L., Syringa vulgaris L., Ulmus 

minor Mill. and Viscum album L. One species is a Quaternary relict: 

Galanthus nivalis L. 

The species with conservation status are 34 (9.39%). One of 

them Himantoglossum caprinum (M. Bieb.) Spreng. is included in 

Annex II of Directive 92/43/EEC: Plant and animal species of 

Community interest whose conservation requires the designation of 

special areas of conservation and in Appendix I of the Bern 

Convention. 

Two species are included in Annex V of Directive 92/43/EEC: 

Plant and animal species of Community interest whose taking in the 

wild and exploitation may be subject to management measures: 

Galanthus nivalis L. and Ruscus aculeatus L. 

In Appendix II of CITES Convention are included 11 species: 

Anacamptis pyramidalis (L.) Rich., Galanthus elwesii Hook. f., 

Galanthus nivalis L., Himantoglossum caprinum (М. Bieb.) Spreng., 

Ophrys cornuta Steven, Orchis coriophora L., Orchis morio L., Orchis 

purpurea Huds., Orchis simia Lam., Orchis tridentata Scop. and 

Platanthera chlorantha (Cust.) Rchb. 

In IUCN Red List for Bulgaria are included 17 species. In 

category Endangered are included 3 species: Anethum graveolens L., 

Galanthus elwesii Hook. f. and Galanthus nivalis L. In category 

Vulnerable are 9 species: Anacamptis pyramidalis (L.) Rich., Angelica 

pancicii Vandas, Ephedra distachya L., Fraxinus pallisiae Wilmott, 

Himantoglossum caprinum (M. Bieb.) Spreng., Leucojum aestivum L., 

Ophrys cornuta Steven., Opopanax chironium (L.) Koch subsp. 

bulgaricum (Velen.) Andreev and Primula acaulis (L.) L. rubra (Sm.) 

Greuter & Burdet. In category Near threatened are 4 species: 

Artemisia lerchiana Weber, Artemisia pontica L., Cercis siliquastrum 

L. and Vicia pisiformis L. In category Least concern is included only 

one species Tilia rubra DC. 

In the Red Book of Bulgaria are included 5 species. In category 

Endangered are included 3 species: Anethum graveolens L., Galanthus 

elwesii Hook. f. and Galanthus nivalis L. In category Vulnerable are 2 

species: Himantoglossum caprinum (M. Bieb.) Spreng. and Opopanax 

chironium (L.) Koch subsp. bulgaricum (Velen.) Andreev. 
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In the Biodiversity Act are included 25 species. In Annex III 

Protected species are included 8 species: Anacamptis pyramidalis (L.) 

Rich., Artemisia lerchiana Weber, Ephedra distachya L., Galanthus 

elwesii Hook. f., Galanthus nivalis L., Himantoglossum caprinum (M. 

Bieb.) Spreng., Opopanax chironium (L.) Koch subsp. bulgaricum 

(Velen.) Andreev and Ophrys cornuta Steven. In Annex IV Under the 

conservation and regulated use of the nature are included 17 species: 

Asparagus officinalis L., Bupleurum rotundifolium L., Crocus pallasii 

Goldb., Echinops sphaerocephalus L., Helichrysum arenarium (L.) 

Moench, Leucojum aestivum L., Lilium martagon L., Orchis 

coriophora L., Orchis morio L., Orchis purpurea Huds., Orchis simia 

Lam., Orchis tridentata Scop., Paeonia peregrina Mill., Polygonatum 

odoratum (Mill.) Druce, Ruscus aculeatus L., Salix caprea L. and 

Scilla bifolia L. 

Among the listed 34 species of medicinal plants with 

conservation status with the highest conservation value are as follows: 

Himantoglossum caprinum (M. Bieb.) Spreng. (included in 6 

documents), Galanthus nivalis L. (included in 5 documents), 

Galanthus elwesii Hook. f. (included in 4 documents) and Anacamptis 

pyramidalis (L.) Rich., Ophrys cornuta Steven and Opopanax 

chironium (L.) Koch subsp. bulgaricum (Velen.) Andreev (included in 

3 documents). 

In Order №RD-83 of 03.02.2014 on special arrangements for 

conservation and use of the medicinal plants in 2014 included 14 

species. Prohibited from gathering herbs from their natural habitats are 

12 species: Althaea officinalis L., Angelica pancicii Vandas, Artemisia 

santonicum L., Asplenium trichomanes L., Convallaria majalis L., 

Inula helenium L., Orchis coriophora L., Orchis morio L., Orchis 

purpurea Huds., Orchis simia L., Orchis tridentata Scop. and Ruscus 

aculeatus L. Under restricted collection of herbs from their natural 

habitats are 2 species: Carlina acanthifolia All. and Paeonia 

peregrina Mill. 

The anthropophytes among the medicinal plants are 242 species 

(66.85%). Many of them are distributed as weeds in the arable land or 

as ruderal plants: Agrimonia eupatoria L., Amaranthus retroflexus L., 

Anagallis arvensis L., Ballota nigra L., Capsella bursa-pastoris 

Moench., Centaurea solstitialis L., Chenopodium album L., Conium 
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maculatum L., Elymus repens (L.) Gould., Galium aparine L., Geum 

urbanum L., Lamium purpureum L., Papaver rhoeas L., Rubus 

caesius L., Stellaria media (L.) Vill., Taraxacum officinale Web., 

Urtica dioica L., Xanthium strumarium L. and more. 

Conclusions 

The inventory of medicinal plants on the territory of 

Frangensko Plateau is made for the first time. It is only the first step in 

a long series of studies required: mapping of the distribution, inquiry 

status, threats and prospects of the population, identify conservation 

measures within the protected areas and territories located in the 

plateau. The obtained data can be used as a basis for comparison with 

the data of the medicinal plants of different geographical sites in Black 

Sea coast floristic region and Northeastern Bulgaria floristic region. 

 

Appendix 1 

Systematic list of species of vascular medicinal plants, 

established in Frangensko Plateau (Northeastern Bulgaria) 

Equisetophyta 

Equisetaceae: Equisetum arvense L., Equisetum telmateia Ehrh. 

Polypodiophyta 

Aspleniaceae: Asplenium ruta-muraria L., Asplenium trichomanes L. 

Magnoliophyta 

Gnetopsida 

Ephedraceae: Ephedra distachya L. 

Magnoliopsida 
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Aceraceae: Acer campestre L., Acer negundo L., Acer platanoides L., 

Acer pseudoplatanus L., Acer tataricum L.; Amaranthaceae: 

Amaranthus retroflexus L.; Anacardiaceae: Cotinus coggygria Scop.; 

Apiaceae: Aegopodium podagraria L., Anethum graveolens L., 

Angelica pancicii Vandas, Angelica sylvestris L., Anthriscus 

cerefolium (L.) Hoffm., Chaerophyllum bulbosum L., Chaerophyllum 

temulentum L., Conium maculatum L., Daucus carota L., Eryngium 

campestre L., Ferulago sylvatica (Besser) Rchb., Foeniculum vulgare 

Mill., Heracleum sibiricum L., Laser trilobum (L.) Borkh., Opopanax 

chironium subsp. bulgaricum (Velen.) N. Andr., Scandix pecten-

veneris L., Seseli tortuosum L., Tordylium maximum L., Torilis 

arvensis (Hudson) Link; Apocynaceae: Vinca herbacea Waldst. & 

Kit.; Araliaceae: Hedera helix L.; Asclepiadaceae: Periploca graeca 

L., Vincetoxicum hirundinaria Medicus; Asteraceae: Achillea 

clypeolata Sm., Achillea millefolium L., Anthemis cotula L., Anthemis 

tinctoria L., Arctium lappa L., Arctium minus Bernh., Artemisia 

absinthium L., Artemisia annua L., Artemisia campestris L., Artemisia 

lerchiana Weber, Artemisia pontica L., Artemisia santonicum L., 

Artemisia vulgaris L., Bellis perennis L., Bidens tripartita L., Carduus 

acanthoides L., Carlina acanthifolia All., Carlina vulgaris L., 

Carthamus lanatus L., Centaurea cyanus L., Centaurea diffusa Lam., 

Centaurea solstitialis L., Chamomilla recutita (L.) Rausch., 

Cichorium intybus L., Cirsium vulgare (Savi) Ten., Conyza 

canadensis (L.) Cronquist, Doronicum columnae Ten., Echinops 

sphaerocephalus L., Eupatorium cannabinum L., Filago lutescens 

Jord., Hieracium pilosella L., Inula britanica L., Inula germanica L., 

Inula helenium L., Lactuca serriola L., Matricaria trichophylla 

(Boiss.) Boiss., Petasites hybridus (L.) Gaertn., Pulicaria dysenterica 

(L.) Bernh., Silybum marianum (L.) Gaertn., Taraxacum officinale 

Weber, Tragopogon pratensis L., Tussilago farfara L., Xanthium 

spinosum L., Xanthium strumarium L., Xeranthemum annuum L.; 

Betulaceae: Alnus glutinosa (L.) Gaertn., Betula pendula Roth, 

Carpinus betulus L., Corylus avellana L.; Boraginaceae: 

Buglossoides arvensis (L.) I. M. Johnst., Buglossoides 

purpurocaerulea (L.) I. M. Johnst., Cerinthe minor L., Echium 

italicum L., Echium vulgare L., Heliotropium europaeum L., Myosotis 

arvensis (L.) Hill.; Brassicaceae: Alliaria petiolata (M. Bieb.) Cavara 
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& Grande, Armoracia rusticana P. Gaertn., Capsella bursa-pastoris 

(L.) Medicus, Cardamine bulbifera (L.) Crantz, Cardaria draba (L.) 

Desv., Descurainia sophia (L.) Webb ex Prantl, Erysimum 

crepidifolium Rchb., Erysimum diffusum Ehrh., Lepidium perfoliatum 

L., Sisymbrium officinale (L.) Scop., Thlaspi alliaceum L., Thlaspi 

arvense L.; Campanulaceae: Campanula persicifolia L.; 

Cannabaceae: Humulus lupulus L.; Caprifoliaceae: Lonicera 

xylosteum L., Sambucus ebulus L., Sambucus nigra L.; 

Caryophyllaceae: Herniaria hirsuta L., Herniaria incana Lam., 

Lychnis coronaria (L.) Desr., Saponaria officinalis L., Scleranthus 

perennis L., Stellaria media (L.) Vill.; Celastraceae: Euonymus 

europaeus L., Euonymus verrucosus Scop.; Chenopodiaceae: 

Chenopodium album L., Chenopodium hybridum L.; 

Convolvulaceae: Calystegia sepium (L.) R. Br., Convolvulus arvensis 

L.; Cornaceae: Cornus mas L.; Crassulaceae: Sedum maximum (L.) 

Suter; Cucurbitaceae: Bryonia alba L.; Cuscutaceae: Cuscuta 

europaea L.; Dioscoreaceae: Tamus communis L.; Dipsacaceae: 

Dipsacus fullonum L., Dipsacus laciniatus L.; Elaeagnaceae: 

Elaeagnus angustifolia L.; Euphorbiaceae: Euphorbia amygdaloides 

L., Euphorbia cyparissias L., Mercurialis perennis L.; Fabaceae: 

Amorpha fruticosa L., Astragalus glycyphylloides DC., Astragalus 

glycyphyllos L., Bituminaria bituminosa (L.) Stirt., Cercis 

siliquastrum L., Colutea arborescens L., Coronilla scorpioides (L.) C. 

Koch., Coronilla varia L., Genista tinctoria L., Lathyrus niger (L.) 

Bernh., Lathyrus pratensis L., Lathyrus sylvestris L., Lathyrus 

tuberosus L., Lathyrus vernus (L.) Bernh., Lotus corniculatus L., 

Medicago sativa L., Melilotus alba Medicus, Melilotus officinalis (L.) 

Pall., Ononis arvensis L., Ononis spinosa L., Robinia pseudoacacia 

L., Trifolium arvense L., Trifolium pannonicum Jacq., Trifolium 

pratense L., Trifolium repens L., Vicia cracca L., Vicia grandiflora 

Scop., Vicia pisiformis L., Vicia sativa L.; Fagaceae: Fagus orientalis 

Lipsky, Fagus sylvatica L., Quercus dalechampii Ten., Quercus 

frainetto Ten., Quercus robur L.; Fumariaceae: Corydalis solida (L.) 

Schwarz, Fumaria officinalis L., Fumaria vaillantii Loisel.; 

Gentianaceae: Centaurium erythraea Raf.; Geraniaceae: Erodium 

cicutarium (L.) L  er., Geranium pyrenaicum Burm. f., Geranium 

robertianum L.; Haloragaceae: Myriophyllum spicatum L.; 
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Hippocastanaceae: Aesculus hippocastanum L.; Hypericaceae: 

Hypericum perforatum L.; Juglandaceae: Juglans regia L.; 

Lamiaceae: Acinos arvensis (Lam.) Dandy, Ajuga chamaepitys (L.) 

Schreb., Ajuga laxmanii (L.) Benth., Ajuga reptans L., Ballota nigra 

L., Calamintha nepeta (L.) Savi, Calamintha sylvatica Bromf., 

Clinopodium vulgare L., Glechoma hederacea L., Glechoma hirsuta 

Waldst. & Kit., Lamium maculatum L., Lamium purpureum L., 

Leonurus cardiaca L., Lycopus europaeus L., Marrubium peregrinum 

L., Marrubium vulgare L., Melissa officinalis L., Mentha aquatica L., 

Mentha spicata L., Origanum vulgare L., Prunella vulgaris L., Salvia 

nemorosa L., Salvia verticillata L., Sideritis montana L., Stachys 

annua L., Stachys germanica L., Stachys sylvatica L., Teucrium 

chamaedrys L., Teucrium polium L., Thymus callieri Borbás ex 

Velen.; Lemnaceae: Lemna minor L.; Loranthaceae: Loranthus 

europaeus Jacq., Viscum album L.; Lythraceae: Lythrum salicaria L., 

Lythrum virgatum L.; Malvaceae: Alcea pallida (Waldst. & Kit. ex 

Willd.) Waldst. & Kit., Althaea officinalis L., Lavatera thuringiaca 

L., Malva neglecta Wallr., Malva sylvestris L.; Moraceae: Morus 

alba L., Morus nigra L.; Oleaceae: Fraxinus excelsior L., Fraxinus 

ornus L., Fraxinus oxycarpa М. Вieb. ex Willd., Fraxinus pallisiae 

Wilmott, Jasminum fruticans L., Ligustrum vulgare L., Syringa 

vulgaris L.; Paeoniaceae: Paeonia peregrina Mill.; Papaveraceae: 

Chelidonium majus L., Papaver rhoeas L.; Plantaginaceae: Plantago 

lanceolata L., Plantago major L., Plantago media L., Plantago 

scabra Moench; Polygalaceae: Polygala major Jacq.; Polygonaceae: 

Persicaria hydropiper (L.) Opiz, Persicaria mitis (Schrank) Assenov, 

Polygonum aviculare L., Rumex acetosa L., Rumex crispus L., Rumex 

obtusifolius L., Rumex pulcher L.; Portulacaceae: Portulaca oleracea 

L.; Primulaceae: Anagallis arvensis L., Lysimachia nummularia L., 

Primula acaulis (L.) L.; Ranunculaceae: Anemone ranunculoides L., 

Clematis vitalba L., Consolida hispanica (Costa) Greuter & Burdet, 

Consolida regalis Gray, Isopyrum thalictroides L., Nigella arvensis 

L., Ranunculus acris L., Ranunculus ficaria L., Ranunculus 

polyanthemos L., Ranunculus repens L.; Resedaceae: Reseda lutea 

L.; Rhamnaceae: Paliurus spina-christi Mill.; Rosaceae: Agrimonia 

eupatoria L., Crataegus monogyna Jacq., Crataegus pentagyna 

Waldst. & Kit., Filipendula vulgaris Moench, Fragaria vesca L., 
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Geum urbanum L., Potentilla argentea L., Potentilla reptans L., 

Prunus avium L., Prunus cerasifera Ehrh., Prunus mahaleb L., 

Prunus spinosa L., Pyrus pyraster Burgsd., Rosa canina L., Rosa 

corymbifera Borkh., Rosa gallica L., Rubus caesius L., Sanguisorba 

minor Scop., Sorbus aucuparia L., Sorbus domestica L., Sorbus 

torminalis (L.) Crantz; Rubiaceae: Cruciata glabra (L.) Ehrend., 

Cruciata laevipes Opiz, Galium aparine L., Galium verum L.; 

Salicaceae: Populus alba L., Populus nigra L., Populus tremula L., 

Salix alba L., Salix caprea L., Salix fragilis L., Salix purpurea L.; 

Scrophulariaceae: Digitalis lanata Ehrh., Kickxia elatine (L.) 

Dumort., Lathraea squamaria L., Verbascum nigrum L., Verbascum 

phlomoides L., Verbascum phoeniceum L., Veronica austriaca L., 

Veronica beccabunga L., Veronica chamaedrys L., Veronica 

officinalis L., Veronica prostrata L., Veronica spicata L. 

subsp. orchidea (Crantz) Hayek; Simarоubaceae: Ailanthus altissima 

(Mill.) Swingle; Solanaceae: Datura stramonium L., Lycium 

barbarum L., Solanum dulcamara L., Solanum nigrum L.; 

Staphyleaceae: Staphylea pinnata L.; Tamaricaceae: Tamarix 

ramosissima Ledeb., Tamarix tetrandra Pall. ex M. Bieb.; Tiliaceae: 

Tilia cordata Mill., Tilia platyphyllos Scop., Tilia rubra DC., Tilia 

tomentosa Moench; Ulmaceae: Celtis australis L., Ulmus glabra 

Huds., Ulmus minor Mill.; Urticaceae: Parietaria lusitanica L., 

Parietaria officinalis L., Urtica dioica L.; Verbenaceae: Verbena 

officinalis L.; Violaceae: Viola odorata L., Viola tricolor L.; 

Zygophyllaceae: Tribulus terrestris L. 

 

Liliopsida 

Alismataceae: Alisma plantago-aquatica L.; Amaryllidaceae: 

Galanthus elwesii Hook. f., Galanthus nivalis L., Leucojum aestivum 

L.; Araceae: Arum maculatum L.; Cyperaceae: Carex riparia Curtis; 

Juncaceae: Juncus inflexus L.; Iridaceae: Crocus pallasii Goldb., 

Iris graminea L., Iris pseudacorus L., Iris pumila L.; Liliaceae: 

Allium rotundum L., Allium scorodoprasum L., Asparagus officinalis 

L., Convallaria majalis L., Lilium martagon L., Nectaroscordum 

siculum (Ucria) Lindl., Polygonatum odoratum (Mill.) Druce, Ruscus 
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aculeatus L., Scilla bifolia L.; Orchidaceae: Anacamptis pyramidalis 

(L.) Rich., Himantoglossum caprinum (M. Bieb.) Spreng., Ophrys 

cornuta Steven, Orchis coriophora L., Orchis morio L., Orchis 

purpurea Huds., Orchis simia Lam., Orchis tridentata Scop., 

Platanthera chlorantha (Cust.) Rchb.; Poaceae: Anthoxanthum 

odoratum L., Briza media L., Cynodon dactylon (L.) Pers., Elymus 

repens (L.) Gould., Lolium temulentum L., Sclerochloa dura (L.) P. 

Beauv., Sorghum halepense (L.) Pers.; Smilacaceae: Smilax excelsa 

L.; Sparganiaceae: Sparganium erectum L.; Typhaceae: Typha 

angustifolia L., Typha latifolia L. 
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Abstract:  

The absorption coefficient of Bi12TiO20:Rh single crystals is 

measured in the spectral region 600-950 nm. The oscillator strength 

f and the transition moment of the impurity band Q are calculated in 

the near infrared spectral region. The effective mass of doped single 

crystal has been determined also.  

Keywords: doped sillenite, oscillator strength, transition moment of 

the impurity band, effective mass. 

 

Introduction 

 

Bi12TiO20 (BTO)) are known as sillenite type photorefractive 

crystals and these materials represent the best inorganic materials for 

real-time image processing applications [1]. Therefore their good 

photoconductivity and high charge carrier mobility, they are used in 

dynamic information processing, interferometry and optical metrology 

[2].  

The ability to combine doped BTO crystals with liquid crystals 

into an organic-inorganic hybrid structure is an attractive and it opens 

new possibilities to design future nonlinear optical devices for real-

time image processing and display technology [3,4]. For that reason, 

mailto:Petya232@abv.bg
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the response time and photosensitivity have been improved in the near 

infrared spectral range (NIR) for the investigated samples [5]. The 

authors of [6] report that rhodium is an excellent dopant in BTO 

which significantly improves the photosensitivity as well as the 

response speed during holographic recording in the NIR.  

 

Materials and Methods 

 

Rh-doped BTO crystals were grown by the top seeded solution 

growth method [7]. The growth process was conducted at an 

atmosphere of 85% air and 15% Ar. Rhodium was introduced into the 

melt solution as RhO2 and the Rh concentration of 5.2x10
18

 cm
–3

 in 

the grown crystals was determined by atomic absorption spectroscopy.  

The optically polished crystal plate (d = 0.5 mm) was prepared 

for the absorption measurements.  

The experimental set up for measurement of the absorption 

coefficient in the visible and near IR region consists of the following: 

a halogen lamp with a stabilized 3H-7 rectifier, a SPM-2 

monochromator, a system of quartz lenses, a polarizer, a crystal 

sample holder, and a Hamamatsu S2281-01 detector.  

The absorption coefficient is calculated using the formula:  

 = (/d)ln(I0/I),   (1) 

where I0 is the intensity of the incident light, I is the intensity of 

the passing light and d is the sample thickness. 

 

Results and Discussion 

 

The absorption coefficient of the investigated sample has been 

measured to be between 600 and 950 nm (Fig.1a). The first derivative 

of the absorption coefficient at photon energy is calculated to be in the 

investigated spectral region. The [d/d(hν)] determines only the 

number of electron transitions in а Rh
4+

 ions and it does not give an 

exact information about the energy position of these transitions. This 

is the reason for the calculation of the second derivative of the 

absorption coefficient [d
2/d(hν)

2
]. The three electron transitions in 

Rh
4+

 are realized respectively at 698 nm (14 327 cm
-1

), 781 nm 

(12 804 cm
-1

) and 824 nm (12 136 cm
-1

) (Fig. 1c). 
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The strength of the three-dimensional harmonic oscillator 

determines from the ratio of the real intensity and the intensity of the 

radiation of the electron.  f = 1 for such “ideal electron”. The 

transitions of the oscillator classify by the strength f and this connects 

the theory with the experiment. f = 1 for the allowed transition; for 

single symmetric band (table 1):  

               
 

 
       where () not depends on the 

concentration of the solutions [8]. The next equation    
 

  1 0 6 1011
 

(4) explains the connection between the oscillator strength f and the 

transition moment of the impurity band Q, where ν is the frequency of 

the band centre. 

f0 = f/[1 + exp(-θ/T)] (5), where θ is the frequency of the total 

asymmetric vibration and T = 300 K. The frequency of the vibration ω 

of the complexes is connected with  by the equality ω=/1.44 [cm
-1

] 

(ω = 2c/, c = 3.10
8
 m/s). 

The value of oscillator strength for BTO:Rh is 0.7038*10
-5

 and this 

means that the electron transitions in rhodium are allowed without 

some coupling [8]. Therefore Q = 0.1131*10
-10
, θ = 4.5206*10

-4
 s

-1
 

and f0 = f in our case. 

The effective mass of electrons of doping elements can be 

calculated by the next formula: 

 

                                 m* = ħ
2
/(d

2
E/dk

2
),   (6) 

 

where ħ = h/2 (h is Planck constant) and k = /4 . The different 

values of effective mass for Rh doped BTO are presented on Fig. 2 in 

the spectral region 600-950 nm. The values of m* of rhodium 

electrons vary between 9.28x10
-28

 to 1.6x10
-30

 kg. 

The calculation of the cross-section of the impurity absorption is very 

important, when we search the answer of question how the radiation is 

absorbed by the impurity ions in the crystals [9].  

The total cross-section a of the impurity absorption is defined 

by the integration within the absorption band of the impurity ions 

                                   a = (1/N)∫()d,                             (7) 
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where N is the number of the impurity ions in the unit volume, 

( is the impurity absorption coefficient typical of an energetic 

interval from 1 to 2.  
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c) 

Figure 1a) Absorption spectra of Bi12TiO20:Rh in the spectral region 

600-950 nm; b) The calculated first derivative of  in the same 

spectral region; c) The calculated second derivative of  there. 
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Figure 2 Effective mass m
*
 of ions Rh

4+
 ions in Bi12TiO20. 
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Figure 3 The total impurity cross-section a of Bi12TiO20:Rh. 

 

Conclusions 
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The electron transitions in rhodium are allowed and this is very 

good reason for the investigation of photochromic effect of doped 

bismuth titanate. The effective mass of electrons of Rh
4+

 ions is 

calculated, which will help for the future investigation of conductivity 

of BTO:Rh. The total cross-section of rhodium ions has values from 

2.75x10
-18

 cm
2
 to 5.25x10

-18
 cm

2
, which means that these ions 

influence considerably on the optical properties of doped BTO. 
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Abstract 

The Diels-Alder cycloaddition is a versatile synthetic approach 

towards large polycyclic compounds. To extend the molecular 

skeleton, maleic anhydride and quinones are often used as 

dienophiles in the intermolecular Diels-Alder cycloaddition. Our 

work is focused on the application of the Diels-Alder reaction for the 

synthesis of polycyclic N-containing heterocyclic compounds of 

possible pharmacological interest. Synthetic protocol, described by 

Tawney  proved unsuccessful leading mainly to the disubstituted 

product instead of desired mono substituted one. This prompted us 

to find out new synthetic way appropriate for all types of amines. 

Reaction between anthracene and N-hydroxymethyllmaleimide 1 

proceeded easily in xylene 100
o
C. Reaction under these conditions 

gave pure product 2 with high yield. Product 2 easily reacted with 

(R)-(+)-α-methylbenzylamine at room temperature to give product 3 

also with high yield . 

http://www.uw.edu.pl/
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NO O

OH
1

+
xylene

NO O

OH

2

 

 

NO O

OH

2

NH2

+
CHCl3

NO O

NH

3

 

 

Using this methodology we synthesized new compounds 2 and 3. The 

presented methodology is more universal and could be applied to all 

type of amines. All products were purified and characterized with 

their NMR- and MS-spectral data. 

Keywords:  Diels-Alder reaction, heterocyclic compounds,  N-

substituted maleimide 

 

Introduction 

This work is focused on the use of Diels-Alder reaction in the 

preparation of polycyclic nitrogen-containing heterocycles of possible 
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pharmacological importance.[1-2] In this essay, variously N-

substituted maleimides will be used as dienophiles. Anthracene was 

chosen as a diene. The trial involves some preliminary experiments on 

the synthesis of a series of maleimides derivatives that will contain 

both achiral and chiral auxiliary groups attached to the nitrogen atom. 

Thus obtained substrates will be subjected to the Diels-Alder reaction 

with anthracene.  

Results and discussion : 

Based on literature study it was chose the synthetic pathway 

described by Tawney [3]. The experiment started with  preparation of 

N-methylolmaleimide. 

 

N
H

O O +
NO O

OH

5% NaOHH O

1 2
 

Scheme 1  

 

In the next, step the reaction between N-methylolmaleimide 2 

and aniline under conditions described by Tawney [3] was performed. 

According to this work, primary and secondary amines readily 

displace hydroxide group in compound 2 forming appropriate 

alkylaminomethylmaleimides. The tendency to attack the methylene 

carbon or maleimide ring strongly depends on the basicity of amines. 

As was observed by Tawney, in the reaction between aniline and N-

methylolmaleimide only derivative 3 was obtained almost 

quantitatively. 
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NO O

OH

Dioxane

NH2

N

O

O

H
N+

reflux

2 3

 

 

Scheme 2 

 

The experiment confirmed that aromatic amines (e.g. aniline) 

react with the methylene carbon of compound 2 to give typical adduct 

like 3. N-phenylaminomethylmaleimide thus obtained was used as a 

dienenophile in the reaction with anthracene. 

 

NO O

NH

+

N

O

O

H
N3 4

xylene

reflux

  

Scheme 3 

 

Taking into consideration previous experiments we checked the 

reactivity of other aliphatic amines: phenylethylamine and L-prolinol. 

Tawney
 
[3] showed that in the case of more reactive aliphatic amines 

like piperidine, the reaction proceeds at both methylene carbon atom 

and the double bond. The idea was to determine how 

phenylethylamine and prolinol react with N-methylolmaleimide. 
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We initially started with the reaction of N-methylolmaleimide 

with (R)-(+)-1-phenylethanamine but 4 different products were 

formed instead of desired 1-[(1-phenyl-ethylamino)-methyl]-pyrrole -

2,5-dione. 

NO O

OH

NH2

+

NO O

NH

NO O

NH

HN

NO O

N

O

N

O NO O

N

O

N

O

NH

HN

2

5a 5b

5c

5d

Scheme 4 

It was found that under all tested conditions the product 5b 

dominated. The used amine being a strong base promoted the 

formation of disubstituted product.  

Table 1. Mol. wt. of all products from reaction 3.1 determined by MS. 

5a Mol.wt. 230 g/mol 

5b Mol.wt. 351 g/mol 

5c Mol.wt. 339 g/mol 

5d Mol.wt. 581 g/mol 
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It was therefore decided to change the synthetic pathway and 

intend to synthesize the anthracene adduct with N-methylolmaleimide 

and, in the next step, transform it to a key chiral product. 

It was found that reaction between anthracene and N-

methylolmaleimide 2 proceeds easily in xylene for 3h at room 

temperature giving product 6. 

NO O

OH
2

+
xylene

NO O

OH

6

Scheme 5 

 

In the next step the product 6 easily reacted with  chiral 

phenylethylamine. 

 

NO O

OH

6

NH2

+
CHCl3

NO O

NH

7

Scheme 6 

Experimental : 

1-Hydroxymethyl-pyrrole-2,5-dione 
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To a stirred at 35
o
C suspension of 7 g (0,0722 mmol) of 

maleimide in 2,05 ml of 37% formalin 0,21 ml of 5% sodium 

hydroxide was added. After 1 min the clear solution was obtained and 

after 2-5 min the product was precipitated. After 2h the suspension 

was cooled to room temperature and the product was filtered under 

reduced pressure. To obtained 7,3 g of crude product 75 ml of ethyl 

acetate was added. The resulted light pink suspension was filtered 

through cotton, and to the stirring filtrate 25ml of hexane was added. 

The filtration of precipitated product gave 7,1g (77,5%) of colorless 

crystals; mp = 100-101
o
C. 

1
H NMR (CD3OD, 200 MHz):  4.85 (s, 

OH), 4.95 (s, 2H- CH2), 6,88 (s, 2H- CH), 
13

C NMR (CD3OD, 50 

MHz):  61.1 (CH2), 136.0 (CH), 172.0 (C=O). 

1-Phenylaminomethyl-pyrrole-2,5-dione (3) 

To a stirred solution of 1 g ( 7,868 mmol) N-methylolmaleimide 

2 in 5 ml of dioxane was added 0,717 ml (7,868 mmol) of aniline and 

the mixture was refluxed for 3 hours . After cooling , the dioxane was 

evaporated and to the residue 15 ml of CH2Cl2 and 8 ml of water were 

added. After phase separation the water phase was additionally 

extracted with 10 ml of CH2Cl2   and the combined organic layers were 

dried over Na2SO4. After evaporation of the solvent the crude product 

was purified by column chromatography on SiO2 using CHCl3 as a 

mobile phase. The purification  gave 1,6g (94%) of yellow solid; mp = 

134-136
o
C. 

1
H NMR (CDCl3, 200 MHz):  4.68 (t, J =7.6 Hz, NH), 

4,98 (d, J = 8.2 Hz, 2H-CH2), 6.65 (s, 2H-CH ) , 6.75-6,81 (m, 3H-Ar) 

, 7.15-7.23 (m,2H-Ar), 
13

C NMR (CDCl3, 50 MHz):  47.7 (CH2), 

113.8, 119.5, 129.6, 134.4 (CH), 144.7, 171.1 (C=O). 

2-Phenylaminomethyl-3a,4,9,9a-tetrahydro-4,9-[1,2]benzeno-1H-

benzo[f]isoindole-1,3(2H)-dione (4) 

To a stirred solution of  0,4 g 1-Phenylaminomethyl-pyrrole-

2,5-dione 3 in 10 ml of ksylen  0,353 g  of antracen was added and the 

mixture was heated at 120 
o
C for 6 h . The solvent was evaporated and 

the crude product was purified be column chromatography  on SiO2 

using CHCl3 as a mobile phase. After chromatography 0,52g (69%) 

colorless crystals were obtained; mp = 204-205 
o
C. 

1
H NMR  (CDCl3, 
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200 MHz) :  
 
3.15 (t, J = 1.6 Hz, 2H), 4.32 (t, J = 8Hz, OH), 4.49 (d, 

J = 7.2 Hz, 2H-CH2), 4.73 (s, 2H), 6.53 (d, J = 7.4 Hz, 2H- Ar), 6.69-

6.84 (m, 3H- Ar), 7.07 – 7.19 (m, 6H- Ar), 7.30-7.38 (m, 2H- Ar), 
13

C 

NMR  (CDCl3,50 MHZ) :  45. 6, 47.2, 47.9, 113.4 , 119.0, 124.4 , 

124.8, 126.9, 127.1, 129.4 , 138.2 ,141.7, 144.3, 177.34 (C=O). 

1-[(1-Phenylethylamino)-methyl]-pyrrole-2,5-dione 

To a stirred solution of 0,5 g N-methylolmaleimide in 2,5 ml of 

dioxane 0,5 ml phenylethylamine was added. The mixture was heated 

for 1,5 h at 105 
o
C. After cooling , the dioxane was evaporated and to 

the residue 15 ml of CH2Cl2  and 8 ml of water were added. After 

phase separation the water phase was additionally extracted with 10 

ml of CH2Cl2   and the connected organic layers were dried with 

MgSO4. The solvent was evaporated and the crude product was 

purified by column chromatography on SiO2 using CHCl3 as a mobile 

phase. Mass of mixture of products ~ 1 g. 

2-Hydroxymethyl-3a,4,9,9a-tetrahydro-4,9-[1,2]benzeno-1H-

benzo[f]isoindole-1,3(2H)-dione (6) 

To a stirred solution of 0,6g  N-methylolmaleimide 2 was added 

0,84 g.  anthracene. The mixture was heated for 3 h  at 100 
o
C. After 

30  minutes white crystals are observed . We filtrated crystals through  

Büchner funnel . We obtain product 5 .Mass of crude product ~ 1 g. 

86% yield M.p.- 171.2 
 o
C 

1
H NMR  (DMSO, 300 MHz ):   3.28 (t, J = 1.8 Hz, 2H), 4.06 (t, J = 

0.9 Hz, OH), 4,25 (s, 2H-CH2), 4,77 (bs, 2H), 7.07-7.23 (m, 6H- Ar), 

7.43-7.46 (m, 2H- Ar), 
13

C NMR (DMSO, 75 MHz) :  44.7, 46.6 , 

60.1(CH2), 124.3, 124.8, 126.4, 126.6 , 139.3, 142.2 , 176.4 (C=O). 

2-[1-(R)-Phenylethylamino)methyl]-3a,4,9,9a-tetrahydro-4,9-

[1,2]benzeno-1H-benzo[f]isoindole-1,3(2H)-dione (7) 

To a stirred solution of 0,2 g of product 6 we put 50 ml CHCl3 

and we heated it till we obtain pure solution. Then we added 0,2 ml 

phenylethylamine. The reaction occurred  for 4 h at room temperature. 

The solvent was evaporated and the crude product was purified be 

http://www.google.pl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCcQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FB%25C3%25BCchner_funnel&ei=8OqWU9r6Dur17AbW0YEo&usg=AFQjCNFkioqtzkrC5-VCoTGmfSwuALyxTQ&bvm=bv.68445247,d.ZGU
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column chromatography  on SiO2 using hexane as a mobile phase .We 

obtain product 6.Mass of crude product ~ 0,26 g. Mass of pure product 

~ 0,16 g. 67% yield .Colorless  liquid. 

1
H NMR  (CDCl3, 300 MHz):  1.00 (d, J = 6.6 Hz, 6H- CH3), 1.96 

(bs,NH), 2.56 (q, J = 6.6 Hz, 1H- CH), 3.04 (t, J = 1.5 Hz, 2H), 3.89 

(d, J = 13.5 Hz, 1H- CH2), 4.09 (d, J = 13.5 Hz, 1H- CH2), 4.76 (d, J = 

5.1 Hz, 2H), 7.12-7,38 (m , 13H-Ar), 
13

C NMR   (CDCl3, 75 MHz):    

24.9 (CH3), 45.4, 45.5, 47.0, 47.2, 52.5, 53.3, 124.3, 124.4, 125.1, 

125.3, 126.9, 127.0, 127.2, 127.3, 128.3,  139.2, 139.3, 141.9, 142.0, 

144.9 (CH), 176.8 (C=0), 177.9 (C=0). 

Conclusion : 

New compounds were synthesized – product 6 and 7. The first 

synthetic method tested is good for aromatic amines. In turn the 

second methodology is more universal and could be applied to all type 

of amines. Optimal conditions was found for  this way of reaction. In 

future more experiments with different amines will be made using this 

synthetic pathway. Products  6 and 7 will be tested for possible 

pharmacological importance. 
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Abstract: Glycyrrhiza glabra L. is less explored plant in Bulgaria. 

The aim of the present work was to evaluate the antioxidant 

potential of G. glabra L. aqueous root extracts, obtained by different 

extraction procedures. Several reliable methods such as 2,2-

diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity, 2,2′-

azinobis-3-ethyl benzothiazoline-6-sulphonic acid (ABTS) cation 

decolorization activity, the ferric reducing antioxidant power method 

(FRAP) and Copper reduction assay (CUPRAC) were carried out. 

On the basis of the results obtained, G. glabra extracts confirm that 

they could be used as a natural ingredient in food and drink with 

potential benefit effect.  

Keywords: Glycyrrhiza glabra L.; total polyphenolics; antioxidant 

activity; correlation 

Introduction 

 

Glycyrrhiza glabra Linn. (Family 

Fabaceae), also known as licorice and 

sweetwood, is native to the 

Mediterranean and certain areas of 

Asia. In modern medicine, Licorice 

extracts are often used as a flavoring 

agent to mask bitter taste in 

preparations and as an expectorant in 

cough and cold preparations [1]. 

It is a perennial plant has a short thick rhizome. The stem is erect, up 

to 200 cm height. It is highly branched, reddish in color, fiber.  

A number of components have been isolated form licorice 

including water soluble, biologically active complex. This complex is 

http://en.wikipedia.org/wiki/Fabaceae
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composed of triterpene saponins, flavonoids, polysaccharides, pectins, 

simple sugars, amino acids, mineral salts and various other substances 

[2]. Glycyrrhizin, a triterpenoid compound, accounts for the sweat 

taste of licorice root. 

The yellow colour of licorice is due to the flavanoid content of 

the plant, which induces liquidity, isoliquirition (a chalcone) and other 

compounds [3]. The isoflavone glabridin and hispa glabridins A and B 

have significant antioxidant activity [4]. 

In the traditional system of medicine, the roots and rhizomes of 

G. glabra have been employed clinically for centuries for their 

antiinflammatory, antiulcer, expectorant, antimicrobial and anxiolytic 

activities [5, 6]. Liquorice has been shown to have great antioxidant, 

free radical scavenging [7, 8] and anticonvulsant activities [9]. 

Extraction technologies and applications of natural antioxidants 

recently have become very important topic for many studies [10]. 

Plants provide abundant natural antioxidants, which are vitally 

important for human health.  

In this point of view, the present paper was aimed at evaluating 

the polyphenolic content and the antioxidant activity of various 

aqueous extracts of Glycyrrhiza glabra roots. 

Materials and methods 

Plant material  

Glycyrrhiza glabra L. as dry herb was obtained from a local 

pharmacy (Plovdiv, Bulgaria). After additional drying the plant parts – 

roots were roughly grounded and stored in air-tight dark containers 

until extraction. 

 

Extracts preparation 

In order to evaluate properly the biological activity of this plant 

extract we employed three different extraction techniques. The plant 

material was extracted with water (ratio plant : solvent = 1 : 20). 

 Infusion – The extraction was carried out by boiling water and 

after 30 min of incubation the extracts were filtered.  

 Decoction- The process was conducted by boiling of the plant 

material for 30 min; 
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 Microwave-assisted extract - MAE experiments were 

performed with a domestic microwave oven (LG MB4047C). 

The extraction was carried out at output power 800 W for 30 

sec (with frequency of the waves 2450 MHz).  

The resulting extracts solutions were filtered before analyzed.  

 

Determination of total polyhenolic content (TPC)  

A modified Kujala et al. [11] method was used for the 

determination of the total polyphenolic content (TPC). Each extract 

was mixed with Folin-Ciocalteu reagent and 7.5 % Na2CO3. The 

mixture was vortexed and left for 5 min at 50 ºС. After incubation, the 

absorbance was measured at 765 nm and room temperature. Gallic 

acid was employed as a calibration standard and the results were 

expressed as mg gallic acid equivalents (mg GAE) per gram of plant 

dry weight (dw). 

 

Determination of antioxidant activity 

DPPH radical scavenging activity 

The ability of the extracts to donate an electron and scavenge 

DPPH radical was determined by the slightly modified method of 

Brand-Williams et al. [12]. Freshly prepared 4x10
-4

 M methanolic 

solution of DPPH was mixed with the samples in a ratio of 2:0.5 (v/v). 

The light absorption was measured at 517 nm. The DPPH radical 

scavenging activity was presented as a function of the concentration of 

Trolox. Trolox equivalent antioxidant capacity (TEAC) and was 

defined as the concentration of Trolox having equivalent AOA 

expressed as the μM Trolox per g dw. 

 

ABTS radical cation decolorization assay 

The radicals scavenging activity of the extracts against radical 

cation (ABTS
•+

) was estimated according to a previously reported 

procedure with some modifications [13]. The results were expressed 

as TEAC value (μM TE/g dw). 

 

Ferric reducing antioxidant power assay (FRAP) 

The FRAP assay was carried out according to the procedure of 

Benzie and Strain [14]. The FRAP reagent was prepared fresh daily 
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and was warmed to 37 °C prior to use. The absorbance of the reaction 

mixture was recorded at 593 nm after incubation at 37 °C for 4 min. 

The results were expressed as μM TE/g dw. 

 

Copper reduction assay (CUPRAC) 

CUPRAC assay was performed according to the method of Ak 

and Gülçin [15]. To a test tube were added 1 ml of CuCl2 solution 

(1.0×10
−2
M), 1 ml of neocuproine methanolic solution (7.5×10

−3
M), 

and 1 ml NH4Ac buffer solution (pH 7.0), and mixed; 0.1 ml of herbal 

extract (sample) followed by 1 ml of water were added (total volume 

of 4.1 ml), and mixed well. Absorbance against a reagent blank was 

measured at 450 nm after 30 min. Trolox was used as standard and 

total antioxidant capacity of herbal extracts was measured as μM TE/g 

dw. 

 

Statistical analysis 

All measurements were carried out in triplicates. The results 

were expressed as mean ± SD and statistically analyzed using MS-

Excel software. 

Results and discussion 

Determination of Total polyphenolic content (TPC) 

The TPC in the different water extracts from G. glabra were in 

range of 3.50 ± 0.07 and 6.95 ± 0.10 mg GAE/g dw, respectively. The 

decoction technique revealed as most effective in terms of total 

polyphenolic substances. Wojdyło et al. [16] reported total phenolic 

content in herbal parts of Glycyrrhiza glabra - 1.15 mg GAE/100 g 

dw. 

 

Table 1. Total phenol content of different water extracts from G. 

glabra, mg GAE/g dw 

Extracts TPC 

infusion 3.62 ± 0.03 

decoction 6.95 ± 0.10 

microwave 3.50 ± 0.07 
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Phenols and polyphenolic compounds, such as flavonoids, are 

widely found in many food products derived from plant sources, and 

they have been reported to possess significant antioxidant activities 

[17]. Furthermore, phenols have been determined to play an important 

role in the survival of the plants under extreme conditions [18].  

Consequently the presence of those compounds in the 

investigated extracts suggested their important role in the G. glabra. 

Several studies have successfully correlated the phenolic content with 

antioxidant activity [19, 20], which focused our interest in evaluation 

of this activity as next step of the present research. 

 

Determination of antioxidant activity (AOA) - DPPH, ABTS, 

FRAP and CUPRAC assays  

In order to investigate the AOA, experiments with two stable 

radicals - DPPH
•
 and ABTS

•+
 were conducted, in addition to the 

FRAP and CUPRAC assays. TEACDPPH values were in range from 

11.46 ± 0.17 to 30.99 ± 0.18 μM TE/g dw and the TEACABTS values 

were from 34.67 ± 0.18 to 104.48 ± 3.84 μM TE/g dw, which is in 

agreement with the established total phenol content (Table 2). Higher 

TEAC value indicates that a sample has stronger AOA. In another 

antioxidant study of G. glabra root [21] was demonstrated that the 

water (64.2 μg/ml) and ethanol (38.4 μg/ml) extracts have the ability 

to scavange the DPPH radical.  

 

Table 2. Antioxidant activity of different water extracts from G. 

glabra, μM TE/g dw 

Extracts/ 

Assays 
TEACDPPH TEACABTS TEACFRAP 

TEACCUPRA

C 

infusion 11.46 ± 0.17 35.38 ± 0.14 
20.87 ± 

0.61 

25.23 ± 

0.12 

decoction 30.99 ± 0.18 
104.48 ± 

3.84 

47.66 ± 

1.43 

65.73 ± 

0.28 

microwav

e 25.35 ± 0.37 34.67 ± 0.18 
21.05 ± 

0.66 

38.65 ± 

0.59 
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The FRAP values for the investigated extracts of G. glabra 

were in accordance with the above mentioned results as follows: from 

20.87 ± 0.61 to 47.66 ± 1.43 μM TE/g dw. Using the CUPRAC assay 

the established results were 25.23 ± 0.12, 38.65 ± 0.59 and 65.73 ± 

0.28 μM TE/g dw for the tree different types of water extracts. 

The results of the total antioxidant capacity assays (Table 2.) 

showed that the investigated extracts possessed AOA, which for the 

decoction extract was approximately two/three times higher than the 

other two investigated extracts. This confirmed the results obtained 

from the TPC assay. Interestingly, the highest AOA values were 

measured by the ABTS assay. A slight difference among the results 

obtained by the DPPH, ABTS, FRAP and CUPRAC assays was 

observed. The probable reason for this could be the unique mechanism 

and the unequal sensitivity of each method applied. Therefore, the 

authors suggested that, when analyzing the antioxidant activity of 

samples, it is better to use at least two methods due to the differences 

between the test systems [22].  

From the results obtained it can be concluded that the decoction 

technique of extraction is more efficient compare the microwave-

assisted extraction and the infusion obtaining in order to obtain extract 

with higher content of biologically active substances in terms of 

antioxidant potential. It should be noted that the results of infusions 

and microwave extracts were comparable. The infusions are the form 

that is most commonly taken in everyday life and the microwave 

extraction is increasingly used. Thus it can be concluded that both 

herbal extracts forms are relatively comparable in terms of total 

phenolic content and antioxidant activity in vitro. 

Further research of the single constituents and the mechanism 

of action in vivo definitely must be conducted. 

 

Conclusion 

In conclusion, the used in traditional medicine Glycyrrhiza 

glabra roots were investigated. A comparison between three different 

extraction techniques commonly applied in the everyday life with 

water as solvent was conducted. The decoction form was revealed as 
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most suitable one in terms of total phenolic content and antioxidant 

activity reception. Based on the results obtained G. glabra roots 

extracts could be recommended as a natural ingredient in food and 

drink with potential benefit effects.  
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Fostering a responsible attitude towards one's own health and 

nature is a complex and long bilateral process. On the one hand, it is 

connected with acquiring knowledge about the interrelation between 

man and nature and establishing rules and behavioral norms for a 

rational use and conservation of natural resources. On the other hand, 

this process transpires in the readiness and willingness to put the 

acquired knowledge and skills to practice as a real manifestation of 

valuing our health and the world around us.  

Understanding the ecological situation and our active 

participation in it is indicative of our ecological orientation and 

culture; an informed and responsible attitude to our health speaks of 

our health culture. For these reasons the educational policy of the 

European Union over the last decade gives priority to ecological and 

health education, values and behavioral models, which constitute an 

important part of the educational process and curricula in all levels of 
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school education.[1] Ecological and health instruction of students 

becomes a major factor in modern educational policy, including 

Bulgarian educational policy. For this reason these two fields of 

knowledge are integral part of different national curricula. [2,3]   

The task of developing health and ecological culture in students 

is of primary importance in the study field of Science and Ecology. 

Unfortunately, with the decrease in the number of teaching hours for 

these two study fields it becomes much more difficult to convey all 

this information within only one school subject. This requires a search 

for new approaches and methods aimed at developing students' 

abilities to use and summarize knowledge from other school subjects 

in order to understand the specifics and interrelation between different 

phenomena and processes both in nature and human body. The 

solution to most of these tasks can be reached by means of cross-

curricular links in education in general, and in the subjects Chemistry 

and ecology and Biology and health education in particular. 

The interdisciplinary approach requires a purposeful and 

systematic use of cross-curricular links in education for achieving 

aims and solving tasks. It requires involvement of all aspects of the 

educational process - its aims, contents, processes and activities, 

organization, management and evaluation.   

All these requirements determine the aim of the pedagogical 

experiment presented in this article, which is to offer an 

interdisciplinary approach in teaching Chemistry and Ecology  in the 

9th grade of Bulgarian comprehensive schools, as a means for 

developing students'  health and ecological culture.  

The assumption underlying the experiment is that revealing the 

complex nature of ecological issues and presenting health problems as 

well as their direct consequences will lead to a better developed 

ecological and health culture in students, and will assist in their 

overcoming the subject barrier in secondary school.  

The pedagogical experiment was carried out with 9th grade 

students of P. R. Slaveykov Comprehensive School in the town of 

Tryavna. A questionnaire conducted among the students showed that 

they are interested in environmental and health issues, but find it 

difficult to make use of the knowledge acquired in one subject in other 

study areas. The results of the questionnaire indicated the need for 
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systematic work to bridge this gap and build on students motivation to 

investigate health and environmental issues. 

The first stage of the experiment was to analyze the system of 

ecological and health knowledge of 9th grade students of topics which 

allow themselves to interdisciplinary links with the subject Biology 

and health Education. [3,4] 

 

Table 1. Ecological and health knowledge in topics from the 

curriculum 

Topics from the 

curriculum for 

Chemistry and 

ecology 

Ecological and health 

knowledge about: 

Topics from 

the curriculum 

for Biology and 

health 

education 

VA group 

General 

properties of VA 

group elements. 

Nitrogen cycle. 

Nitrogen oxides. 

Nitrogen acid. 

Nitrates. 

Ammonia  

Mineral fertilizers 

 

 

 The role of phosphorus as 

part of DNA and RNA, 

nucleoproteins and other 

structures in the body; 

 Phosphorus cycle; 

 Biological and industrial 

nitrogen fixation; 

 Acid rain; 

 Physiological effects of  

nitrogen oxides and 

ammonia; 

 Ecological problems 

caused by use of mineral 

fertilizers; 

 Composting; 

 Physiological effects of 

the salts of nitrogen 

containing inorganic acids. 

Ecological 

factors of 

environment 

 Environment 

and ecological 

factors; 

 Abiotic 

ecological 

factors and 

adaptation. 

Ecosystem 

 Ecosystem 

charactersistics 

/biotope and 

biocenosis/; 

 Elements 

cycle; 

 Ecological 

balance and 

anthropogenic 

impact. 

IV A group 

General 

properties of IVA 

 Toxic effects of lead; 

 Toxic effects of carbon 

oxides on living organisms; 
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The findings of the conducted analysis were used to plan parts 

of lessons and whole lesson scenarios of interdisciplinary nature,   

making use of pedagogical technologies which allow for cross-

curricular links as reflection of cross-science correlations.  

At the next stage the planned methodological scenarios were 

approbated  in the process of teaching. Because of the length 

constraints for this article we present  only a small part of the planned 

methodological scenarios - lesson fragments and lessons from the 

study content for IVA and VA groups of the periodic system. The 

methodological scenarios used in the teaching of organic chemistry 

are discussed in another article.  

The lesson General properties of VA group elements is an 

example of a lesson whose contents is appropriate for establishing 

interdisciplinary links, having in mind the biological significance of 

nitrogen and phosphorus. After applying the popular algorithm for 

describing a chemical element by means of information card, new 

information can be added about the significance and distribution of 

these two basic elements. The discussion should emphasize the vital 

importance of nitrogen and phosphorus for the life on Earth. 

Phosphorus cycle, its distribution and significance, as well as the 

notion of pesticide are discussed in support of this argument. 

group elements. 

Carbon cycle 

Carbon oxides 

 Greenhouse effect; 

 Production of "generator 

gas" and "water gas"; 

 Effects of human activity 

on ecological balance. 

Chemical 

elements  and 

compounds in 

the micro-

system 

 Chemical 

composition of 

the cell 

Biosphere 

 Biosphere 

and human 

health 
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The introduction of biological and ecological notions in this 

lesson and the use of a unified notion system is a way to build an 

inclusive scientific picture of nature, avoiding fluctuations in studying 

natural processes within different sciences and different school 

subjects in secondary school. Thus, health and ecological knowledge 

are promoted by means of inter-disciplinary lesson fragments.  

It is logical to continue with the topic Nitrogen cycle. In it the 

idea of the interrelation of elements in nature and its significance is 

reinforced. The topics of nitrogen cycle, and carbon cycle come before 

the topics which discuss the properties of the respective elements and 

their compounds. This allows for an analysis of the negative impact of 

chemical pollution on the biological systems and their inner 

regulations, which determine the reaction of organisms, since these 

regulations influence the distribution of chemical elements in nature, 

their concentration in living organisms, and their participation in 

metabolism, as well as their toxicity and competition with other 

elements. This leads to a sustained interest in students to study the 

properties of chemical elements, find application of this knowledge 

and gain confidence making use of it.  

In the preparation for a lesson on the topic of Nitrogen oxides 

the teacher gives students a task to revise the role of nitrogen oxides as 

environment pollutants and the sources for their formation. This 

allows for activating cross-curricular links with the material studied in 

the subject Man and nature in 5th and 6th grades. At the beginning of 

the lesson, through reflection of their past experience students note 

down the associations triggered by the notions source of 

environmental pollution and environmental pollutant. In the course of 

a follow-up discussion mind maps for the two notions are drawn on 

the whiteboard based on students' associations. 

The topic of Mineral fertilizers is presented to students by 

means of an interdisciplinary role play. The role play is appropriate 

for provoking students' interest and motivation, and providing hands-

on experience in studying the subjects Chemistry and ecology and 

Biology and health education. The lesson has the moto The Earth 

should restore its potential. 

 The lesson proceeds as follows: First, there is revision of 

students knowledge of the elements of animate and inanimate nature - 
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C, H, O, N, K, Ca, P, S, Mg, Fe and the notions of macro- and 

microelements. Next, the role of nitrogen, phosphorus and potassium 

in mineral nutrition of plants is discussed. Special attention is drawn 

to the role of nitrogen and phosphorus for the growth and development 

of plants at the beginning of vegetation period and the period of 

foliage forming, as well as the role of phosphorus in photosynthesis 

and breathing, and the formation of nucleic acids and nucleoproteins.    

The teacher emphasizes the necessity of a strict control of the 

amounts of mineral fertilizers which enter the soil. After this the role 

play is introduced.  

It is set at the market, where some students have to buy fruit and 

vegetables. There are four roles - customer, chemistry lab technician, 

ecologist and doctor - to be chosen by the students. The dialogue 

between them is aimed at clarifying the effect of nitrates on human 

organism and the reasons for their excessive concentration in fruit and 

vegetables. Part of the role play is a chemical experiment to establish 

the presence of nitrates in the fruit and vegetables bought at the 

market.  

In summarizing the results of the role play it is important to 

underline the fact that it is not the mineral fertilizers themselves which 

are responsible for the pollution of soil. The major role in it belongs to 

disturbances in the production of fertilizers, their transportation, 

storage and dozing. One solution to the problem with the low quality 

of vegetables is the idea of growing bio-products in the private sector, 

which are treated with bio compost instead of artificial fertilizers.  

The lesson General characteristics of the elements of IV A 

group has some stages which allow for establishing interdisciplinary 

links and creating health and ecological culture due to the biological 

significance of carbon and silicon on the one hand, and the toxic effect 

of lead and tin, on the other.  

After applying the familiar algorithm for describing a chemical 

element, the teacher provides additional information about the 

significance and the distribution of the basic substances of the 

elements in this group.  This lesson fragment is important because 

these elements are not studied in other topics of the curriculum, yet 

they are closely connected with modern human's health and ecological 



117 
 

culture because of their direct involvement in the industrialization and 

means of transport in this century.  

Discussion should emphasize the importance of carbon as one 

of the macro-elements with the highest significance for life on Earth. 

Carbon: 

- is part of all organic compounds, including the bioactive 

molecules of amino acids, proteins, nucleic acids, enzymes, etc.;  

- is part of the metabolic pathways of the main nutrients - fats, 

proteins and carbohydrates; 

- takes part in establishing breathing pathways through 

energy-rich chemical relationships; 

- is a primary factor for sustaining ecological balance 

through its participation in the cycle of elements. 

 Special attention is paid to silicon, second in its distribution on 

Earth and fifth in the Universe, which plays a major role in building 

the lithosphere of our planet.  Emphasis is laid on the fact that it is part 

of the elemental composition not only of inanimate nature, but of 

animate nature as well. It forms the structure of  healthy plant stems 

(mechanical function), determines the strength of egg shell in different 

animal species, and is part of viterous humour of  the human eye.  

 A multimedia presentation is used to illustrate the sources of 

heavy metals pollution and summarizes its effect on different systems 

of human body: 

 Circulatory system - disruption of blood production; 

suppressed function of T- lymphocytes; 

 Reproductive system - reduced vitality of reproductive cells; 

 Excretory system - carcinogen effect on kidneys; 

 Locomotor system - deposits in bones and tumors; 

 Nervous system - disrupted psychic and neurobehavioral 

functions; delayed neuro-psychic development in children. 

     More detailed information about the toxic effect of lead is 

provided in an information card for the students.  

In the course of the lesson students draw conclusions about their 

personal responsibility for their own and the others people's health. At 

the end of the lesson the effectiveness of the offered interdisciplinary 

approach  is assessed by asking students to complete a worksheet 
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summarizing their opinion on the issues discussed in the lesson 

entitled My position now. 

When working on the topic Carbon oxides students have to use 

the knowledge acquired in the subjects Chemistry and ecology and 

Biology and health education plus additional information provided by 

the teacher, to decide which stage in the carbon cycle is most seriously 

affected by human activity, and what are its possible negative effects 

on the environment. Thus, a discussion of the chemical properties of 

СО2 leads to increased knowledge about the unity of processes in the 

biosphere and their effect on living organisms. In addition, it leads to a 

clarification of the nature, reasons, consequences and ways of 

decreasing the effects of one of the global problems facing modern 

society - the greenhouse effect. This approach results in coping with 

the challenge of teaching young people how to reduce the risks of 

climatic changes by investing in effective ways for limiting the 

emissions of greenhouse gasses. Presented in an appropriate form, and 

interpreted in an accessible manner, these facts can lead to creating the 

right attitudes to environment preservation and sustained ecological 

culture. The discussion of these issues activates information from the 

fields of chemistry, physics, biology and geography.  

In the preparation for the lesson the students are divided into 

two teams with the task to prepare arguments and counter arguments 

related to the greenhouse effect and its global consequences. 

The feedback summarizing the results of the debate is done in 

the form of brainstorming which emphasizes the impact of human 

activity as an external factor influencing the balance of the biosphere 

and the need to reduce the negative impact of the human factor. For 

homework students have to do a project which presents greenhouse 

effect as a consequence of human activity.  

Establishing and applying interdisciplinary links between the 

two subjects was used when studying topics in organic chemistry as 

well. A questionnaire at the end of the experiment showed students'  

positive attitude to enriching educational content with information 

about heath and ecology, and the application of knowledge acquired in 

biology and health education in the lessons of chemistry and ecology.   
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Abstract: The paper discusses the process of creating comfortable 

and selective method for synthesis of 4-hydroxy-1,3,4-

triphenylallenyl phosphonate and phosphine oxide. Cyclization 

reactions of the prepared allenephosphonate and allenyl phosphine 

oxide with protected and unprotected hydroxyl group investigated 

and it became obvious that the reactions proceeded with formation 

of various unsaturated heterocyclic or acyclic compounds. 

Keywords: Allenephosphonate, allenyl phosphine oxide, synthesis, 

cyclization, 2,5-dihydro-1,2-oxaphosphole.  

 

Introduction 

The synthetic potential of functionalized allenes has been 

explored extensively in recent years, and this has led to the 

development of novel methods for the construction of a variety of 

functionalized heterocyclic and carbocyclic systems [1]. One of the 

characteristic reactions of the allenes is the electrophilic addition 

reactions in which the addition products of the reagent to the one 

and/or other double bond of the allenic system are usually obtained 

[2]. Functionalized allenes are very interesting substrates as a material 

of choice to study the electrophilic addition reactions on the carbon–

carbon double bonds [3–5]. Unlike the allenic hydrocarbons, the 

presence of a functional group linked to the allenic system 

considerably changes the course of the reactions with electrophilic 
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reagents. It has been shown[3–5] that the reactions proceeded with 

cyclization of the allenic system bearing a functional group to give 

heterocyclic compounds in most cases. 

Literature data on the electrophilic addition reactions to 

phosphorylated allenes (phosphonates, phosphinates, and phosphine 

oxides) show that various five-membered heterocyclizations proceed 

in most cases [3,5–9]. There are methods[10] for the synthesis of 

phosphorus-containing allenes (phosphonates, [11] phosphinates, [12] 

and phosphine oxides [13]) including reactions -alkynols with 

chloride-containing derivatives of phosphorus acids followed by [2,3]-

sigmatropic rearrangement. 

As a part of our long-standing program on the synthesis and 

cyclization reactions of functionalized allenes, we now report the 

results of the synthesis of 1-phosphorylated 4-hydroxy-allenes with 

protected and unprotected hydroxyl group and the reactions with some 

electrophilic reagents for study of the electrophilic cyclization 

reactions. 

Results and Discussion 

We have developed and have applied a new selective method 

for obtaining of  1-phosphorylated 4-hydroxy-allenes with protected 

and unprotected HO-group of 1-(tetrahydro-2H-pyran-2-yloxy)but-3-

yn-2-ol 4, which we prepared according to Scheme 1. 
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In the first instance, the 4-(tetrahydro-2H-pyran-2-yloxy)-

allenephosphonate 5 can be readily prepared via an atom economical 

2,3-sigmatropic rearrangement of  the mediated propargyl phosphite 

B, intermediate formed by the reaction of the alkynol 4 with 

dimethylchlorophosphite, prepared in situ from phosphorus 

trichloride, 2 equiv of methanol, and 2 equiv of triethylamine, 

according to Scheme 2. 
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Pleasingly, the reaction of the but-3-yn-2-ol 4 with 

chlorodiphenylphosphine in the presence of triethylamine gave the 

expected 4-(tetrahydro-2H-pyran-2-yloxy)-allenyl phosphine oxide 6 

as a result of [2,3]-sigmatropic rearrangement of the propargyl 

phosphinites C, according to the reaction sequence outlined in Scheme 

3. 

 

 

The resulting 4-hydroxy- allenephosphonate 5 and allenyl 

phosphine oxide 6 with protected HO-group, isolated in preparative 

amounts, allowed us to study its chemical behavior during the 

reactions with electrophilic reagents. 
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We found that the interaction of allenephosphonate 5 with 

bromine occurs regioselective with 5-endo-trig cyclization by 

neighboring participation of phosphonate group only as an internal 

nucleophile to give in good yield the 2,5-dihydro-1,2-oxaphosphol-2-

one 7 as shown in Scheme 4. 

 

 

Surprisingly, intereaction of the allenyl phosphine oxide 6 with 

benzeneselanyl chloride to give the (1E)1-butenyl phosphine oxide 8 

according to the sequence outlined in Scheme 5. 

 

 

 

Our next task was to examine the reactions of electophilic 

cyclization of allenephosphonate 5 and allenyl phosphine oxide 6 after 

removing the protection of the hydroxyl group. Reactions were carried 

out in ethanol in the presence of catalytic amounts of PPTS with 

formation of 4-hydroxy substituted allenephosphonate 9 and allenyl 

phosphine oxide 10.  
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It should be noted that the reaction of the resulting 3-

hydroxymethyl allenephosphonate 9 and allenyl phosphine oxide 10 

with electrophilic reagents proceeds similarly to the reaction of the 

corresponding allenephosphonate 5 and allenyl phosphine oxide 6 

having a protected hydroxyl group. 

We found that the interaction of 4-hydroxy-allenephosphonate 9 

with benzeneselanyl chloride occurs with 5-endo-trig cyclization to 

give the 5-hydroxymethyl-1,2-oxaphosphole-2-one 11 as shown in 

Scheme 7. 

 
 

(1E) 4-Hydroxy-buten-1-yl phosphine oxide 12 were prepared 

by the chemo-, regio-, and stereoselective electrophilic addition to the 

C
2
-C

3
-double bond in the allene moiety of the allenyl phosphine oxide 

10 (Scheme 8). 
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Reactions of 4-hydroxy substituted allenephosphonate 9 and 

allenyl phosphine oxide 10, with the so called ion coin metals were 

subjected to detailed research and the results gained are very 

interesting and encouraging. 

In experimental terms, the progress of all reactions was 

monitored thin layer chromatography and IR spectroscopy, the 

obtained products were isolated and purified by column 

chromatography, and the structure of the synthesized compounds was 

established by IR, 
1
H, 

13
C-and 

31
R-NMR spectroscopy. 

 

Conclusion 

We note the following points from this investigation: 1) There 

is method for synthesis of 1-phosphorylated 4-hydroxyallenes with 

protected and unprotected hydroxyl group that are highly 

regioselective, convenient and allow variation of the substituents in 

both allenic system and of the functional group; 2) Cyclization 

reactions of 4-hydroxy allenephosphonates and allenyl phosphine 

oxides with protected and unprotected HO-group were investigated as 

it was established that the reactions proceeded with formation of 

various unsaturated heterocyclic and acyclic compounds.  
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Abstract: An efficient method for regioselective synthesis of 

phosphorylated -hydroxyallenes is described. Cycloisomerization 

reactions of -hydroxyallenyl phosphonates and phosphine oxides 

with the so called coin metals ions such as Ag
+
, Au

+
, Pd

2+
, Cu

+
 etc. 

leads to formation of the 3-phosphoryl-2,5-dihydrofurans. 

Keywords: Allenephosphonates, allenyl phosphine oxides, synthesis, 

cycloisomerization, 3-phosphoryl-2,5-dihydrofuran. 

 

Introduction 

 It is the synthesis and use of allene derivatives that have been 

thoroughly investigated by organic chemistry scientists during last 

decades [1]. Investigation in that scientific area stimulates both the 

development of theoretical organic chemistry and organic synthesis by 

designing various products that provoke scientists` interests [2]. 

It is the cycloisomerization reaction of functionalized allens that 

is of great interest in organic chemistry application. Functionalized 

allenes are very interesting substrates as a material of choice to study 

the cycloisomerization reactions on the carbon–carbon double bonds 

[3]. These isomerizations involve functional groups participation that 

gives heterocyclic compounds in most cases. 
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Literature data on catalyzed cycloisomerization of 

hydroxyallenes show that various five- or six-membered 

heterocyclizations proceed in most cases [3]. 

There are methods [4] for the synthesis of phosphorus-

containing allenes (phosphonates, [5] phosphinates, [6] and phosphine 

oxides [7]) including reactions of -alkynols with chloride-containing 

derivatives of phosphorus acids followed by [2,3]-sigmatropic 

rearrangement. 

As a part of our long-standing program on the 

cycloisomerization of functionalized allenes, we now report the results 

of the synthesis of -hydroxy allenephosphonates and allenyl 

phosphine oxides and their reactions of cycloisomerization by coin 

metals ions which are to give 3-phosphoryl-2,5-dihydrofuran.   

 

Results and Discussion 

We have developed and have applied a new selective method 

for obtaining of -hydroxy allenephosphonates and allenyl phosphine 

oxides having in mind our first target. This very method involved 

three stages in the working process. 

During the first stage we synthesized a series of alkynols 5a-h 

as it is shown on the Scheme 1. The yield is represented in Table 1.  

 

THF,
24 h, reflux

1a-c

HO THPO

THPO

OH

R3

R2

THPO

MgBrTHF,
2 h, reflux

DHP, PPTS

CH2Cl2

2a-c

3a-c

5a-h

EtBr
Mg

EtMgBr
THF,

2 h, reflux

R2 R3

O

4a-c

R
R1 R

R1

R1R

R1R

PPTS = pyridinium p-toluenesulfonate

O

THP =

O

DHP =

Scheme 1  
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Table 1. Synthesis of the (tetrahydropyran-2-yloxy)-alkynols 5 

Entry Alcohol R R
1 

R
2 

R
3
 Yield, % 

1 5a H H Me Et 61 

2 5b H H Me Bu 59 

3 5c H H -(CH2)5- 58 

4 5d H Me Me Et 57 

5 5e H Me Me Bu 56 

6 5f H Me -(CH2)5- 56 

7 5g Me Me Me Et 54 

8 5h Me Me Me Bu 53 

 

These alkynols were used as starting substrates which were to 

give phosphorylated -hydroxyallenes with protected hydroxyl group 

7 and 9. Reactions were carried out in conditions described in Scheme 

2. The results were -hydroxy allenephosphonates and allenyl 

phosphine oxides with protected hydroxyl group. The yield is pointed 

out in Table 2 and Table 3. 

 

Scheme 2

Et3N
ether, -70oC

(MeO)2PCl

Ph2PCl

Et3N
ether, -70oC

THPO

OH

R3

R2

5a-h
R1R

THPO

R
R1

R2

R3
O

(MeO)2P

6a-h

THPO

R
R1

R2

R3
O

Ph2P

8a-h

•

(MeO)2P

O

R2

R3

OTHPR

R1

7a-h

[2,3]-

ether, rt, 10h

•

Ph2P

O

R2

R3

OTHPR

R1

9a-h

[2,3]-

ether, rt, 8h
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Table 2. Synthesis of the dimethyl 1-(tetrahydropyran-2-yloxy)-1,2-

dienephosphonates 7 

Entry Allene R R
1 

R
2 

R
3
 Yield, % 

1 7a H H Me Et 78 

2 7b H H Me Bu 75 

3 7c H H -(CH2)5- 73 

4 7d H Me Me Et 74 

5 7e H Me Me Bu 72 

6 7f H Me -(CH2)5- 75 

7 7g Me Me Me Et 71 

8 7h Me Me Me Bu 70 

 

Table 3. Synthesis of the 2-(2-(diphenylphosphinoyl-2,3-dienyloxy)-

tetrahydropyrans 9 

Entry Allene R R
1 

R
2 

R
3
 Yield, % 

1 9a H H Me Et 86 

2 9b H H Me Bu 84 

3 9c H H -(CH2)5- 81 

4 9d H Me Me Et 83 

5 9e H Me Me Bu 82 

6 9f H Me -(CH2)5- 80 

7 9g Me Me Me Et 80 

8 9h Me Me Me Bu 78 
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Compounds 7 and 9 were stable enough to be handled at 

ambient temperature. The hydroxy group was deprotected by stirring 

the ethanol solution of the protected hydroxylalkyl-

allenephosphonates 7 and hydroxylalkyl-allenyl phosphine oxides 9 in 

the presence of 0.1 equiv PPTS at room temperature for 6 hours, 

according to Scheme 3 and Table 4. 

 

PPTS (0.1 eq)

EtOH, rt, 6h
•

Y2P

O

R2

R3

OHR

R1

10, Y=OMe
11, Y=Ph

•

Y2P

O

R2

R3

OTHPR

R1

7, Y=OMe
9, Y=Ph

Scheme 3  

 

 

Table 4. Synthesis of the 1-hydroxyalkyl-1,2-dienephosphonates 10, 

the 3-diphenylphosphinoyl-2,3-dien-2-ols 11a-c and the 3-

diphenylphosphinoyl-3,4-dien-2-ols 11d-h 

 

Entry Allene R R
1 

R
2 

R
3
 Yield, % 

1 10a H H Me Et 80 

2 10b H H Me Bu 78 

3 10c H H -(CH2)5- 77 

4 10d H Me Me Et 80 

5 10e H Me Me Bu 79 

6 10f H Me -(CH2)5- 81 



134 
 

7 10g Me Me Me Et 79 

8 10h Me Me Me Bu 78 

9 11a H H Me Et 86 

10 11b H H Me Bu 83 

11 11c H H -(CH2)5- 81 

12 11d H Me Me Et 87 

13 11e H Me Me Bu 85 

14 11f H Me -(CH2)5- 88 

15 11g Me Me Me Et 84 

16 11h Me Me Me Bu 83 

 

The phosphorylated -hydroxyallenes we obtained 10 and 11 

were used as starting reagents to synthesize 3-phosphoryl-2,5-

dihydrofuran. 

We decided to optimize the reaction conditions by studying the 

mol % catalyst, reaction temperature, time and solvent effect under 

argon atmosphere. The reaction study started with isomerization of 

10a compound with AgNO3 catalyst (see Scheme 4 and Table 5). 

Experiments proved that the optimal reaction conditions involve 

CH2Cl2 solvent, room temperature and a 5 mol % catalyst.   

 

Scheme 4

AgNO3

O Me

Et

(MeO)2P

12a10a

(MeO)2P

•

OH

O

Me

Et

O

solvent
temperature

mol %
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Table 5. AgNO3-Catalyzed cycloisomerization of the  

dimethyl 1-hydroxymethyl-3-methylpenta-1,2-dienephosphonate 10a 

Entry Solvent Reaction 

Temperature, 
0
C 

AgNO3 

mol % 

Yield % 

1 ClCH2CH2Cl -20 10 41 

2 ClCH2CH2Cl 0 5 55 

3 ClCH2CH2Cl rt 5 63 

4 ClCH2CH2Cl reflux 5 45  

5 CHCl3 rt 5 58 

6 EtOH rt 5 46 

7 MeCN rt 5 45 

8 THF rt 5 40 

9 toluene rt 5 28 

10 acetone rt 5 51 

11 acetone/H2O rt 5 75 

12 acetone/H2O rt 10 77 

13 CH2Cl2 -20 5 72 

14 CH2Cl2 rt 5 84 

15 CH2Cl2 rt 10 82 

 

In order to determine the nature of the catalyst applied and its 

influence on the cycloisomerization process and its speed, as well as 
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on the yields of the product we carried out series of reactions (Scheme 

5) of the 10a and 11a compounds with different metal salts applied. It 

is Au (I); Au (III); Ag (I); Pd (0,II) that proved to be excellent 

catalysts. 

Scheme 5

catalyst
O Me

Et

Y2PY2P

•

OH

O

Me

Et

O

CH2Cl2, rt, 
5 mol %

11a

10a Y= MeO

Y= Ph 13a

12a Y= MeO

Y= Ph

catalyst = AuCl, AuCl3, AgClO4, AgNO3, PdCl2, ZnCl2, PtCl2, 

CuCl, CuBr, CuI, Pd(PPh3)4, ZnCl2, PtCl2, SnCl2, AlCl3, NiCl2

 
We got 3-phosphoryl-2,5-dihydrofuran compounds 12 and 13. 

The starting substrates applied were phosphorylated -hydroxyallenes 

10 and 11. The optimazied reaction conditions were available as well 

as AgClO4 catalyst (see Scheme 6 and Table 6). 

 

Scheme 6

11 13

1210 Y= MeO

Y= Ph

Y= MeO

Y= Ph

O R2

R3

Y2PY2P

•

OH

O

R2

R3

R

R1

R

R1

O

AgClO4

CH2Cl2, rt, 
5 mol %

 
 

Table 6. AgClO4-Catalyzed cycloisomerization of the  

-hydroxyallenes 10 and 11 

Entry Allene Y R R
1
 R

2
 R

3
 Product,  

Yield (%) 

1 

2 

10a 

10b 

MeO 

MeO 

H 

H 

H 

H 

Me 

Me 

Et 

Bu 

12a, 83 

12b, 75 

3 10c MeO H H -(CH2)5- 12c, 73 

4 10d MeO H Me Me Et 12d, 77 
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5 10e MeO Me Me Me Bu 12e, 74 

6 11a Ph H H Me Et 13a, 85 

7 11b Ph H H Me Bu 13b, 85 

8 11c Ph H H -(CH2)5- 13c, 82 

9 11d Ph H Me Me Et 13d, 84 

10 11e Ph Me Me Me Bu 13e, 82 

 

In experimental terms, the progress of all reactions was 

monitored thin layer chromatography and IR spectroscopy, the 

obtained products were isolated and purified by column 

chromatography, and the structure of the synthesized compounds was 

established by IR, 
1
H, 

13
C-and 

31
R-NMR spectroscopy. 

 

Conclusion 

We note the following points from this investigation: 1) There 

are methods for synthesis of phosphorylated -hydroxyallenes that are 

highly regioselective, convenient and allow variation of the 

substituents in both allenic system and of the functional group; 2) 

Cycloisomerization -hydroxy allenephosphonates and allenyl 

phosphine oxides were investigated as it was established that the 

reactions proceeded with formation of various 3-phosphoryl-2,5-

dihydrofuran compounds.  
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Abstract: Organophosphorus poisons are ones of the most toxic 

chemical compounds which are known at the moment. They have 

been used as pesticides and as chemical warfare nerve agents during 

the wars and acts of terrorism. Acetylcholinesterase (AChE)  plays a 

vital role in the central and peripheral nervous systems. 

Acetylcholinesterase hydrolyses and in activates neurotransmitter 

acetylcholine, there by regulating the concentration of the 

neurotransmitter at the synapse. The mechanism of toxicity of 

organophosphorus compounds is the inhibition of 

acetylcholinesterase, which results in accumulation of acetylcholine 

and the continued stimulation of acetylcholine receptors. 

Keywords: Оrganophosphorus compounds, аcetylcholinesterase, 

nerve agents, oximes. 

 

It is the organophosphorus compounds that form a large group 

of chemicals that have been used in the last 70 years in crops and 

animals protection; in industry; in medicine and in everyday life. 

Originally, these have been used as pesticides, insecticides and 

herbicides. Some of them are classified as neurotoxic chemical 

warfare agents [1-5]. They are known also as nerve gases or nerve 

agents and are used as chemical weapons in terrorism. Their toxicity is 

much higher than that of OPCs used as insecticides. 

Other organophosphorus compounds are used as pesticides in 

agricultural sector. In 1999, organophosphorus compounds 

represented about 40% of the global market of pesticides [6]. 
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It is the transmission of nerve impulses that should be taken into 

consideration in order to understand the toxic activity of 

organophosphorus compounds.   

It is found that neurotransmitter acetylcholine and the enzyme 

acetylcholinesterase play a crucial role in the transmission of the nerve 

impusles. Acetylcholine is an organic cation [7,8] that acts as a 

neurotransmitter in the synaptic choline in the central and peripheral 

nervous system. 

Acetylcholine is biosynthesized in cholinergic neurons by the 

help of enzyme choline acetyltransferase that catalyzes the reaction 

between acetyl-CoA and choline.    

The choline that is used for acetylcholine biosynthesis is 

derived from several sources.  The main source is catalyzed by 

acetylcholinesterase hydrolysis of acetylcholine in the synaptic space.  

The other two sources of choline are phosphatidylcholine and 

phosphorylcholine. The acetylcholine molecules are stored in synaptic 

vesicles after their synthesys. The potential activity causes release of 

acetylcholine in the synapse because it diffuses into the synapse cleft 

and combines with acetylcholine receptors. The hydrolysis of 

acetylcholine is a physiological mechanism that suspends its action on 

the receptors [8].  

Acetylcholinesterase (EC.3.1.1.7) is an extremely effective 

serine hydrolase and it is considered to be a globular protein with 

three-dimensional structure. The monomer is composed of 537 

residues. It has an elliptical shape and it represents a 12-stranded 

central β-sheet surrounded by 14 α-helices which gives the tertiary 

structure typical for many hydrolases [5,9]. 

The active site of the enzyme AChE contains the following 4 

areas that operate in a concerted mechanism: (1) an esteratic site (ES) 

composed of the catalytic triad Ser200-His440-Glu327. (2) The 

oxyanion hole (OAH) composed of Gly118, Gly119 and Ala201, that 

stabilizes acetyl-enzyme intermediate. (3) The anionic substrate 

binding site (AS) is composed of Trp84, Glu199, and Phe330. In this 

center the negative charged group of glutamate and -electrons of 

aromatic groups interact electrostatically with the positively charged 

trimethylammonium group of acetylcholine. (4) Acyl binding site 

(ABS) that consists of Phe288 and Phe290, known also as the acyl 
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pocket, outline a space where the acetyl group actually fits to the 

substrate. Furthermore, the acetylcholinesterase has also the so-called 

peripheral anionic binding site (PAS) consisting of Trp279,  Tyr70, 

Tyr121 and Asp72 which is located in the upper part of the active site. 

[9-16]. Although it is not directly involved in the catalytic activity it 

comprises of several areas that connect allosteric inhibitors and 

activators. 
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The process of hydrolysis of acetylcholine in the catalytic 

action of acetylcholinesterase is represented by the Scheme 1, that 

involves nucleophilic and acid-basic reactions and is mainly based on 

the action of the triad of catalytic residues Ser200-His440-Glu327. 

The proposed mechanism consists of two nucleophilic attacks and two 

proton transfers involving tetraedrichen acetyl-enzyme intermediate. It 

is the enzyme-substrate complex that is formed initially followed by 

nucleophilic attack of the hydroxyl group of serine with formation of 

acetyl-enzyme intermediate which dissiciate to choline and the 

acetylated ferment. The latter, after the nucleophilic attack of a water 

molecule, is hydrolysed to acetic acid and acetylcholinesterase, which 

continues its biocatalytic function [5,8,17,18]. 

The organophosphorus compounds being chemical warfare 

agents and insecticides inhibit acetylcholinesterase by preventing the 

hydrolysis of acetylcholine  [14,19-23]. This leads to accumulation in 

all receptors by acetylcholine and hence toxicity. 

Gerhard Schrader discovered a general connection between 

composition, structure and physiological action of organophosphorus 

compounds. According to him the biologically active 

organophosphorus compounds meet the following requirements: the 

phosphorous atom is of five valences; it contains phosphoryl or 

tiophosphoryl group; two of the connections of the phosphorus atom 

can be with alkyl, aryl, alkoxy, alkylthio, substituted by mono-or 

dialkylamide groups; the fifth connection of the phosphorus atom can 

be connected with an acidic residue. It is those compounds that 

contain a fluorine atom or a cyano group which are characterized with 

the high toxicity. Organophosphorus compounds that contain 

phosphoryl group are more toxic than those with tiophosphoryl group. 

Once organophosphorus compounds enters human body it 

reaches the nerve synapse and is involved in the interaction with the 

active site of the acetylcholine esterase in a repeated mode cycle 

competition instead of acetylcholine, which results in phosphorylation 

of the enzyme (Scheme 2).   
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Furthermore, the phosphorylated enzyme complex may undergo 

two reactions: 

1. Spontaneous reactivation: a hydrolysis where cholinesterase 

is regenerated by removing organophosphorus compounds (slow 

process). Spontaneous reactivation occurred in the majority of the 

organophosphorus compounds. Nerve agents are excluded. This 

reaction is always slower than the deacetylation. 

2. It undergoes monodealkylation with breaking of the PO-C 

bond of the phosphylated enzyme. The phosphorylated enzyme is 

inhibited irreversibly and can no longer be reactivated spontaneously 

after this reaction known as "aging” [5,24,25]. 

Time required to carry out the aging process is different: Soman 

- 2 minutes, Sarin - 3 hours, Cyclosarin - 7 hours, Tabun - 19 hours, 

VX - 40 hours [20,26].  

In the case of the nerve agent Soman it has been suggested the 

existence of a "push-pull" mechanism involving electrostatic residues 

Glu-199, His-440, Trp-84, and the oxyanion hole to stabilize the 

carbenium ion formed during the process of "aging" and facilitated the 

migration of a methyl group to become the secondary carbenium ion 

in the tertiary which later becomes the neutral compounds [25,27-29]. 
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The antidote treatment of intoxication with organophosphorus 

poisons involves the use of three types of drugs [5,30-32]: (a) the 

anticholinergic agent antagonizes the effects of the accumulation of 

ACh in cholinergic receptors; (b) depressor of the central nervous 

system, which acts as an anticonvulsant; (c) an oxime which 

reactivates (dephosphorylates) inhibited acetylcholinesterase.  

Atropine is one of the most commonly used anticholinergic. It 

competes with acetylcholine for muscarinic receptors blocking the 

effects of the increase of acetylcholine. It should be noted that it does 

not interfere with atropine inhibition of acetylcholinesterase in 

organophosphorus compounds but antagonizes the effects of 

acetylcholine accumulation. 

Depressors of the central nervous system are used to alleviate 

the convulsions and muscle cramps, usually associated with acute 

intoxications with organophosphorus poisons. It is diazepam that is 

one of the most commonly used compound of this class.  

The oximes can reactivate phosphorylated enzyme. Several 

oximes are used for reactivation of the inhibited acetylcholinesterase 

by organophosphorus poisons if the phosphorylated enzyme has not 

undergone the process of "aging". The oximes which activate 

acetylcholinesterase are usually mono- or bis-pyridines. It is the 

pralidoxime (2-PAM) that is one of the most widely applied in the 

form of chloride (in the USA) or of methanesulfonate (UK). Other 

oximes that are used are trimedoxime (TMB-4) or obidoxime 

(toxogonin) [30,31,33]. It is their low effectiveness against 

intoxication by Soman that is a disadvantage of these oximes. On the 

other hand, the so-called Hagedorn oximes are more effective against 

this nerve agent. 

The nucleophilic reactivation of phosphorylated 

acetylcholinesterase from oximes is done by a mechanism as it is 

shown on the following Scheme 3. Usually, it is considered that the 

oxime is reacted with a deprotonated form (oximate) although it is 

supposed that the reaction proceeds with a neutral oxime [34,35]. The 

nucleophilic attack oximate (or oxime) in phosphorous atom is 
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facilitated by polarization of phosphoryl group. This process is 

assisted also by the oxyanion hole. A phosphorylated oxime is formed 

that is rapidly hydrolyzed into non-toxic products. 

 

The effectiveness of a given oxime is a function of the 

nucleophilicity of oximate (or oxime). It can be administrated as an 

antidote for intoxication with neurotoxic organophosphorus poisons 

by excluding the active site and the rate of degradation of 

phosphorylated oxime. 

Chemical warfare agents are still a threat to humanity though 

the availability of Convention on the prohibition of chemical weapons. 

It is the organophosphorus neurotoxicity weapons that are the most 

dangerous among all. There is no universal antidote known to these 

compounds. Furthermore, it is important to develop antidotes in 

intoxication with neurotoxic organophosphorus poisons not only 

because of their potential application as sustaining agents but because 

of their intensive use in agriculture as organophosphorous pesticides. 
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Abstract: Reaction of the 4-phosphorylated allenecarboxylates with 

different electrophilic reagents such as sulfuryl chloride, bromine, 

benzenesulfanyl and benzeneselanyl chlorides takes place with 5-

endo-trig cyclization or 2,3-addition reaction depending on the kind 

of the substituents in phosphoryl group. 

Keywords: 4-Phosphorylated allenoates, 5-endo-trig cyclization, 2,3-

addition reaction 

Introduction 

Functionalized allenes have attracted a growing attention 

because of their versatility as key building blocks for organic 

synthesis. The synthetic potential of these compounds has been 

explored extensively in recent years, and this has led to the 

development of novel methods for the construction of a variety of 

functionalized heterocyclic and carbocyclic systems [1-3].  

On the other hand, functionalized allenes are very interesting 

substrates as a material of choice to study the electrophilic addition 

reactions on the carbon-carbon double bonds [4-6]. Unlike the allenic 

hydrocarbons, the presence of a functional group linked to the allenic 

system, considerably changes the course of the reactions with 

electrophilic reagents. It has been shown [4-6] that the reactions 

proceeded with cyclization of the allenic system bearing a functional 

group to give heterocyclic compounds in most cases. 

mailto:vchristo@shu-bg.net
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As a part of our long-standing studies directed toward the 

development of efficient electrophilic cyclization reactions of 

bifunctionalized allenes [7-16], we become interested in 1,3-

bifunctionalized allenes. 

The aim of present paper is to investigating the electrophilic 

reactions of 1,3-bifunctionalized allenes comprising a phosphoryl and 

an ester groups. 

Results and Discussion 

The molecule of 1,3-bifunctionalized allenes comprising a 

phosphoryl and an ester groups can be considered as a combination of 

an allenecarboxylate and an allenephosphonate or allenyl phosphine 

oxide and might have different reactivity profiles in electrophilic 

reactions (Scheme 1). 
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In the previous work of our group [15], we presented a 

convenient and efficient method for regioselective synthesis of 4-

phosphorylated allenecarboxylates, derived by an atom economical 

[2,3]-sigmatropic rearrangement of the the mediated alkoxycarbonyl-

functionalized propargyl phosphites or phosphinites formed by 

reaction of the alkyl 2-hydroxy-alk-3-ynoates with 

dimethylchlorophosphite or diphenylchlorophosphine respectively in 

the presence of a base (Scheme 2). 
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The resulting 4-phosphorylated allenecarboxylates 2 and 3 

allowed us to study its chemical behavior during the reactions with 

different electrophilic reagents such as sulfuryl chloride, bromine, 

benzenesulfanyl and benzeneselanyl chlorides. 

We found that the interaction of the alkyl 4-

(dimethoxyphosphoryl)-alka-2,3-dienoates 2a-c,f with electrophilic 

reagents occurs with 5-endo-trig cyclization by neighboring 

participation of phosphonate and carboxylate groups as an internal 

nucleophiles to give mixtures of the 5-ethoxycarbonyl-2,5-dihydro-

1,2-oxaphospholes 4 and the 5-(dimethoxyphosphoryl)-furan-2(5H)-

ones 5 as shown in Scheme 3. 
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Table 1. Synthesis of the 5-Ethoxycarbonyl-2,5-dihydro-1,2-

oxaphospholes 4 and the 5-(Dimethoxyphosphoryl)-furan-2(5H)-ones 

5 by Electrophilic Cyclization Reaction of the 4-

(Dimethoxylphosphoryl)-allenecarboxylates 2a-c,f.   

 

№ R
 

R
1 

R
2 

E Time, 

h 

4, 

Yield,
a
 % 

5, 

Yield,
a 
% 

Ratio 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Pr 

Pr 

Pr 

Pr 

Bu 

Bu 

Ph 

Ph 

Ph 

Ph 

Me 

Me 

Ph 

Ph 

Me 

Me 

Ph 

Ph 

Ph 

Ph 

Et 

Et 

Me 

Me 

Et 

Et 

Et 

Et 

Et 

Et 

Cl 

SePh 

Br 

SePh 

Br 

SePh 

Cl 

Br 

SPh 

SePh 

3 

5 

6 

4 

3.5 

5 

4 

5 

9 

7.5 

4aa, 50 

4ad, 46 

4bb, 45 

4bd, 48 

4cb, 51 

4cd, 46 

4fa, 49 

4fb, 50 

4fc, 45 

4fd, 47 

5aa, 28 

5ad, 28 

5bb, 28 

5bd, 29 

5cb, 28 

5cd, 29 

5fa, 27 

5fb, 28 

5fc, 28 

5fd, 27 

1.79 : 1 

1.64 : 1 

1.61 : 1 

1.66 : 1 

1.82 : 1 

1.59 : 1 

1.81 : 1 

1.79 : 1 

1.61 : 1 

1.74 : 1 
a 

Isolated yields by chromatographical purification on silica gel 

The treatment of the 4-(Diphenylphosphoryl)-

allenecarboxylates 3c-f with electrophiles gives (3E)-4-

(Diphenylphosphoryl)-alk-3-enoates 6 as a result of chemo-, regio, 

and stereoselective electrophilic addition to the C
2
-C

3
-double bond in 

the allene moiety (Scheme 4). 

 

E-Nu

CH2Cl2 Ph2P
O CO2R2

Nu

R1

ER

•
Ph2P

R R1

CO2R2

O

Scheme 4
3c-f 6

 



154 
 

Table 2. Synthesis of the (3E)-4-(Diphenylphosphoryl)-alk-3-enoates 

6  by Electrophilic Addition Reaction of the 4-(Diphenylphosphoryl)-

allenecarboxylates 3c-f. 

Entry R R
1 

R
2 

E Nu Time, 

h 

6, Yield,
a
 

% 
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2 

3 

4 

5 

6 

7 

8 

9 

Bu 

Bu 

Bu 

Bu 

Ph 

Ph 

Ph 

Ph 

Ph 

Me 

Me 

Ph 

Ph 

Me 

Me 

Ph 

Ph 

Ph 

Et 

Et 

Me 

Me 

Et 

Et 

Et 

Et 

Et 

Br 

SePh 

Br 

SePh 

Br 

SePh 

Cl 

Br 

SPh 

Br 

Cl 

Br 

Cl 

Br 

Cl 

Cl 

Br 

Cl 

4 

6 

5 

7 

6 

6.5 

5.5 

7 

7.5 

6cb, 70 

6cd, 64 

6db, 73 

6dd, 65 

6eb, 72 

6ed, 64 

6fa, 69 

6fb, 71 

6fc, 66 

10 Ph Ph Et SePh Cl 8 6fd, 63 
a 

Isolated yields by chromatographical purification on silica gel. 

In experimental terms, the progress of all reactions was 

monitored thin layer chromatography and IR spectroscopy, the 

obtained products were isolated and purified by column 

chromatography, and the structure of the synthesized compounds was 

established by IR, 
1
H, 

13
C-and 

31
P-NMR spectroscopy. 

 

Conclusion 

The interactiоn of the 1,3-bifunctionalized allenes with 

electrophilic reagents were investigated as it was established that the 

reactions proceeded with formation of various unsaturated 

heterocyclic and acyclic compounds. Treatment of the 4-

(dimethoxyphosphopyl)-allenoates with electrophiles gives mixtures 

of 2,5-dihydro-1,2-oxaphospholes and furan-2(5H)-ones as a result of 
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the neighbouring group participation of phosphonate and carboxylate 

groups in the cyclization. On the other hand, (3E)-4-

(diphenylphosphoryl)-alk-3-enoates were prepared, in moderate 

yields, by chemo-, regio, and stereoselective electrophilic addition to 

the C2-C3-double bond in the allenoate moiety.  
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Abstract: 

Purslane is a promising source of food with nutritional benefits. The 

total phenolic content and radical scavenging activity of P. oleracea 

leaves’ extracts were evaluated in the present study. For the purpose 

of this investigation an ethanol extract was subjected to three 

reliable antioxidant assays (ABTS, FRAP, and CUPRAC). The total 

phenolic content was evaluated as well. The same extract was stored 

in a freezer for six months in order to determine the eventual 

changes based on some technological factors. Significant 

differences were observed in the tested ethanol extract. 

Keywords: P. oleracea, antioxidants, phenolics, technological 

factors 

Introduction 

The weeds are common, dominant and easily available in 

almost all the crop fields. These are produced in very huge quantity 

and competing to crops for water, nutrients and light. But many 

phytochemicals from these plants were investigated for various 

preparations of novel natural remedies against many chronic diseases.  

Purslane (P. oleracea) is a common weed in field crops 

worldwide. Many varieties of purslane under many names grow in a 

wide range of climates and regions. The plant is fleshy, stout and 

succulent, with obovate to spathulate, obtuse opposite leaves tapering 

towards the base. The flowers are small, yellow, and sessile in clusters 

of 3-5 on the forks and tips of the branches, opening in the morning 

only. Purslane provides a rich plant source of nutritional benefits [11]. 
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It is eaten raw as a salad and also is eaten cooked as a sauce in soups 

or as greens.  

Its medicinal value is evident from its use for treatment of 

burns, headache, and diseases related to the intestine, liver, stomach, 

cough, shortness of breath, and arthritis, diabetes [5]. Its use as a 

purgative, cardiac tonic, muscle relaxant [8], wound healing [9], anti-

inflammatory [4] and diuretic treatment makes it important in herbal 

medicine. Purslane has also been used in the treatment of osteoporosis 

and psoriasis. In previous literature, a spectrophotometric analysis was 

carried out to determine the appropriate content of total flavonoids 

[13], and a capillary electrophoresis method with electrochemical 

detection was employed for quantitative determination of five 

flavonoids in P. oleracea [12]. 

Little information is found concerning the radical scavenging 

ability of purslane subjected to an alcoholic extraction. The objective 

of this study was to evaluate and compare the antioxidant potential 

and total phenolic content of freshly prepared ethanol extract of fresh 

P. oleracea leaves and the same being stored in a freezer at -18°C for 

6 months.  

 

Materials and methods 

Plant material collection 

Plant leaves were collected from its natural habitat in October 

2012 from the Plovdiv region, central southern Bulgaria.  

Extract preparation 

- heat reflux extraction - alcoholic extraction (70 % ethanol as 

solvent) for 30min; 

Determination of total polyhenolic content (TPhC)  

A modified Kujala et al. (2000) method was used for the 

determination of the total polyphenolic content (TPhC). Each extract 

was mixed with Folin-Ciocalteu reagent and 7.5% Na2CO3. The 

mixture was vortexed and left for 5 min at 50 ºС. After incubation, the 

absorbance was measured at 765 nm and room temperature.  Gallic 

acid was employed as a calibration standard and the results were 

expressed as mg gallic acid equivalents (mg GAE) per gram of plant 

weight. 

Determination of antioxidant activity 
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-ABTS•+  radical scavenging assay 

The radicals scavenging activity of the ultrasound extract 

against radical cation (ABTS•+) was estimated according to a 

previously reported procedure with some modifications [10]. ABTS•+ 

was produced by reacting 7 mM of ABTS•+ solution with 2.45 mM of 

potassium persulphate, and the mixture was kept in the dark at room 

temperature for 12-16 h. At the moment of use, the ABTS•+ solution 

was diluted with ethanol to an absorbance of 0.7 ± 0.02 at 734 nm and 

equilibrated at 30 °C. 1 ml of ABTS•+ solution was added to each 

sample (0.01 ml) was vigorously mixed. After reacting at 30 °C 

temperature for 6 min, the absorbance at 734 nm was measured. The 

TEAC value was defined as the concentration of Trolox having 

equivalent antioxidant activity expressed as µM TE per gram plant 

weight (µM TE/g PW).  

-Ferric-reducing antioxidant power assay (FRAP) 

The FRAP assay was carried out according to the procedure of 

Benzie and Strain (1996) with slight modification. FRAP assay 

measures the change in absorbance at 593 nm owing to the formation 

of a blue colored Fe (II)-tripyridyltriazine compound from colorless 

oxidized Fe (III) form by the action of electron donating antioxidants. 

Briefly, the FRAP reagent was prepared from 300 mM acetate buffer 

(pH 3.6), 10 mM TPTZ solution in 40 mM HCl, and 20 mM iron (III) 

chloride solution in proportions of 10:1:1 (v/v), respectively. The 

FRAP reagent was prepared fresh daily and was warmed to 37 °C in a 

water bath prior to use. One hundred and fifty microliters of plant 

extracts were allowed to react with 2850 µl of the FRAP reagent 

solution for 4 min at 37 °C and the absorbance of the reaction mixture 

was recorded at 593 nm. The results were expressed as µM TE/g PW.  

-CUPRAC assay 

The CUPRAC assay was carried out according to the procedure 

of Apak et al. (2004) with modifications. To a test tube were added 1 

mL of CuCl2 solution (1.0×10−2M), 1 mL of neocuproine methanolic 

solution (7.5×10−3M), and 1 mL N 4Ac buffer solution (p  7.0), and 

mixed; 0.1 mL of herbal extract (sample) followed by 1 mL of water 

were added (total volume = 4.1 mL), and mixed well. Absorbance 

against a reagent blank was measured at 450 nm after 30 min. Trolox 
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was used as standard and total antioxidant capacity of herbal extracts 

was measured as μM TE/g PW.  

Statistical analysis 

All measurements were carried out in triplicates. The results 

were expressed as mean ± SD and statistically analyzed using MS-

Excel software. 

 

Results and discussion 

 

Results of the phenolic content of purslane extracts obtained 

using ethanol as solvent are presented in Table 1. The values ranged 

from 0.46 to 0.52 mg GAE/g FW. After storing the ethanol extract for 

6 months there has been a reduction in the total phenolic content. This 

is probably due a change in the components occurring during storage. 

Phenolic compounds content can be influenced by various factors such 

as maturity, species, type of cultivation, geographic origin, level of 

growth, harvest conditions and storage process [6].  

To evaluate their radical scavenging potential, the extracts of P. 

oleracea were first tested in a FRAP assay. Radical scavenging 

activities of the extracts were also tested in two additional assays, 

namely ABTS+ and CUPRAC assays. Results of the free radical 

scavenging activity of the extracts toward the ABTS free radical was 

in range from 7.52 ± 0.46 to 6.75 ± 0.23 µM TE/g FW. The FRAP 

values of the studied extracts were presented in Table 1. In accordance 

with the ABTS assay and the total polyphenolics content, there has 

been a reduction in the activity of all of the extracts being estimated. 

Changes in the chemical composition are very likely to occur during 

storage. Further analysis would have to clear the mechanism and how 

freezing (-18ºC) influences the radical scavenging ability of P. 

oleracea leaves’ extracts. 
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Table 1. Total phenol content (mg GAE/g FW) and in vitro 

antioxidant activity (μM TE/g FW) of ethanol extracts of P. oleracea 

Methods/ 

Storage 

time 

TPC TEACABTS TEACFRAP TEACCUPRAC 

0 months 0.52 ± 0.01 7.52 ± 0.46 9.05 ± 0.06 8.47 ± 0.03 

6 months 0.46 ± 0.01 
6.75  ± 

0.23 
8.60 ± 0.18 7.33 ± 0.10 

 

Conclusion 

 

According to the present findings purslane can be used in both 

medicinal and culinary practise. P. oleracea extracts exhibited 

antioxidant activity at different levels considering the technological 

factors- freezing and storing. Consumption of purslane that contains 

various antioxidants has been recommended in order to prevent or 

slow oxidative stress caused by free radicals. However, the 

components responsible for these radical scavenging activities are still 

unknown. Therefore, further investigation requires isolation and 

identification of the compound present in the extracts.  
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Abstract.  Descriptor fingerprints have been proposed and developed 

by us in a series of previous papers for application to QSAR and 

QSPR studies. In contrast to structural fingerprints they contain 

information of physical properties (descriptors) of the studied objects. 

Here we introduce a new type of descriptor fingerprints, fuzzy 

descriptor fingerprints. They are based on the fuzzy logic theory. 

Since in the classical (Boolean) logic we have two values - true (1) 

and false (2), in fuzzy logic we have unlimited number of real values 

between 0.0 and 1.0.  A fuzzy fingerprint represents a class or cluster 

of objects having similar nature. Initial studies of the potential of fuzzy 

fingerprints to describe some physical properties were performed for 

the set of 98 biodiesel fuels, early used by us for QSPR studies. 

Key words: descriptor fingerprints, fuzzy logic, fuzzy fingerprints, 

QSAR, QSPR, similarity.  

 

Introduction 

In a series of previous papers [1-4] we have reported the 

development of descriptor fingerprint approach towards QSAR/QSPR 

investigation. The descriptor fingerprints can be applied for both the 

prediction of similar objects (chemical structures, chemical and non-

chemical products, etc.) [1-3] and clustering of the sets of objects [4]. 

In the present paper we introduce a new type of descriptor 

fingerprints, namely fuzzy descriptor fingerprints. 

mailto:ivan.bangov@gmail.com
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Methods 

The idea of descriptor fingerprints comes from structural fingerprints 

widely used in chemoinformatic practice. Both structural and 

descriptor fingerprints are arrays of discrete numbers 1 and 0. In the 

case of structural fingerprint a number 1 corresponds to a fragment 

from an array of fragments, falling in the same position as the number 

1 is; in case such a fragment exists within the structure.(see figure 1).  

 

Figure 1. Structural fingerprint formation representation. 

In contrast, a descriptor fingerprint is formed by the real values 

of descriptors (usually physical properties). Each descriptor has an 

interval. The user gives a resolution and the intervals are divided into 

sub intervals. If a descriptor value falls into an interval, a discrete 

value is put in it, the other intervals remaining 0s. This case is 

illustrated in Figure 2. In cases, structural and descriptor fingerprints 

the Boolean logic is used. True is equal to 1, and false, respectively to 

0.  The similarity search is usually carried out by using a similarity 

measure. We use the Tanimoto index to this end. Accordingly, in 

paper [3] we have reported the employment of the descriptor 

fingerprints for the clustering of biodiesel by using the Butina 

approach [5]. 
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Figure 2. Presentation of descriptor fingerprint formation. 

In the present paper we introduce the cluster fuzzy fingerprints. 

Each cluster is assigned with such a fuzzy fingerprint. 

 The formation of fuzzy fingerprints is carried out by summing 

of all elements having value 1 at the same position over all the 

fingerprints of a cluster divided to the number of 1s within a 

descriptor interval (Nd). The formation of a cluster fingerprint is 

presented in Figure 3. 

The elements of the cluster fuzzy descriptor fingerprint are real 

values from 0.0 to 1.0. Hence, they correspond to the fuzzy logic 

proposed by Zadeh [6].   

A Fuzzy Factor FF=sum/Ndsc is defined as the sum of all fuzzy values 

of a cluster fuzzy fingerprint corresponding to the 1s in the query 

fingerprint divided by Ndsc= number of descriptors. Hence, the 

comparison of a query fingerprint is carried out over all the clusters 

represented by their fuzzy fingerprints and the object having the 

highest FF value is selected as the most probable.  
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Figure 3. Formation of a fuzzy descriptor fingerprint. 

 

Results and Discussion 

 

An internal validation of 98 biodiesels against the cluster fuzzy 

descriptor fingerprints was carried out in this study. The clusters were 

formed by using the names of the corresponding oils.  

Query   1  ---sunflower with CLUSTER 1   sunflower 

FF=0,48737 

Query   1  ---sunflower with CLUSTER 8   X-mix-sunfl 

FF=0,23333  NO MATCH 

Query   1  ---sunflower with CLUSTER 3   corn 

FF=0,22500--->  NO MATCH 

Query   1  ---sunflower with CLUSTER 5   palm 

FF=0,22222--->  NO MATCH 

Query   1  ---sunflower with CLUSTER 9   X-mix-sunfl-soy 

FF=0,20000- NO MATCH 
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Query   1  ---sunflower with CLUSTER 10   X-mix-soy-rape 

FF=0,20000- NO MATCH 

Query   1  ---sunflower with CLUSTER 4   soyabean 

FF=0,14035--->  NO MATCH 

Query   1  ---sunflower with CLUSTER 6   peanut 

FF=0,10000--->  NO MATCH 

Query   1  ---sunflower with CLUSTER 2   rape 

FF=0,09091--->  NO MATCH 

Query   37  ---rape with CLUSTER 2   rape FF=0,53965 

Query   37  ---rape with CLUSTER 9   X-mix-sunfl-soy 

FF=0,33333--->  NO MATCH 

Query   37  ---rape with CLUSTER 8   X-mix-sunfl 

FF=0,26667--->  NO MATCH 

Query   37  ---rape with CLUSTER 10   X-mix-soy-rape 

FF=0,26667--->  NO MATCH 

Query   37  ---rape with CLUSTER 7   X-mix-rape 

FF=0,23333--->  NO MATCH 

Query   37  ---rape with CLUSTER 6   peanut FF=0,20556--

->  NO MATCH 

Query   37  ---rape with CLUSTER 4   soyabean 

FF=0,16140--->  NO MATCH 

Query   37  ---rape with CLUSTER 3   corn FF=0,12500--->  

NO MATCH 

Query   37  ---rape with CLUSTER 1   sunflower 

FF=0,09293--->  NO MATCH 

 

Figure 4. Two cases ( Query 1, sunflower and Query 37, rape) 

compared against all cluster fuzzy fingerprints). No matching 

fingerprints to the cluster fuzzy fingerprints are designated with NO 

MATCH.  
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The results from the comparison between a query fingerprint against 

all cluster fuzzy fingerprints are sorted in descending order with 

respect to the FF values as shown in Figure 4 for two biodiesel 

clusters, sunflower and rape oils.  

The fingerprints of highest FF are highlighted in black, and the 

fingerprints falling in the wrong cluster denoted with NO MATCH 

mark. Further the highest value fingerprints form new clusters.  

 

The results show that the new clusters reproduce the old ones, i.e., all 

the biodiesels of a given oil origin fall in the cluster corresponding to 

this oil.  
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Abstract: The aim of this paper is to develop theoretical and 

experimental study on the stability of colloidal dispersions of -Al2O3 and 

CuO powder in polar media. In the colloidal suspensions with dispersed 

phase and dispersion medium as follows: 0,0166vol% -Al2O3 / C2H6O2 ; 

0,0049 vol% -Al2O3 / H2O; 0,00039 vol%CuO / H2O is measured the Zeta 

potential using the Zetasizer (Malvern Instruments Ltd). In these three 

nanofluids is calculated sedimentation velocity, according to Stokes’ law. 

In this study the most stable colloid is 0,0166 vol% -Al2O3 / C2H6O2 with 

highest zeta potential = - 90,5 mV and with optimal parameters for kinetic 

stability. In this work electrostatic stabilization of oxide particles is 

theoretical investigated by ionization of surface groups of carboxylic acids 

and by differential solution of ions from the surface of -Al2O3 and CuO. 

Further this development is need for the optimization of the colloidal 

stability and the study of the properties of these fluids.   

Keywords: suspension, colloid stability, zeta potential, 

electrical double layer, adsorption, electrolyte dissociation 

 

Introduction 

Aqueous and nonaqueous particulate dispersions are 

encountered in industrial applications, ceramics, nanotechnology, 

cosmetics and food. Nanofluids are engineered colloidal dispersions of 

nanoparticles in a liquid. The field of nanofluids has seen much 

interest due to reported heat transfer enhancements over the 

corresponding pure fluids at low particle concentrations [1]. In 

colloidal processing it is generally advantageous to have a good 

dispersion. Optimized dispersions can be obtained by choosing 

effective dispersion and an appropriate dispersant at optimum 

concentration and other solution chemistry such as pH. Adsorption of 
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surfactants on solids in contact with aqueous and nonaqueous 

solutions is important for controlling a variety of interfacial processes. 

An understanding of the mechanisms of adsorption is essential for 

improving the efficiency of such processes [2].  

 

Theory 

The particles in colloidal dispersions in liquid media carry an 

electric charge. The nature of this charge is the same on all the 

particles in a given colloidal solution and may be either positive or 

negative. The charge on the sol particles is due to electron capture by 

sol particles during electrodispersion of metals, due to preferential 

adsorption of ions from solution and due to formulation of electrical 

double layer. The sol particles acquire positive or negative charge by 

preferential adsorption of positive or negative ions. When two or more 

ions are present in the dispersion medium, preferential adsorption of 

the ion common to the colloidal particle usually takes place. These 

ions which are responsible for generating the surface charge are called 

the potential determining ions for the system. The H
+
 and OH

−
 ions 

are potential determining ions for oxides (Figure 2 and Figure 3). The 

development of a nett charge at the particle surface affects the 

distribution of ions in the surrounding interfacial region, resulting in 

an increased concentration of counter ions close to the surface. Thus 

an electrical double layer exists around each particle [3].  

The electric potential that exists between the particle surface 

and the dispersing liquid at the slipping plane is Zeta potential. Zeta 

potential is very important parameter to determine the stability of 

colloidal suspensions. The dividing line between stable and unstable 

suspensions is generally taken at either +30 mV or -30 mV. Particles 

with zeta potentials more positive than +30 mV or more negative than 

-30 mV can usually lead to stable suspensions. Problems with 

dispersion stability would be expected at zeta potential values are 

between +30 and -30mV. The point with zero zeta potential is called 

the Isoelectric point. It is normally the point where the colloidal 

system is least stable (Figure 1). 
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a) 

 
b) 

 
c) 

 

Figure 1. a) Typical plot of zeta potential versus pH showing the 

position of the isoelectric point and the pH values where the 

dispersion would be expected to be stable [4], b) Influence of pH on 

zeta potential for Al2O3/H2O nanofluids [5], c) Zeta potential curves 

for 1 wt.% suspension of Al2O3 in WEG and WPG at 20°C [6]. 

 

DLVO: Electrostatic repulsion + Van der Waals attraction - Particles 

in dispersion may adhere together and form aggregates of increasing 

size which may settle out due to gravity. Stability means that the 

particles do not aggregate at a significant rate. The rate of aggregation 

is in general determined by the frequency of collisions and the 

probability of cohesion during collision. Derjaguin, Landau, Verwey 

and Overbeek (DLVO) developed a theory which dealt with colloidal 

stability. DLVO theory suggests that the stability of a particle in 

solution is determined by the sum of van der Waals attractive and 

electrical double layer repulsive forces that exist between particles as 
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they approach each other due to the Brownian motion they are 

undergoing. If the attractive force is larger than the repulsive force, the 

two particles will collide, and the suspension is not stable. If the 

particles have a sufficient high repulsion, the suspensions will exist in 

stable state.  

Surface Charging - The largest part of a solid in contact with an 

aqueous phase acquires a surface electrical charge due to the redistribution 

of charged species in the interfacial region. Different concepts of charging 

mechanisms (different ways different surfaces may become electrically 

charged) can be found in the relevant literature. Three different ways are 

listed by Stumm: 

1. Charge may arise from chemical reactions at the surface (i.e., 

the surface contains ionizable functional groups: -OH, -COOH, -SH); 

2. Lattice imperfections at solid surface (i.e., isomorphous 

replacements); 

3. A surface charge may be established by adsorption of a 

surfactant ion (i.e. preferential adsorption of a surface - active ion) [7]. 

Stabilization due to electrostatic repulsion is due to formation of a 

double layer at the particle. The stability of such dispersions is very 

sensitive to the addition of electrolytes. Electrostatic stabilization is based 

on the surface change of nanoparticles in a sol. Such a surface charge will 

interact with other charged species in the sol to form a charged structure 

around the particle, which in turn introduces an electric potential barrier to 

prevent two particles from approaching one another.  

Ionisation of surface groups. If the surface contains acidic groups, 

their dissociation gives rise to a negatively charged surface (Figure 4). The 

magnitude of surface charge depends on the acidic strengths of the surface 

groups and on the pH of the solution. The surface charge can be reduced to 

zero – at the point of zero charge, p.z.c. (Figure 1) by suppressing the 

surface ionization by decreasing pH. Many metal oxides as -Al2O3 exhibit 

amphoteric behavior in that both positively and negatively charged surfaces 

can be obtained by varying the pH [4]. 
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Table 1. Electrical double layer of -Al2O3 and CuO – Suspensionen.  

 

 
a) 

 

b) 

Figure 2. Positively charged phase boundary of suspensions: a) CuO 

and b) -Al2O3 in Distilled water (H2O) at measured Zeta potential a) 

= + 15,4 mV and b) = + 41,6 mV. 

                                    
Figure 3. Negatively charged phase boundary of suspension -Al2O3 

/ Ethyleneglycol (C2H6O2) at measured Zeta potential  = - 90,5 mV. 
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Figure 4. Origin of surface charges by ionization of acid groups to 

give a negatively charged surface [4].   

 

One of the earliest (1900) generalizations about the effect of 

added electrolyte is a result known as the Schulze-Hardy rule. This 

rule states that it is the valence of the ion of opposite charge to the 

colloid that has the principal effect on the stability of the colloid. The 

critical coagulation concentration (CCC) value for a particular 

electrolyte is essentially determined by the valence of the counterion 

regardless of the nature of the nature of the ion with the same charge 

as the surface. The numbers listed in (Table 2) are the CCC values in 

moles per liter for counterions of the indicated valence. About 6.10
-4

 

M of divalent anion is required to coagulate positive Al2O3 sols. [8]   

 

Table 2. Critical Coagulation Concentration Values (in Moles 

Litter
-1

) for Mono-, Di-, Tri-, and Tetravalent Ions Acting on Positive 

Colloids (Numbers in Parentheses) and CCC Values Relative to the 

Value for Monovalent Electrolytes in the Same System (Numbers 

Outside Parentheses) [8].  

Valence of  
counterion 

Positively charged colloid 

Al2O3-sol 

1 ( 5,2x10-2 ) 1 

2 ( 6,3x10-4 ) 1,2x10-2 

3 ( 8x10-5 ) 1,5x10-3 

4 ( 5,3x10-5 ) 10x10-4 

Potential- 
determing 

ion 
H+ 
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Adsorption of a surfactant ion - Adsorption is brought about 

by the interactions between the solid and the molecules in the fluid 

phase. Surfactant is a substance which lowers the surface tension of 

the medium in which it is dissolved, and the interfacial tension with 

other phases, and accordingly is adsorbed at the liquid-vapor or other 

interfaces. The surface activity of a particular surfactant depends on 

the balance between its hydrophilic and hydrophobic properties. For 

homologous series n and n+1 by σ=const of surfactants: An increase 

in the length of the hydrocarbon chain (hydrophobic) increases the 

surface activity. This relationship between hydrocarbon chain length 

and surface activity is expressed by Traube’s rule (Figure 6), which 

states that in dilute aqueous solutions of surfactants belonging to any 

one homologous series, the molar concentrations required to produce 

equal lowering of the surface tension of water decreases threefold for 

each additional CH2 group in the hydrocarbon chain of the solute. An 

increase in surface activity means a decrease in surface tension , N/m 

[9]. 

 

 

 
 

Figure 5. Molecular structure of Surfactant (CH3COOH) [9].          
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Figure 6. Traube’s rule [10]. 

 

When using Traube’s rule for every extra C 2 group in the 

compound is needed 3,2 times less concentration of the compound to 

produce the same lowering of surface tension [10].   

  

        
  

    
                                      (1) 

The strength of an acid is measured by its acid dissociation 

constant Ka.The quantity: 

                         pKa = -log10Ka                (2) 

is used to express the acid dissociation constant (Table 3). 

 

Table 3. Acid dissociation constant and solubility of electrolytes at 

temperature 25°C [11]. 

 

№ 
Electrolyte 
(Molecular 

formula) 

Acid 
dissociatio
n constant 

pKa 

 
Solubility 

 

Electrolyte 
dissociation 

I. Carboxylic acid  

1. 
Formic acid (H-
COOH) 3,75 miscible in 

H2O and in 
ethanol 

 

 
2. 

Acetic acid (H3C-
COOH) 

4,756 
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3. 

Propanoic acid 
(H3C-CH2-COOH) 4,87 

4. 

Butanoic acid  
(H3C-CH2-CH2-
COOH) 

4,83 

5. 
Ethanedioic acid  
(COOH-COOH) 

pKa1=1,25 
pKa2=3,81 

soluble in 
H2O, very 
soluble in 
ethanol 

 

The Fajans-Peneth precipitation and adsorption rule is a rule 

governing how a small amount of one substance (tracer) is carried 

down to a precipitate of another substance present in much larger 

amount (carrier) by co-precipitation or adsorption. The rule is 

essential to the understanding and manipulation of any carrier material 

in aqueous solution indicated that in cases where the tracer material 

forms a mixed crystal with the carrier precipitate then the lower the 

solubility of the compound formed by the tracer cation with the anion 

of the precipitant, the greater the amount of the tracer carried down as 

cation. When the tracer substance forms a mixed crystal, then the 

separation by co-precipitation only weakly depends on the conditions 

[12].   

Factors affecting adsorption [9]:  

 Solubility of the adsorbate: the extent of adsorption of a solute 

is inversely proportional to its solubility (Table 3 and Table 4) 

II. Chlorides 

1. 
Aluminum 
chloride (AlCl3

 

) 

- 

45,125 (g/100 g 
H2O)  

2. 
Copper(II) 
chloride 
(CuCl2) 

75,725 (g/100 g 
H2O)  
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in the solvent from which adsorption occurs. This empirical rule 

is termed Lundelius' rule. For homologous series, adsorption 

from solution increases as the series is ascended and the 

molecules become more hydrophobic. 

 pH (Figure 1): for simple molecules adsorption increases as the 

ionisation of the drug is suppressed, the extent of adsorption 

reaching a maximum when the drug is completely unionised. 

 Nature of the adsorbent: the most important property affecting 

adsorption is the surface area of the adsorbent; the extent of 

adsorption is proportional to the specific surface area. Thus, the 

more finely divided or the more porous the solid, the greater 

will be its adsorption capacity. To satisfy these two 

requirements, the following aspects must be satisfied: the solid 

must have reasonably high surface area and relatively large pore 

network for the transport of molecules to the interior. 

 Temperature: since adsorption is generally an exothermic 

process, an increase in temperature normally leads to a decrease 

in the amount adsorbed. 

The hydrophilic-hydrophobic characteristics of the membrane 

surface play a capital role in the separation. Preferential water 

adsorption on the membrane surface is encountered when the 

membrane is hydrophilic in nature, like ceramic membranes. The 

alcohol effectively adsorb on alumina membranes in order to modify 

their characteristics. The alcohol can chemisorb by reaction of its 

hydroxyl group with surface hydroxyl groups of the alumina, thus 

forming a stable alkoxide and releasing water (Figure 7) [13].    

 
Figure 7. Chemical adsorption mechanism of alcohol on alumina 

surface.  

 

 

 

 



181 
 

 

Materials And Methods 

For investigation in the present experimental work are used -

Al2O3 and CuO nanoparticles having an average particle size of 50 nm 

(Table 4). 

γ-Al2O3 is an important material in nanotechnology because of its high 

catalytic surface activity.  

-Al2O3 is ionic-covalent crystal, which exists as white 

powder. Activated alumina is a porous high-area form of aluminum 

oxide, prepared either directly from bauxite (Al2O3.3H2O) or from the 

monohydrate by dehydration and recrystallization at elevated 

temperature. The surface is strongly polar and has both acidic and 

basic character, reflecting the amphoteric nature of the metal [14]. A 

stable suspension of -Al2O3 may be prepared in liquids of a 

sufficiently electrolytic dissociating power.  

Copper (II) oxide (CuO) is black powder with monoclinic 

tenorite crystal structure. CuO has a high catalytic activity in the 

oxidation by molecular oxygen, because of active centers associated 

with dislocations on the surface.  

Distilled water and Ethyleneglycol (Table 5) are taken as the 

base fluids for preparation nanofluids. 

 

Table 4. Properties of dispersed phase [11]. 

Ionic 
compound 

Type of 
oxide 

Qualitative 
solubility 

Isoelectric 
point 
(IEP) 

Manufacturer/ 
Supplier 

Aluminum 
oxide 
(  
   

    
  ) 

amphoteric 
oxide 

insoluble in 
H2O and in 
organic 
solvents;  
slightly 
soluble in 
alkaline 
solutions. 

89 
Sigma-Aldrich 

Ltd 

Copper(II) 
oxide 

(       ) 

basic 
oxide

 

insoluble in 
H2O and in 
ethanol; 
soluble in 

9,5 
Nanophase 

Technologies 
Corp. 
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dilute acid. 

Table 5. Properties of disperse medium (at T=25°C) [11]. 

Molecular 
compound 

Molecule 

Dissoci-
ation 

constant, 
pKa  

Surfa-
ce 

tensio

n , 
N/m 

Manufac-
turer/ 

Supplier 

Distilled water 
(H2O) 

nonorganic 
polar 
molecule 

13,995 71,99 - 

Ethyleneglycol 
(C2H6O2) 

organic polar 
molecule 

15,1 47,99 
AppliChem 

GmbH 
 

The amount of -Al2O3 and CuO nanoparticles required to 

prepare nanofluids of different percentage volume concentration in a 

100 ml of base fluid is summarized in the Table 6 shown below.  

 

Table 6. Observations for -Al2O3 and CuO suspensions’ test samples 

after prolonged sonication. 

Test 
samp
le № 

Dispers
ed 

phase 

Particle 
concentrat
ion (vol%) 

Disper
se 

mediu
m 

Zeta 
potent

ial  

(, 
mV) 

Averag
e 

particle 
size in 
nanofl

uid 
(d, nm) 

Resu-
lts 

1. -Al2O3 
0,0166 
vol.% 

C2H6O2 - 90,5 215,2 stable 

2. 
-Al2O3 

0,0049 
vol.% 

H2O + 41,6 283,3 stable 

3. CuO 0,00039 
vol.% 

H2O + 15,4 359,8 unsta
ble 

 



183 
 

Preparation of metal oxide-nanofluids by two-step method: 

first the nanoparticles are obtained by different methods and then are 

dispersed into the base liquid.  

Procedure: Nanopowders -Al2O3 and CuO are directly mixed 

in the base liquids ethyleneglycol (Figure 8) and in distilled water. All 

the test samples of nanofluids used subsequently for estimation of 

their stability were subjected to prolonged magnetic stirring process 

for 2 hours by ultrasonic mixer UltraTurrax T25 basic and followed by 

ultrasonic vibration for 5 hours by Bandelin Sonorex AK 102 

Transistor. Ultrasonication was used for preparation of mixed nano-

suspensions, which is an accepted technique for dispersing the highly 

entangled or aggregated nanoparticle samples, but longer time of high-

energy sonication can introduce defects.  

 
Figure 8. -Al2O3 / C2H6O2 nanofluid. 

 

The Zeta potential (, mV) of nanoparticles was measured by 

Laser Doppler Velocimetry technique of Zetasizer (Malvern 

Instruments Ltd). This instrument uses a combination of two-

measurement techniques, i.e. electrophoresis and laser Doppler 

velocimetry. This combination method measures the velocity of a 

particle in a liquid when an electrical field is applied. Zeta potential is 

a measure of the magnitude of the electrostatic or charge repulsion or 

attraction between particles in a liquid suspension. Electrophoresis is a 

process where suspended particles carrying electrical charge travel 

through a fluid in response to an applied electric field.  
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Figure 9. Schematic diagram showing the basic cathodic 

electrophoretic deposition [15]. 

 

The velocity of a particle in a unit electric field is referred to 

as its electrophoretic mobility. Zeta potential  is related to the 

electrophoretic mobility of charged particles UE by the Henry 

equation: 

                   
 

 
 
      

 
      

  

   
                (3) 

where UE is the electrophoretic mobility, ε is dielectric constant of 

base fluid, εo is permittivity of vacuum,  is dynamic viscosity and 

f(ka) is  enry’s function. 

The Zetasizer instrument combines techniques as Dynamic 

light scattering (DLS) and Electrophoretic Light Scattering (ELS) into 

one instrument giving the capability to measure both particle size and 

zeta potential.  

DLS is well-established technique for measuring the size of 

particles and macromolecules typically in the submicron region down 

to below 1 nm. It can be used to measure samples which consist of 

particles suspended in a liquid e.g. proteins, polymers, micelles, 

carbohydrates, nanoparticles, colloidal dispersions, and emulsions. 

The diameter measured in DLS is called the hydrodynamic diameter 

(Figure 10) and refers to the way a particle diffuses within a fluid. The 

diameter obtained by this technique is that of a sphere that has the 

same translational diffusion coefficient as the particle being measured. 

The translational diffusion coefficient will depend not only on the size 

of the particle ‘core’, but also on any surface structure, as well as the 

concentration and type of ions in the medium.  
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ELS is a technique used to measure the electrophoretic 

mobility of particles in dispersion, or molecules in solution. This 

mobility is often converted to zeta potential to enable comparison of 

materials under different experimental conditions. 

 
Figure 10. Illustration of the reported hydrodynamic diameter in DLS 

being larger than the ‘core’ diameter [16]. 

 

Results And Discussion  

 

Test Sample №1: -Al2O3 0,0166 vol.% / C2H6O2 

1.1 Size Distribution Report by Intensity: 

 Dispersant  Name: Ethylene Glycol (EG) 

 Dispersant RI: 1,429 

 Viscosity (cP): 16,1118  

 Dispersant Dielectric Constant: 37,7 

 Temperature (°C): 24,9 (25) 
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Figure 11. Particle size distributions of C2H6O2 nano-suspension – 

Test sample №1. 

1.2 Zeta Potential Report: 

 
 

Test Sample №2: -Al2O3 0,0049 vol.% / H2O 

2.1 Size Distribution Report by Intensity: 

 Dispersant  Name: Water 

 Dispersant RI: 1,330 

 Viscosity (cP): 0,8872 

 Dispersant Dielectric Constant: 78,5 

 Temperature (°C): 25 
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Figure 12. Particle size distributions of H2O nano-suspension – Test 

sample №2. 

 

2.2 Zeta Potential Report: 

 

 
 

Figure 13. Zeta potential distribution of Test sample №2. 
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Test Sample №3: CuO 0,00039 vol.% / H2O 

3.1 Size Distribution Report by Intensity: 

 Dispersant  Name: Water 

 Dispersant RI: 1,330 

 Viscosity (cP): 0,8872 

 Dispersant Dielectric Constant: 78,5 

 Temperature (°C): 24,9 (25) 

 

 
 

Figure 14. Particle size distributions of H2O nano-suspension – Test 

sample №3. 

3.2 Zeta Potential Report: 
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Figure 15. Zeta potential distribution of Test sample №3. 

 

According to Stokes' law the sedimentation velocity (V) in a colloid 

can be expressed as follows [6]:    

  
  

  
           , nm/s               (4) 

The rate of sedimentation decreases with decreasing particle radius 

(R), density difference between the particle and the liquid (ρp - ρl), and 

increasing base liquid viscosity (μ). These are all important 

parameters for a kinetically stable nanofluid. Particle sizes for this 

calculation were extracted from Zetasizer measurements. If the 

particles have a density different from the dispersant, they will 

eventually sediment forming a close packed bed. 

 

Table 7. Sedimentation velocity (V, nm/s) in the colloid at 

temperature T=25°C. 

1. 
Disperse 

medium 

Ethylene 

glycol  
Distilled water  

1.1 

Base fluid 

density 

          

1109,79 997,0034 

1.2 

Base fluid 

dynamic 

viscosity 

          

16,1118 0,8872 
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2. 
Disperse 

phase  

0,0166 

vol%  

-Al2O3 

0,0049 vol% 

-Al2O3 

0,00039 

vol% 

CuO 

2.1 

Average 

particle size 

dp, nm 

(from 

Zetasizer 

measurements) 

215,2 283,3 359,8 

2.2 

Particle 

density 

         
4000 4000 6315 

3. 
   

           
2890,21 3002,9967 5317,9967 

4. 

Sedimentation 

velocity in the 

colloid V, 

nm/s 

2,2638 74,0275 211,4537 

 

Conclusions 

 This paper concerns with the stability of -Al2O3/C2H6O2, -

Al2O3/H2O and CuO/H2O nanofluids. This article presents the basic 

principles of adsorption and stabilization rules as: Schulze-Hardy rule, 

Traube’s rule, Fajans-Paneth precipitation and adsorption rule, and 

Lundelius’ rule. The important parameters for a kinetically stable 

nanofluid according to Stokes’ law for the sedimentation velocity as 

its properties which include density, dynamic viscosity and particle 

radius were covered. Key conclusions from the theory and the 

experimental results can be summarized as follows:   

 The Zeta potential, adsorption and electrolyte dissociation are 

important basis for dispersion stability. 

 The experimental results of Zeta potential measurements (, mV) 

concur with the models of electrical double layer shown in the 

Table 1. 
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 -Al2O3/C2H6O2, -Al2O3/H2O and CuO/H2O nanofluids by two-

step method were prepared. The particle size distribution shows 

best dispersion behavior in the suspension -Al2O3/C2H6O2. 

 The measured Zeta potential is +15,4 mV for CuO/H2O nanofluid 

and this low value is typical of unstable suspension. Conversely, 

the Zeta potential is +41,6 mV for -Al2O3 / H2O nanofluid and –

90,5 mV for -Al2O3 / C2H6O2 nanofluid and these values are 

typical of stable suspensions ( > ±30 mV).           

 To improve the stability of the studied suspensions could add the 

following electrolytes: carboxylic acids with good surface activity 

as acetic acid (H3C-COOH), butanoic acid (H3C-CH2-CH2-

COOH), ethanedioic acid (COOH-COOH) and addition of 

chloride salts as Aluminum chloride (AlCl3) and CuCl2. The 

addition of electrolytes should be below the critical coagulation 

concentration (CCC) value according the Schulze-Hardy rule. The 

long-term stability of investigated -Al2O3 and CuO nanofluids is 

a key issue for both scientific and practical application. 
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Abstract: Research on this topic have been conducted in the 

Experimental Station of Agriculture – Khan Krum during period 2009 

– 2011. In the second year nursery has been studied the dynamics of 

growth and thickening of cultivars Independence, Nectagrand 2, 

Aureliogrand, Fantasy, Kassiopeia and Caldessi 2000 grafted on 

seedlings rootstock (Elbert) and clonal GF – 677.The aim this study 

was to investigate the growth characteristics of introduced cultivars of 

nectarines grafted of traditional seedlings rootstock (Elbert) and GF – 

677. At the beginning of the vegetation period on seed cultivars 

rootstock (Elbert) have strong growth and thickening Stem. The 

dynamics of growth and thickening Stem depends on the used 

rootstock and cultivar. The obtained planting material correspond to 

existing quality standards. 

Key words: rootstocks, cultivars, nectarines, grafted   

 

Introduction 
 

Choice of rootstock is becoming increasingly difficult as a 

result of the availability of numerous new rootstocks. 

 Peach and nectarine cultivars grafted on clonal rootstock GF-

677 is characterized by stronger growth, larger fruited, later maturity 

and high yield compared to the – widely used seedling rootstock  

Bozkova et al. [2012], Motisi et al. [2006], Schmid, [2003].  

mailto:dimi_a@abv.bg
mailto:dimi_a@abv.bg
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 According to data Motisi et al. [2006] fruit quality of cultivar 

Rich May with rootstock GF – 677 has a larger variation.        

 According to Remorini et al. [2006] medium strength 

rootstocks determine a better quality of fruit peach compared to the 

strong growing.  

 Beckman et al. [2006] tested peach cultivar Krestheyvan of 

rootstocks Guardian and Nemagard. Propagating material of the 

rootstock has a high cumulative yield, while the grafting of Lovell are 

distinguished by relatively low yield. 

 Loreti and Massai [2006] determined that when choosing a 

rootstock to create a new orchard takes important place resistant of 

abiotic (low winter temperatures, active lime, soil pathogens, drought 

and water logging of the soil) and biotic (nematodes, fungi and 

bacteria) factors. 

 Over the past few years than traditionally used rootstocks in 

peach production of planting material increasingly cuts clonal 

rootstocks GF - 677.In this connection the aim of the present work is 

study the dynamics of growth in some introduced cultivars nectarines.   

 

Material and methods 
 

Studies on the this topic were conducted in the period 2009      

- 2011 year at the Experimental Station of Agriculture – Khan Krum. 

Experience is the set with three replications in five trees from cultivar 

– rootstock combinations. Fruit Nursery is under irrigation. In the 

nursery second year are tested nectarine cultivars Independence, 

Nectagrand 2, Aureliogrand, Fantasy, Kassiopeia and Caldessi 2000 

grafted in seminal (Elbert) and clonal GF–677 rootstock. The clonal 

rootstock was obtained from the Fruit growing Institute-Plovdiv. 

Rootstocks were planted at a distance 80/12 cm in the middle of 

March. 

 Grafting was performed on a dormant bud in August by the 

method of T-shaped cut. During the vegetation growth in the trees and 

during 10 days were measured in 20 plants of the cultivar-rootstock 

combination. With micrometer measured the thickness of the stems of 

15 cm from the point of grafting and their height.   
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  Statistical analysis was made use using the criteria of Dunkan. 

[Lidanski., 1988]. 

 

Results and discussion 
  

Table 1 presents data on the height and thickness of the 

rootstock combinations measured at the end on the of growing season. 

With proven highest seedling rootstock plants are distinguished 

cultivars Kassiopeia, Nectagrand 2 and Caldessi 2000 [178,9 – 187,3]. 

With relatively low trees are characterized Fantasy and Aureliogrand 

[153,0 – 156,4].  

The thickness of the trees is an important indication of which 

depend on the quality of planting material. The thickness of the 

grafted cultivars of seedling rootstock varied range of value from 13,6 

tо 17,0 mm. It is seen that a thicker stem are Nectagrand 2, Caldessi 

2000, Kassiopeia and Idependence [14,5 – 17,0]. Proved the lowest 

values were observed in Aureliogrand and Fantasy.  

Where these cultivars are grafted on clonal rootstock GF– 677 

height varies within a range of values from 159,3 to 189 сm. With 

proven higher plants are characterized Aureliogrand, Caldessi 2000 

and Nectagrand 2. Relatively low plants are Fantasy and 

Independence [159,3 – 166,9 cm].  

 

Table 1. Size of the obtained trees in the nursery second year 

[average for the period 2009 – 2011] 

 
 

Cultivars 

Rootstocks     

 Seminal  INRA GF 

677 

  

 Height,    cm Thickness, 

mm 

Height, 

cm 

 Thickne

ss, mm 

Aureliogrand 

Nectagrand 2 

Independence 

Fantasy 

Caldesi 2000 

Kassiopeia 

156,4 e 

181,6 b 

164,4 d 

153,0 e 

187,3 a 

178,9 c 

13,6 d 

14,5 b 

17,0 a 

14,1 c 

14,9 b 

16,8 a 

 179,0 c 

189,6 a 

166,9 d 

159,3 e 

184,9 b 

176,1 c 

15,8 c 

15,4 d 

16,0 b 

14,4 e 

15,4 d 

16,5 a 

LSD 5%     2,3 0,4  4,0 0,1 
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The thickness of the examined cultivars was in the range from 

14,4 to 16,5 mm. Relatively high values are cultivars Aureliogrand, 

Independence and Kassiopeia 15,8 – 16,5 mm. With the lowest values 

for this indicator is characterized cultivar Fantasy. 

Figure 1 present the dynamics of growth and thickening of the 

stem. At the beginning of the vegetation period on seed cultivars 

rootstock (Elbert) have strong growth and thickening Stem. In 

Aureliogrand, Nectagrand 2 and Fantasy observed equalization the 

pace of growth and thickening of the seminal (Elbert) and clonal 

rootstock GF – 677. After which the grafting rootstocks GF – 677 had 

superiority and are characterized by strong growth. Kassiopeia cultivar 

is characterized by strong growth and thickening stem when grafted 

on seedling rootstock. Caldesi 2000 growing strongly at a height of 

seedlings rootstock and grafted thickness when the GF – 677 

Independence has taller plants on rootstock GF – 677 and 

strong thickening stem when is seminal rootstock.  

 

Conclusions 
  

At the beginning of the vegetation period on seed cultivars 

rootstock (Elbert) have strong growth and thickening Stem. 

The dynamics of growth and thickening Stem depends on the 

used rootstock and cultivar.  

The obtained planting material correspond to existing quality 

standards. 
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             Height of the seminal rootstock                   

            

Height of the GF-677 

  

 Thickness seminal rootstock         

 

 Thickness of the stem GF – 677 

 

Figure1. Dynamics of growth and thickening of the stem 
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Abstract: The study of the medicinal plants in Danubian Plain 

(Northern Bulgaria) is made for the first time. To determine the 

boundaries, we used the map of the floristic regions in Bulgaria. 

This study was conducted through the analysis of the data in the 

Conspectus of the Bulgarian vascular flora. The results show a 

significant diversity of the medicinal plants in Danubian Plain 

floristic region: 570 species of vascular plants from 345 genera and 

95 families. The majority of the families and genera are presented 

with a small number of species – from 1 to 4. The analysis of the life 

form indicates that the hemicryptophytes dominante (45.26%). The 

biological types are represented mainly by perennial herbaceous 

plants (57.02%). The highest percentage of species are of the 

European type (57.72%), followed by species of Mediterranean type 

(15.79%). Among the medicinal plants, there are 2 Balkan endemics 

and 28 relics. The number of species with conservation status is 57 

(10.00%). Twenty species are prohibited from gathering herbs from 

their natural habitats. For 8 species are imposed restrictive regime 

for gathering herbs from their natural habitats. The antropophytes 

are 360 (63.16%). The obtained data can be used as a basis for a 

comparison with the data of the medicinal plants in other floristic 

regions in Bulgaria. 

Key words: Danubian Plain, medicinal plants, analysis 
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Introduction 

Bulgaria is among the European countries with the highest 

biodiversity. Only vascular plants that are established in the country 

are 4102 species belonging to 913 genera and 155 families [1]. The 

total number of medicinal plant species in Bulgaria is 844 species 

belonging to 444 genera and 118 families. Of these, 730 species of 

vascular plants spread spontaneously are included in Medicinal Plants 

Act [2]. The remaining 114 species are also distributed spontaneously 

and are described in the literature on medicinal plants in Bulgaria. 

Knowledge of the vascular flora in geographical, historical, 

taxonomic and ecological terms are expressed in the proposed by 

different authors phytogeographic division of the country. The most 

widely accepted phytogeographic zoning was first published in 1966 

in Flora of PR Bulgaria, vol. 3 [3] and has since been most used in the 

Bulgarian botanical literature. According to it, the country is divided 

into 20 floristic regions. One of the biggest regions is Danubian Plain. 

The area is located in Northern Bulgaria. On its territory are described 

1560 species of vascular plants from 533 genera and 118 families [4]. 

Until now is not studied the medicinal plants in floristic region 

Danubian Plain. 

 

Materials and Methods 

This study was conducted based on an analysis of data for 

distribution of vascular plants in Conspectus of the Bulgarian vascular 

flora [1]. A map of floristic regions in Bulgaria was used to determine 

the limits of floristic region Danubian Plain. Taxonomic position and 

names of taxa are as in first source. 

The life forms are represented in the system of Raunkiaer [5]. 

For their determination are used Flora of PR Bulgaria, Volumes 1 to 9 

[1, 6] and Flora of the Republic of Bulgaria, Volumes 10 and 11 [7, 

8]. Biological types are defined by Handbook for Plants in Bulgaria 

[9]. The floristic elements and the endemics are under Conspectus of 

the Bulgarian vascular flora [1]. Relics are presented by Gruev & 

Kuzmanov [10], Peev & al. [11], Peev [12], Boža & al. [13]. 

The conservation statute is recognized using the following 

documents: Annex II and Annex V to Council Directive 92/43/EEC of 

the European Community to protect natural habitats and of wild fauna 
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and flora [14], Annex I to Convention on the Conservation of 

European Wildlife and Natural Habitats (Bern Convention) [15], 

Annex II to Convention on International Trade in Endangered Species 

of Wild Fauna and Flora (CITES) [16], Red Data Book of the 

Republic of Bulgaria, Vol. 1. Plants and Fungi [17], IUCN Red List 

for Bulgaria [18], Annex III and Annex IV to Biological Diversity Act 

[19]. Described species are included in Order for special arrangements 

for the conservation and use of the medicinal plants [20]. 

The anthropophytes are presented by Stefanov & Kitanov [21]. 

 

Results and Discussion 

The study of medicinal plants on the territory of Danubian Plain 

is made for the first time. The results show a significant variety of 

medicinal plants in floristic region Danubian Plain: 570 species of 

vascular plants from 345 genera and 95 families. This represents 

67.54% of the species, 77.70% of the genera and 80.51% of the 

families of the medicinal plants in Bulgaria. 

The most of the families and genera are presented with smaller 

number of lower taxa: from 1 to 4. The majority of families, 83 

(87.37%) were presented with 1–4 genera. Only 12 (12.63%) of the 

family include the 5 or more genera. Most genera are found in the 

families: Asteraceae (39), Lamiaceae (26), Apiaceae (22), 

Brassicaceae (22) and Fabaceae (21). Most families, 69 (72.63%) have 

1–4 species. Only 26 (27.37%) of the families are represented by 5 or 

more species. Most species belong to the following families: 

Asteraceae (68), Lamiaceae (55), Fabaceae (38) and Brassicaceae 

(33). This relationship is very strong in the genera: only 13 (3.77%) 

included 5 or more species. Most species belong to the following 

genera: Orchis (8), Rumex (8), Veronica (8) and Ranunculus (7). 

In analysis of the life forms was found dominant participation 

of hemicryptophytes, 258 species (45.26%), followed by therophytes, 

94 species (16.49%), phanerophytes, 81 species (14.21%) and 

cryptophytes, 72 species (12.63%). 

Among the biological types dominated perennial herbaceous 

plants, 325 species (57.02%). The annual herbaceous plants are 

significantly less:  94 species (16.49%). The trees are on third place 

with 36 species (6.32%). 
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Regarding the phytogeographical structure the highest 

percentage of the species is of European type (57.72%), followed by 

species of Mediterranean (15.79%) and Boreal type (11.05%). 

Among the medicinal plants have two Balkan endemics and 28 

relict species. The Balkan endemics are: Acanthus balcanicus 

Heywood & I. Richardson and Achillea clypeolata Sm. Of the relict 

species 27 are Tertiary relicts: Acer campestre L., Acer tataricum L., 

Alnus glutinosa (L.) Gaertn., Betula pendula Roth, Carpinus betulus 

L., Clematis vitalba L., Corylus avellana L., Cotinus coggygria Scop., 

Fraxinus ornus L., Hedera helix L., Juniperus communis L., Populus 

alba L., Populus nigra L., Populus tremula L., Pteridium aquilinum 

(L.) Kuhn, Quercus dalechampii Ten., Ruscus aculeatus L., Ruta 

graveolens L., Salix alba L., Salix caprea L., Salix fragilis L., Salix 

purpurea L., Staphylea pinnata L., Syringa vulgaris L., Ulmus minor 

Mill. and Viscum album L. One species is a Quaternary relict: 

Galanthus nivalis L. 

The species with conservation status are 57 (10.00%). Four 

species are included in Directive 92/43/ЕЕС. Two of them are 

included in Annex II of Directive 92/43/EEC: Plant and animal 

species of Community interest whose conservation requires the 

designation of special areas of conservation: Echium russicum J. F. 

Gmel. and Himantoglossum caprinum (М. Bieb.) Spreng. Another two 

species are included in Annex V of Directive 92/43/EEC: Plant and 

animal species of Community interest whose taking in the wild and 

exploitation may be subject to management measures: Galanthus 

nivalis L. and Ruscus aculeatus L. 

In Annex I of Bern Convention are included 2 species: 

Himantoglossum caprinum (М. Bieb.) Spreng. and Paeonia tenuifolia 

L. 

In Annex II of CITES Convention are included 17 species: 

Adonis vernalis L., Anacamptis pyramidalis (L.) Rich., Cyclamen 

hederifolium Aiton, Galanthus elwesii Hook. f., Galanthus nivalis L., 

Himantoglossum caprinum (М. Bieb.) Spreng., Ophrys cornuta 

Steven, Orchis coriophora L., Orchis militaris L., Orchis morio L., 

Orchis papilionacea L., Orchis purpurea Huds., Orchis simia Lam., 

Orchis tridentata Scop., Orchis ustulata L., Platanthera bifolia (L.) 

Rich. and Platanthera chlorantha (Custer) Rchb. 
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In IUCN Red List for Bulgaria in category Critically 

Endangered are included 2 species: Astragalus dasyanthus Pall. and 

Hippophae rhamnoides L. In category Endangered are 11 species: 

Alkanna tinctoria (L.) Tausch, Dianthus pontederae A. Kern. subsp. 

kladovanus (Degen) Stoj. & Stef., Galanthus elwesii Hook. f., 

Galanthus nivalis L., Glycyrrhiza glabra L., Nuphar lutea (L.) Sm., 

Nymphaea alba L., Orchis militaris L., Paeonia tenuifolia L., Ruta 

graveolens L. and Senecio paludosus L. In category Vulnerable are 13 

species: Anacamptis pyramidalis (L.) Rich., Atropa bella-donna L., 

Echium russicum J. F. Gmel., Ephedra distachya L., Fraxinus 

pallisiae Wilmott, Himantoglossum caprinum (M. Bieb.) Spreng., 

Leucojum aestivum L., Ophrys cornuta Steven, Orchis papilionacea 

L., Orchis ustulata L., Primula acaulis (L.) L. rubra (Sm.) Greuter & 

Burdet, Pulsatilla pratensis (L.) Mill. and Ranunculus lingua L. In 

category Near threatened are 2 species: Anemone sylvestris L. and 

Artemisia pontica L. In category Least concern are 3 species: 

Acanthus balcanicus Heywood & I. Richardson, Pulmonaria mollis 

Wulfen ex Hornem. and Tilia rubra DC. 

In the Red Book of Bulgaria in category Critically Endangered 

are included 2 species: Astragalus dasyanthus Pall. and Hippophae 

rhamnoides L. In category Endangered are included 11 species: 

Alkanna tinctoria (L.) Tausch, Dianthus pontederae A. Kern. subsp. 

kladovanus (Degen) Stoj. & Stef., Galanthus elwesii Hook. f., 

Galanthus nivalis L., Glycyrrhiza glabra L., Nuphar lutea (L.) Sm., 

Nymphaea alba L., Orchis militaris L., Paeonia tenuifolia L., Ruta 

graveolens L. and Senecio paludosus L. In category Vulnerable are 2 

species: Echium russicum J. F. Gmel. and Himantoglossum caprinum 

(M. Bieb.) Spreng. 

In Biodiversity Act in Annex III: Protected species are included 

19 species: Alkanna tinctoria (L.) Tausch, Anacamptis pyramidalis 

(L.) Rich., Anemone sylvestris L., Astragalus dasyanthus Pall., 

Dianthus pontederae A. Kern. subsp. kladovanus (Degen) Stoj. & 

Stef., Echium russicum J. F. Gmel., Ephedra distachya L., Galanthus 

elwesii Hook. f., Galanthus nivalis L., Glycyrrhiza glabra L., 

Himantoglossum caprinum (M. Bieb.) Spreng., Nuphar lutea (L.) Sm., 

Nymphaea alba L., Ophrys cornuta Steven, Orchis militaris L., 

Orchis papilionacea L., Paeonia tenuifolia L., Pulsatilla pratensis 
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(L.) Mill. and Ruta graveolens L. In Annex IV: Under the 

conservation and regulated use of the nature are included 26 species: 

Asparagus officinalis L., Bupleurum rotundifolium L., Crocus pallasii 

Goldb., Cyclamen hederifolium Aiton, Dryopteris filix-mas (L.) 

Schott, Echinops ritro L., Echinops sphaerocephalus L., Gladiolus 

communis L., Gladiolus imbricatus L., Gypsophila paniculata L., 

Helichrysum arenarium (L.) Moench, Leucojum aestivum L., Lilium 

martagon L., Orchis coriophora L., Orchis morio L., Orchis purpurea 

Huds., Orchis simia Lam., Orchis tridentata Scop., Orchis ustulata L., 

Paeonia peregrina Mill., Polygonatum odoratum (Mill.) Druce, 

Primula acaulis (L.) L., Primula veris L., Ruscus aculeatus L., Salix 

caprea L. and Scilla bifolia L. 

Among the listed 57 species of medicinal plants with 

conservation status with the highest conservation value are as follows: 

Himantoglossum caprinum (M. Bieb.) Spreng. (included in 6 

documents); Galanthus nivalis L. and Orchis militaris L. (included in 

5 documents); Echium russicum J. F. Gmel., Galanthus elwesii Hook. 

f. and Paeonia tenuifolia L. (included in 4 documents). 

In Order №RD-83 of 03.02.2014 on special arrangements for 

conservation and use of the medicinal plants in 2014 are included 28 

species. Prohibited from gathering herbs from their natural habitats are 

20 species: Adonis vernalis L., Althaea officinalis L., Artemisia 

santonicum L. ssp. patens (Neilr.) K. Pers., Asarum europaeum L., 

Asplenium trichomanes L., Convallaria majalis L., Glaucium flavum 

Crantz, Helichrysum arenarium (L.) Moench, Inula helenium L., 

Orchis coriophora L., Orchis militaris L., Orchis morio L., Orchis 

papilionacea L., Orchis purpurea Huds., Orchis simia L., Orchis 

tridentata Scop., Orchis ustulata L., Phyllitis scolopendrium (L.) 

Newman, Ruscus aculeatus L. and Valeriana officinalis L. Under 

restricted collection of herbs from their natural habitats are 8 species: 

Atropa bella-donna L., Berberis vulgaris L., Betonica officinalis L., 

Carlina acanthifolia All., Frangula alnus Mill., Paeonia peregrina 

Mill., Primula veris L. and Sedum acre L. 

The anthropophytes among the medicinal plants are 360 species 

(63.16%). Many of them are distributed as ruderal plants: Capsella 

bursa-pastoris Moench., Cardaria draba (L.) Desv., Chamomilla 

recutita (L.) Rauschert, Chelidonium majus L., Conium maculatum L., 
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Conyza canadensis (L.) Cronquist, Galium aparine L., Heracleum 

sibiricum L., Lactuca serriola L., Parietaria officinalis L., Plantago 

major L., Sambucus ebulus L., Solanum dulcamara L., Urtica dioica 

L. and more. 

The obtained data can be used as a basis for comparison with 

the data of the medicinal plants in other floristic regions, and in the 

study of the flora of different geographical sites in Danubian Plain. 

Conclusions 

The inventory of the medicinal plants on the territory of Chepan 

Mountain is only the first step in a long series of studies required: 

mapping of the distribution, inquiry status, threats and prospects of the 

population, resource characteristics of the deposits of industrial stocks. 

After the preparation of such inventories in other floristic regions, the 

resulting data can be compared and used to identify of regularities in 

the distribution of medicinal plants in Bulgaria. 
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Abstract: The study of the species with conservation status, 

endemic and relics within the Lilyaksko Plateau is performed for the 

first time. The total number of species with conservation status 

established by us is 31 (3.94% of the total number of species). One of 

those species is included in the Appendix II and two species are 

included in the Appendix V of Directive 92/43/ЕЕС. One species is 

included in the Appendix I of the Berne Convention. Eleven of the 

species are included in the Appendix II of CITES. The IUCN Red 

List for Bulgaria features 10 species in the following categories: 

critically endangered – 1, endangered – 3, vulnerable – 3, nearly 

threatened – 1 and least concern – 2 species. In the Red book for 

Bulgaria there are 5 species in the following categories: critically 

endangered – 1, endangered – 3, vulnerable – 1. In the Biological 

Diversity Act, 8 species are included in Appendix III and 18 species 

– in Appendix IV. Seven species are prohibited from gathering herbs 

from their natural habitats. For 4 species is imposed restrictive 

regime for gathering herbs from their natural habitats. Four species 

(0.51%) are Balkan endemics. The flora of the plateau includes a 

significant number of relict species – 31 (3.94%): 30 species are 

Tertiary relicts and one species is Quaternary relict. The obtained 

data are compared with data of adjacent geographical sites in 

Northeastern Bulgaria. 
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Introduction 

Lilyaksko Plateau is part of the plateaus and hills in the eastern 

part of Danube Plain, Northeastern Bulgaria. To the north it borders 

with Razgrad heights. To the east are Shumen heights. To the south it 

is share of Eastern Stara Planina Mountain. To the west of it is Cherni 

Lom River. Lilyaksko Plateau covers an area amounts to 150 кm
2
. The 

lowest point is 125 m alt. and the highest is 491 m alt. 

The plateau is located in temperate climatic zone, Ludogorsko-

Dobrogea region. The climate is characterized by warm summers and 

cold winters, large annual amplitude of air temperature, the spring-

summer maximum and winter minimum of rainfall annually relatively 

stable snow. The average temperatures in January are between 0°C 

and –1.5°C. In the summer dominate tropical and subtropical air 

masses and average temperatures in July are 22–24°С. Spring and 

autumn are of approximately the same temperatures as April is 

warmer in October. Rainfall peaked in May-June and have a minimum 

of the February-March. The annual rainfall is 520 to 650 mm. The 

snow is amount about 10% of the total precipitation. According to the 

FAO classification soil are two types. In areas with little slope there 

are haplic chernozems. On the slopes there are mainly haplic luvisols 

soils [1]. 

In terms of flora plateau refers to Northeast Bulgaria floristic 

region. The vegetation includes mainly: mixed forests of Carpinus 

betulus L., Acer campestre L. etc.; mixed forests of Carpinus betulus 

L. and Quercus cerris L. partly also with Quercus dalechampii Ten., 

Acer campestre L. etc.; mixed forests of Quercus dalechampii Ten. 

and Carpinus orientalis Mill.; mixed forests of Quercus cerris L. and 

Quercus frainetto Ten.; mixed forests of Quercus cerris L., Quercus 

frainetto Ten. and Carpinus orientalis Mill.; plantations of Robinia 

pseudoacacia L.; mesophytic grasslands (meadows) replacing forests 

of Ulmus minor Mill., Fraxinus oxycarpa M. Bieb. ex Wilid., Quercus 

robur L., Quercus pedunculiflora C. Koch etc.; xerothermal grass 

communities with a prevalence of Dichantieta ischaemi, Poaeta 

bulbosae, Poaeta concinnae, Chrysopogoneta grylli and Ephemereta; 
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farm areas, replacing mixed forests of Quercus cerris L. and Quercus 

frainetto Ten. [2]. 

Data are published about the flora [3] and medicinal plants of 

Lilyaksko Plateau [4]. Study has not been conducted on species of 

conservation status, endemics and relicts of the plateau. 

 

Materials and Methods 

This study was conducted by routing method in the period 

2013–2014. In determining the taxa are used: Handbook for Plants in 

Bulgaria [5], Flora of PR Bulgaria, Volumes 1 to 9 [6, 7] and Flora of 

the Republic of Bulgaria, Volumes 10 and 11 [8, 9]. The names of the 

taxa are under Conspectus of the Bulgarian vascular flora [10]. 

The conservation statute is recognized using the following 

documents: Annex II and Annex V to Council Directive 92/43/EEC of 

the European Community to protect natural habitats and of wild fauna 

and flora [11], Annex I to Convention on the Conservation of 

European Wildlife and Natural Habitats (Bern Convention) [12], 

Annex II to Convention on International Trade in Endangered Species 

of Wild Fauna and Flora (CITES) [13], Red Data Book of the 

Republic of Bulgaria, Vol. 1. Plants and Fungi [14], IUCN Red List 

for Bulgaria [15], Annex III and Annex IV to Biological Diversity Act 

[16]. Described species are included in Order for special arrangements 

for the conservation and use of the medicinal plants [17]. 

Тhe endemics are under Asyov & al. [10] and Petrova & 

Vladimirov [18]. 

The relics are presented under Gruev & Kouzmanov [19], Peev 

& al. [20], Peev [21], Boža & al. [22]. 

 

Results and Discussion 

The study of species with conservation status, endemics and 

relicts within the Lilyaksko Plateau is performed for the first time. The 

total number of species with conservation status established by us is 

31 (3.94% of all species on the plateau). We apply the list of species: 

Acanthus balcanicus Heywood & I. Richardson, Anacamptis 

pyramidalis (L.) Rich., Asparagus officinalis L., Asparagus tenuifolius 

Lam., Asparagus verticillatus L., Bupleurum asperuloides Heldr. ex 

Boiss., Bupleurum falcatum L., Bupleurum rotundifolium L., 
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Bupleurum tenuissimum L., Cephalanthera damasonium (Mill.) 

Druce, Cephalanthera longifolia (L.) Fritsch, Crocus flavus West., 

Echinops banaticus Schrad., Echinops sphaerocephalus L., Epipactis 

helleborine (L.) Crantz, Fritillaria pontica Wahl., Galanthus elwesii 

Hook. f., Galanthus nivalis L., Galium rubioides L., Himantoglossum 

caprinum (М. Bieb.) Spreng., Lilium martagon L., Ophrys apifera 

Huds., Ophrys cornuta Steven, Orchis morio L., Orchis simia Lam., 

Polygonatum odoratum (Mill.) Druce, Primula veris L., Ruscus 

aculeatus L., Ruscus hypoglossum L., Scilla bifolia L. and Verbascum 

dieckianum Borbás & Degen. 

In Directive 92/43/EEC are included three species. In Annex II 

(Plant and animal species of Community interest whose conservation 

requires the designation of special areas of conservation) is included 

Himantoglossum caprinum (М. Bieb.) Spreng. In Annex V (Plant and 

animal species of Community interest whose taking in the wild and 

exploitation may be subject to management measures) are included 

Galanthus nivalis L. and Ruscus aculeatus L. 

In Annex I of Bern Convention is included Himantoglossum 

caprinum (M. Bieb.) Spreng. 

In Annex II of CITES are included 11 species. Two of the 

species are from Amaryllidaceae family: Galanthus elwesii Hook. f. 

and Galanthus nivalis L. Nine species are of the Orchidaceae family: 

Anacamptis pyramidalis (L.) Rich., Cephalanthera damasonium 

(Mill.) Druce, Cephalanthera longifolia (L.) Fritsch, Epipactis 

helleborine (L.) Crantz, Himantoglossum caprinum (M. Bieb.) 

Spreng., Ophrys apifera Huds., Ophrys cornuta Steven, Orchis morio 

L. and Orchis simia Lam. 

In IUCN Red List for Bulgaria are included 10 species. In 

category Critically Endangered is included Verbascum dieckianum 

Borbás & Degen. In category Endangered are included three species: 

Galanthus elwesii Hook. f., Galanthus nivalis L. and Ophrys apifera 

Huds. In category Vulnerable are included three species: Anacamptis 

pyramidalis (L.) Rich., Himantoglossum caprinum (M. Bieb.) Spreng. 

and Ophrys cornuta Steven. In category Near threatened is Galium 

rubioides L. In category Least concern are two species: Acanthus 

balcanicus Heywood & I. Richardson. and Fritillaria pontica Wahl. 
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In Red Data Book of the Republic of Bulgaria, Vol. 1. Plants 

and Fungi are included five species. In category Critically Endangered 

is included Verbascum dieckianum Borbás & Degen. In category 

Endangered are included three species: Galanthus elwesii Hook. f., 

Galanthus nivalis L. and Ophrys apifera Huds. In category Vulnerable 

is Himantoglossum caprinum (M. Bieb.) Spreng. 

In Biodiversity Act are included 26 species. In Annex III 

(Protected species) are eight species: Anacamptis pyramidalis (L.) 

Rich., Fritillaria pontica Wahlenb., Galanthus elwesii Hook. f., 

Galanthus nivalis L., Himantoglossum caprinum (M. Bieb.) Spreng., 

Ophrys apifera Huds., Ophrys cornuta Steven and Verbascum 

dieckianum Borbás & Degen. In Annex IV (Under the conservation 

and regulated use of the nature) are included 18 species: Asparagus 

officinalis L., Asparagus tenuifolius Lam., Asparagus verticillatus L., 

Bupleurum asperuloides Heldr. ex Boiss., Bupleurum falcatum L., 

Bupleurum rotundifolium L., Bupleurum tenuissimum L., Crocus 

flavus West., Echinops banaticus Schrad., Echinops sphaerocephalus 

L., Lilium martagon L., Orchis morio L., Orchis simia Lam., 

Polygonatum odoratum (Mill.) Druce, Primula veris L., Ruscus 

aculeatus L., Ruscus hypoglossum L. and Scilla bifolia L. 

In Order on special arrangements for conservation and use of 

the medicinal plants in 2014 are included 11 species. Prohibited from 

gathering herbs from their natural habitats are seven species: Asarum 

europaeum L., Convallaria majalis L., Inula helenium L., Orchis 

morio L., Orchis simia L., Ruscus aculeatus L. and Valeriana 

officinalis L. Under restricted collection of herbs from their natural 

habitats are four species: Artemisia alba L., Berberis vulgaris L., 

Betonica officinalis L. and Primula veris L. 

Among the listed species with conservation status with the 

highest conservation value are as follows: Himantoglossum caprinum 

(M. Bieb.) Spreng. (included in six documents); Galanthus nivalis L. 

(included in five documents); Galanthus elwesii Hook. f. and Ophrys 

apifera Huds. (included in four documents); Anacamptis pyramidalis 

(L.) Rich., Ophrys cornuta Steven and Verbascum dieckianum Borbás 

& Degen (included in three documents). 

Compared with other similar areas in the number of species 

with conservation status Lilyaksko Plateau was fourth after the 
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Shumen heights with 73 species (8.31% of all species) [23], 

Provadiysko Plateau with 68 species (7.70% of all species) [24] and 

Frangensko Plateau with 50 species (6.42% of all species) [25]. This 

number is higher than Royaksko Plateau, on which are described only 

10 species (1.69% of all species) [26]. 

On Lilyaksko Plateau we described four Balkan endemic 

species (0.51% of all species): Acanthus balcanicus Heywood & I. 

Richardson, Achillea clypeolata Sm., Genista rumelica Vel. and 

Verbascum dieckianum Borbás & Degen. This situate plateau fourth 

after the Shumen heights [23] and Provadiysko Plateau [24] where are 

established 10 endemic species (respectively 1.14% and 1.13% of all 

species) and Frangensko Plateau with six endemic species (0.77% of 

all species) [25]. The number of endemic species is the same as a 

Royaksko Plateau, where also are described four species (0.68% of all 

species) [26]. 

In the flora of the plateau is involve a large number of relict 

species: 31 (3.94% of all species). Tertiary relicts are 30 species: Acer 

campestre L., Acer pseudoplatanus L., Acer tataricum L., Betula 

pendula Roth, Carpinus betulus L., Carpinus orientalis Mill., 

Clematis vitalba L., Corylus avellana L., Cotinus coggygria Scop., 

Fraxinus excelsior L., Fraxinus ornus L., Hedera helix L., Lathyrus 

aureus (Stev.) Brandza, Phragmites australis (Cav.) Trin. ex Steud., 

Populus alba L., Populus nigra L., Populus tremula L., Pteridium 

aquilinum (L.) Kuhn, Quercus cerris L., Quercus dalechampii Ten., 

Ruscus aculeatus L., Ruscus hypoglossum L., Salix alba L., Salix 

fragilis L., Salix purpurea L., Syringa vulgaris L., Ulmus laevis Pall., 

Ulmus minor Mill., Viburnum lantana L. and Viscum album L. One 

species is a Quaternary relict: Galanthus nivalis L. 

By number of relict species Lilyaksko Plateau is in fourth place 

after the Shumen heights with 41 species (4.67% of all species) [23], 

Frangensko Plateau with 38 species (4.88% of all species) [25], 

Provadiysko Plateau with 34 species (3.85% of all species) [24] and 

before Royaksko Plateau, where describes only 19 species (3.21% of 

all species) [26]. 
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Conclusions 

The study of species with conservation status, endemics and 

relicts is the first stage only of the study of these groups of plants 

Lilyaksko Plateau. It is necessary to investigate relationships between 

organisms and environment, relationships between organisms, threats 

to their populations and habitats and to identify measures for their 

protection. The obtained data from us can be used as a basis for 

further research of the localities of species of the three groups, a 

description of the status of populations and subsequent monitoring for 

species that are particularly vulnerable. The results are suitable for 

comparison with other geographical sites located in the neighborhood 

and elsewhere in the country. 
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Abstract: The aim of the present work is to test the fungicide 

substances for control of the soil fungus Fusarium graminearum 

that causes wheat fusariosis, under laboratory conditions.  

The laboratory testing is composed of two tests, using the 21-

day monospore culture of Fusarium graminearum, isolated form 

sick leaves, and wheat seeds from the Todora sort. 

Each of the tests contains identical variant of the fungicide, 

introduced in solid nutrient medium (Potato dextrose agar) in the 

correspondent concentrates: 

Variant 1  Falkon 460 CK ; Variant 2 – Prozaro 250 EK ; 

Variant 3 – Tango  Super  - etalon;Variant 4 – Controller (without 

treatment). The processing of the received data is made in 

accordance with the Studant method, standard analytical and 

mathematical methods . 

The results from the biological test for means of control of 

the fusariosis determine the fungicide Falkon 460 CK (Фалкон460 

СК) in portion 0.06% as the best fungicide to suppress the pathogen 

Fusarium graminearum. 

Key words:  fungicides, “In vitro“, corn, fusariosis, Fusarium 

graminearum, mycelium, germination, spores 

 

Introduction 
During the vegetation, the wheat cultures are pestered by 

series of diseases and subversives that directly affect the culture. The 

wheat diseases are among the most substantial factors for the 

qualitative production. If they are underestimated, there is a high risk 

for loss of million tones of wheat annually. The most important for 

our country are the diseases that damage the leaves and stems of the 
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wheat cultures during the vegetation period – powdery mildew, brown 

rust. Lately, the different types of septoriosis[1] and fusariosis[2] on 

the wheat – ears became very economically important. The crop losses 

can reach up to 25 – 30% for each disease separately and this is 

caused mainly by the decrease of the wheat – ears and seeds.  

Over the past 20 years, in all grain – wheat agrocyanosises, 

there is an increase of the “frequency of occurrence” of the strains 

“super producers FT” of micotoxines in the populations of the 

Fusarium sort species – F. graminearum Schw., F. culmorum ., F. 

moniliforme Sheldon), F. nivale (Fr.) Ces [ 3,4 ] 

These super producers are present, quantitatively, more than 

3mg/kg in the form of active conidospores [5]. It should be taken into 

account that the contamination of the bread and fodder grains with 

fusariosis toxins significantly increases the health risks for people and 

agricultural animals, because it is transferred with the grain germ 

plasma [6]. Te risk is multiplied also by the fact that currently there is 

little variety of stable fusariosis wheat sorts and the efficiency of the 

used fungicides is unsatisfactory, especially outside the integrated 

control systems. The types of pathogens that cause wheat fusariosis 

are widespread in the agrocyanosises of all grain – wheat seeds all 

over the world. They inhabit the soil and are source of very 

economically toxic root decays in the wheat and other grain – wheat 

cultures, as well as source of inoculation for the infestation of the 

vegetative and generative plant organs [7]. The types of fusariosis that 

damages the wheat, not only pester the grains and pollute it with 

micotoxines in the vegetations period, but also continue to develop in 

the grains during the collection period and increase the quantity of 

fusariosis toxins in the grain multiple times. The types of fusariosis 

that damage the wheat raceme pollute the grain with more than 20 

harmful micotoxins. All these results, extracted from the latest 

scientifically studies in connection with the fusariosis in the grain – 

wheat cultures, including the wheat, determine the complex problem 

that these disease are causing [8] . At this moment, the wheat 

fusariosis has not only phytopathological aspect, acting as agent that 

causes the losses and damages, but also became more socially 

important in connection with the food production and the health risks 

for the people and agricultural animals[9]. According to other studies, 
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the fusariosis on the wheat cultures are also military –strategic 

problem and they can be used as biological weapon [10].     

The contemporary strategies for wheat fusariosis control 

include a set of measures, such as: application of 3 – 5 year crop 

rotation with leguminous plant for predecessor; selection and pre – 

crop treatment of the seeds; balanced composting.In the areas with 

good soil reservation (Lom, Ruse, Vidin) the abundant nitric 

composting should be avoided; implementation of qualitative and due 

soil treatment that spare the humus layer; conduction of qualitative 

crop in optimal terms, which will guarantee the optimal density of the 

cultures; conduction of due plant protection against the other 

subversives, as well as other actions that contributes to the increase of 

the plants immunity [11]. According to some sources, the chemical 

control with preventive treatment of the seeds does not provide 

individual protection for plants that can be locally pestered during the 

periods of vegetation, harvesting, and grain collecting. According to 

the contemporary systems for plant protection, the chemical control 

during the vegetation period is allowed only if it is economically 

necessary and if it is combined with control of other diseases that 

develop strongly during the critical phases of the culture cultivation. 

Over the past years, such strongly developing diseases that can be met 

in our country are powdery mildew and the different types of rust[12].  

       The aim of the present work is to test the fungicide substances for 

control of the soil fungus Fusarium graminearum that causes wheat 

fusariosis, under laboratory conditions.  

 

Material and method 
The biological effects of the fungicides Falkon 460 CK 

(Фалкон460 СК) – (16,7% tebuconazole + 25% spiroxamine + 4,3% 
triadimenol), in portion 60ml/dka- 0.06% ; Prozaro 250 EK (Прозаро 
250 ЕК) – (125g/l protioconazole + 125g/l tebuconazole), in portion 
100 ml/dka- 0.1%.; and Tango Super – (250g/l phenylpropanol + 84 
g/l epoxiconazole), in portion 80 ml/dka- 0.08% - etalon,  were tested 
in the phytopathological laboratory of the University of Shumen.  

The laboratory testing is composed of two tests, using the 21-
day monospore culture of Fusarium graminearum, isolated form sick 
leaves, and wheat seeds from the Todora sort. 
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Each of the tests contains identical variant of the fungicide, 
introduced in solid nutrient medium (Potato dextrose agar) in the 
correspondent concentrates: 

 Variant 1 – Falkon 460 CK (Фалкон460 СК) (0.06%) 
 Variant 2 – Prozaro 250 EK (Прозаро 250 ЕК) ЕК (0.1%) 
 Variant 3 – Tango  Super (0.08%) - etalon 
 Variant 4 – Controller (without treatment). 
Test 1: A culture prepared from 7 days cultivations was put on the 

nutrient mediums of each variant, according to the agar block method. 
The cultures are cultivated in thermostat with temperatures 24-26 °С, 
for 7 days. Mycelium development reports were made twice during 
this period of time – the diameter of the mycelium colonies was 
measured and the speed of the mycelium’s growth was calculated. 

Test 2: A spore suspension (prepared in accordance with the 
Dragalski method , with titer 25 spores / 1 microscope vision field ( 
25.103  spores for 1 ml suspension) was transferred in solution taken 
from the tested substances in the correspondent concentrates, in 
proportion1 :5. Thus prepared cultures are put in thermostat with 
temperatures 26-28 °С (±) for 48 h. The spores’ germination is 
reported through microscopic of the cultures (10 microscopic 
substances per variant) after 24 h, 36 h and 48 h after the incubation. 

The processing of the received data is made in accordance with 
the Studant method, standard analytical and mathematical methods . 

After the statistical processing, the results are presented in table 
form. 
 
  Results and discussion 
 Test 1 

The results from the test for the effect of the fungicides on the 
agent that cause the fusariosis in wheat - Fusarium graminearum – are 
presented in Table 1. They show that the strongest suppression of the 
mycelium is caused by Falkon 460 CK (Фалкон460 СК), in portion 
0.06% .For the testing, the average diameter of the mycelium colonies 
was measured – 1.25 cm for period of 7 days, and for the control 
variant this value equals 5.30 cm. As it is shown by the table data, the 
strongest mycelium suppression happens when for this fungiides we 
have measured the highest efficiency in relation to the etalon – Tango 
Super – 67.8%. After   Falkon 460 CK (Фалкон460 СК) comes the 
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fungicide Prozaro 250 EK (Прозаро 250 ЕК) as efficient suppressor 
of the mycelium development of Fusarium graminearum – the 
efficiency of Prozaro 250 EK (Прозаро 250 ЕК) is measured in 
relation to the etalon – 35.9%. The most inefficient substance for 
suppression of the mycelium development of Fusarium graminearum 
is the etalon Tango Super, whose efficiency in relation to the 
controller is barely 26.2%. 

 

Table 1: Effect of the fungicides on the development of  Fusarium 

graminearum: 
 

Variant 

 

      

Efficienc

y in 

relation 

to the 

standard 

 % 

Porti

on 

 

 

 

% 

Colony 

dia-

meter 

cm 

Relat

ivene

ss.% 

Stan

ding 

 

Row 

 

Tango Super 

Standard 

(  250g/l 

phenylpropanol + 84 

g/l epoxiconazole) 

 

0.08    3.90 26.15  -      3          - 

 Falkon 460 CK 

(Фалкон 460 СК) 

(16,7% tebuconazole 

+25% spiroxamine 

+4,3% triadimenol) 

 

 0.06        

1.25 

75.57 **       1         67.9  

Prozaro 250 EK 

(Прозаро 250 ЕК) 

(125г/л 

protioconazole + 

125г/л tebuconazole) 

 0.1     2.50 46.80 *    2          35.9 

Controller     -     5.30 100    

GD    -   5 %      2.07     

GD     -  1%      2.87     

GD      - 0.5%      4.06     

   P  %      0.76     
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Test 2 

The results from the test for the effects of the same fungicides 

on the germination of the macroconidia of Fusarium graminearum are 

presented in Table 2. Again, the data shows that the strongest effect on 

the germination of the macroconidia is cause by the fungicide Falkon 

460 CK (Фалкон 460 СК), tested in portion 0.06%. 

For this substance are measured the lowest percentages of 

germinated macroconidia, during the reporting period. The spores’ 

germination is as follows: after 24 h – 10%, after 36 h – 12.38% and 

after 48 h – 15.68 %. The spores’ germinations for the variant with the 

fungicide Prozaro 250 EK (Прозаро 250 EK) after 48 hours is higher 

with 4.88%. The most inefficient substance is Tango Super – 26.6% 

germinated spores. In the control variant, the germinated spores after 

48
th
 hour are 69,80 %. These data support the representation of the 

fungicide Falkon 460 CK (Фалкон 460 СК) as the best substance for 

suppression of the agent causing fusariosis.  

 

Table 2: Effect if the chemical substances on the germination of 

the spores of  Fusarium graminearum: 
 

Variant 

 

  

Portion 

% 

Spores’ germination % 

After 

 24 h 

After 

 36 h 

After 

 48 h 

Falkon 460 CK (Фалкон 

460 СК) 

(16,7% tebuconazole + 

25% spiroxamine + 4,3% 

triadimenol 

 0.08 

 

 

10.00 12.38      15.70  

Prozaro 250 EK (Прозаро 

250 ЕК) 

(125г/л protioconazole + 

125г/л tebuconazole 

 0.10 18,81 19.41 

 

  20.58  

Tango Super Standard 

(  250g/l phenylpropanol + 

84 g/l epoxiconazole) 

 

 0.10  23.14 25.24   26.60 

Controller -  38.71 54.86  69.80 
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Conclusions:    

The results from the biological test for means of control of the 

fusariosis determine the fungicide Falkon 460 CK (Фалкон460 СК) in 

portion 0.06% as the best fungicide to suppress the pathogen Fusarium 

graminearum 
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Abstract: Elecampane (Inula helenium L.) is herb from the 

Compositae family known as a rich source of biologically active 

compounds, especially inulin and eudesmane-type sesquiterpene 

lactones. Until now no detailed characteristics of inulin obtained 

from this plant have been done. The current research aimed to 

obtain this polysaccharide form elecampane dry roots by application 

of ultrasound-assisted extraction procedure and to elucidate its 

structure and physico-chemical properties. The isolated substance 

presented white tasteless powder with the melting point 178.5-181 

°C, the angle of optical rotation     
       (c=0.5; H2O), fructose 

content 93.3 % and reducing groups 2.9 %. Elecampane inulin was 

characterized as high molecular with average degree of 

polymerization (DP) 30 - 33 and the molecular weigh 5 kDa. The 

protein content in the polysaccharide fraction was below 1 %. The 

IR-FT spectra were characterized with typical bands for inulin 

structure - 817, 873 and 933 cm
-1

 that showed the presence of β 2→1 

glycoside bond. 

Keywords: Inula helenium L., inulin, ultrasound-assisted extraction, 

IR-FT spectra 

 

Introduction 

Inula helenium L. is a plant that belongs to Compositae family 

with significant application in traditional medicine especially its roots. 
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They are rich source of coumarins, flavonoids, polysaccharides (up to 

44% inulin and pectic substances), fatty acids and saponins [1, 2]. 

Interesting historical fact is that the name inulin derives from Latin 

name of this herb. German scientists Valentine Rose isolated ”peculiar 

substance” from Inula helenium L. roots by hot water extraction, then 

Thomson gave the name of this compound – inulin during 1817 [3]. It 

is a reserve polydisperse plant polysaccharide, member of the fructan 

family, consisting mainly of β-(2→1) fructofuranosyl units (Fm) and a 

terminal α-glycopyranose unit (1→2) (GFn) with degree of 

polymerization (DP) from 2 to 70. Inulin is soluble dietary fiber with 

prebiotic and immunomodulating properties. It is usually used as 

texture modifier in food products and vaccine adjuvant in pharmacy 

 [4]. Isolation and characterization of inulin-type fructans from 

different plant sources attract attention during the recent years [5, 6, 7, 

8]. Khozhaeva and Kondratenko published detailed information about 

structural characteristics of inulin from Inula grandis L.[6].  

The higher content of this polysaccharide makes elecampane 

perspective and not enough evaluated source. Until now there was 

incomplete information about characterisation of inulin from Inula 

helenium L. Many reports deal with extraction technique, purification 

procedure and characterization of inulin form different plant sources 

as chicory, Jerusalem artichoke, artichoke [5, 6, 8], but until now the 

structure and physico-chemical properties of inulin isolated from Inula 

helenium L. remains unrevealed in some aspects. Typically, hot water 

extraction procedures were applied in extraction of inulin from 

elecampane roots. The new approach is application of ultrasound 

waves for acceleration of the extraction process of the polysaccharides 

from roots [9, 10] and areal parts of elecampane [1]. Until now no 

information in literature was found regarding ultrasound-assisted 

isolation of inulin from Inula helenium L. 

Therefore, the aim of the current study was to isolate inulin 

from dry roots of Inula helenium L. by the application of ultrasound-

assisted extraction procedure with two methods for clarification and to 

evaluate the physicochemical properties of the obtained substance. 
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Materials and Methods 

Elecampane roots gathered during October 2011 were kindly 

donated by Agriculture University Plovdiv. The moisture content was 

8.5%. The dried roots were ground and passed through 1 mm sieves. 

The extraction process was carried out under ultrasonic irradiation in 

ultrasonic bath SIEL UST 5.7-150 (Gabrovo, Bulgaria) with 

frequency 36 kHz and power 300 W. The elecampane roots were 

pretreated with 70 % EtOH to remove sugars, oligosaccharide and 

pigments. Then the residue were dried and extracted in triplicate with 

distilled water in ultrasonic bath at reported conditions [10]. Two 

methods were used for further purification of elecampane water 

extracts (Fig. 1 and Fig. 2). In the first one activated carbon was 

applied as previously reported by us [11] (Fig. 1). The second 

clarification procedure included neutralization after that the extract 

were passed through glass column filled with chitosan-silica beads, 

prepared by described method [12] (Fig.2). In both procedure 

centrifugation, ethanol and acetone precipitation were performed to 

obtain the final product. 
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Figure 1. Schematic procedure for ultrasound-assisted extraction of 

inulin from roots of Inula helenium L (Method 1). 
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Figure 2. Schematic procedure for ultrasound-assisted extraction and 

chitosan-silica clarification of inulin from roots of elecampane 

(Method 2) 

 

Melting point of isolated substances was measured on a Kofler 

apparatus. Optical rotation was determined on Polamat A (Carl Zeiss, 
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Jena, Germany) in a tube 1 dm long with volume 10 ml using sodium 

lamp as light source. Protein content was evaluated by Bradford’s 

method with bovine serum albumin as a standard [13]. The reducing 

groups were analyzed by PAHBAH method at wavelength 410 nm 

[14] with D-fructose as a reference. Total fructose content was 

analyzed by resorcinol-urea assay with measuring absorbance of the 

color complex at 480 nm [15]. Inulin content in the isolated substance 

was determinated by HPLC-RID method on analytical column 

Shodex
®
 Sugar SP0810 (300 mm × 8.0 mm i.d.), mobile phase 

distilled water with flow rate 1.0 ml/min [16]. The average degree of 

polymerization (DP) of isolated inulin was calculated as previously 

described. Molecular weight was calculated on the base of the 

obtained value of DP [5, 11]. 

Fourier transformation infrared spectroscopy was used to 

characterize the structure of elecampane inulin. The substance was 

recorded into KBr pellets on FT-IR apparatus Nicolet 5700 (Thermo 

Fisher Scientific, USA) in the frequency range of 4000–400  cm
-1

.  

For the characterization and identification of isolated inulin, 

comparative study were made with commercially available inulin 

Frutafit
®
 TEX (DP=22) from chicory (Sensus, the Netherlands). 

 

Results and discussion 

Both methods for ultrasound-assisted extraction and further 

purification of inulin from Inula helenium L. showed significant yields 

- 15 %. The purity of the isolated substance was identified by HPLC-

RID. The obtained chromatograms showed only one peak without any 

interference (Fig. 3). The retention time of the investigated substance 

(tR=5.85 min) coincided with inulin standard (DP = 22). The both 

methods for clarification yielded inulin with high purity (above 95 %). 

The applied clear-up step with ion exchange by chitosan-silica beads 

also was effective for purification, not only for chicory as reported 

previously by Dobre [13], but also in our case with elecampane inulin. 



231 
 

 
 

Figure 3. HPLC-RID chromatogram of inulin from elecampane roots 

 

The physico-chemical properties of isolated and commercial 

inulin were presented (Table 1). The obtained results by application of 

two clarification procedures were compared with obtained data for 

chicory commercial inulin. The isolated substances was odorless and 

tasteless white powders; soluble in water, with high melting point 

178-180 °C, negative optical rotation with values near to the results 

reported by Khozhaeva and Kondratenko [6]. 

 

Table 1. Physico-chemical characteristics of substance inulin  
Inulin from 

plant source 

mp, °C     
   Protein 

content

, % 

Reducing 

sugars, 

% 

DP Mm, 

kDa 

Еlecampane 

Method 1 

178,5-

180 

-24 1.0 2.9 33 5.3 

Еlecampane 

Method 2 

178 -22 0.9 3.1 30 4.9 

Chicory  169 -33 0.2 2.8 22 3.6 

 

The protein content in the isolated elecampane inulin was 1 %, 

while in chicory inulin was less than 0.2 %. The reducing groups were 

established to be 2.9 - 3.0 % dw. These values were similar to reported 

for the purified samples of inulin obtained from elecampane with 

glucose content of 2.2 - 2.6% [18]. Inulin isolated from elecampane by 

ultrasound-assisted extraction showed high DP. Not significant 

differences were found in physico-chemical characteristics of inulin 

obtained by both method for isolation and clarification. It was shown 

that in the roots of elecampane high molecular inulin with DP higher 
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30 was accumulated. This was in accordance to the previous reported 

in literature results for elecampane [6, 19]. According to these 

indicators, elecampane was unmatched among other inulin containing 

crops [5, 6, 7]. 

The IR-FT spectra of isolated substance were presented on 

Figure 4 and detailed information about them was shown in Table 2. 

 

 
Figure 4. IR-FT spectra of inulin extracted by ultrasound-assisted 

irradiation from Inula helenium L. roots 

 

 

Table 2. General assignment of IR-FT spectra of inulin isolated from 

Inula helenium L. roots  

Wavenumber, cm
-1 

[6, 7, 8, 9, 20, 21, 

22]
  

Experimental 

IR bands, 

cm
-1

 

Assignment 

3200-3400 3382 ν
О-Н

(ОН); H-bonds 

2933-2981 2929 
ν

C-H

as

(CH
2
) 

2850-2904 2088 
ν

C-H

s

(CH
2
) 

1664-1634 1647 Absorption of water  

1416-1430 1456 
δ

C-H

s 

(CH
2
) 

1335-1336 1338 β
о-н 

(ОН) 

1225-1235 1220 β
о-н

 (ОН) 

1125-1162 1141 
ν

C-O-C

as

 (C-O-C) 

1015-1060 1029 ν
C-O

 (C-O) 

05001000150020002500300035004000

0,4

0,6

0,8
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1,6

1,8

2
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985-996 985 ν
C-O 

(C-O) 

930 933 α-D-Glcp residue in chain 

892-895 

874 

873 δ(C1-H), ring vibration (2-

ketofuranose ) 

817 817 2-ketose 

 

The obtained results for bands in IR-FT spectra of inulin from 

Inula helenium L. roots were in accordance to the previous reported 

data for inulin [7, 20]. The bands at 1141 cm
−1

 and 1029 cm
−1

were 

characteristic for (С–О–С) and (С–О) stretching vibrations in 

furanose ring. 2-ketose in furanose form contained band at 873 cm
−1

 

and 817cm
−1

. This was indication for presence of β-(2→1) glycosidic 

bonds and it was in accordance to the reported data for inulin from 

Inula grandis [6]. The obtained results proved that the isolated 

substances was inulin-type fructan. 

 

Conclusion 
Ultrasound-assisted extraction method and two clarification 

procedures were applied for isolation and purification of inulin from 
Inula helenium L. roots. Clearing procedures by active carbon 
pretreatment and ion exchange with chitosan-silica beads were applied 
to remove the impurities from water extracts. The both proposed 
procedure gave final product with high yield and purity. Isolated 
inulin was characterized with high DP 30 - 33, that defined it as long-
chained and high molecular. These physicochemical properties will 
have influence on its functional and nutrition properties. Elecampane 
inulin due to its high DP will be prefect candidate as new vaccine 
adjuvant, immunomodulator and potential prebiotic. 
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           Abstract: The aim of present study is determination of 

autochthonic bulbous plants at the area of ‘Ecopark Varna’ as it is 

analyzed taxonomic structure of species. It is made analysis of the 

floristic elements and conservation status of bulbous plants.  

           This research was conducted in the territory of University  

Botanic Garden Ecopark – Varna during the vegetation 

period 2013-2014. 

Research already done shows that in the territory of 

University Botanic Garden exist 12 bulb plants species, three of 

them listed as threatened and endangered. 

The distribution of plants in the taxonomic system is as 

follows: 

Amaryllidaceae – 5 species, Asparagaceae – 5 species, 

Liliaceae – 2 species. 

     

Keywords: Autochthonous Bulb Plants, University Botanic 

Garden Ecopark - Varna 

 

 

Introduction 

University Botanical Garden (UBG) ‘Ecopark Varna’ is situated 

to ‘St. St. Constantine and  elena’ Resort, 8 km north of city of 
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Varna. The relief of the park is plane with altitude from 29 m to 85 m. 

The area is 36 ha which are divided into 19.8 ha /55%/ - woodlands; 

14.5 ha /40%/ - grasslands and 1.7 ha /5%/ - water bodies. Two 

streams, year-round with high water flow thought the territory of the 

Botanical Garden. 

Investigated territory is a part of Black sea climatic zone, North 

seacoast according to climatic regionalization of Bulgaria. The climate 

is tempered-continental influenced of nearness of Black sea [1]. The 

climatic impact of the sea is confirmed by the positive mean January 

temperature /to 1
0
C/, comparatively small temperature amplitude and 

the breeze circulation. The average temperature determined relatively 

cool summers and mild winters witch have a great importance for the 

plants. The average precipitations through the year in Varna region are 

about from 300 to 700 mm. In the last 20 years dominate years with a 

large precipitation then normal climatic rate of 474 mm [2]. 

 The soils in the UBG are gray forest soil (Luvisols) with light 

to heavy loam-sand structure. The soils are strongly compacted which 

deteriorate its water regime [3]. 

According to phytobotanical regionalization of Bulgaria 

Ecopark Varna is a part of Illyrian province of European Broadleaved 

forest region. It is observed that the natural vegetation of the garden is 

transitional between Q. cerris-Q. frainetto forests and xerothermic 

grasslands [4],[5]. 

University Botanical Garden ‘Ecopark Varna’ has well 

maintained garden area but till now there isn’t made investigation of 

the natural autochthonic vegetation. The objects of this study are 

autochthonic bulbous plants as a part of the least studied plant in 

Bulgarian flora.   

         The aim of present study is determination of autochthonic 

bulbous plants at the area of ‘Ecopark Varna’ as it is analyzed 

taxonomic structure of species. It is made analysis of the floristic 

elements and conservation status of bulbous plants.  

The data from this investigation may serve to find some 

regularity about distribution of bulbous plants in different regions of 

Bulgaria. 
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Materials and Methods 

 

The present study cover natural and semi-natural habitats on the 

territory of Botanical garden Varna and the investigations are 

conducted through the vegetation periods of 2013 and 2014 year by 

selected tracks. 

During the survey there were defined and describe 12 species of 

autochthonic bulbous plants. It was made herbaria and numerous 

photos of the found species. The specimens’ herbaria are stored in the 

Herbarium of the University Botanical Garden Varna. 

For the taxonomic base were used Flora of NRB [6], Handbook 

for plants in Bulgaria [7] and Flora of Dobrudzha [8]. The 

conservation status of the species was determinate according to 

Biological diversity act [9], Red data book of the Republic of Bulgaria 

[10], international database CITES [11]. The endemic status was 

defined according to Flora of NRB . 

The localities of the bulbous species from Ecopark with 

conservation importance were mapped. Catalog with the state and 

number of this protected species was done. 

          It was made percentage ratio between autochthonic bulbous 

species in Botanical garden Varna and all bulbous species in 

Bulgarian flora. For the number of bulbous species in Bulgaria flora is 

was information from Flora of NRB (Vol. 2)  and Conspectus of 

Bulgarian vascular flora [12]. It was not included tuber-bulbous plants 

species in present study. 

 

 

Results and discussion 

 

Taxonomic structure 

 

The result of the present study is 12 established autochthonic 

bulbous species belonging to 6 genera and 3 families. In comparison 

with the flora of Bulgaria are established 104 species from 15 genera 

and 3 families. The percentage ratio of  bulbous species in the Ecopark 

and species in Bulgarian flora is 11.54 % which is a great number of 

the small area of the park. The percentage ratio by families is 
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Liliaceae : Asparagaceae : Amaryllidaceae is 33% : 25% : 42% for the 

Bulgarian flora and 17% : 41.5% : 41.5% for the species from 

Botanical garden. As in Bulgarian flora the species from genera 

Allium is presented with most species.  

Table 1. Distribution of species in genera and families 

  

 
 

Floristic analysis 

 

All 12 species bulbous plants which were described, belong to 8 types 

floristic elements, which are united in 3 groups: 

- European– 4 species (European – 1; Euro-Mediterranean – 2; 

Euro-Oriental-Turan – 1); 

- Mediterranean – 4 species (Mediterranean – 3; 

SubMediterranean – 1); 

- Pontian – 4 species (Pontian – 1; Pontian-SubMediterranean – 

2; Pontian-Mediterranean – 1). 

The results show that autochthonic bulbous species on the 

territory of the Botanical garden Varna are strongly related to the 

Mediterranean floristic region. This relation explains the great 

biodiversity of bulbous species in Ecopark Varna with its mild seaside 

climate. 
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Table 2. Floristic elements 

 

Family Genera Species 

Floristi

c 

element 

Amaryllidacea

e Allium 

Allium atropurpureum 

W.K. Pont 

    Allium rotundum L. Eur-OT 

    Allium scorodoprasum L. 

Eur-

Med 

    Allium sphaerocephalum L. Med 

  Galanthus  Galanthus nivalis L. Eur 

Asparageceae Muscari Muscari comosum Mill. Med 

    

Muscari racemosum (L.) 

Mill. subMed 

  

Ornithogalu

m 

Ornithogalum narbonense 

L. Med 

    

Ornithogalum refractum 

Kit. ex Schltdl. subMed 

    

Ornithogalum umbelatum 

L. 

Pont-

subMed 

Liliaceae Fritillaria Fritillaria pontica Wahl. Med 

  

Gagea Gagea arvensis 

(Pers.)Dumort. 

Pont-

Med 

 

Species of conservation importance 

 

       There were determinate 2 species with conservation importance 

and 1 species with endemic status of the autochthonic bulbous plants 

on the territory of University Botanical garden Varna. 
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Table 3. List of species of conservation importance 

 

Galanthus nivalis L. is a species from the Red data book of 

Bulgaria, Biological diversity Act (BDA) and CITES with category 

‘protected’. It is a perennial plant which prefers shrubs and forests 

habitats near to water bodies. On the territory of Botanical garden the 

species have two localities with very good density and number of 

population. 

Fritillaria pontica Wahl. is included like a ‘rare’ species in the 

Red data book and BDA. The species is Balkan subendemic plant 

inhabit grasslands, woods and shrubs [6]. In Ekopark Varna there is 

only one locality of the species with limited number of plants. 

There were attempts to increase the populations of both species with 

conservations importance in Botanical garden. It was sowed a seed of 

the species in condition close to their natural habitats. Except of the 

controlled ‘in situ’ conservation of autochthonic species for the 

Ekopark there were grown introduced and decorative bulbous plant. 

There are ten species like them and one is Galanthus elwesii Hook., a 

plant with conservation importance. 

№ Вид Red data 

book 

Bio. 

diversity 

Act 

CITES Endemic 

1 Galanthus nivalis 

L. 

protecte

d 
+ +  

2 Fritillaria pontica 

Wahl. 

rare +  subBalka

n  
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Figure 1. Scheme of the deposits of plants of conservation 

 

 

Conclusion 

 

The preserved natural and semi-natural habitats in UBG Varna with 

the big diversity of environmental conditions determine the existence 

of high percentage (11.54%) autochthonic bulbous species. The 

territory of the Botanical garden has an optimal condition for ‘in situ’ 

and ‘ex situ’ conservation of the plant biodiversity. There is a 

possibility to increase of biodiversity of bulbous species especially for 

species with conservation importance. 
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Abstact:  This paper makes a critical assessment of problem-

based learning (PBL) in geography. It assesses what PBL is, in terms 

of the range of definitions in use. PBL is one of a cluster of recent 

innovations in active learning for which a wide range of positive 

outcomes for students is claimed. 

This article provides an overview of the nature and 

development of problem-based learning as well as its applications in 

and potential for the teaching of geography. 

What then is PBL, and what are its purposes and alleged 

benefits? What are the experiences of PBL amongst students? 

It identifies some ‘best practices in PBL’, as well as some 

useful sources for those seeking to adopt PBL in geography. It 

concludes that PBL is not a teaching and learning method to be 

adopted lightly, and that if the chances of successful implementation 

are to be maximized, careful attention to course preparation and 

scenario design is essential. 

This paper explores such matters as a preparatory step to 

establishing an international research project that will evaluate the 

issues in greater depth. 

Keywords:  Geography, Geographical Education, Geographical 

Thinking,  Project-Based Learning, Curriculum, Benefits, Risks, Best 

Practices 
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Scientific Knowledge begins with the first attempts the world 

and its composite elements to be presented as comprehensible, 

explicable and predictable. For this purpose in the millennial 

civilizational development, a wide range of approaches was used, 

which lead to different by their subject of research, but closely 

interconnected scientific branches and schools. 

In contemporary world science is important activity, in which 

some of the countries invest significant amounts of money, in order to 

achieve economic and social prosperity, in order to search for 

solutions of the significant problems of modern times, in order to 

provide conditions for development and upgrade of knowledge that 

have been amassed by the previous generations.     

The tremendous progress of communications and information 

technologies during the last decades and the connected with it 

transition from industrial to information society lead to natural 

changes of the structure of economy and labor market, and to the 

formation of a new model of economic growth and development, in 

which a key factor is the quality of human potential.   

Thus the socio-economic development emerged and in the 

search of methods for taking up a leading position in the world 

economic competition.  

What geography is significant to the 21st century learner? 

Jacques Delors [1] notes: The world educational tendencies 

are based on four feet: to learn to know, to learn to be capable, to 

learn to live in unison with the others, and to learn to be. 

Geography underpins a lifelong ‘conversation’ about the 

earth as the home of humankind. It is not a narrow academic 

subject for the few. It is a fundamental idea. It is of relevance to 

everyone. 

 
Figure 1 Some of support points 
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The study of geography stimulates an interest in, and a 

sense of wonder about, places and helps make sense of a complex 

and dynamically changing world. It explains how places and 

landscapes are formed, how people and environment interact, and 

how a diverse range of economies and societies are interconnected. 

It builds on pupils’ own experiences to investigate at all scales 

from the personal to the global. 

Geographical enquiry encourages questioning, investigation 

and critical thinking about issues affecting the world and people’s 

lives, for the present and future. Fieldwork is an essential element 

of this. Pupils learn to think spatially, using maps, visual images 

and new technologies, including geographical information 

systems, to obtain, present and analyse information. Geography 

inspires pupils to become global citizens by exploring their own 

place in the world, their values and responsibilities to other 

people, to the environment and to the sustainability of the planet 

[2]. 

 
 

Figure 2 Curriculum Making 

 

The problem about geographical thinking isn’t new, but it 

remains actual and leading in teaching. That is because of the high 

extent of abstraction, while revealing significant features of thinking 
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on one hand, and because of the complicity of following up the 

interrelations of the highest rank, as between intellect and skills, on 

the other. 

Engaging with young people’s curiosity: questions that can be 

addressed by ‘thinking geographically’. 

 Identity: Who am I? Where do I come from? Who is my 

family? What is my ‘story’? Who are the people around me? Where do 

they come from? What is their ‘story’? 

 Place in the world: Where do I live? How does it look? How 

do I feel about it? How is it changing? How do I want it to change? 

 The Physical world: What is the world (and this place) made 

of? Why do things move? What becomes of things? 

 The Human world: Who decides on who gets what, and why? 

What is fair? How do we handle differences of opinion? 

The search for correlation between these two basic segments of 

human mentality turns into practical base for bringing out the 

regularity, that through the development of geographical thinking one 

can influence the common intellectual level. 

The final result of the development of geographical knowledge 

is the geographical image of the world – one of the most common 

concepts in Geography. What actually is included in the concept of 

“scientific image of the world”? It is perceived as a systematized and 

whole idea of the world in the form of combination of fundamental 

conceptions of contemporary science, which have practical, as much 

as theoretical and philosophical significance. Parallel to the common 

scientific image of the world exists separate particular science images. 

 Geographical space is a key concept for geographical science, 

which changes its form and content. The nature of geographical space 

now is multilateral and multiaspect. Within the framework of 

geographical space important role has territory, which serves as 

peculiar environment, as well as complex resource and operative 

basis. 

Territory determines the other more particular geographical 

objects, characterized from the point of view of territorial division, 

density, equality of distribution, geographical position. Besides this, 

territory unites objects (through the relations between the last, 

between the objects and the territory itself) in types of taxons. In their 
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nature simple and complex geographical objects characterize territory; 

they “saturate” it with different qualities and indications, for instance 

resource availability, extent of assimilation. 

Undoubtedly determinative indication is the quality as an 

operational basis of the activity of mankind and life in general. 

Besides this, the “spatial” resource of territory has the quality to 

serve as a “focus” of many other resources, discovered as well as 

potential. Many of the contemporary geographers, relying on the fact 

that “assimilated” territory is an object of Geography, approach to it as 

an analysis of a geosystem. 

The whole bloc of geographical knowledge is now in the bosom 

of geoinformatics and GIS-technologies. 

In contemporary society the information that is used for the 

revealing of the objective relation between phenomena and processes, 

has twofold quality. It can be an important resource, actively 

influencing and determining one or other particular situation in the 

development of territory. And in the same time the informational 

environment itself can be an object of geographical research, new 

modern knowledge. In other words, we have to be ready for the fact 

that geographical space, representing the objective fundament of 

Geography, can be gradually displaced by informational space. 

 

 

 
Figure 3 Informational potential 
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Figure 4 Typical characteristics of informational culture 

 

 
 

Figure 5 Skills, connected with informational culture What are 

the stages of enquiry? 
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Figure 6 Cycle of Learning 

 

 
Figure 7 School geography and capabilities 

 

 

Creating a need to know 
speculating, hypothesising, 

generating ideas, asking  
questions, planning how to 

research  

Using sources locating 
evidence, collecting, selecting, 
sorting, classifying, sequencing 

Making sense describing, 
explaining, comapring, 
contrasting, analysing, 

concluding 

Reflecting on Learning 
evaluating, identifying areas for 

improvement 

world knowledge and 
knowledge of earth 

as the home of 
humankind 

relational 
understanding of 

people and places in 
the world 

disposition to link 
social, economic and 

environmental 
processes 



251 
 

 
Figure 8 

 

It has been suggested that PBL “has almost as many forms 

as places where it is used” [3, p. 1]. 

 Published definitions of PBL, however, share an emphasis 

on learning rather than instruction and a belief that PBL is a 

mould-breaking means to this end. Beyond this, PBL definitions 

emphasize different aspects of structure, process or goals. 

It may therefore be useful to attempt an understanding 

from a number of perspectives. One is in terms of ‘the vital 

distinction’ between problem-based learning and problem-solving 

and inquiry-based approaches [4, p. 5]. 

Another concerns the emergence and development of 

PBL: in what contexts and for what purposes did it originate? 

Analytically, a useful starting point is to distinguish between, 

on the one hand, PBL and, on the other, the problem-solving and 

inquiry-based approaches. All three are active learning approaches, 

predicated on the constructivist belief that to involve the student is to 

enhance understanding. Each offers explicit although differing 

opportunities for co-learning amongst students [5, p. 80].  
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However, in problem-solving and inquiry-based approaches, 

the knowledge to be developed must often be acquired in advance of 

participation in the problem-solving process. Examples would include 

experience in the field following in-class learning, or laboratory group 

work designed to explore concepts introduced in the lecture room. In 

other words, students attempt to inquire or to resolve problems from 

bounded curricula content [4,6]. 

As the summary statements in the centre of Table 1 indicate, 

benefits are accompanied by risks. The more commonly identified 

risks are listed in the lower part of the table. 
 

 
Table 1. Benefits and risks of PBL relative to traditional learning 

methods: for students, instructors 

A Model of Research Project in The Education in Geography of 

The Balkan States  

 

The Balkans as a territorially differentiated category is a 

multidimensional concept. But Geography, as a discipline 

interprets the knowledge of the Balkans too stereotypy.  Using the 

“common-general” approach in the studying of Europe is 

achieved a fragmentariness with a clearly distinguished 
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superiority of the natural-geographical characterization. The 

problematic areas, so typical for the region, which are object of 

study of Geography as a science, are only mentioned or missing at 

all. The interdisciplinarity as a potential for the formation of an 

overall idea is formal. 

There is a pressing need of choice of model, conformable to 

certain criteria, among which traditions and innovations that 

preserved their value, the global development trends, the topical 

competences in young people.  

Under a model most generally we understand a definite 

construction, in which we include some characteristics of the 

modeled object, but in the same time here are included some parts 

of our experience and thinking. Through the model we aim not 

only to cover as much as possible sides of the studied object, but 

also with its help to discover such qualities of the object, which are 

new to us. Thus the model represents means for reaching 

presumable and possible truths. 

By its development we use as a basis a flexible structure, 

founded on a determinate strategy and developed in horizontal 

and vertical plan.  

  The main questions, that are significant for the development 

of the present model, are: 

 what is the internal logic of the regional socio-economic 

Geography – the Geography of the Balkan States, which are its main 

problems, the main key words showing the educational map, which 

can be made up;  

 how to solve the dilemma between that, which is classical, 

which can be accepted as universal, necessary, basic, and that, which 

is marginal, although important, which can be considered as a novelty, 

which represents a hypothesis; 

 with the help of which skills would it be realized: through 

stimulation to individual work, actualization of their experience and 

creation of conditions for its enrichment, through coping with 

problems and so on [7]. 

The one who implements this model of education should be 

considered entirely and dynamically, that is to say as a personality. 

The development of creative skills by the stimulation of self-
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expression and self-realization as active, with equal rights and free 

persons, the bringing forward of harmonious and humane 

interrelations and interactions in the educational process in 

Geography, are some of the significant priorities and their realization 

supposes the modeling of the desired result in three main dimensions: 

 
Figure 9 

 

 cognitive dimension, revealing itself in: mastering of system 

of knowledge; usage of the research project as a specific “form” of 

knowledge, self-knowledge and creative work, of personal reflection 

and attitude to reality, and also as a system, which provides unity in 

the development of the mental and logical structures, the creative 

thinking and expression; conscious and motivated decision and 

working in “teams” as they learn to “cooperate and coordinate, discuss 

ideas, to accept criticism and the fact that there is not only one way of 

solving of a particular problem”. 

 moral dimension, revealing itself in: creating of opportunities 

for development of a system of values, which is in the base of the 

humane attitude to man and nature; mastering and using of norms and 

standards of positively oriented behavior, based on the universal 

values, and providing preparation for a responsible way of living; 

direction of the efforts to mastering and using of skills for cooperation 

and partnership, determined by such a basic value orientation, in 

which the group considers itself a community and cooperates for the 

expression of personality and creative uniqueness; development of a 

system of interrelations with a humane determination, which together 
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with the geographical knowledge for the regional socio-economic 

geography to cooperate for the right attitude to reality. 

 affective dimension, which shows itself in: realization and 

maintaining of the most favorable proportion and unity of the rational 

and the emotional in the process of formation and development of the 

personality; analysis and settling of emerging emotional contradictions 

and conflicts in the context of social and interpersonal relations; 

direction of the efforts to integration of the positive influence of the 

group, of the creative self-expression. 

We propose a model of a research project on theme “Politico-

geographical and Geopolitical Aspects of the Balkan Regional 

Cooperation”. The theme can be elaborated through the revealing of 

the possible sources of the common regional interest. That supposes a 

thorough analysis of some aspects of the Balkans as a regional space. 

In the course of the research should be reminded the character 

and acquired the content of the following concepts: ethnonational 

structure, confessional structure, state structure. After a discussion on 

preliminarily outlined problems, the following conclusion should be 

made: there is an ethnonational structure, which is determined by the 

complicated interweaving of nations and ethnoses. There is a specific 

confessional structure, which includes Christianity (Orthodoxy and 

Catholicism) and Islam. The third face of the region is the state 

structure, which doesn’t cover and cannot be covered by the first and 

the second. There are actual and inherited contradictions among the 

three structures that were mentioned, there are also big differences 

among the positions of the Balkan states to these contradictions, there 

is and “usage” of these contradictions by geopolitical powers. Most 

unconditionally these differences are expressed through the nation-

state interrelation and through the opposition between Islam and 

Christianity. 

The research takes place on two levels. The first one is 

connected with the characterization of the nation-state relation. In the 

states on the Balkan Peninsula, the ethnonational structure historically, 

in the process of formation of nations, didn’t get an adequate state-

political structure. 

  The work on the first level is focused on the clarification of the 

following significant moments: 
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 Analysis and comment on the fact that the ethnically modeled 

national-state ideology was posing the comprehension of the state as a 

uninational state of ethnical type, which generates aspiration for 

ethnical homogenization.  

 Realization of the circumstance that the outlined tendencies in 

the development of the ethnonational processes and especially of the 

interweaving of the ethnical and the regional problems of the Balkans 

problematize the stability of most of the Balkan states.  

 Exploration of the party and parliament practice in the states 

of the Balkan Peninsula, in result of which will be made the 

conclusion that in all of the states in the region exist ethnical parties, 

which together with the state structures obviously or secretly have 

pretentions to govern and in significant extent they “govern” their 

minority. Typical of these parties is that they aim to act as leaders of 

territorially differentiated masses of the population. On the basis of the 

results from the last parliamentary elections in the respective states the 

students make a map of the “Electoral Geography” and compare it to 

the map of the ethnical minorities. They comment on the coincidence 

of areas and (in much less extent) the differences. 

 Making the conclusion that in a number of countries the 

tendencies to separatism amplify, which prevents the formation and 

consolidation of awareness of the regional community. Particular 

examples of the displays of separatism in the region are also given. 

The second level of research is connected with the analysis of 

the Islam – Christianity relation, i.e. of the religious confrontation on 

the Balkans. Here should be clarified the following circumstances: 

That the Balkans are predominantly Christian region. But one 

part of them is a territory well covered by the Islam religion. On the 

basis of interdisciplinary relations with History, is analyzed this 

circumstance and the ethnoconfessional areas are outlined. The 

ethnonational and religious integrating functions of the two religions 

are characterized. The conclusion is made that the ethnointergative 

functions of Islam are mainly directed to the Turkish and the Albanian 

nations, and these of Christianity – to a great part of the population of 

Bulgaria, Serbia, Macedonia and Greece. Discussed is the pressure on 

the Islamized groups of the population of nonturkish ethnical origin 

for their turkization and differentiation as a Muslim minority or nation 
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as in Bosnia and Herzegovina. A map of the religious spreading of the 

population in this country is made up. 

That in contrast to Christianity which connects the Balkans with 

Europe, in Islam can be found an aspiration for uneuropeanization of 

the Balkans, for erosion of their historical, cultural and other types of 

European identity. In this context is discussed the question about the 

future development of Turkey: as a modern secular state, a participant 

in the European process, or as a state, built on the base of the 

panturkism and the Islamic fundamentalism. Evidences “for” and 

“against” the two opposite theses are given. 

That on the Balkans in future will exist bireligious situation – 

Christian Balkans (the bigger part of the region) and Muslim Balkans. 

On the basis of research of historical, ethnographical, 

geographical and regional studies materials, the conclusion should be 

made that: leading should be not the ethnical and even less the 

religious differences, but the common interest of the Balkan states and 

peoples in peace, cooperation and stability in the region. 

    The final part of the research is connected with putting the 

stress on those priorities, which in the fastest way will help for the 

accomplishment of the process of mutual regional development:  
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Figure 10 

 

The research finishes with the making of fundamental 

conclusions and formulation of particular suggestions for optimization 

of the Balkan regional cooperation. 

PBL is an active learning method that leads to greater 

understanding and achievement of competences, rather than retention 

of knowledge for its own sake. It usually takes place in group 

environments where the focus is on attempting to resolve problems, or 

to work through scenarios, with the aim of developing lifelong 

learning skills that are transferable to career situations [8]. 

PBL is not a teaching/learning method to be adopted lightly, 

and if the chances of successful implementation are to be maximized, 

then careful attention to course preparation and scenario design is 

essential. 
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Abstract: The report examines the main tourist resources for 

the development of a traditional and alternative tourism in the 

coastal part of Dobroudja. The Bulgarian Dobroudja Black Sea 

coast is cliffs and rocky. This greatly restricts the development of the 

tourism industry. An assessment of natural tourism resources as a 

factor in tourism development. Estimated main tourist flow to the 

main resorts of the northern Black Sea (Dobroudja) coast. Given the 

characteristics of the accommodation facilities and opportunities for 

intensification of tourism. Analyzes the impact of the financial and 

economic crisis on tourism development in recent years. It is given a 

prognosis  for its future development. 

 

Key words: Dobroudja, tourism, Black sea coast 

 

Northern Bulgarian Black Sea coast covers territories 

Northern from Eastern parts of Stara Planina Mountains. It is cut into 

Cape Emine and passes lightly into Black Sea kettle. From this 

separated zone Dobroudja Black sea coast cover one small part . It 

covers mainly Dobroudja municipalities with outlet to the sea . They 

are Shabla, Balchik and Kavarna municipalities . This Dobroudja 

coast is with competitively weak developed touristic branch towards 

South Black Sea coast and touristic complexes in Varna Bay. Object 

of this research is mainly this area - Dobroudja Black sea coast. 

  

 

 

                                                           
1
 The material available for publication updated and updated with data from 

2014. Posted in reduced variation in journal “Hotelink”, Belgrade 



261 
 

          Output data and analysis  
Geographical location of Dobroudja coast gives favorable 

conditions for development as of sea tourism as for alternative 

tourism. In the assessment of touristic potential in these two type 

tourism we can find some differences. 

    In sea tourism these are the spaces of beaches. Table 1 shows 

concrete parameters of beach resources as potential for development 

of sea tourism. Northern Black Sea coast has area more than 3 million 

sq. meters. From it the quote of Dobroudja coast is only 1.7 million 

sq. meters in 1/3 from all length of the beaches. This means that beach 

resources are concentrated mainly in Varna and Byala municipalities. 

For Dobroudja municipalities with outlet on the sea this quote is only 

30% from all beach resources on Bulgarian Black Sea. 

 

Table 1. Main characteristics of the bigger beaches on Dobroudja 

Black Sea coast (according Penerliev, 2012) 

 
 

 

№ 

 

Beach 

 

Location 

Lengt

h  

 m 

Widt

h –  

max. 

m 

Active 

land 

are 

thousa

nd  m
2
 

Area of 

sub sea 

part to 

level of 

isobat 

1,5m 

thousan

d. m
2
 

Area of  

dunes 

and sne 

stripes  

thousa

nd 

 m
2
 

1. “Durankulak 

-North” 

(“Granicharsk

i”)  

gore 

Sivriburu

n –  gore 

Kartal 

2400 150 230 198.5 31.5 

2. “Durankulak 

South ” 

 Between 

Orlovo 

swamp 

and 

Durankul

ak firth 

3700 250 480 173 2400 

3. “Krapets” gore 

Krapets 

1700 200 77 77 280 

4. “Shablenski” In front 

of Shabla  

5500 250 664 664 900 
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and 

Ezeretsko 

lakes an 

Shabla 

tuzla 

5. Balchik 

beaches  

(“Balchik”, 

“Biser”, “ 

The Palace”)  

 

Southern 

from 

Balchik 

700 40 22.5 10.0 - 

6. “ Batovo - 

Kranevo” 

Northern 

part of 

Albena 

resort – 

Kranevo 

village  

5100 110 249.5 210 - 

     1723   

 

Note: For the development of touristic branch very important is the 

space of active beach zone – which tourists use. Only this area is 

shown in this table. 

 

     Is this smaller concentration of beach resources has negative 

role?  
         We have to asset this after analysis of bed space base in the 

region. 

   In 2012 statistics count next indicators for number places for 

accommodation and number beds in municipalities( Table 2 ): 

Leading is Balchik municipality with 80 places for accommodation 

and 21 000 beds in them; Kavarna municipality with 7 places for 

accommodation and 1396 beds in them; Shabla municipality had 84 

places for accommodation but with only 1247 beds in them. 
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Table 2. Places for accommodation and beds in them Dobroudja 

Black Sea municipalities, 2012 

Municipalities Places for 

accommodation 

Beds 

Shabla 80 1247 

Kavarna 7 1396 

Balchik 84 20963 

Total 171 23606 

National Statistics Institute 

 

From one side the development of the touristic bed space in 

Shabla municipality with these indicators shows little capacity of 

places for accommodation. The opposite is valid for Kavarna 

municipality – more beds and only several places for accommodation. 

This means bigger hotels and less numb guest houses and family 

hotels. From other side beach resource can take all tourists in 

maximum loading. And one more comparison – three times less of the 

beach resource of Kavarna towards Shabla one in almost similar 

numbers beds.  

        This means less anthropogenic load in northernmost municipality 

in Bulgaria. But this dives favorable assessment for development of 

eco tourism on the basis of the preserved territories there.  

In Shabla region are ones of the most important humid zones 

in Europe. These are lakes: Shablensko, Durankulak, and Ezeretsko 

lakes. Durankulak Lake is located in the northernmost part of Bulgaria 

6 km from Bulgarian – Romanian border. This lake is one of most 

remarkable humid zones in Bulgaria. Together with Ezeretsko Lake 

they are the only one preserved natural firth on Bulgarian coast. 

Beside its Eastern shores have founded relics from the initial steppes – 

one of the very rarely type eco system in Bulgaria.  

In the region are populated 5 endemic plants characterized for 

Balkan Peninsula and 27 species with international and national 

preservation importance. The place for growth of swamp plant 

(Sch.triqueter) is most representative of the country. The biggest one 

is the importance for preservation of bird fauna – 4 species wintering 

population’s birds (small cormorant- Halietor pygmeus, white fore 

goose- Anser albifrons, gray goose Anser anser, and red maw goose – 
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Branta ruficollis) have main merits for the international recognition of 

this humid zone as Ramsar object. This fact defines the place as one 

the most important wintering places for these species goose in the 

world and the most important zones in Bulgaria. 

    The space bed base in the municipality is not designed for big 

flow arrivals; it is for small groups specialized in ornithological, 

botanical and eco tourism. The municipality has   rarely active 

camping on our seaside – Doubrudja and Kosmos. There is the only 

one “Green educational center”- which presents full set of educational 

eco services and eco seminaries. 

    From the statistics Kavarna municipality is the weakest 

developed in touristic branch. It has the smallest space beds base as 

and it has visited by less arrivals. In 2012 the foreign tourists are more 

then 2000. Bulgarian tourists are 2900.  

 What assessment can to give for the municipality? 

 There are several touristic places with national importance. 

These are Kamen bryag, Cape Kaliakra and Bulgarevo village. 

   Kamen bryag is village in the border with Shabla 

municipality. It has only 50 people population. This is the place where 

every year people from over Bulgaria come to meet “July morning”. 

Every year 5000 tourists come for this event. This event 

tourism can be trade mark for the municipality. Every year the 

municipality organizes series of rock festivals with the most famous 

names in rock music. The economic effect can be expressed with 

income 2-3 million leva together with the multiplication effect. 

Negative are the short season, over loaded space bed base for short 

period and lack of events in the cold season. 

    Cape Kaliakra is natural and archeological reserve. It covers 

area of 688 dca and includes wild steppes and remarkable coastal 

cliffs and rocks. The flora includes more then 500 species. On this 

territory are determined 310 species birds, for 100 of them are taken 

special measures for preservation of their habits, 106 species birds are 

with Europian nature importance. 

   There nests Aristotel cormorant (Phalacrocorax aristotelis). 

With very high importance in the region is the second migratory 

passage in Europe - Via Pontica. Over Kalakra every autumn 

from August till October pass flocks of birds – more than 29000 
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storks  , pelicans and cranes as and 3000 raptors included 

worldwide threatened birds- steppe swamper, (Circus macrourus 

), hunter falcon (Falco cherrug), king eagle (Aquila heliaca). In 

the sea we can find also dolphins. 

   First records for the population in this place are from IV 

century B,C. when they are around the cape was settled by 

Thracian tribe – Tirizi who gave the old name- Cape Tirizis . 

Later the citadel wall built by Thracian was recovered and was 

built another fortress wall. The settlement consisted two part- 

inside and outside town. First citadel wall defenses from the land. 

Now days its remains are in 2 m height and 440 m length. In 

outside part are discovered ruins of many buildings .Well 

preserved is one building – bathroom from IV A.C. From this age 

is also one arced tomb which is well preserved. In the process of 

archeological works are found several Medieval churches. 

     Serious touristic potential has Bulgarevo village. It is 

settles mainly with the specific    ethnic group- gagauzi. Ethnic 

journeys as part of educational or village tourism are developed in 

fast speed. Learning unique and different being and culture is the 

basis of this type journeys. Gagauzi are Orthodox Christians 

speak specific dialect of Turkish language. Some researchers look 

for their origin in the past in pre – Bulgarian tribes , some talk 

about Turkish Slovenian , third ones relate  them to uzi, oguzi, 

pechenegs, Seldjic Turks , kumani, huns. According our field 

researches all its population are not express their ethnic 

appurtenance. They have exhibition in the public center about 

village history. We consider that it is undeveloped niche in 

alternative tourism in Kavarna municipality. 

Accommodation facilities in selected locations are shown 

in Table 3. Modern assessment of accommodation facilities 

described in villages is difficult. Statistics do not take into account 

accommodation in 10 beds. In these small and picturesque 

villages, namely guesthouses giving these two, three or four rooms 

leisure among rural environment combined with sea tourism. It is 

clear from the table that the accommodation is not much. Actually 

it is the color of the small seaside villages in Dobrogea. Hidden 

among the rocks and wheat fields are a place to relax away from 
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the hectic daily and polluted urban environment. After researches 

villages most accommodation has Krapets - 29, and this leads to 

the most number of beds - 469 beds. Tulenovo and Kariya is 

respectively the other pole - single guest houses or small hotels. 
 

Table 3. Accommodation and beds in selected villages 

in Coastal Dobrudja (as of September, 2014) 

villages Accommodation 

facilities (nm.) 

beds  

(nm.) 

Kamen briag 13 126 

Tulenovo 6 90 

Krapets 29 469 

Duranculak 5 124 

Kariya 2 18 

total 55 827 

 

Source: Research on field observations 
 

Southern from Kavarna is Balchik municipality. In its 

range is included one of the biggest resorts on Black Sea seaside. 

“Albena” resort has very rarely preserved its authenticity in 

times. In 2006 it the resort had 15461 beds space and in 2012 hey 

are same 15237 in 37 places for accommodation. It shows good 

management. Even more the resort is one of the best places for 

congress tourism. This only sea resort with active congress and 

invent center which can organize events and congress activities. 

Till October 2013 are planned and fulfilled 57 regional, national 

and international events.   

      “Albena” resort is important center of tourism in 

municipality. From 21000 beds 72.5 % are concentrated in the 

resort. This means that in smaller hotels or guest houses have only 

5000 beds.  A competitive advantage of Balchik municipality 

towards other ones is the presence of important objects for 

Romanian tourists. In Balchik is the Palace of Romanian Queen 

Maria from XX century. Then between 1913 and 1940 this 

territory was temporally under Romanian rule. Finding and 

exposing of these tourist objects can increase the flow of mainly 



267 
 

Romanian tourists. In 2012 (NSI) in Balchik have spent their 

holidays more than 52 000 Romanian arrivals. It is 1/3 from all 

tourists.  

    Most unifying factor for the tourism in this region 

indisputably is golf. In the region is one of most beautiful, biggest 

and modern golf - courses. Golf tourism is a new branch in the 

group of alternative tourism. Even it is expensive and elite sport it 

has its fans and players who travel and participate in 

tournaments. The economic value from developing this sport is 

also big advantage. Europeans spent over 2.3 billion euro annual 

for golf tourism and Americans – 64 billion dollars annual. Golf 

tourists use to play in different places worldwide and spent money 

for this. One research of KPMG for developing of golf tourism in 

Europe in 2011 shows every golfer spent between 300 and 600 

euro (without flight ticket) for three days golf holiday and 

between 600 and 900 euro for 4 and 7 days holiday ( Penerliev, 

2011). 

   The potential of this kind tourism and its role in Coastal 

Dobroudja is very big. On Black sea coast near Balchik and 

Kavarna are located three golf – courses – Black Sea Rama, 

Thracian Cliffs and Light House. Black Sea Rama is located 5 km 

from Balchik. The golf – course has 18 holes with spectacular view 

and golf academy gives all year training indoor and outdoor. The 

accommodations are only from one floor and two floor houses.  

   Thracian cliffs. The golf -course covers 4,5 sq, km and 

from all 18 holes have spectacular view to the sea . Like facilities 

on disposal of golfers are 159 apartments in two compound 

villages, SPA center, fitness, restaurants and shops.  Lighthouse 

Golf & Resort is “Links type “with 18 holes suitable as for 

beginners as and for professionals. For the guests there is training 

court. 

   The economic effect from only one tournament is very 

high. During one tournament in May 2013 only for week was busy 

all touristic places for accommodation- total 24000 spending the 

nights. From the moment of announcing tournament in 

international medias the booking from foreign arrivals in the 

region have increased with 112 % till beginning of August. From 
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information of organization staff the direct effect on the income in 

budget are 580 000 leva as VAT onto 5, 8 millon leva prize fund, 

480 000 leva VAT onto tourist spending the nights. VAT onto 

tourist expenditures and other services in 2,2 million leva and 1.6 

VAT onto budget  of the tournament and deliveries from 

Bulgarian companies .This is serious economical effect from 

several days event. 

   When we talk about Dobroudja we have not to forget the 

typical cultural landscape: beautiful villages, old Dobroudja 

houses , huge  wheat fields, pastoral natural sceneries. This is 

probably the undiscovered touristic resource of Coastal 

Dobroudja . The village tourism had had its own place in whole 

touristic mix. 

 

Conclusions: 
  The examination of the touristic potential of Coastal 

Dobroudja even it is very common in this article shows following: 

1. All three coastal municipalities have different 

competitive advantages for development to specific type tourism. The 

unifying one is the sea tourism. 

2. Shabla municipality has to stress on eco tourism in 

respect of the humid zones in this area. It has to follow maintaining 

the weak loading as its main advantage. 

3. Kavarna developes its own niche for event tourism. This 

is distinguished thing from others. There has unused potential for 

cultural tourism. 

4. In Balchik municipality are concentrated all place for 

accommodation from the high class in all Coastal Dobroudja. It has to 

develop the wining congress tourism and this way to prolong the 

touristic season. It has to stress on the objects with importance for 

Romanian tourists. 

5. Golf tourism is unifying type tourism for all Coastal 

Dobroudja . With huge investments but with big profits it has to be 

developed as destination from global level. 

6. In addition to the main type tourism is necessary 

presentation and preservation of authentic village being and folklore in 

the range of Coastal Dobroudja. This will add its charm to the 



269 
 

common touristic mix. 
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Abstract: Istanbul has a great importance for all over the 

world for hundreds years. This importance never minimized when it 

was capital city and it doesn’t minimize today. Because of this 

reason, it has migrated and its population has always increased. 

Reasons of this situation always changed but Istanbul continued 

being a developed city. The population is always the main reason of 

economical, political and cultural development. The city which has 

the fastest population growth rate is always being one of the 

attractive cities for foreign and domestic tourists. 

People who were born outside Istanbul also have a big 

percentage in Istanbul’s population. And we can see this as fast 

population growth. The city has some problems because of fast 

population growth rate. 

Keywords: Istanbul, population, migration   

Istanbul is a city with a unique and exceptionally favorable 

geographic and strategic location. It lies on both sides of the 

Bosphorus, which separates Europe from Asia and connects the Black 

Sea and the Sea of Marmara. That makes the city a crossing point 

where the roads of two continents and two seas intersect. The city is 

located on the southernmost part of the Istanbul (Çatalca) peninsula, 

which is the easternmost part of East Thrace. The peninsula is hilly, as 

it is the easternmost spurs of Strandzha. East of Istanbul, its Asian 

suburbs also are of peninsular nature. 

Istanbul is one of the most ancient cities in the world, whose 

history is extraordinarily rich in events and twists. Taking into account 
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its very favorable geographic location, it is hard to imagine that since 

ancient times, people have always appreciated and taken advantage of 

that location. It is usually accepted that the date of the establishment 

of a permanent settlement – the foundation of the great city – was 658 

BC, when Byzas, the leader of the Greek Dorians, set the first settler 

wave. 

For centuries, Istanbul was one of the biggest cities in the 

world in terms of population. At the beginning of the 20th century it 

was among the first 12 of them, and in 1965 – it dropped about the 

50th place in the world. 

 

 
Maps Istanbul 

 

When, on October 13th, 1923, Istanbul was proclaimed no 

longer the capital city of Turkey, some predicted its total decline, but 

the favorable geographic location once again helped the city to keep 

its role as the first commercial and cultural center in the country. 

Istanbul still remains the biggest Turkish city even though the capital 

city is Ankara, whose population is rapidly growing. Something very 

typical of the population of Istanbul is its multiculturalism, but before 

WWI the cosmopolitan nature of the city was even more prominent. 

The main reason for that was the multinational nature of the old 

Ottoman Empire, which in present day shapes the ethnical structure of 

both Turkey and Istanbul. There are 25 national minorities in the 

country. Turkey has officially recognized only three of those 
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minorities, under the Treaty of Lausanne, namely Greek, Armenian 

and Jewish people. 

Nowadays, Turks constitute the majority of the population of 

Istanbul. 65% of it are Turks (most of them are emigrants from 

Anatolia and the Balkans, few are locals); 20% are Kurds; 15% are of 

other ethnicities (Arabs, Persians, Lazs, Albanians, Cherkess, 

Bosniaks, Armenians, Jewish and many others also live there). 

Each culture has its peculiarities, but despite their differences, 

they manage to coexist in the same place and share the same feelings 

of joy and sorrow.  

For centuries, Istanbul combined all major functions of the 

Ottoman Empire and of the Byzantine Empire before that. After 1923 

it lost its function as a capital but retained its leading role as an 

educational and cultural center, and a leading industrial, financial, 

commercial and transport center in Turkey. Today, Istanbul is the 

country’s economic heart. Because of that, the population of Istanbul 

is constantly growing. In spite of the high urbanization levels, the 

population of the city is on the increase not only because of the 

positive natural growth, but also due to migration. At the first census 

of the population in 1927, after the Republic was declared, the 

population of Istanbul was estimated at about 800 000 people. (Table 

№1). 

 

Table №1: Total population of Istanbul over the years 

 

Year Total population 

2012 13 854 740 

2010 13 255 685 

2000 10 018 735 

1990 7 309 190 

1980 4 741 890 

1970 3 019 032 

1965 2 293 823 

1945 1 000 000 

 

The data in the table pose questions like:  

What is this increase due to? 
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 Is the migration of population typical of Istanbul only? 

We try to figure out the answer to other similar questions about 

migration. 

The steady development of urbanization and industrialization is 

unlike that of the West, where the two grow at the same rates. The 

main reasons for moving to the city from the village are poverty and 

unemployment. Job opportunities stimulate migration and more and 

more people choose the city, but urbanization is far from orderly and 

systematic, and has been brought to a distorted, unhealthy state. In 

this way, if we place the issue of the so called gedzhekondu housing 

first, economical, cultural and social problems unavoidably emerge 

too. In order to understand the reasons for migration, we must be 

familiar with the social and cultural structures of society. We cannot 

separate population movements into social and cultural ones. We 

must take into account all factors simultaneously to get a more 

complete picture. Migration is not independent of economic and 

cultural events. 

Turkish population is young. These people, if they don’t find 

any other way to solve their problems in their own regions, such as 

obtaining work or education, they see migration as the best solution. 

Istanbul is usually the destination of choice. Compared to other 

provinces, the city needs greater workforce and can choose between 

highly qualified personnel and cheap workforce. The factor of 

education is also present here. Istanbul is a big university center as 

well. A lot of young people who get their education in Istanbul 

remain to live and work there. Of course, for those who migrate 

along with their families, the social environment in which they live 

increases their need for education. 

Improving social status and income leads to creating new 

necessities for the people. Their personal interest in the fields of 

social and cultural events increases. This interest is another reason for 

migration. Natural disasters, terror, blood feuds also contribute to the 

migration of population to Istanbul. Taking into account all those 

reasons, they are not restricted to Istanbul only, but are characteristic 

of Turkey in general. 

Of course, the causes of migration have a negative side too. For 

example, there emerge problems with insufficient housing, lack of 
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job opportunities, health care issues, one-night constructions (the so 

called gedzhekondu. The first such construction was built in 1947 in 

Zeytinburnu) and the clash of different cultures. Thus, a mechanism 

of change is formed, which starts in the outskirts of Istanbul and 

reaches the innermost circles of society. 

 

Change in the population in Istanbul over the years. 

After 1950 the population of Istanbul started to change 

significantly. Because of migration, the greater part of Istanbul’s 

population comprised people who had been born elsewhere. With the 

population growth, male population increases. The reason for their 

migration was job hunting. Later on, the men who had settled in 

Istanbul brought along their wives and children, which restored the 

balance between male and female population. 

In the middle of 1960, the second migratory wave took place, 

which affected Istanbul and its outskirts. What was characteristic of 

that migratory wave was whole family-migration. 

The last great migratory wave started in 1980 and continued 

slowly and systematically until 1990. During that period, migration 

did not happen only from the village to the city, but migration from 

city to city started to occur as well. 

The population of Istanbul grew. About one sixth of the 

population of the whole country already lived there. Industrialization 

and economic policies had a significant influence. Another important 

issue was the decrease of natural population growth, but migratory 

growth increased. Compared to other provinces, the population 

density in Istanbul was very high (2 666 people/km2). This lack of 

correspondence increased on a daily basis. 

From 2000 to 2007 the monitored population, namely citizens 

whose place of birth was not Istanbul, was as follows: the leading 

migration regions were Sivas (681 214), Kastamonu (516 556), 

Giresun (453 197), Ordu (453 197), Trabzon (357 454), Samsun (373 

421), Tokat (396 840) and Malatia (349 475). Provinces which 

experienced only minor migration were: Hakkari, Burdur, Sharnak, 

Mugla, Yalova and Karaman; in Table 2 you can see that most of the 

population was born outside of Istanbul, more precisely people from 

the Balkans and those who went to work in Germany and then came 
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back. That was due to several migratory waves from the Balkan 

countries for political reasons. From Germany came those who had 

preferred it for the better economic conditions, but then decided to 

come back to their homeland. 

 

 

Table №2: The population of Istanbul as the birthplace (2000) 

 

country Total Percentage % 

total 323 749 100,0 

Bulgaria 126 827 39,2 

Germany 40 590 12,5 

Macedonia 18 192 5,6 

Greece 13 665 4,2 

Romania 7 040 2,2 

Iraq 4 747 1,5 

Afghanistan 4 261 1,3 

Azerbaijan 4 186 1,3 

USA 3 919 1,2 

Iran 3 785 1,2 

Russian Federation 3 565 1,1 

France 3 172 1,0 

Switzerland 2 852 0,9 

England 2 752 0,9 

China 2 514 0,8 

other countries 81 682 25,2 
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Among the housing models for migrants in Istanbul, one that 

stands out is cohabitation. People who move to Istanbul bring with 

them the cultural values they were brought up with. Thus, they try to 

populate the area with their fellow citizens. Fellow citizens are not 

necessarily people from the same village or the same county, but 

sometimes from the same province or community. In an attempt to 

unite fellow citizens, special associations were founded. They did 

everything they could to help migrants to adapt to Istanbul, to accept 

one another and to live in harmony. With the help of their fellow 

citizens, people could manage to survive and solve their problems. 

Citizenship is the state of physically inhabiting the same region. 

Different associations to bring fellow citizens together were founded. 

Each province had its own solidarity organizations and their number 

grew by the day. The initial goal was for these associations to provide 

assistance in adapting to the city. Village meetings, spring picnics, 

weddings, etc. were reasons enough for people to unite. 

In this way, they tried to solve the issue of adaptation for 

migrants in the same province, to live comfortably in their respective 

neighborhoods so that they could get used to the change. Let’s take a 

look at the distribution of migrants by neighborhoods to see what it’s 

all about. In Gaziosmanpaşa there are the most emigrants from Sivas. 

In Kadıköy live Istanbulians, in Küçükçekmece there are migrants 

from Tokat, in Fatih live mostly those from Şanlıurfa and Kastamonu, 

in Karaköy there are a lot of people from Malatia. In Zeytinburno live 

Anteplians. Combining some of the most important commercial 

centers Fatih and Eminiyony, the greatest population being that of 

Mardin, in Esenliler live migrants from Kayseri, in Güngören – from 

Trabzon, in Kartal – from Erzincan, in Maltepe – from Rizeliler, in 

Pendik – from Sakarya, in Tuzla – from Samsun, in Yumranie – from 

Ordu. 

Conclusion 

Istanbul is a world treasure. We can provide a lot of examples 

to support that statement. Over the centuries, the city hosted western 

and eastern civilizations, combining many big and small cultures to 

create a culture of its own. In this respect, we see that the mosaic 

analogy for Istanbul is not valid. ‘Mosaic’ means that each separate 

piece stands out in the context of the whole. Such a differentiation 
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cannot be seen in Istanbul. We cannot classify people in terms of 

place. The unity that has formed is strong enough to prevent any one 

of its constituent parts from standing out.  

Internal and external migrations of the population of Istanbul 

form different configurations. Coming to Istanbul, people are faced 

with a variety of problems of economic, social, health and 

administrative nature. If we take a look at the information from the 

past few years, it is clear that the most important issues are yet to be 

resolved, such as illegal residents, their inability to adapt to the city, 

their inability to make adequate use of health care and education 

systems. In the last few years we can see that these issues are being 

worked on. The most significant contribution towards solving these 

problems is the help provided for new emigrants by different 

solidarity organizations, which try to keep fellow citizens united. 

In conclusion, we can say that Istanbul is a world capital. For 

centuries, it has played the part successfully, be it formally or not. 

There have been and there always will be administrative, economic 

and social difficulties. There is no other city in the world with such 

intensive migration. Naturally, however hard it tries to ensure an 

extended period of peace, this is hardly possible. 
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Abstract: The firths are geomorphological and hydrological 

sites typical for flat, neutral coast of sea tideless basisns. There are 

preserved in the greatest extend the geologic column of the 

correlative Pleistocene - Holocene sediments. They make possible to 

reveal the Quaternary evolution in  the contact zone “land – sea”. 

Firths are one of the most reliable indicators for Quaternary Earth’s 

crust movements.    

 Along the Black Sea coast most widely are developed  the 

firths  in  the northwestern and western periphery, where they form 

a classic firth  type coast.   

This report examines the results of complex studies of the 

firth  Durankulak and Shabla-Ezerets, located (developed) on the 

northern Bulgarian Black Sea coast. 

Key words: firth, coastline, neutral type coast, Quaternary 

movements 
 

In this article are examined a part of results from complex 

researches of firths on Bulgarian Black Sea coast. Object for research 

are Durankulak and Shabla-Ezerets firths and its purpose is to reveal 

the factors and conditions for forming firths in South Mizian (Danube) 

plane. 

The firths are geomorphological and hydrological objects 

typical for plane neutral type coast of tideless sea basins whatever is 

North Black sea coast. From geomorphological point of view they are 

interesting because in them in great grade is preserved the cross – 

section of correlative Pleistocene and Holocene deposits . They give 
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possibility to reveal Quaternary evolution in the contact zone “land - 

sea”. More then, the firths are the most reliable indicator for featuring 

the young and contemporary Earth crust movements. 

    According the presence of “water mirror“ the firths are 

divided on two main types: covered and open ones. Within North 

Bulgarian Black Sea coast to the open firths are Batovo, Kamchya, 

Dvoinik and Vaya firths. To the covered firths belong – Durankulak, 

Shabla – Ezerets, Bolata dere, Varna – Beloslav and Fandaklii ones. 

      The configuration of firths almost repeats outlines of  the 

old dawned during Holocene river valleys  and the forming of the 

“cup” of firth is result of erosion over - digging of river mouth parts in  

fundamental rocks during regressive phases of Black Sea. That' s why 

the filling alluvial deposits are regressive type. Their thickness is 

different for each firth  and depends of the power and speed of the 

flow, the regime of supply  and peculiarities  of the sedimentation. 

 In case of weak flow or supply of close-grained material in 

firth have cumulated  clay deposits enriched with bacterias. In case of 

big flow in the firth have deposited close-grained sands, allevrits and 

clays which  have seasonable stratum. Very often they are enriched 

with organic material. 

The coast in the range of South Mizian (Danube) epiplatform 

plain . The coast  formed in seaside part of Danube  plain spreads from 

cape Sivriburun to the North and reach Kamchia river valley to the 

South. It is structured on the basis of the Mizian plate and belongs to a 

neutral type coast. The typical morphological features of the coast are 

determined by horizontal deposit of mainly Neogene limestone, marl, 

clays and sandstones. Except the passive role of lithological sub-strata 

(factor) main significance has for the coarse features of the coast has 

the orthogonal system of faults and their satellites – Kaliakra, Balchik, 

Batovo, Vladislavovo and Bliznatsi faults.  

  Within South Mizian (Danube) epiplatform is structured 

37,9% from Bulgarian Black Sea coast. Its altitude increases sooth 

with 1-2 m at North and 230 m at South.  

It is influenced by active abrasion and it has landslide – 

abrasive character. 

  Within Dobrugza plateau the coast is mainly low and there are 

cliffs zones formed by 20 m thick loess sediments  with wide sands 
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beach strips e.g.  Durankulak and Shabla  beaches. At Cape Shabla the 

coast is 2-2,5 m and sinks north-westward and at Cape Kaliakra – 60 

m . 

 Western of them are located the same named lakes: 

Durankulak, Shabla and Ezerets lakes.  From northward to southward  

of Danube Black Sea coast are structured following firths: 

Durankulak, Shabla – Ezerets, Bolata dere, Batovo Varna- Beloslav, 

Kamchya and Fandakliiska firths. 

 

   Morphohydrographical and morphometric characteristics 

of relief in basin catchment of Durankulak and Shabla – Ezerets 

firths. 
  Durankulak firth. In Dobroudza seaside has lack of 

permanent river flow because of the dry climate (annual rainfalls 

under 250 mm), wide structures of karst and loess cover. The relief in 

these territory is plain, weakly divided by system of dry valleys with 

asymmetric  character. In their  estuary parts  have lakes–firths 

supplied by underwater karst springs. Topographic surface has marked 

incline eastward – northward. The coastal line is weakly cut with sub-

meridional structure direction.   

     Durankulak firth is Northernmost one in Bulgarian Black 

Sea coast and is located near to boundary with Romania. It is formed 1 

km South - East from Durankulak village in combining point of 

Vaklinovo (Neikovo) and Durankulak dry valleys. The first one has 

length about 20 km and runs south -westward the second one is 

shorter and is structured crossly to sea coast. The area of firth is 4,9 

sq/km. It belongs to covered firths – its surface has “water mirror”. 

The firth coast is highly cut. 

  The South part of the firth is Durankulak lake. Its area is 3,4 

sq/km, whole length-8 km, width – 200-1000 m, depth- 50- 80 cm and 

max depth - 4 m. [1]. The direction of lake initially is south-westward 

(Prolongs Vaklinovo dry valley) and after is south-eastward (prolongs 

Durankulak dry valley). At the sea the lake coasts get low and it's 

spread southward and northward. 

 From Black sea it is separated with well presented sand spit 

width 100-200 m where in big swell it floods with sea water. The lake 

often froze and has low saltiness 0,1 – 1,0 %. The water colour  is 
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light green and its limpidity is 0,1 – 0,5 m. Its north and west sides 

have dense overgrowth cane. In its Southwest part have two islands – 

The Big  and The Little  also overgrown with cane and bushes. It is 

supplied  by karst springs and rainfall water. In its west at peninsula 

Katmera have several karst springs with debit – 0,5 m³/s. 

 

   Shabla – Ezerets firth.  Southward  from Durankulak in the 

range of Danube epiplatform plain is located Shabla – Ezerets firth. It 

is formed in over dug in Sarmatian limestone erosion decline in the  

mouth  of Shabla dry valley. The last one has south-westward in 

growing and length about 30 km. Its area is 4,1 sq/um. It belongs to 

covered firths on Bulgarian coast. The coastal line in front of the firth 

is with less index of cut in comparison with Durankulak one. 

   In its northern part is formed Ezerets (Satalmash) lake with 

area 0,7 sq/km and max depth 12 m and in its southern part is Shabla 

lake with area 0,8 sq/km and max depth m [2]. They are located 2 km 

northeastward far from  Shabla village and  have “bow” form to the 

sea. They are separated by the sea with sand spit width 150 m and  

height 3 m. 

    The length of Shabla lake is around 3 km its width 200-300 

m. Under the sand spit which separate it by the sea (width 100m) and 

also on the sea bed on depth lay strata of lake peat. That shows the 

sand spit migrates westward and as result the lake area decreases. This 

is because of tectonic after Vurm  submergence and predominated sea 

winds. [1]. The sides are low, swampy overgrowth with cane and 

bulrush.   

In the western periphery parts of the lake  flow springs with big 

debit (1 m3/s) which in the spring rise the lake level with around 60 

cm. The lake water is almost limnetic with saltiness about 1%. 

The temperature on its shallow surface in the summer is 26º C. 

In the summer calm days is observed  clear stratification of the water 

mass which sometimes leads to disappearing of oxygen bottom 

stagnant water. Its colour is light brown because of a big quantity 

plankton diatoms.  

  Northward from Shabla  lake  is located Ezerets lake. It has 

formed as result of  separation with sand spit on dry karst valley. It is 

also separated by Shabla lake with sand spit cut by narrow canals  dug 
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in peat swamp and from the sea with sand spit length 700 m, width 

50-80 m. Its length is around 1,5 km and its width – 400 m. The 

western and partially southern sides are higher and rocky, the others 

are low and swampy. It supplies by karst springs in its western part. 

The lake level is with 80 cm higher to the Black Sea level and it is 

connected with 80 m channel. Average saltiness is 1,6% and the 

transparency  0,3–1m. The temperature vary 0º–28º C and it's froze in 

the winter. 

      Lithological–stratigraphical and tectonic conditions for 

development of coastal relief . 
  For the contemporary shape of the river valleys in northern 

Bulgarian coast in primary grade is lithological sub strata which is 

formed them. Even more, the lithological- stratigraphical features of 

rocks have importance becaus, from one side they are overlay where 

the river valleys and firth mouths are formed and from other side  they 

are supply area. 

 Not less role has the tectonic of contemporary aspect some 

river valleys in Northern Black Sea coast. the type structures-platform, 

folded, block - faulted etc. With their location, orientation and forms 

they give direct reflection onto relief morphology. This refers also to 

fault zones and to the  other ones with raised tectonic activity. The 

contemporary vertical movements reflect on the speed of dynamic 

processes. 

 Three main factors – lithology, tectonic, and vertical 

movements are determinant in evolution of geological space within 

the researched area.  

  The oldest rocks represented on the surface of researched area 

are from Upper Cretaceous age. The youngest deposits – Quaternary 

ones have widely distribution. 

   In the geological structure in seaside part of Danube plain are 

presented rocks with sediment origin. They are mainly limestone, 

sands, clays, marl and loess at Miocene and Quaternary age.  

   Beside Cape Kaliakra and northward the Upper Sarmatian is 

represented by limestone which are cavernous, hard and with rust-red 

coloured because of ferric hydroxide . 
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Morphology, structure and development of Durankulak and 

Shabla - Ezerets firths. 

 

In the last years of XX century have done number of wells on 

Bulgarian Black Sea coast. In result are received new 

geomorphological, lithostratigraphical and paleontological data. From 

one side they give possibility for more complete  reconstruction of the 

evolution of firths during Holocene,  reveal the stratigraphic of their 

deposits and from other side show that the phasic Holocene 

transgression of Black Sea basin have reflected not only in forming 

the complex underwater sea terraces and in the rhythm of firth 

deposits. 

   Durankulak and Shabla Ezerets firths are Northernmost  in 

Bulgaria coast have formed in conditions of low submerged Mizian 

platform. The relief of adjacent territory is plain, weakly cut by 

unformed system of dry valleys with asymmetric  characteristics. In 

their outflow parts are located  lakes- firths (Figure 1).  

  The coast is low – raised abrasion represented with cliffs zones 

modeled in unsteady loess deposits. Typical feature of the coast 

underwater part zone is the wide development of abrasive platforms 

onto relatively resistant Sarmatian organogenic-detritus limestone. 

  Durankulak firth covers the low-raised relief part formed by 

combining of Vaklinovo and Durankulak dry valleys. From data 

received by drills done with pontoon the thickness of filling marine 

and firth-sea Holocene deposits vary from 5 to 22 mm. Seismic profile 

results on the method of refracted waves parallel the sea shore show 

maximum depth of paleo-notch at 35- 36 m. 

 According their composition the deposits are mainly various-

grainy sands with great quantity shell detritus and thin gravel – rubble 

inter layers. The passed cross section of some wells shows in genesis-

hydrological aspect is represented with a sequence of marine deposits 

and firth ones. 

  According the composition of fossil fauna the upper and 

middle parts of the cross-section are referred to Kalamit- Gemethin 

age. The upper laid part of the deposits can be divided on Fanagorian 

(alluvial- marine), Nimphenian (marine) and contemporary (firth) 

strata [3]. Shabla – Ezerets firth has forned in over dug (about 30 m) 
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in Sarmatian limestone erosion fall in the outflow part of Shabla dry 

valley (Shabla river) which has episodic  flow. 

   According the studies of Filipova-Marinova and Bojilova [4] 

in development of Shabla-Ezerets firth are fixed seven stages (Figure 

3). The earlies t(11 000 ± 500 years B.p) and correspond to Late Ice 

time  when on the place of land part of the lake had deposited 

terrigenous deposits. Under the opinion of aforementioned authors, 

between the first and the second stages (6 800 ± 110 B.p) has big 

interruption. This is fixed by absolute age data also and from sharply 

mismatched border between the strata. 

    From the beginning of  Middle Holocene till now in the lake 

have deposited mainly organogenic materials. This interval includes 

the other 6 stages. During this period from the history of the lake are 

determined two high levels of lake water (IV and V stage) 

corresponding to probably Kalamitian and Nimphenian transgressions 

(Figure 3). 

 

 
Figure 1. Plan of  Durankulak and  Shabla – Ezerts firths 
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Figure 2     Geological cross-section of Durankulak firth (according 

Krastev,1993) 1-seismic profile; 2-sand, from close-grained to mid -

coarsed, firmed with shells; 3-sand, gray, close-grained firmed; 4-clay, 

yellow-brown, sandy; 5-limestone; 6-geological border found by 

seismic way; 7-well and its number. 
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Figure 3. Correlation diagram  of facial deposits fron cross-sections of 

Durankulak (A) and Shabla – Ezerets (B ) firths (according M. 

Filipova- Marinova, E.D. Bojilova, 1990) - Facials and hydrological 

regime: 1-marine; 2-refreshed – marine; 3-firth with open connection 

to the sea ; 4-firth; 5-lake; 6-alluvial-marine; 7-swamp; 8-sub-areal; 9-

stages of development; 10-absolute dates. 

 

  Signs of typical sea water in Shabla-Ezerets  lake are not 

presented there [3]. In paleo-morphological development of 

Durankulak and Shabla - Ezerets firths during Pleistocene and 

Holocene have sequence common features but and some differences. 
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  Clear are divided two analogous stages with relatively big 

duration. The first one is New Evskinosk – Down Holocene erosion 

stage. This is the stage of active erosion activity in low attitude of the 

coast line with modeling deep valley incises (- 30 to – 35 m) 

supported with flush of Pliocene and Pleistocene deposits. 

   The direction of development shelf paleo-valley  obviously 

have to search it northeastward as  continuation  of the direction of the 

main erosion land form – Vaklinovo dry valley. 

  The second stage are remarkable with filling erosion incises 

with deposits and maintaining of regime lake – lagoon. With this the 

common features finish. The erosion attitude of Durankulak lake 

during the Middle Holocene  and almost whole Upper Holocene have 

been shallow sea bay which periodically was refreshed. 

   With formation of sand spit between the lake and the sea 

during Nimphean age in Durankulak firth have stabled typical for the 

firths hydrological regime and sedimentation.  

  Probably just in the beginning of Holocene has started 

deposition   of swamp deposits [5]. The complex analysis of the 

deposits data in Shabla – Ezerets firth shows it has never been bay 

during Holocene. During whole Middle and Upper Holocene the basin 

has developed as refreshed firth with periodically weak saltiness and 

refreshing. 

 

Conclusions 

 The main regularities in firth geomorphology  and the river 

outflows in our northern coast are as follow: 

1. Depends of the stage in their development the firths are two 

types: old firths (Bolata dere, Batovo, Kamchiya Dvoinik firths) and 

contemporary ones (Durankulak, Shabla – Ezerets, Varna – Beloslav, 

Fandakliiski, Vaya firths). The contemporary firths are distinguished 

with different presented in morphological relation sand spit. 

2. The firths are located in structural determined cols and over 

dug river valleys. Durankulak firth is on the lowered  part of the relief 

formed by merging Vaklinovo and Durankulak dry valleys. Shabla- 

Ezerets firth was formed in erosion decline in the outflow of Shabla 

dry valley. 

3. The main regularities in the stages of firth development are 
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determined by fructuations  of the sea level after Upper Miocene  

4. The development of the firths and the outflows of the valleys 

is distinguished with similarity in cross-sections, cycling in erosion-

cumulative processes as and sequence in stages (river, sea, lake firth). 

7. The oldest deposits in represented there firths are Neogene 

ones and the youngest firths are Holocene ones. 

8. In all firths the erosion cycle  is represented under the over 

dug forms. 

9. The main stages where the firths and the outflows have 

passed before their contemporary form  are: 

First stage. In the beginning of Pleistocene has formed erosion 

incise in Neogene sediments and the depth of paleo- incise is different. 

In the main part of the valley bed they vary from 25 - 30 m in 

Batovofandakliiski and Dvoinik firths till 35 m in Durankulak and 

Shabla-Ezerets firths and till 50 m in Kamchya firth. 

Second stage.  This stage have continued from Chauda till 

Upper Pleistocene. There can be divided the following stages: Chauda, 

Old Evskinski and Karangat. During the Chauda transgression the 

deepest part of paleo-valleys were under  the sea level. During this 

Chauda – Karangat stage cumulative cycle  took dominating position. 

Third stage. This is New Evskinski stage featured by the 

biggest incising and flushed part of Karangat and Uzunlar deposits. 

During this stage has formed the contemporary sea bed. 

Fourth stage. It is concerned to Holocene transgression with its 

activity has explained intensive filling of the erosion valley. 

Fifth stage. This stage is remarkable with Fanagorian 

regression. The sea regime during this stage has changed by 

continental one. The decline of erosion basis is minor and the incising 

of the river was weak. 

Sixth stage. At  this stage corresponds the forming of the 

contemporary face in outflow parts of river valleys. This is result of 

drowning rivers during the last Holocene transgression. 
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Abstract: This paper focuses on the possibilities and prospects of 

cultural tourism development and related travel routes along the 

northern coast. The aim is to promote the Bulgarian Black Sea 

lighthouses on the northern coast by expanding their role as tourist 

and cultural attractions. This will enrich the function of Bulgarian 

lighthouses as national monuments, it will retain their function as part 

of the navigation light system and will involve adolescents to 

Bulgarian marine ideas.  

Keywords: cultural-cognitive travel routes; Bulgarian Black Sea 

Lighthouses, Dobrudja coast, north and central coast, cultural 

tourism.  

 

The main objective of this study is to present the Black Sea 

Lighthouses on the northern and central Bulgarian coast as a resource 

for the development of attractive tourist destinations. The inclusion of 

Black Sea lighthouses is going to increase the tourist interest and will 

favour their flow to the towns and villages promoted in the developed 

cultural-cognitive travel routes.  

The specificity of cultural tourism is determined by the interests 

and motives of the tourists who practice it. While standard tourism is 

undertaken for relaxation and enjoyment, this alternative form is 

driven by travellers’ deep personal interests and motives. Stamov 

(1995) gives the following definition for cultural tourism, “It is a 

cognitive travelling on a preestablished itinerary that includes 

homogeneous or diverse cultural resources and the journey is realized 

through developing and providing specific basic and additional 

mailto:kt@shu.bg
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services by specialised travel agencies and non- tourist enterprises and 

organizations“ (p. 69).  

The choice of a cultural route for each tourist is the basis on 

which the diversity of tourist offers are created and based on the 

promise of high quality of the visited territory. Therefore "cultural 

routes enable tourists to explore unique monuments, museums, 

temples, paintings, murals and pieces of old European architecture” 

(Aleksieva, 2013, p. 43).  

The two proposed cultural routes can provoke a varying degree 

of interest leading to an increased attractiveness of the tourist region. 

They include tourist sites in the territory of the towns of Varna and 

Dobrich. The cultural routes are united by the theme of lighthouses in 

Dobrudja, the northern and central coast and they are presented in 

historical and cultural context. Circuitous cultural and cognitive routes 

also include historical, archaeological and architectural tourism 

resources. The type of cultural-cognitive route is specified, a program 

is developed and the trip is calculated. The characteristics of the sites 

are included in the package.  

The first cultural-cognitive route called Bulgarian Black Sea 

Coast Lighthouses in Dobrudja focuses on the idea of preserving the 

functions of Black Sea Lighthouses as part of the light navigation 

system and expanding their role as a tourist attraction.  

This cultural-cognitive thematic tourist trip has a total length of 

120 km route: Balchik - Bozhurets - Cape Kavarna - Cape Shabla - 

Krapec - Balchik.  

The classification of contemporary tour guiding lies on the 

division of excursions according to their content, participants, run 

time, transport and form of conduct (Velikov et al., 2010). 

According to the generally accepted criteria the proposed route 

can be classified as follows: (1) content - cultural and cognitive; (2) 

participants- organized groups (adults, students, foreign tourists) and 

individual visitors; (3) run time of the event - seasonal trip (summer 

season- the best time is on 18th August when The International Day of 

Lighthouses is celebrated); (4) means of transport - a bus;  the group is 

escorted by a guide; (5) duration - one day.  

 

Travel Schedule:  
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07:30 to 08:00 - Tourists Registration (starting point- the port of 

Balchik)  

08:00 to 08:30 - A visit to Balchishka navigation light  

08:30 to 09:00 - A visit to the illuminated sign of Balchik  

called Tuzla  

09:00 to 09:30 - Arrival at the village of Bozhurets  

09:30 to 10:00 - A visit to Bozhuretski navigation mark  

10:00 to 10:30 - A visit to the golf course "Thracian Cliffs"  

10:30 to 11:00 - Departure to the town of Kavarna  

11:00 to 11:30 - A visit to Kavarna navigation light  

12:00 to 13:00 - Lunch at Kakadu Pizza Restaurant in the town 

of Kavarna  

13:00 -       Departure to Cape Kaliakra  

13:30 to 14:00 - A visit the Kaliakra Lighthouse  

14:00 to 15:00 - A visit to Kaliakra Archaeological Reserve  

15:00 -  Departure to Kamen Bryag and Yailata National 

Archaeological Reserve  

15: 20-15: 40 -   A visit to Kamen Bryag navigation mark  

15: 50-16: 30 - A visit to Yailata National Archaeological 

Reserve (a visit to the rock              fortress and the  necropolis)  

16:30 -       Departure to Cape Shabla  

16:45 to 17:15 - A visit to Shabla Lighthouse  

17:40 -    Arrival at the village of Krapec  

17:45 to 18:15 - A visit to Krapetski sign  

18:30 to 19:30 - Dinner at Zhurnal restaurant  

19:40 to 20:40 - Arrival at the city center of the town of Balchik  

 

Travel Calculations  

The cost the trip is estimated at a minimum of 30 participants. 

The vehicle is hired at a cost of 1.20 BGN per km including VAT. 

There is free lunch for the tour guide and the driver. 5% extra costs are 

provided in calculation along with 20% gross profit (commission) for 

the tour agency. Prices of individual services currently refer to the 

month of July 2013.  

Shared transport costs: 104 km x 1,20 BGN / km = 125; 125 

BGN divided into 30 people = 4.17 BGN per person;  

Lunch at Kakadu pizzeria: 15 BGN per person;  
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Dinner at Zhurnal restaurant in the village of Krapets: 10 BGN 

per person;  

Admission fees: Cape Kaliakra for adults - 3 BGN; Children - 

1.50 BGN; 

Golf Course in the village of Bozhurets for adults- 20BGN; 

Children 15 BGN; 

Yailata Archaeological Reserve for adults and travel talk- 15 

BGN; Children- 10 BGN. 

Shared guide service: 80 BGN per day; 2.60 BGN per person;  

Travel insurance: 0.50 BGN / person  

Parking fee: 0.50 BGN / person  

The cost of the package: 70.77BGN per adult; 59.27BGN per 

child  

Market price of the trip: 84,92BGN per adult (including VAT) 

and 71,12BGN per child (including VAT) 

Lighthouses and navigational signs on the Bulgarian Black Sea 

coast have been under the care of the Bulgarian State since 14th 

August 1909. A special program was created by the Bulgarian State in 

1928 and all the lighthouses along our coast were modernized in 

1930s. The two of the lighthouses in the towns of Shabla and Kaliakra 

were located on Romanian territory at that time but they were 

modernized too. After the Second World War the technical 

department "Water Communications" creates the so called Sea 

Hydrographic Service which begins to look after the Bulgarian Black 

Sea lighthouses. Then this service was transferred to Ministry of 

Defence in 1949 and the main lighthouses remain under their care, 

while the lighthouses at the entrance of the ports were left under the 

protection of the port authority. In the subsequent years they were 

managed by The Maintain Department of Marine Channels and Water 

Areas of the Ports and a few years later by the Maritime 

Administration. The current location of the lights on the Bulgarian 

Black Sea coast as means of navigation coast fencing is basically 

formed in 1950s of 20th century. Later efforts were aimed at 

modernizing some of the lighthouses and installing new lighting 

navigation signs.  

Balchishka navigation light represents a ten-meter high 

tracery metal frame above the water. It is located at the end of the 
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breakwater in the port of Balchik. It is at 43 ° 24 'N. and 28 ° 09 'E. It 

is a flashing red light with a frequency 6.5 sec. (flash - 2.5 sec., and 

darkness - 4 sec.). The distance of visibility is eight sea miles. The 

light has been charged with a modern solar system since 2009.  

The illuminated sign of Balchik called Tuzla was set in 1970. 

It is situated on a hill near the town of Balchik with geographical 

coordinates: 43 ° 24 'N and 28 ° 11 'E, at the altitude of 202 m. It 

represents a tracery of metal design with shields painted with black 

and white horizontal stripes. It has not been illuminated since 2000.  

Bozhuretski navigation mark. It is located near the village of 

Bozhurets and it was set in 1970.The geographic coordinates are 43 ° 

25 'N and 28 ° 19 'E, at altitude of 158 m. It represents a tracery metal 

design with shields painted with black and white horizontal stripes. It 

is now transformed into "a non-illuminated navigation mark." The 

beach area is very picturesque. The film "Asparouh" was shot on this 

place in 1980 and the ancient Bulgarian capital Fanagoria was 

recreated here.  

Golf course "Thracian Cliffs" is located in the northern part 

of the Black Sea coast between Kavarna and Balchik beach. "Thracian 

Cliffs" is a luxury resort situated on 145 hectares south. The golf 

legend Gary Player is the designer of the golf course for this 

aristocratic sport. It is a unique championship golf course with 18 

holes with a  special disposal of greens along the scenic rocky terrain 

on an area of 164 ha and a length of 4.5 km.  

Kavarna navigation light. The present lamp facility was set in 

1955 at the foundation of Kavarna port at 43 ° 25 'N and 28 ° 21 'E. It 

is a white, metal lattice tower with a black base with a mounted 

circular Optics M-300. It emits white light with dimming with 

frequency of 5 seconds (light - with 2.5 and eclipse - 2.5 c).  

Visible from a distance in clear weather, the cape Kaliakra 

(with the ancient name Tirizis) has always been a good landmark for 

coastal sailing. The lighthouse on this cape is part of a system of light 

facilities built by the French company "Michel et Collas" after the 

Crimean War. It was inaugurated on 15
th
 July 1866. The White Tower 

has a cylindrical shape. It was built of stone and rises to a height of 9.7 

m and 67.6 m above the sea level. The flashing white light has a 
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frequency of 5 seconds and has a visibility distance of 10 miles. The 

coordinates of the lighthouse are 43 ° 21 'N and 28 ° 28 'E.  

The residential areas were built in 1926 and the cape was 

equipped with a Marconi beacon transmitter in 1927. It was served by 

the Romanian authorities until 1940. Fifteen years later a nautofon 

was installed near the lighthouse and in 2002 the lighthouse became 

part of the navigation system on the Bulgarian Black Sea coast - 

VTMIS. In case of fog a siren beeps every 30 seconds, which is the 

Morse sign "K". As a historical and cultural landmark and an essential 

object for safe navigation, the image of the lighthouse on this cape 

appeared on a post stamp in 2001 (with a circulation of 1.2 million 

and a nominal value of 0.32 cm). 

Cape Kaliakra and the archaeological reserve on its territory is 

located 12 kilometers southeast of the town of Kavarna. It is an 

elongated and tapering rocky peninsula about 2 km offshore. This is 

one of the most attractive places for tourists on the Black Sea coast 

because of its rich history, unspoiled nature and beautiful panoramic 

views. Kaliakra is a nature and archaeological reserve. It occupies an 

area of 687.5 acres and includes wild steppes and unique coastal cliffs. 

There is a museum in one of the caves where you can see many 

archaeological findings discovered during the excavations in the 

reserve. The castle was declared a cultural monument of national 

importance in 1967. 

Navigation sign Kamen Bryag is located near the village of 

Kamen Bryag. It was built in 1967 and represents a tracery metal 

design with shields painted with black and white horizontal stripes. 

The geographical coordinates are 43 ° 28 'N and 28 ° 34 'E. The 

altitude is 52 m. It is currently transformed into a non- glowing 

navigation mark. "Yailata" National Archaeological Reserve is 

situated 2 km south of the village of Kamen Bryag and 18 km north-

east of the town of Kavarna. It is a seaside terrace with an area of 300 

acres (45.3 hectares), which are separated from the sea by 50-60 foot 

cliffs. The name "Yaila" is from Turkic origin and it means "high 

pasture" in Bulgarian. There is a “cave city” comprised by 101 

dwelling places, which were inhabited in the fifth century BC. Three 

necropolises (family tombs) of 3rd – 5th centuries were carved in the 

rocks. In the Middle Ages, the caves were used as a monastery 
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complex. Some proto- Bulgarian signs – runes, stone crosses and 

icons are visible on the walls. Yailata was declared an archeological 

reserve in 1989. It covers a relatively large area of coastline starting 

from the north of the village of Kamen Bryag and reaching the resort 

Rusalka in the south extending 500 meters along the shore. There are 

numerous monuments on the territory of the archaeological complex 

belonging to different historical periods starting from 6th millennium 

BC to the middle of 11th century.  

The lighthouse at Cape Shabla is situated near the village of 

Shabla and it is the oldest and most dignified navigation facility on the 

Bulgarian Black Sea coast. Nearly two centuries it proudly defends its 

notable presence on the coastal landscape of the most eastern point of 

Bulgaria. The lighthouse is a thirty-two-meter high octagonal tower 

and its white light orientates and protects naval vessels from collision. 

It rises 36 meters above the sea level and its coordinates are 43 ° 32 'N 

and 28 ° 36 'E. White light flashes 3 times every 25 seconds and it is 

visible at a distance of 17 sea miles. The lighthouse was built in 1856 

thanks to the proactive Frenchman Michel M., who was a General 

Director of the lighthouses in the Ottoman Empire at that time. The 

lamp was lit on July 27
th
 the same year.  

After The Declaration of Bulgarian Independence in 1908, 

Shabla Lighthouse along with other lighthouses along the coast passed 

under the care of the Bulgarian state 14th August 1909. The image of 

the famous Shabla Lighthouse was designed by the artist Villas 

Kitanov and was included in the series of post stamps "Lighthouses 

Along the Bulgarian Black Sea Coast." The stamp was issued to 

commemorate 145 years of anniversary of the lighthouse foundation. 

It has a nominal value of 0.25 stotinki and they are out of circulation 

of 7.8 millions. The height, the original architectural silhouette and the 

scheme of the contrasting colours of black and white make it one of 

the memorable highlights along the northern coast.  

Krapetski navigation sign is situated about six miles from the 

northern border near the village of Krapec and its altitude is 29.5 m. 

Iron lattice construction of black and white horizontal stripes of light, 

15.5 meters high, was placed at a point 43 ° 38 'N and 28 ° 35 'E in 

1967. The sign was illuminated with optics ЭM-AM-500 and 

characterized by white flashing light with frequency of 5 seconds from 
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1981 to 2002. Then the sign was again transformed into a non- 

illuminated navigation mark.  

So the proposed cultural- cognitive route combines the charm of 

the unique combination of lighthouses along Dobrudja coast and the 

cultural heritage of these lands. This itinerary will help expanding the 

tourist interest and the tourist flow to the towns and villages included 

in the excursion route.  

The theme of the second cultural-cognitive route called 

Bulgarian Black Sea Lighthouses on the Northern and Central Coast 

promotes the lighthouses located on the northern and central Black 

Sea coast by expanding their role to tourist and cultural sightseeing. 

The route has a total length of 144 km route: the town of Varna - 

Euxinograde Residence- Cape Galata- Kamchiya River- the village of 

Byala – Varna.  

The proposed cultural product features a cultural-cognitive 

route which treats sites sharing one and the same motto. In addition, it 

can be easily determined in time, for example within a few weeks, an 

important feature is the theme which unites them – all travellers 

interested in Bulgarian Black lighthouses.  

It can be classified as follows: (1) content - cultural-cognitive; 

(2) participants - organized tourist groups and individual visitors (local 

and foreign tourists); (3) run time - in summer when it is consistent 

and accompanied by some major events such as The International 

Black Sea Day, The International Day of Seas and Oceans, The 

International Weekend of Lighthouses (20
th
 -21

st
 August), The Day of 

Bulgarian Navy and The Black Sea Week in each municipality; (4) 

means of transport – a bus, a van or a car; the group is escorted by a 

guide; (5) duration - one day.  

 

Travel Schedule:  

The starting point of the excursion is the town of Varna.  

08: 00-09: 00 - A visit to the lighthouse of Varna; 

09: 00-09: 45 - Departure to Euxinograde;  

10: 00-11: 00 – A visit to the lighthouse of Euxinograde;  

11: 00-12: 00 - Departure to Galata;  

12: 30-13: 30 - A visit to the lighthouse of Galata;  
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13: 30-14: 30 - A walk and lunch at Romantika restaurant in 

Galata;  

14: 30-15: 30 - Departure to Kamchiya;  

15: 30-16: 30 - A visit to the lighthouse of Kamchiya;  

16: 30-17: 30 - Departure to the village of Byala;  

17: 30-18: 30 - A visit to the lighthouse on Cape St. Atanas;  

18: 30-20: 30 - Departure to Varna.  

 

Travel Calculations  

The cost the trip is estimated at a minimum of 35 participants. 

The vehicle is hired at a cost of 1.20 BGN per km including VAT. 

There is free lunch for the tour guide and the driver. 5% extra costs are 

provided in calculation along with 20% gross profit (commission) for 

the tour agency. Prices of individual services currently refer to the 

month of June 2013.  

Shared transport costs: 144 km x 1.20 BGN / km = 172.8 BGN; 

172.8 BGN divided into 35 people = 4.93 BGN per person;  

Lunch at Romantika restaurant: 15 BGN per person;  

Admission fee: 10 BGN per person  

Shared guide service: 1 day- 80 BGN per day; 80 BGN / 35 

people = 2.28 BGN per person;  

Travel insurance: 0.50 BGN / person  

Parking fee: 35 BGN divided into 35 people = 1 BGN / person  

The real price of the trip is: 4.93 + 15 + 10 + 1 + 2.28 + 0.50 = 

33.21 BGN per person, but after adding the tour operator costs and its 

gross profit of 20% and 5 % of the extra costs, the market price of the 

trip becomes: 33,21 + 33,21 x 20% = 46.49 BGN  

The final price is: 13.28 x 5% = 0.66 / 47.15 per person 

(including VAT)  

The year 1853 is associated with the appearance of lighthouses 

in Bulgaria, when the captain of the French merchant fleet Blaise-

Jean-Marius Michel concluded a contract with the Turkish 

government and created (in partnership with Bernard-Camille Cola) 

the company Michel et Collas, which became responsible for 

construction and operation of lighthouses - Compagnie des Phares de 

l'Empire Ottomane. The French company received Sultan’s 

concession and the right to build lighthouses on the whole Turkish 
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Empire coastline to indicate the way and dangerous places to 

seafarers. They received also the right to collect 0.105 stotinki per 

each ton of volumetric capacity of every ship that stands in every 

Turkish port. The contract was signed and lasted 25 years.  

The Lighthouse of Euxinograde is situated in Euxinograde 

Bay and it is a relatively good shelter for small vessels but being close 

to the large port of Varna always remained in its shadow. In 1903, the 

so called "Nameless Joint- Stock Company for Making the Port of 

Varna" signed a contract with the state to build Euxinograde Port. An 

automatic lighthouse was placed in the western end of breakwater (43 

° 13 'S and 27 ° 59 'E) in 1910. The white round stone tower is 15.9 

meters high and the continuous light rises to 18.5 m above the sea 

level, which makes it visible from 6 miles. Euxinograde Lighthouse is 

convenient only for small vessels sailing close to the shore.  

The Lighthouses in Varna and Cape Galata are associated 

with the Crimean War (1853-1856) and after the war Varna was 

established as the most important port on the western coast of Black 

Sea. There was need for conditions that facilitate navigation and the 

easy approach of vessels to the harbour of Varna Bay. For this 

purpose, a decision was made to build two lighthouses – one on Cape 

Varna and second on Cape Galata.  

Three other lighthouses were built during the construction of 

the new port of Varna in the early 20th century. The first one was 

located at the end of the promenade pier, the second on the south end 

of the pier and the last on the coastal breakwater opposite the south 

one. The last two lighthouses marked the entrance of the harbour. 

Several years ago, the lighthouse at the end of the promenade pier was 

replaced by a new one. The old one can be seen in the courtyard of the 

Naval Museum in Varna. A mosaic image of St. Nicholas (the patron 

of sailors and fishermen) was illuminated in 19
th
 December 1994. The 

mosaic panel was made up of several thousand multicoloured pebbles 

of basalt, granite, marble, etc. They have natural colors and last 

forever.  

The Lighthouse at The River Kamchiya represents four-metal 

lattice structure, 18.2 meters high and it was situated on the hill of the 

north bank of the river mouth (43 ° 01 'N and 27 ° 53' E) in 1932. 

Today the white flashing light with frequency 8 sec. (flash - 2 sec. 
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darkness - 6 sec.) is visible at a distance of 12 miles. The upper half of 

the steel structure is plated with bars, painted in black and white 

stripes.  

The lighthouse at Cape St. Atanas near the town of Byala is 

the last lighthouse on the northern coast. Before The Unification of 

Bulgaria, the border between Bulgarian Principality and Eastern 

Rumelia passed through this area and a customs office was located 

here, too. The lighthouse on Cape St. Atanas (42 ° 51 'N and 27 ° 54' 

E) was built in 1931- 1932 and was lit for the first time on 25th July 

1932. In terms of architectural design, it is significantly different from 

all other lighthouses. It is actually similar to German projects in 

1930s. 

An automatic light facility was electrified in 1958. The present 

Optics M-500 shines with red dimming light with frequency of 6 sec. 

(light - 3 sec. eclipse - 3 sec.) and it is visible at a distance of 10 miles. 

The seashore at Cape St. Atanas is vertical and the rocks have the 

distinctive white color.  

It is little known that the natural phenomenon "White Rocks" 

which was recorded in the geological record of the planet is situated 

here. This is one of the three places in the world that can be seen on a 

page from the calendar "Bulgarian Black Lighthouses - 2010". Infinite 

horizon, sandy beaches, rocks, history, multi-layer culture are 

combined under the all-seeing eye of the lighthouse near the village of 

Byala.  

Our country has rich history and culture that is a mixture of the 

lives of dozens of tribes and nations. This trip is an opportunity to 

experience different historical, cultural and archaeological sites. 

Moreover, every tourist can gain a deeper insight into the Renaissance 

and the Bulgarian Black Sea Lighthouses on the northern and central 

coast. 

The proposed cultural - cognitive routes identify the lighthouses 

as appropriate cultural resources. The hope is that the historically 

formed Black Sea Lighthouse System will be brought in line with EU 

requirements and best practices in the world. 
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Abstract: Animation is an activity which targets the 

organization, management and realization of the process of 

satisfying specific human needs. The results of touristic 

animation are unthinkable without the right means. They 

include specific forms of organization of the free time, 

appropriate material base, peculiar atmosphere, freedom of 

speech and communication. 
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“Animation” is something that involves the contents of 

the tourism product, how it is promoted and presented and it is 

and it has a global significance for the entertainment industry 

and in particular in tourism. The word is originating from 

Latin where the word “anima” means: 1. wind, air; 2. soul, 

life. /Latin-Bulgarian dictionary, M. Voynov and A. Milev, S., 

1971/. According to V. Vasilev „animation“  means reviving, 

enthusiasm.
2
 The term is specific also according to prof. S. 

                                                           
2
 Vasilev, V., Upotreva na terminate “Animation” i “Animateur” vuv 

frenskata turisticheska terminologiya. Izvestiya na VINS, 1982, kn. 

mailto:k_keremidarska@abv.bg
mailto:ivaylo.keremidarski@gmail.com
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Rakadzhiyska is possible only in specific conditions – in the 

tourism sphere. Animation is an activity which targets the 

organization, management and realization of the process of 

satisfying specific human needs
3
. The results of touristic 

animation are unthinkable without the right means. They 

include specific forms of organization of the free time, 

appropriate material base, peculiar atmosphere, freedom of 

speech and communication. The animation consists of two 

main things:  

- Encouragement, stimulating the tourists to  utilize 

their free time according to their needs  

- Practical realization of the stimulation 

This is why tourist animation is a way for realization of 

an active and complete vacation. Its purpose is to generate 

positive emotions and delights in the tourists.  

Purpose: 

 „The Bulgarian art of dancing – entertaining tourist 

animation“ is a version of tourist animation which uses the 

interest for the Bulgarian folklore dances of the tourists. It 

provokes joy in the tourists also a desire to join the rhythm of 

the Bulgarian national folklore. In the process of interaction 

between tourists and dancers the attitude of the tourist toward 

the personnel is being formed.  The mood of the tourists and 

their desire to participate in the animation the next time they 

go on vacation there depends on that.  

 The game’s function in the animation program 

“Bulgarian national dances” is to generate experiences which 

have recreational, communicational, and emotional and 

entertainment value.  

 Dancing is the art of moving, art of freedom, art 

without boundaries. Equally welcomed and appraised all 

                                                                                                                
3, p. 125. 
3
Rajadzhiyska, S.,Balinova,B.,Public Relations and Tourist 

Animation, NBU – CDO – Radiouniversity,1995.
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around the world because the language, the expression and the 

message are universal, understandable and attractive. 

 Originating from ancient times as a spontaneous 

movement of the free will gone through different stages of 

historical development, today dancing is the herald of the 

strives for freedom and  self-awareness. 

 Today, the art of dancing is a bridge between people, a 

destroyer of barriers, a bearer of unity and change. With its 

passion and emotion, the magical return back to the roots and 

mystical power, dancing is a universal ambassador of human 

kind. It is assigned with the mission to preach for a better 

world – world of humaneness, understanding and warmness 

between people. Dancing is a whole new world.  

With their centuries-old history, Bulgarian people create 

rich, diverse and original traditional folk works which fill with 

admiration people all around the world. Bulgarian dancing 

folklore bears the distinctive Bulgarian national culture. 

The style of Bulgarian national dances is formed in the 

course of centuries and is dependent of the circumstances of 

the material and spiritual life, the character and customs by 

which our people live.  The distinctive mark which determines 

the style of the Bulgarian dances is the concentration of the 

majority of the moves in the feet. The moves of the body are 

an expression of a rich spiritual state of mind of the dancer. 

Another significant mark is that the moves are with inward 

dynamic. Every part of the country has specific differences in 

the dancing style. 

In the formation of the Bulgarian ethnicity are involved 

Slavs, Thracians and Bolgars. There are also historical, 

economic and social causes that have influence over the 

culture. Because of that, the folklore dances are divided in 

dobrudzhanski, pirinski, trakiyski, rodopski, severnyashki and 

shopski.  Everyone of these regions has differences and 

common things with the other regions. The boundaries are not 

strictly defined – they are gradated. 
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The Bulgarian ethnicity is spread across large territories. 

The people who live in these territories share the same 

language, clothing, customs and folklore.  

The dancer in Dobrudzha dances with confidence and 

often imitates details of the daily work life. The accents of his 

moves are targeted downwards which shows his connection to 

the Mother Earth. In Dobrudzha the hands have a very specific 

role in the dance. The moves have a big amplitude and they 

are filled with power. The hand moves of the woman are very 

gentle, soft and light.  

The most common dances in this region are mixed 

dances in which men and women are dancing together. In 

many Dobrudzha dances the tempo in the beginning of the 

melody is slow and then speeds up to medium in the end. 

Shoulders have a specific role in the dances in this region. The 

women’s shoulders are graceful and the men’s – filled with 

inner power and freedom. The Dobrudzhan’s ruchenik is a 

favorite men’s dance. The dancers are doing the same moves 

without gripping each other. The moves imitate scenes from 

daily life – carrying a sack, tying a sheaf, etc. The masterful 

execution of the dance is a very hard task so only a few people 

are taking part in the dance. The rich spiritual peace of the 

people in Dobrudzha can be seen in the original shouts that 

imitate birds. 

The dances from Pirin are complicated and diverse and 

they are influenced by the other countries and regions. This is 

the only region where you can see a mixed rhythm in the 

music which speaks for how gifted the people from Pirin are 

and the way they improvise. The men dances are rich in moves 

and rhythms and they are performed in great variety of tempos 

– from slow to fast. Most of the moves are manly, powerful 

and shows the men’s readiness to enter the battle even 

sometimes these moves involve knifes and swords. The 

women’s dances are slow to moderate fast. As a reflection of 

the daily life’s hardness the woman’s moves are low, involve 
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pulling and dragging, combination of small and fast steps 

while standing with a straight back. All the dances are very 

distinctive with the joyful atmosphere that they bring. The 

traditional shouts are a natural expression of the emotional 

state of the dancer. The people from Pirin are giving a cry 

when the melody changes or with the beginning of a new 

dance figure. Often the cry coincides with the end of a dance 

move and then we can hear “ho!”, “opa!” or something else. 

The women in Pirin are gentle, lyrical and self-controlled in 

the dance and she shouts rarely.  She bears the dance deep 

inside herself and she experiences it without outer expression. 

When there is much work the Rodopian people say: 

“Lyosna rabota!”, which means “Easy job!”. Everything they 

do there is slow, heavy and calm. They are the same in the 

dancing – slow and self-controlled. One of the specifics of this 

region is the structure of the dance: first are men (they grip 

each other for the shoulder or they hold hands) then are the 

women. There is no contact between the last man and the first 

woman – they hold a piece of cloth. The dances are very plain 

and simple in their forms and moves. Light and graceful. They 

are performed under the sounds of a specific style of bagpipe 

called kaba-gayda or a song. The men are dancing more freely, 

they do wide steps, and sometimes they squat and kneel. 

Women step close to one another in a neat line. 

The Northerners or Severnyatsi play with great freedom, 

confidence and humor. With few exceptions, each dance 

begins quietly and gradualy speeds up, from time to time 

performers walk around, "prisitnyat" and walk it again. 

Sometimes local people say that when they play, they fly. 

That's the way it's characterized, on one hand a light 

whirlwind game and the other - a state of dancing for whom 

dance is a kind of detachment from the worries of everyday 

life and a step to the desired and love, state of joy and 

gladness. Most often players hold hands as they swing freely 

and widely. There is also a dance in which the grip is on the 
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belt, and there are some in which dancers are not holding each 

other. Typical for the style in northwestern Bulgaria is 

"natrisaneto" - fine, rhythmic springing legs and shoulders and 

a body that vibrates. There are similarities and differences 

between dances from the Danube Plain and Fore Balkan and 

Balkan. Dance of the plane are broader, simpler, lighter. In the 

Fore Balkan area they are lush and bouncy. And in the 

mountain villages, becaouse of the lack of sufficient and equal 

places to dance, folk dances are performed with less 

movement across the field, but with a more diverse and 

complex movements. 

The Thracian plays their dances with full dedication, 

thoughtfully and seriously. He performs each movement with 

great skill. Men dance slightly crouched, constantly sprung. 

Especially popular is the movement "tropoli" in which he 

seems to talk to the ground. Hands of Thracian radiate strength 

and dignity and often show complex clapping. In many cases, 

his hands are free of tension and rhythmic wave right and left, 

back and forth, primarily expressing deep inner experience in 

dancing. Thracian always obey the norms of society and 

relationships and even in dance, keep their dignity and respect. 

Playing quietly and with confidence, knowing his price. Her 

hands are soft and flowing, with stress-free wrists and elbows. 

In some dances she can be seen clearly borrowing moves from 

her everyday work, "kneading dough", "sharpening" and 

others. Typical for Thrace is the "torn form" of dance: the fast 

pace alternating and moderate relaxation dancing. Logical 

expression of the emotional state of the dancers were yelled 

out. They are closely related to the dance that is being 

performed. Thracian shouts when starting a new melody, a 

new move, or at a time when he is expressing himself as a 

master of dance. Shouts in male and female dances are 

different. They emphasize, on one hand, the reticence of the 

Thracian women, on the other - the vigor and wild spirit of the 

Thracian. Speed and ease, temper and constant humor, 
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spirituality and vitality - these words describe ,most 

accurately, the essence of the "Shopski" dance. They are the 

fastest in the country and impress with their variety, lightness 

and agility. The Thracian dances slightly crouched, often bent 

slightly forward. In part of the dance, he looks like he is 

fighting - he is wading and crushing an imaginary opponent, 

who is knocked to the ground. In others, the focus is directed 

upward, expressing a desire for separation from the earth. 

Barely touching his feet to the ground, the Thracian is quick to 

jump high, touching his foot to the ground for a moment and 

repeat, full of indomitable energy to separate from her. In 

"Shopluka" most often are played "leading" dances, 

"concluded" dances and dances "on hurdle." Often the dance 

leader of "on hurdle", plays with a stick whose curve is tied to 

an embroidered cloth. He serves greatly with it, when he 

invites other participants to perform the dance properly, and 

sometimes even waving it, threatening to those who do not 

know it well enough. 

The shouts in the Shopski folk dance are distinguished 

from other areas. Along with the continuous "iiii" - an 

expression of exuberance, a tone and threatening "hah" or 

even something like a growl. These shouts, typical for male 

dance, show masculinity and militancy, a specific mood and 

feeling. In women, they find a different expression, but also 

appear as a vent for the emotional state of the dancing.  How 

dancing in Bulgaria is made in entertainment tourist 

animation? Tourism gradually shifted emphasis from travel to 

a destination to the man himself, his need for entertainment in 

the form of dances and movement. And this is where the folk 

dance get their development in tourism .This is perceived as an 

additional service, which is leading in the animation business 

of a travel development. It's goal is to be more active and 

varied, tightly sealing leisure time fo tourist sites and 

satisfying certain needs or suspected / example - creativity, 

social interaction with others in dancing E.t.c. Folk dance in 
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tourist animation is not to be seen as just an additional service, 

but also as an important communicative process. At this basis 

the importance of dance in Bulgaria is growing rapidly and it 

is becoming a factor increase in the competitiveness of each 

tourist site. Dance in Bulgaria and its relationship to tourism is 

an organized activity, requiring professionalism. This art helps 

to overcome obstacles like communication and swiftly 

implements you to the environment. The necessity of dance 

tourist animation, really exists because it is caused by the 

current deficits of environment that have not found expression 

in the daily consciousness of potential tourists. Tourists could 

not themselves, without the necessary organizational and 

material conditions, realize their intentions. 

The performance of folk dances contributes a lot to raise 

emotions and stimulates mental stabilization of the 

personality. Of essential importants is making the program for 

its implementation. For this to be made, a model based on the 

interests and needs of turistite has to be created. For a 

successful program there needs to be advertisment that 

stimulates the unconscious needs of the tourist. To achieve its 

goal, the ad must be accepted without coercion, it needs to be 

attractive content, awakening curiosity, causing excitement, 

tension. A rich entertainment program, fills and makes better 

leisure time for tourists, at that time and after the season.  

Dance enriches the content of the tourism product, giving it a 

more qualities. That increases its utility, making it more 

valuable to its consumers - tourists. Some types of dance help 

to spread new consumer habits, presentation of goods and 

services, advertising new sets.That way, in a festive 

atmosphere with joy and humor, with the active participation 

of clients in the program, catering can be advertising various 

traditional drinks, new dishes and more.  In dance there are 

extremely voluminous material, enabling choice and animation 

links.The most structurally important in the organization of 

work, in the tourism object, is to check the composition of the 
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present guests in the hotel. If the guests are accommodating 

training - workshops, that are mixed mode and have to plan a 

certain time for entertainment programs and animation, it is 

appropriate to make an appointment with the head of the 

group, to establish the preferences of the group characteristic 

dance genre. If the group prefers folk dance, the work of the 

choreographer is to select folklore typical of the area in which 

the tourist development is. It may then be introduced to varied 

ethnographic areas. After preparation, contractors go and 

present the program in an appropriate atmosphere - tavern 

style room appropriately decorated restaurant. The most 

interesting moment occurs after the presentation of the artistic 

program, the guests have the opportunity to brief some of the 

steps of the dance, presented to them.A musical instrument is 

chosenthat has a very slow pace. With this type of tourist 

animation there is no live orchestra. the dancers who present 

the program invite guests to learn movements shown by them. 

It's very important for the guests to be treated well, so that all 

can participate in the training. It is normal to insert playful fun 

method like determining a best dancer. The hotel hosts can 

even provide awards for them.This kind of program and type 

of training, leaves unforgettable memories of a wonderful 

experience.Going back to their homes, tourists relive the 

memories bearing the spirit and character of the Bulgarians.  

Interesting part of the Bulgarian Dance is ethnography. It 

presents the Bulgarian customs, alternating throughout the 

year. Participants in the customs, dress in traditional Bulgarian 

folk clothing / costumes / .They are decorated with Bulgarian 

embroidery, which gives them incredible uniqueness. The very 

interesting part, for Bulgarian and especially for foreign 

tourists is, to be able to learn the way of sewing Bulgarian 

embroidery. For that purpose, training is made easy for guests, 

with first learning to sew specially made templates. An 

important task for this type of tourist animation is always 
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seeking to satisfy the desires of their guests, tourists and to 

more clearly present Bulgarian traditional culture. 
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Abstract: In the research has been made an attempt to 

present the problems of transition from training of subjects 

Society  and personality and Nature and personality at the 

initial stage, and training in Geography and Economics in 

the 5th class in lower secondary level. State educational 

requirements and training program are analysed and the 

views of teachers from initial stage and those in geography 

and economics in terms of textbooks are reported. 

Recommendations to overcome some problems in order to 

gradual transition from initial stage in lower secondary level 

to form the basics of education in geography and economics 

in the system of the geographical education in general 

secondary school are formulated.  

Keywords: educational degree, initial stage, lower 

secondary level, basis of the geographical education 

The success of the geographical education depends on 

its entirety, gradual and well-structured transition between 

different levels and stages. Each transition has some risk, 

which should be adopted by teachers of geography as a 

challenge and should be transformed into an opportunity to 

opening of the potential of the school students. 

 In the 5th class, at the transition between initial and 

lower secondary level on general educational degree, children 

fall in a new pluralistic environment that helps to achieve 
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more independence and activity to establish social contacts 

with a large number of teachers of different subjects. This 

requires a period of adaptation, accompanied by caution and 

pedagogical tact from teachers. 

 The main reason for directing to the topic of transition 

between training at the initial stage, and lower secondary level 

are the common problems shared by teachers who teach 

geography and economics in the 5th class, by school students 

and parents of five class school students for increased 

requirements in comparison with those of subjects Society and 

personality and Nature and personality.  

The main purpose is to highlight the points of view of 

the problems of the transition of school students from initial to 

lower secondary level in relation to the geographical education 

of primary school teachers and teachers of geography and 

economics and to formulate variants to overcome the 

problems.  

According to the documents of legislative basis, the 

educational degrees "provide the necessary level of education" 

as well as the consistency and continuity of the educational 

process (Fig. 1) [1]. 
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 Figure 1. Structure of the geographical education in general 

secondary schools in degrees and state 

This upgrade exists between different educational 

stages. The initial stage (I-IV class) is closely related  and 

interacts with lower secondary level whether it covers the 

period V-VІІ class (according to the Law of Level of 

Education, General Education Minimum and Curriculum), or 

V-VІІІ class, according to the bill for pre-school and school 

education [2]. At the same time, each educational stage 

performs specific functions and is characterized with certain 

legal and organizational differences in curriculum, textbooks 

and teaching aids; implementation of the learning process; 

professional competencies of teachers and others.  
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Table 1. Main bodies of training content according to State 

educational requirements 

 

 

Н
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  Subjects 

Society and 

personality 4 

class 

Nature and 

personality 4 

class 

Geography and 

Economics 5 

class 

Native country 

nature 

knowledge 
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organisms 
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research 
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and work with 

them 

Sources of 

knowledge 
  

 
Analysed subjects fall into two cultural and educational 

areas -– Social sciences, civil education and religion and 
natural science and environment. This demonstrates the broad-
spectrum character of geography as a subject, but also creates 
certain problems in the formation of geography as a separate 
subject in lower secondary level [3]. 

State educational requirements for educational content 
in subject Nature and personality contains four main bodies 
(Тable. 1). Standards are mainly related to intellectual 
activities of naming, tracking, identification and grouping of 
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plant and animal species, Earth as part of the solar system, the 
seasons, the cycle of water and environmental preservation. 
Especially important for the formation of skills and 
competencies is the body - "Observations, experiments and 
research“ [4, p. 381]. Through its relationship with 
geographical education in fifth class can be realized by 
performing a description of the results of a simple experiment. 

 With one more are main bodies in which are found 
standards with a meaningful basis for the teaching of 
geography in fifth class in the subject Society and personality 
(Table. 1). In them school students at the end of the course in 
the initial stage develop knowledge and implement skills of 
description, evaluation, establishing regularities and 
identification of examples of elements of the environment, its 
interaction with the people, of the homeland and native land. 

 The main body, which is leading in this subject for the 
formation of skills and competences, is that of a source of 
knowledge. It is the basis for the formation of the cartographic 
culture of four class school students [5, p.373]. 

 With regard of State educational requirements, certain 
meaningful basis for the realization of continuity between 
training in initial stage and lower secondary level are found. 
More opportunities are found in State educational 
requirements of Society and personality compared to Nature 
and personality.   

 In comparing the structure of the curriculum in 
geography and economics in the 5th class with those of Nature 
and personality and Society and personality, uniform structure 
is established with some differences in the formulation of the 
individual components. This uniform structure of the 
curriculum in three subjects is a prerequisite for the realization 
of continuity in the training process with respect to some of 
the legal documents. 

In the curriculum in Geography and Economics for 
lower secondary level is displayed the main objective, which 
is decomposed into four sub-targets oriented to the main 
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elements of academic content in  geography - knowledge, 
skills, competencies, behaviours and values. In this way, 
teachers of geography and economics in the process of their 
work should seek consciously, differentiate and apply the 
following elements of the educational content in the training 
process [6].  

In analysing education programs on Society and 
personality and Nature and personality, the absence of a basis 
for comparing with output of objectives of the training in this 
model is established. This was confirmed by the following 
conclusions: 

- In the training program on Nature and personality the 
objective of training is oriented to certain intellectual skills 
that are mixed with behaviour models without alleging 
specific knowledge about it; 

- In the same program a precise classification of skills is 
not mentioned, and they are recognized as communication 
skills, cognitive and practical skills; 

- In the training program on Society and personality 
knowledge element may be represented by concepts and terms 
that are not specified; 

- In the same training program never talks about skills 
and competencies, but is mentioned „a sensory and emotional 
idea“; 

- In our opinion in the analysed training program is too 
early to set a target for enrichment and reinforcement of the 
environmental behaviour of school students, without being 
formed on the basis of developed skills and competencies that 
are the basis of the environmental literacy of school students, 
and it is still missing in the 4th class. 

In the proposed methodological instructions of both 
training programs, there is terminology that does not match the 
age and cognitive needs of school students completing the 
initial stage of primary education degree. 

Study programs realize main objectives through specific 
textbooks, which are an essential source of information and 
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tool for preparation. Therefore, the ability of students to work 
with the components of textbooks nature and   personality and 
society and personality builds and further develops upon 
learning in geography and economy in the 5th class. 

 A survey carried out among 65 primary school 
teachers in region of Shumen and 67 teachers of geography 
and economy subject, from the regions Shumen and Varna 
regarding the textbook, its contents, components and 
functions, in order to realize the transition of education from 
primary to lower secondary level, shows specific differences. 

The majority of primary school teachers (80.00%) 
indicated that the amount of learning content in the textbooks 
of nature and personality, and society and personality is 
sufficient for achieving general education minimum in 4th 
class. However, 62.50% of the teachers of Geography and 
Economics consider that the amount of learning content in the 
textbooks of nature and personality and society and 
personality in 4th class is not sufficient for establishment of 
the grounds of education in 5th grade and further update is 
required and further usage of other information sources. 

The contradiction that has been found impose better 
synchronization of the training programs and textbooks for 4th 
and 5th class in order to build a robust meaningful 
geographical basis. 

When outlining the components of the textbook that 
hinder school students in 4th class primary school teachers 
indicates the following: main body text (45.72%), questions 
and assignments (25.72%), additional text (5.71%) and the 
illustrative material (5, 71%). This imposes efforts to 
overcome these difficulties to continue in the fifth class, while 
school students become accustomed to the analysis of more 
learning content and working with cartographic elements that 
are present in almost no books in 4th class. 

When examining the difficulties in working with school 
textbooks in 4th and 5th class teachers believe those are: the 
large amount of information (42.86% from primary school 
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teachers and 40.62% from the teachers of geography subject), 
the academic writing  style (37.14% from primary school 
teachers 28.13% of the teachers of geography subject), 
impaired sequence of the text exposition (17.14% of primary 
school teachers and 9.37% of the geography subject teachers ) 
lack of cartographic images (21.88% of the  geography 
subject teachers). These findings should make the authors of 
textbooks to think about how study material is perceived and 
whether it actually corresponds to the age of the school 
students. 

The responses of the two group schoolteachers unite in 
terms of the learning content elements and its presentation in 
the school textbooks. All the components are represented fully 
of learning content according to 34.29% from primary school 
teachers and 40.62% from geography teachers; follows 
knowledge (34.29% from primary school teachers and 31.25% 
of the geography teachers) and competencies (8.57% from 
primary school teachers and 15.63% of geography teachers). 

The recommendations of primary teachers for 
improving the quality of textbooks nature and personality and 
society and personality to achieve educational minimum and 
realization of training in conjunction with 5th class are related 
to: reducing the amount of information in them; increasing the 
degree of accessibility peculiarities according to age; inclusion 
of various practical tasks. 

The teachers of subject geography and economics warn 
us for the large number of new terms in 5th grade and the need 
to reduce them; the lack of sufficient cartographic schematic 
images in the textbook for developing logical thinking of 
students and supporting the establishment of geographical 
patterns; emphasis on interdisciplinary conjunction and more 
hours for activities and practical tasks. 

Some of these problems could be partially solved in the 
learning process focused by coordinated activities of the two 
groups of teachers (Fig.2). 

 



321 
 

 
 

 Fig. 2 Joint activities between primary school teachers 

and teachers of school subject geography and economy in 5th 

class to realize a smooth transition 

In conclusion, we can summarize that within the 

different viewpoints concerning the basis of geographical 

education in 5th grade and its relation with learning at early 

stage, are not only the teachers but also  school students, 

parents, authors of  school documentation, textbooks and 

everyone which are relevant to contemporary problems in 

Bulgarian education. 

The detailed indication of problems requires crossing of 

viewpoints and work for a focus which to be adequately 

addressed by: 

- Development of common educational concept with 

one type structure of normative documents. 

- Rewriting of textbooks by structured criteria for levels 

of scientific quality, accessibility, development and cognitive 

skills of school students. 
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Preparation 
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- Introduction of standardized national test for entry 

level of individual subjects at the transition of educational 

stages. 

- Interaction between teachers in primary and secondary 

school for coordinating the assessment criteria, coordination of 

educational technology, scientific and methodological 

guidance. 
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Abstract: The article offers a review of research on 

the concentration of selenium (Se) in the soil in different 

regions around the world and the soil and fodder in 

Bulgaria. The average amount of selenium in the soil in 

Bulgaria is 131 ± 50 μg/kg dry substances, whereas in the 

fodder the concentration varies from 47 to 79 gSe/kg dry 

matter, which is far below the amount needed by various 

animal species. As a result of this selenium deficiency about 

60 animal species and the human as well reveal internal 

organs malfunction and an overall deteriorated health 

status. Selenium supplements inorganic and organic forms 

are recommended for prevention or treatment of diseases, 

where the amounts depend on the species, age, sex and 

functional status of the organism. The article also discusses 

the role of antioxidant cell protection against аctive oxygen 

species, which have dual significance for the maturation and 

capacitation of spermatozoa. Attention is drawn to the 

protective role of selenium-dependent enzymes of the 

glutation peroxidasa family - GPx1, GPx2 and GPx4, located 

in the germinative cells, spermatozoa and somatic epithelial 

cells which form the epithelial plate of the Strait of 

epididymis. 

Keywords: selenium, concentration in soil and fodder, 

selenium-related diseases, role in antioxidant protection 

The Chemical element Selenium 
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The chemical element selenium (Se) was discovered by 

the Swedish chemist Jöns Jacob Berzelius in 1817 in industrial 

waste from the production of sulfuric acid where selenium was 

found together with the chemical element tellurium 

(Latin Tellus meaning "god of theearth"). Berzelius called the 

new element Selenium (from Selene - the Greek goddess of 

Moon), to point out that selenium is always found in the 

company of tellurium, just like the Moon is the satellite of the 

Earth. For 140 years Se was known to be highly toxic. Later it 

became better known for its essentiality.  

Selenium concentration in soil and plants 

Selenium is not produces by human organism and has to 

be supplied through food. It is found in plant and animal 

products alike. Its concentration in plants depends on its 

presence in the soil, so when it is low in the soil, it is 

insufficient in plants, and along the food chain it is even less 

present in animals and humans.   

Selenium is present in all kinds of soils, but its amount 

in them varies. Areas with low concentration of selenium are 

those where 80% of all plants contain less than 100 μg/kg dry 

substance (DS), and areas with very low concentration contain 

less than 50% μg/kg DS. Areas with extremely low 

concentration of Se are Keshan County in China (from 7 tо 9 

μg/kg DS), Scandinavian countries (from 7 tо 11 μg/kg DS), 

Denmark (18 μg/kg DS), some areas in Serbia, etc. There are 

areas in the USA, Ireland, Turkmenistan, etc. where the 

concentration of Se is very high, as a result of which the plants 

growing on them are toxic for animals and people.  

There are relatively few pieces of research on the 

concentration of Se in the soils and plants in Bulgaria. The 

large-scale research of the micro-elemental composition of 

fodder in Bulgaria conducted by Aleksiev et al. in 1970 [1] 

does not include Se. Over the period between 1978 and 1994 

the concentration of Se in soils and fodder was measured in 

different parts of the country [2, 3, 4, 5, 6, 7, 8].  

http://en.wikipedia.org/wiki/Latin
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The average concentration of selenium in the soils is 

131±50 μg/kg DS. In North-West Bulgaria its level is 11842 

g/kg, and in the South-West region - 11538 g/kg, which is 

considerably lower than that in North-East and South-East 

parts of the country - 16039 g/kg and 15841 g/kg 

respectively. In the fodder the concentration of Se varies from 

47 to 79 gSe/kg DS, which is far below the amount needed 

by various farm animals as defined by National Research 

Council (NRC) of the USA. 

The insufficient amount of Se in fodders in Bulgaria 

becomes evident innumerous experiments conducted on 

different animal species: sheep [2, 6]; cattle [9, 10]; bulls [5]; 

birds [7, 11], in which adding Se supplements resulted in 

improved productivity, health status and fertility. Improved 

metabolism in animals is observed when the amount of Se in 

their daily rations is increased by adding Se salts [7, 11, 12]. It 

means that the concentration of Se in the soils and fodder in 

Bulgaria is not sufficient to meet animals' needs for this 

biologically significant microelement. 

Different plant species build up absorption of Se from 

the soil to different degrees. Wheat, for example, differs from 

corn in its higher content of Se. In this respect animals are at a 

greater risk of S deficiency than humans, because feed mainly 

on corn, whereas people eat mainly wheat. Se deposits also 

differ in different parts of plants.  

Selenium-related illnesses  

As a result of Selenium and Vitamin E deficiency about 

60 species of domestic, laboratory and wild animals are 

reported to have poorer health and some organ damage. 

Nutritional muscular dystrophy (white muscle disease) has 

been observed in kids, lambs, piglets and calves. Chickens 

suffer from exudative diathesis, rats - from liver necrosis; pigs, 

sheep and cows - from infertility. 

Countries which have problems with Se deficiency in 

the soil introduced official regulations concerning the amount 
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of Se which must be added to farm animals' food - Finland - in 

1969, France - in 1973, the USA - in 1979, Yugoslavia - in 

1989, Bulgaria - in 1992 (for chicken and pigs), and 1999 (for 

ruminating animals). 

In these venties two diseases which were are sult of Se 

deficiency were discovered in humans - Keshan disease 

(juvenile myocardiopathy) and Kashin-Beck 

(chondrodystrophy in children). The symptoms of Keshan 

disease are arrhythmia, enlarged heart, focal necroses of 

myocardium with an ensuing heart failure. The disease is most 

frequently registered in pregnant women and children. 

Another symptom of the disease is a change in the muscles of 

the lower limbs. The mechanism of these changes is 

determined by the destruction of cell membranes by free 

radicals in the conditions of Se deficiency. 

In 1980s Se was defined as essential for humans, and 

several syndromes in humans and animals [13] were identified 

as resulting etiologically from either Se deficiency or Se 

toxicity. It was established that Se deficiency leads to 

malignant diseases [14], accelerated ageing, reduced imunity, 

neurological diseases [15], cardio-vascular diseases [16], 

thyroid diseases, rheumatoid arthritis [17], and reduced 

fertility. A number of medicines containing Se alone or in 

combination with vitamins, microelements and other 

supplements were made for prophylactic or treatment of these 

diseases. The recommended daily amounts of Se are 55mg for 

women and 70 mg for men respectively. However, Se 

medications abuse has are adverse effect, manifested in acute 

and chronic intoxications observed in humans and animals 

[18]. 

In the form of food supplements Se is found in two 

main forms: chelated and non-chelated. The most popular 

chelated (together with amino acids) types are 

selenomethionine and selenocysteine. The most popular non-

chelated forms are sodium selenate and sodium selenite. 
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The role of Se in antioxidant protection 

The resorption of Se takes place mainly in the digestive 

system (80-90% and more), and in smaller amounts through 

skin and lungs. Se is actually not absorbed in the stomach. 

Resorption is most intensive at the upper end if the small 

intestine - in the duodenum, and less intensive in the other 

parts of the intestines. Through the blood Se reaches all body 

parts, but in males and male animals it accumulates mainly in 

the reproductive organs - testicles, epididymis and vas 

deferens. Experiments conducted on laboratory and farm 

animals - mice [19], rats [20, 21], bulls [22] and ram [22] - 

showed considerable amounts of Se accumulated in their 

testicles. 

The experiments revealed both species and individual 

differences in the absorption of Se, detected through 

measuring its amount in blood serum, sperm plasma and 

spermatozoa. The Se absorbed from the food and food 

supplements forms a group of compositions called 

selenoproteins. All of these compositions, with the exception 

of selenoproteins SelP, SelN, SelL and some DI isomorphs 

[23] contain only one amino acid residue of the non-standard 

21st amino acid - selenocysteine. Currently 21 families of 

selenoproteins are known in higher eukaryotes and 25 

selenoproteins in human respectively, belonging to 17 families 

[24]. 

For the normal sperm morphology and physiology, male 

fertility and reproduction a significant role is played by 

enzymatic and non-enzymatic compositions known as 

"cleaners", as they can dispose of active oxygen species 

(AOS) which can be dangerous for the cells. AOS is an 

umbrella term which is used to signify free radicals. Halliwel 

and Gutteridge [25] define a free radical as any atom or 

molecule which has one unpaired electron - single oxygen 

(О2
1
), superoxide anion (.О

2-
), hydroxil radical (.ОН

-
). Due to 

this property free radicals, depending on their number, can 
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have either regulatory or toxic biological effect. This group 

also includes hydrogen peroxide (Н2О2), which does not have 

a free electron in its outer layer, but the energy between the 

paired electrons in its outer electron layer is so high that in the 

process of its unforced decomposition a free electron can be 

discharged. 

Non-enzymatic "cleaner" molecules are glutathione, 

thioredoxin and other thiol-containing molecules, as well as 

vitamins D, E and C and some other small metabolites. The 

neutralising effect in the testicles, epididymis and the sperm is 

maintained by the adequate levels of antioxidant enzymes: 

superoxide dismutase (SOD), catalase (CAT), glutathione 

peroxidase (GPx) and glutathione reductase (GR) [26], each of 

which targets different AOS. 

AOS are a key part of sperm physiology and the 

processes of maturation and capacitation. When not enough 

AOS are produced spermatozoa do not mature, and when there 

are too AOS, spermatozoa are quickly damaged by oxidation. 

The control of the levels of Н2О2 in the testicles and 

epididymis by the protection system is provided by the family 

of glutathione peroxidase (GPx) enzyme [27]. It consists of 8 

isoenzymes [28], four of which contain selenium - from GPx1 

tо GPx4. 

Taking into account data provided in the references, we 

can assume that part of the inorganic Se (Na2SeO3) or organic 

Se (Sel-Plex
TM

-Altech), which we added in our experiments to 

the food of young male animals of the Holshtein breed, 

becomes part of three of the four selenium-containing GPx – 

1, 3 and 4, and is thus responsible for the positive changes of 

the indicators in the spermogram and the kinesis of 

spermatozoa [29, 30, 31]. We detected a definite decrease in 

the number of immobile and vibrating forms on the one hand, 

and an increased amount of forth-moving spermatozoa and a 

higher speed they move at, on the other. This is based on the 

data that GPx - 1, 3 and 4 are located in the germ and somatic 
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cells in the organs of the male reproductive system. GPx 4 is 

located in the seminiferous cells and spermatozoa, in the 

somatic cells of the epithelial plate of ductus deferens and vas 

deferens, and GPx 1 and 3 – only in the somatic cells of the 

organs [32]. GPx4 in gametogennite cell sand spermatozoa is 

presented by three isoforms - cytosolic (cGpx4), mitochondrial 

(mGPx) and sperm nuclear (snGPx), which differ in the ir sub-

cellular organisation and functions. SnGPx is the enzyme 

which is responsible for the condensation of chromatin – a 

process protecting DNA from mutations [33], and leading to 

reduction in the size of the spermatozoon head. The changes in 

the morphology of spermatozoa, according to the laws for 

bodies moving in liquids, affect their type and speed of 

motion. The isoform mGPx is important for our research from 

the point of view of its localisation. It is structured in the outer 

mitochondrial membrane of spermatozoa and is most probably 

connected with their bioenergetics and, more specifically, with 

spermatozoa motility. 

The results of experiments conducted by Schneideretal. 

[34] on a different animal species - mice with a mGPx 

deficiency, support our assumptions in this respect. Important 

structural anomalies are observed in the animals from this 

experiment in the mid-section of spermatozoa tails, which 

leads to spermatozoa with curled tails; abnormal division of 

mitochondria; abnormal structure of spermatozoon aksonema, 

and a separaion of spermatozoon head from its tail. The 

changes in the propulsion system of spermatozoa – the 

aksonema and energetic organelles - mitochondria, evitably 

lead to motility changes or loss. Our understanding of the 

effect of Se on motility is supported by the established by 

Marin-Guzman et al., [35] interrelation between the level of Se 

and the amount of adenosine triphosphate in spermatozoa 

mitochondria. 
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New record of Kotschy's Gecko Mediodactylus kotschyi 
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Abstract: The present communication is about a new 

location of Kotschy's Gecko (Mediodactylus kotschyi ) 

(Steindachner, 1870) found in Bulgaria. This species is 

distributed in South Bulgaria and near the Black Sea coast 

reaching north to Balchik. Observations from Ruse are also 

known. In June 2014 were seen two individuals of Kotschy’s 

Gecko in a building in the industrial zone of Shumen. One of 

the individuals was caught for a short time and GPS 

coordinates were downloaded. The nearest known locations 

of distribution of the species are 80 km east and 90 km 

north-west of Shumen. 

Keywords: Kotschy's Gecko, Northeast Bulgaria, 

industrial park. 

 The Kotschy's Gecko Mediodactylus kotschyi 

(Steindachner, 1870) is the only representative of the family 

Geckonidae in Bulgaria. The distribution of the species 

include southern, south-eastern and eastern part of Balkan 

Peninsula, southern parts of Apennine Peninsula, islands in the 

Ionian and Aegean Sea, Crete, Cyprus, south coast of Crimea, 

Mala Asia and east Mediterranean coastal regions [1][2] In 

Bulgaria the species is represented by three subspecies and is 

distributed mainly in South Bulgaria – the valley of river 

Struma, East Rodopes Mountain, the Tracian valley and Black 

Sea coast north to Balchik. [1][2][3][4]. One isolated location 

is found near Ruse in cave Orlova chuka. [5][6]. There are no 

other records of this species in Northeast Bulgaria [7]. 
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Kotschy’s Gecko habitat includes mainly populated places, 

buildings, agricultural stores etc. [1][4][8] 

Two individuals of Kotchy’s Gecko were seen on 18 

June 2014 in daylight in the industrial park of Shumen and one 

of them was caught for a while. GPS coordinates are 

43°15'42.0"N, 026°57'16.9"E. According to the workers in the 

building in 2013 were seen individuals in the same place. The 

specimens were with smaller sizes than the average for the 

species suggesting these are young animals. The whole area of 

the zone is about 2.5 km
2
. Buildings in the area are high 

mainly 10 – 30 m, half of them are old buildings. The area 

over the past 10 years has emerged as a major logistics centre 

of the city, loading or unloading of different size and cargo 

volume. The nearest known localities of the species are near 

Ruse – 90 km in northwest direction from Shumen and near 

Varna – 80 km in east direction. Probably enhanced 

communication links with these cities contributed to the 

transfer of the species and in the city of Shumen. In 2011 was 

obtained information about geckos in residential building in 

the city of Provadija but the same record has not been 

confirmed. 
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