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Editorial: Who we are? Acta Scientifica Naturalis 

Dobromir D. Enchev 

The investigation in the area of chemistry, biology, 
physics and geography continues to be at the heart of scientific 
achievement. Modern science is a collaboration of the 
disciplines which will be the very heart of Acta SciNat scope - 
have always made important contributions to mankind’s 
understanding of nature, and have again been deservedly 
recognized. 

The scope of the journal is something we permanently 
ponder about, is an thinking - are there areas that should be 
covered more than others? If so, do they generally select 
themselves (in terms of manuscript submissions) or should we, 
the editors, with our referees’ and Editorial Advisory Board 
members’ advice, enhance their share of the journal’s space? 

The fields of chemistry,  biology, physics and geography 
itself continues to evolve as particular techniques become more 
powerful or new ones are introduced, and like anything in 
today’s world, it is subject to trends. However, traditional 
approaches in the area of those disciplines still need to be 
recognized as areas to which we should devote pages, we intend 
to be opened for cutting-edge (nano/bio)materials, biophysical 
and bioanalytical or computational studies. These are areas that, 
up to now, have been traditionally under-represented in the 
Annual of the Konstantin Preslavsky University of Shumen, 
Chemistry, Biology, Physics, Geography - the forerunner of 
Acta SciNat  , but are beginning to provide answers to many 
questions of interest and therefore becomes a deeper, richer field 



in which more and more scientists can make valuable 
contributions. 

As well as ones can say that chemistry is an physic of the 
valent shells and biological phenomena can be described as 
emergent properties of the laws of chemistry, and might one day 
be entirely explained at the molecular and chemical level, so 
there is never too much physics, chemistry and biology in a Acta 
SciNat. Special color of the journal comes from the publications 
in the area of geography. Collaboration and interdisciplinary 
research will continue to be essential features of a Acta SciNat 
paper. 

Perhaps, more important than an expanded scope, Acta 
SciNat should  demand rigorously high standards from its 
authors, and our referees should help us to protect and ensure 
them. Although the scope of Acta SciNat  may have changed 
subtly comparing to their forerunner, the high quality has been 
maintained, or perhaps we have improved. 

In reaching out even further to the world, we intend Acta 
SciNat to became more social in with the launch of our 
Facebook account. We will continue to use the social networks 
to let you know about the latest articles, news and things we like 
from the world of natural sciences. They also provide another 
way for you to connect with us—we hope you will “like” and 
“follow” us and make the most of your chance to interact with 
us through these social media.  

Finally, the whole team would like to say a very big thank 
you to our Editorial Board and our referees for all their future 
work for us. 
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Тhermochemical and electron microscope studies of 
fast-cooled cast Al–Si–Zr ribbons and Al–Cu–Nd 

alloys 
D. Kiradzhiyska1, M. Drajewicz2, J. Romanowska2, 

D. Volšak3, V. Gandova4, G. Vassilev1,*

1 University of Plovdiv, Faculty of Chemistry, Plovdiv, Bulgaria 
2 Rzeszów University of Technology, Rzeszów, Poland 

3 IMPOL, Ljubljana, Slovenia 
4 University of Food Technologies, Plovdiv, Bulgaria 

E-mail: gpvassilev@uni-plovdiv.bg, gpvassilev@excite.com  

Abstract: The alluminium alloys are very important industrial 
materials. Currently, some new Al–Si alloys with zirconium 
incorporated are under way to be designed. Al–Si–Zr ribbons have 
been prepared by casting and rapid solidification of ternary melts 
using the melt-spinning method. The chemicals compositions of the 
alloys have been measured. Differential differential thermal 
analyses and electron scanning microscopy have been used in order 
to obtain information about the thermal effects temperatures and the 
phase composition. Al–Cu–Nd alloys have been synthesized and  the 
microstructure has been investigated by thermochemical analyses 
and scanning electron microscope.  

Keywords: Al–Si–Zr and Al–Cu–Nd alloys, Al–Si–Zr ribbons, 
chemical composition, differential thermal analyses, scanning 
electron microscope, microstructure, phase diagram. 

Introduction  

The alluminium alloys are very important industrial materials. 
Traditionally, Si or Cu is the predominant alloying element. Dotting 
Al–Cu and Al–Si alloys with some ternary constituent allows 
improving their properties (e.g. oxidation resistance). Presently, some 
new casting Al–Si-based alloys are under way to be designed with 
zirconium incorporated [1]. Zr solubility (at room temperature) in the 
fcc-Al phase (denoted further as (Al)) is rather small [2-4] and the 



intermetallic compound (IMC) AlZr3 forms, commonly, when this 
limit has been crossed. Nine more IMC have been reported in the Al–
Zr system. 

The ternary Al–Si–Zr alloys are usually obtained by adding Zr  
to Al–Si alloys. In the ternary system, binary Si–Zr IMC (6 low-
temperature and 3 high-temperature phases) are expected to appear 
(depending on the concentration and temperature intervals).  

Numerous studies of the binary Al–Si and Al–Cu phase 
diagrams have been done [2, 3].  Experimental information for the 
ternary Al–Si–Zr system is available at temperatures above 700 OC 
[4,5] only. The phase diagram Al–Cu–Nd is scarcely studied as well 
[6-8]. Two ternary phases have been announced [8] so far (Cu90Al 2Nd8 
and Cu82Al 10Nd8). 

Thermal and scanning electron microscope analyses are very 
useful for microstructure and phase diagram studies because each 
thermal arrest is related to crossing some phase field boundary or 
some invariant. Combining such experimental data with the 
knowledge of the corresponding binary or ternary diagrams, one can 
determine the phase composition of the respective sample.  

The purpose of this work is to obtain information about the 
phase composition of ternary Al–Si–Zr ribbons and of bulk Al–Cu–
Nd materials and in this way to reach conclusions about the 
construction of the respective ternary systems.  

Experimental 

In order to prepare Al–Si–Zr samples (i.e. thin ribbons) for the 
experiments pure aluminum and silicon have been melted at 800 оС. 
Thereafter zirconium containing ligature (12 wt. % Zr) has been added 
in order to get the desired Zr contents of the alloys. These master 
alloys have been melted and found from 930–950 о

С into metallic 
moulds.  

Silicon and zirconium contents of the master alloys have been 
thereafter determined by wet chemistry and spectral methods in the 
Institute of Inorganic Chemistry, Bulgarian Academy of Sciences.  

Al–Cu–Nd alloys have been prepared by classical metallurgical 
methods as described previously [9].  



Ribbon like Al–Si–Zr samples (≈ 1.5 cm wide and  ≈ 2-4 µm 
thick) have been prepared from the respective master alloys by flat-
flow casting, as previously described [4, 5]. The cooling velocity was 
in the interval of 105 to 106 deg/s. The casting has been done (under 
hire) in the Institute of metal science and technology, Bulgarian 
Academy of Sciences, Sofia.  

Inductively Coupled Plasma Optical Emission Spectrometry 
(ICP-OES, iCAP 6000 series,  produced by Thermo Scientific) was 
used in order to determine experimentally Zr contents of the alloys.  

Thermochemical analyses of these “as cast” ribbons have been 
done using Netzsch STA 449 F3 Jupiter apparatus under helium flux. 
Two regimes (DSC and DTA) have been applied depending on the 
samples behavior. Heating rates of 10 deg/min and cooling rates of 40 
deg/min have been commonly applied. The highest temperatures of 
heating were 1200 о

С (DTA) and 1550 оС (DSC).  
Optical (on the Olympus BX61 with video camera DP70 and 

motorized examination table) and scanning electron microscope 
(SEM) were used for microstructure studies. The latter is a JEOL 
apparatus, type JSM 6390. The chemical composition of selected 
spots was measured by energy-dispersive spectroscopy (EDS) analysis 
(EDS Oxford INCA device, operated at 20 kV). 

Results and discussion 

Al–Si–Zr system  

Experimentally obtained chemical compositions of the ribbon-
like samples have been compiled in Table 1. As one can see Zr 
content varies from 0.26 wt. %  to 1.38 wt. %. It is essential to note 
that the chemical compositions of all samples investigated in this work 
are, generally, near to that of the Al–Si eutectic point (that is 12.6 wt. 
% Si [2,3]). Moreover, the samples can be classified as hypoeutectical, 
from the viewpoint of the Al–Si system.  

The results of the thermochemical (DSC or DTA) analyses 
have been shown in Figs. 1 and 2, and Tables 2 and 3. Three 
consecutive runs have been done with each sample whenever possible. 
For the sake of brevity the first runs are plotted only.  
 



Table 1. Experimentally determined chemical compositions of the 
master alloys and the ribbons.  N and  NR  – consecutive number of  
the master alloys and of the respective ribbons; CSi  – Si  content of 
the master alloy (mass %); CZr –  Zr content of the respective ribbon 

(mass %);  CAl – estimated aluminium content; RSD – relative 
standard deviation (mass %). 

N CSi 

mass % 

CZr 

mass % 

CAl 

mass % 

NR CZr 

mass % 

RSD 

mass % 

1 9.70 0.30 90.00 1R 0.27 ±0.01 

2 10.00 0.82 89.18 2R 1.09 ±0.08 

3 11.30 1.20 87.50 3R 1.16 ±0.07 

4 9.30 1.40 89.30 4R 1.34 ±0.03 

 
Data for the binary end-systems (Al–Si, Al–Zr, and Si–Zr) from 

the phase diagrams compilation of Massalski [3] have been used as 
standards in order to identify the possible invariants’ and other phase 
transitions’ temperatures.  

As expected, the most common and strongest thermal arrests 
(registered with all samples, see Tables 2 and 3) correspond to the 
well known eutectic reaction in the Al–Si system: 

L ↔ (Al) + (Si)  (1) 

Here L is for the liquid phase, (Al) – for face centered cubic 
alluminium, and (Si) – for tetragonal silicon phase.  

In Table 2 results obtained using DTA at heating and cooling, 
with ribbons nos. 1, 3 and 4 are presented. Two peaks have been 
registered with all these samples. The peaks nos. 1 of type Tonset  

correspond to the reaction 1, and are situated at around 572 оС (with 
standard deviations less than 1 о

С). The intensity of a thermal effect is 
proportional to enthalpy change value, from one side, and to the 
quantity of the phases taking part in the corresponding reaction. 
Consequently, it could be concluded that the amount of the Al–Si 
eutectic is the greatest in ribbon no. 1, as it exhibits the strongest heat 



effect values 50.4 µV/g. This sample has the smallest Zr content (0.27 
wt. %, Table 1).    

 
Fig. 1. DTA curves at heating (first run) of ribbon nos. 1R, 3R and 4R 

and DSC curve of ribbon no. 2R. Heating rate: 10 K/min 

 

Fig. 2. DTA curves at cooling (first run) of ribbons nos. 1R, 3R and 4R 
and DSC curve of ribbon no. 2R. Cooling rate: 40 K/min 

 



Table 2. Results of the DTA experiments with Al–Si–Zr ribbons. The 
heating rate is of 10 deg/min, the cooling rate is of 40 deg/min. No – 

specimen number, Pi,h – peak number at heating, Pi,c – peak number at 
cooling, Pt, Onset - Peak temperature  OC, Pt, MI - peak temperature at the 
maximum intensity (MI) OC, PI - Peak intensity (VS – very strong, S –  
strong, M – middle, W – weak), TEq – literature value of the associated 

phase transition or reaction at equilibrium. 

No Pi,h 
Pi,c 

Pt, Onset 
 ± SD, 
O

Pt, MI 
± SD, OC 

PI Notes and Suggested  
phase transition 

1R P1,h 571.7  
± 0.3 

575 
 ± 0.3 

S Al–Si eutectic melting  
(Eq. 1, TEq = 577 ± 1 оС)  

P1,c 561.6  
± 1.3 

557.8  
± 0.8 

S Al–Si eutectic 
crystallization (Eq. 1) 

P2,h 1066.5 
 ± 10.8 

N. A W AlZr3 peritectic melting 
(Eq. 2, TEq = 1019 оС) 
not observed at cooling 

P2,c 585.3  
± 0.7 

N. A W Al–Si liquidus crossing 
not observed at heating 

P3,c ≈1200 N. A W AlZr2 peritectic  
crystallization,  
(Eq. 3, TEq = 1215 оС) 
not observed at heating 

3R P1,h 572.5  
± 0.3 

575.9  
± 0.5 

S Al–Si eutectic melting  
(Eq. 1) 

P1,c 566.1 
± 0.8 

560.9  
± 0.2 

S Al–Si eutectic 
crystallization (Eq. 1) 

P2,c ≈1200 N. A W AlZr2 peritectic 
crystallization (Eq. 3) 
not observed at heating 

4R P1,h 571.8  
± 0.3 

577.4  
± 2.0 

VS  Al–Si eutectic melting 
 (Eq. 1) 

P1,c 572.1  
± 2.5 

559.1  
± 0.2 

S Al–Si eutectic 
crystallization (Eq. 1) 

P2,h 1063.3  
± 7.5 

N. A. M AlZr3 peritectic melting 
(Eq. 2) 
not observed at cooling 



P2,c 587.4 ± 
0.6 

579.7 ± 
0.6 

M Al–Si liquidus crossing 
not observed at heating 

P3,c ≈1200 N. A W AlZr2 peritectic 
crystallization (Eq. 3) 
not observed at heating 

  
Another peak (Table 2) has been registered with the ribbons 

nos. 1 and 4 (Fig. 1) at around 1056–1066 о

С. It is probably related to 
the reaction of the AlZr3 peritectic melting (at 1019 о

С in the binary 
Al–Zr system, Eq. 2): 

AlZr 3 ↔  L + AlZr2 (2)  

The results obtained by DTA at cooling are shown in Table 2 
also. The eutectic peak temperatures measured at cooling are 
reasonably lower (562–572 о

С) than these registered at heating (575–
577 оС). It is interesting to notice that the crossing of the liquidus has 
also been registered at cooling with sample nos. 1 and 4 (Table 2). 
Such an effect could not be registered with ribbon no. 3, probably, 
because the intensity of the respective thermal arrest is feebler than 
those related to ribbons 1 and 4. 

Another (rather flat) peak is observed with ribbons 1, 3 and 4 at 
around 1200 оС. The latter is at the upper temperature limit, thus the 
thermal effect has not appeared wholly. Anyhow, this temperature 
value is in good agreement with the reaction of the AlZr2 peritectic 
formation (1215 оС according to [3]): 

L + Al3Zr5 ↔  AlZr2 (3)  

DSC has been used for thermochemical studies with ribbon no. 
2 up to 1550 оС. The strongest peaks only are represented in Table 3. 
The thermal arrest corresponding to the eutectic reaction (eq. 1) has 
been observed at 576.0 о

С (Table 3). Thus, the agreement with the 
results registered with DTA (575–577 о

С) is excellent. 
Two more thermal arrests (2h and 3h, respectively) at heating 

have been registered at 1257 and ≈1490 оС. The first one could be 
associated with the same invariant reaction (Eq. 3) probably. The 
second might be related to the high-temperature eutectic reaction: 



L ↔ Al4Zr5 + Al3Zr2  (4) 

Table 3. Results of the DSC experiments with Al–Si–Zr ribbon No 2. 
The heating rate is of 10 deg/min, the cooling rate is of 40 deg/min. No 
– specimen number, ih – peak number at heating, ic – peak number at 
cooling, Pt, Onset - Peak temperature  OC, Pt, MI – peak temperature at the 

maximum intensity (MI) OC, PI – Peak intensity 

No ih, 
ic 

Pt, Onset 
 OC 

Pt, MI 
 OC 

PI 

  
Suggested  
phase transition 

2R P1,h 576.0 
 

578.8 S Al–Si eutectic melting 
(Eq. 1) 

P1,c 562.5 
 

560.2 M Al–Si eutectic crystallization  
(Eq. 1) 

P2,h 1257 N. A VS AlZr3 peritectic melting  
(Eq. 3, TEq = 1215 оС) 

P2,c 1251 
 

1236 n.a. AlZr3 peritectic formation  
(Eq. 3, TEq = 1215 оС) 

P3,h ≈1490 1499 VS High-temperature eutectic 
reaction (Eq. 4,TEq = 1485 оС) 

P3,c 1485 1481 S High-temperature eutectic 
reaction  (Eq. 4,TEq = 1485 о

С) 

The SEM analyses have shown that nano- and microsized Zr-
riched phases have been formed in the Al–Si–Zr ribbons (Fig. 3). 
Nevertheless it is technically impossible to determine exactly their 
compositions by this method, because the electron beam dimension 
(≈1-2 µm) is larger than the particles size.  

Al–Cu–Nd system  

The samples were prepared by classical metallurgical method as 
described previously [9]. Chemical and spectral analyses were done in 
order to determine their chemical compositions. The influence of the 
neodymium additions to the binary AlCu5.5 alloy was investigated by 
studying the solidification course and microstructures.  

The binary eutectic reaction (Eq. 5)  

L ↔ (Al) + Al 2Cu  (5) 

was registered at 538 OC with all samples except No 14 (Fig. 4). 



 

 
 

Fig. 3. SEM micrograph of ribbon No. 4. Nano- and microsized Zr-
rich phases (bright areas) are observed in the alluminium matrix 

Thus, the sample richest in Nd has a narrower solidification 
interval due to the increased solidus temperature (Fig. 4A, B). A 
ternary eutectic reaction (Eq. 6) occurs at 591 OC in sample nos. 12–
14 (i.e. the Nd-richest) -  see Fig. 4:  

L ↔ (Al) + Al l8Cu4Nd + Al2(Cu,Nd)  (6) 

SEM, microhardness measurements and X-ray diffraction 
analyses have shown the formation of the ternary phase (Al l8Cu4Nd) 
in the Nd-richest sample No 14 (Fig. 5).  

 

 



 
 
Fig. 4A, B. DSC curves of Al–Cu–Nd alloys obtained at a cooling rate 

of 40 deg/min 

 
 

Fig. 5. SEM micrograph of sample No. 14 (5 wt. % Nd).  



Conclusions 

Rapidly solidified thin Al–Si–Zr ribbons were synthesized 
and studied by differential thermal analyses and SEM. Nano- 
and micro-sized Zr-containing phases have been formed but 
their chemical composition could not be obtained by technical 
reasons. Nevertheless, the differential thermal analyses were 
useful to identify some invariant reactions and consequently the 
presence of the phases involved.  

Al–Cu–Nd samples with chemical composition AlCu5.5 + 
0.02, 0.05, 0.10, 0.50, 1.0 and 5.0 wt. % Nd were synthesized. 
The effects of neodymium additions were investigated by 
thermal, SEM and microstructure analyses. The narrowest 
solidification interval is observed with the Nd-richest sample. 
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Abstract: Thermodynamic assessment of the Ag–Sn–Zn system 
liquid phase has been done by means of the general solution model 
of Chou. This model uses thermodynamic data for the liquid phases 
from the respective binary end-systems to calculate ternary 
interaction parameters (Li) and molar excess Gibbs energy of the 
ternary liquid phase. The calculations have been performed in the 
temperature range 1000–2000 K.  The concentration dependences of 
the liquid phase thermodynamic properties along vertical sections 
with atomic Sn/Zn ratios of 1/3, 1/1 and 3/1 have been estimated. 
The similarity between calculated and experimental Zn activity 
coefficients at 1073 K was verified. The results are compared  to 
those obtained by the CALPHAD method. Conclusions about the 
applicability of the general solution model have been done. 

Keywords: Ag–Sn–Zn alloys, thermodynamics, general solution 
model (GSM). 

Introduction 

Silver dotted Sn-Zn alloys are important as potential lead-free 
solder materials [1]. The respective binary systems (Ag-Zn, Ag-Sn 
and Sn-Zn), have already been thermodynamically investigated [2-5] 
but few thermodynamic data have been reported for the Ag–Sn–Zn 
system [6-12].  Especially scarce are the experimental evidences about 
the ternary Ag–Sn–Zn liquid phase.  

Nevertheless, thermodynamic descriptions of the ternary Ag–
Sn–Zn system have been presented by Ohtani et al. [5] and by 



Vassilev et al. [6].  Actually, Jao et al. [7] and Vassilev et al. [8-10] 
investigated the latter system and constructed two isothermal sections 
(at 533 K and 653 K, respectively). New experimental data of Wnuk  
[11, 12] about zinc-activities in the ternary liquid phase, at 823, 903, 
973, 1023 and 1073 K have been taken into account in the 
optimization of Vassilev et al. [6] only.  

From the other side, the geometrical methods [13,14] allow 
predicting the thermodynamic properties of a ternary liquid phase 
from the thermodynamic properties of the liquid phases belonging to 
the respective binary end-systems. Nevertheless, these methods might 
be not accurate enough. That is why the purpose of the present work is 
to assess the thermodynamic properties (especially the molar excess 
Gibbs energy) of the Ag–Sn–Zn system liquid phase and to compare 
these results with the respective values derived from the 
thermodynamic optimization of this system. 

Theoretical fundamentals 

Thermodynamic properties of the Ag–Sn–Zn liquid phase have 
been calculated using general solution model (GSM) [13,14]. The 
application of this model requires some thermochemical information 
about the three binary end-systems. Such information is essentially 
known if the composition and temperature dependence of the Gibbs 
molar excess energy of the respective phase is available. In the 
equations below, the following excess energies are represented: ∆GE – 
Gibbs molar excess energy of the ternary liquid phase; ∆GE

12, ∆GE
23, 

∆GE
31 or ∆GE

ij – the respective Gibbs molar excess energy values of 
the binary liquid phases, where the down indexes indicate the 
considered binary system. In the case discussed in this work the 
numbers 1, 2 and 3 correspond to the elemements  Ag, Sn and Zn, 
respectively. The basic equations of the GSM [13,14] are given as 
follows: 

+)x(x1
23A+(Ax2x+))x(x2

12A+)x(x1
12A+(Ax1x=E

123∆G 32
0
233

2
2121

0
122 −−−

+A23
2 ( x2− x3)2)+x3 x1( A31

0 +A31
1 ( x3− x1)+A31

2 ( x3− x1)2)+f 123x1 x2 x3

        (1) 



where: 

∆GE =W12∆G12
E +W 23∆G23

E +W13∆G13
E

   (2) 

W12=
x1 x2

X 1( 12) X 2( 12)
; W23=

x2 x3

X 2(23) X3(23)
; 

W31=
x3 x1

X 3( 31) X 1(31)
      (3) 

and L0, L1 and L2 are parameters (independent of composition, only 
relying on temperature, being analogue to the Redlich-Kister 
parameters) belonging to the binary system “ij”; Xi and Xj indicate the 
mole fractions of component “i” and “j” in “ij” binary system; f123 is 
the ternary interaction coefficient, expressed as:  

f 123= (2ξ12− 1){A12
2 ((2ξ12− 1) X 3+2( X 1− X 2) )+A12

1 }+
+( 2ξ23− 1){A23

2 ((2ξ23− 1) X 1+2( x2− x3))+A23
1 }+   

+( 2ξ31− 1){A31
2 (( 2ξ31− 1) X 2+2( X 3− X1))+A31

1 }   (4) 

Here ξij are similarity coefficients, defined by ηi – called the deviation 
sum of squares: 

ξ 12=η I /( ηI +η II ) ; ξ 23=η II /(η II +η III ) ; ξ 31=η III /( η III +η I ) (5) 

where 

η I = ∫
0

1

(∆Gij
E− ∆Gik

E )2 dXi      (6) 

η II = ∫
0

1

( ∆G ji
E − ∆G jk

E )2dX j      (7) 

η III = ∫
0

1

(∆Gki
E− ∆G kj

E )2dX k  and    (8) 

X1(12)=x1+x3ξ 12 ;
X 2( 23)=x2+x1ξ 23 ; X3( 31)=x3+x2 ξ 31 (9) 



The ternary interaction coefficient, f123 , is related to the 
Redlich-Kister ternary interaction parameter [15], so it can be written 
in the form: 

f123 = x1. L
0 123 + x2 . L

1
123 + x3. L

2
123              (10) 

Lv
123 = a + b*T (v = 0, 1, 2).   

Results and Discussion 

Basic thermodynamic information of the constitutive 
subsystems, necessary for the assessment, was taken from Refs. [2–4]. 
Actually, the optimized Redlich-Kister parameters of each system 
(Table 1) are essentially needed.  

Table 1. Optimized parameters (Lo
ij, L

1
ij , L

2
ij) for the liquid 

binary phases of the Ag–Sn [2], Ag–Zn [3] and Sn–Zn [4] 
systems used in the present work; T – temperature, K.  

System, 
i – j 

Lo
ij (T) 

J/mol 
L1

ij (T) 
J/mol 

L2
ij (T) 

J/mol 

Ag–Sn 
 

-3177.4910+ 
16124*T+ 

0.38*T*LN(T)) 

-16782.28+ 
2.06521*T+ 

0.44*T*LN(T) 

+3190.34-
107.09*T+ 

13.95*T*LN(T) 

Ag–Zn -27600+6.07*T -5500 0 

Sn–Zn 
 

+19314.64-
75.89949*T 

+8.75*T*LN(T) 

-5696.28+4.201*T +1037.2+0.98*T 

They are used for the calculation of the molar excess Gibbs 
energies of the binary end-systems liquid phases.  

For the sake of the assessment, ternary Ag–Sn–Zn alloys, with 
copper molar fractions equal to 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 
0.9 and 1, were considered along sections with Sn/Zn molar ratio 
equal to 1/3, 1/1 and 3/1.  

The calculations were done in the temperature interval from 
1000 to 2000 K.  The values of the ternary integral Gibbs excess 
energies, ∆Gex, and the ternary interaction coefficients, f123, have been  



 

 

Fig. 1a. 

  

Fig. 1b. 

calculated according to the GSM (Equations 1-10) using the 
parameters given in Table 1.  



The integral ternary molar Gibbs excess energies (∆Gex, J/mol) 
calculated along the selected sections and at the retained temperatures 
are presented in Figs. 1a–c. 

 
Fig. 1c. 

Figs.1a-c. Integral ternary molar Gibbs excess energies calculated 
along the selected sections and at the retained temperatures: 

∆Gex,J/mol  – molar Gibbs excess energy of the ternary liquid phase; 
xAg – silver mole fraction; T, K – temperature. The sections with 

constant Sn/Zn molar ratio are: Fig. 1a – ratio 1/1, Fig. 1b – ratio 1/3, 
and Fig. 1c – ratio 3/1. 

In order to verify the reliability of the GSM a comparison 
between the liquid phase molar Gibbs excess energies, calculated 
using ternary interaction parameters, obtained in this work and these 
obtained using the parameters thermodynamically optimized by the 
CALPHAD method [5,6] was done. The comparative review at 
1473 K is presented in Fig. 2a-c.  

 



 

Fig. 2a 

 

Fig. 2b 



 

Fig. 2c 

Fig. 2a-c. Comparative review of the molar Gibbs excess 
energies assessed at 1473 K in this work according to GSM and 

the respective values calculated according the CALPHAD 
method [5] and [6]. xAg – silver mole fraction; (∆Gex,J/mol)  – 

molar Gibbs excess energy of the ternary liquid phase. The 
sections with constant Sn/Zn molar ratio are plotted as follows: 
Fig. 2a – ratio 1/1, Fig. 2b – ratio 1/3, and Fig. 2c – ratio 3/1. 

 As can be seen in these figures, there is a good 
agreement between the molar Gibbs excess energies assessed at 
1473 K, in this work and these calculated according the 
thermodynamic optimizations of Ohtani et al [5] and Vassilev et 
al [6]. In all figures the GSM curves (solid lines) are very close 
to theses optimized by Vassilev et al [6]. This confirms that the 
GSM technique is useful for thermodynamic optimizations there 
is a lack of thermodynamic data. 



Comparison between the Zn activities calculated in this work 
and the experimental values of Wnuk [12] at 1073 K is shown in Fig. 
3.  

 
Fig. 3. Comparison between Zn activities calculated in this work and 

the experimental values of Wnuk [12] at 1073 K. 

The calculated ternary interaction parameters (Lν

ijk), are 
exhibited in Table 2. 

 
Table 2.  Ag–Sn–Zn liquid phase ternary interaction parameters, Lνijk, 

obtained in this work using  
Lo

ijk (T) L1
ijk (T) L2

ijk (T) 
+2546.362-0.059*T +1345.221+0.05*T +1051.945+0.074*T 

Conclusions 

Successful thermodynamic properties calculations of the Ag–
Sn–Zn liquid phase were done using the general solution model. For 
this purpose, the ternary interaction coefficients were obtained at 
eleven temperatures and at three constant Sn/Zn ratios. Thereafter, 



Redlich-Kister ternary interaction parameters were assessed in the 
temperature interval from 1000 to 2000 K.  

The values of the ternary liquid phase molar Gibbs excess 
energies calculated by GSM have been compared to 
thermodynamically optimized values. Good mutual agreement was 
found indicating that such an approach is possible in systems where 
no experimental data are available.  

References 

[1] McCormack, M.;  Jin, S., New lead-free solders, J. Electron. 
Mater. 1994, 23, 635-640. 

[2] Oh, C. S.; Shim J. H.; Lee, B. J.; Lee N. D., A 
thermodynamic study on the Ag–Sb–Sn syste, JALCOM, 1996,  
238, 155-166. 

[3] Gomes-Acebo, T., Thermodynamic assessment of the Ag–
Zn system, Calphad. 1998, 22, 203-220. 

[4] Dinsdale, A.; Watson, A.; Kroupa, A.; Vrestal, J.; 
Zemanova, A.; Vizdal, J., Atlas of Phase Diagrams for the Lead-Free 
Soldering, Printed in the Czech Republic. 2008, 1. 

[5] Ohtani, H.; Miyashita, M.;  Ishida, K., 
Thermodynamic Study of Phase Equilibria in the Sn–Ag–Zn System, 
J. Japan Inst. Metals. 1999, 63, 685-694. 

[6] Vassi lev, G.; Gandova, V.; Milcheva, N.; Wnuk, G., 
Thermodynamic description of the System Ag–Sn–Zn, Calphad. 
2013, Available online 14 May 2013, In Press.  

[7] Jao, C. C.; Yen, Y. W.; Lin, C. Y.;  Lee, C., Phase equilibria 
of the Sn–Zn–Ag system and interfacial reactions in Sn–Zn/Ag 
couples, Intermetallics. 2008, 16, 463-69. 

[8] Vassilev, G. P.; Dobrev, E.; Evtimova, S.; Tedenac, J. C., 
Studies of the phase eqilibria in the Ag–Sn–Zn system, JALCOM. 
2001,  327, 285-291. 

[9] Vassilev, G. P.; Dobrev, E.; Evtimova, S.; Tedenac, J. C.,  
On the phase equilibria in the system Ag–Sn–Zn, Archives of 
Metallurgy. 2001, 46, 249-254. 



[10] Vassilev, G. P.; Evtimova, S.; Tedenac, J. C.,  Dobrev, E., 
Experimental study of the ternary Ag–Sn–Zn system through diffusion 
couples, Jalcom. 2002, 334, 182-186. 

[11]  Wnuk, G.; Pomianek, T.; Romanowska, J.; Rychlewski, 
M., . Influence of Ag on the activity of Zn in {(1 – x1 – x2)Sn + x1Zn + 
x2Ag}(l) at T=903K, Chem. Thermodynamics. 1997, 29, 931-939. 

[12] Wnuk, G., Thesis, Thermodynamic properties of liquid 
diluted Sn–Zn–Ag alloys, Rzeszow, Technical university of Rzeszow. 
1999. 

[13] Chou, K. C., A general solution model for predicting 
ternary thermodynamics properties, Calphad. 1995, 3, 315-325. 

[14] Chou, K. C.; Li, W. C.; Li, F.; He, M., Formalism of new 
ternary model expressed in terms of binary regular-solution type 
parameters, Calphad. 1996, 20, 395-406 . 

[15] Redlich, O.; Kister, A. T., Algebraic Representation of 
Thermodynamic Properties and the Classification of Solutions, Ind. 
Eng. Chem. 1948, 24, 345-348. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

  



Optical properties of LiNbO3:Ru in the Ultraviolet 
spectral region 

P. Petkova*, P. Vasilev, G. Nedelcheva 

Konstantin Preslavsky University of Shumen  
115, Universitetska street, 9712 Shumen 

E-mail: petya232@abv.bg 

Abstract: The absorption coefficient of LiNbO3:Ru single crystals is 
measured in the spectral region of Urbach’s rule at room 
temperature. The parameter of electron-phonon interaction Wd, 
Urbach’s energy Eu and the constant σσσσ((((ΤΤΤΤ)))) of Urbach’s rule are 
calculated. It is established the behavior of the Ru ions in Urbach’s 
rule region. 
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energy. 

Introduction 

Lithium niobate (LiNbO3) single crystal because of its good 
electro-optic, acousto-optic, and nonlinear properties has been widely 
used. The Czochralski (CZ) method is the most common technique for 
growing bulk lithium niobate single crystal from a congruent melt 
composition ([Li]/[Nb] = 48.6/51.4~0.945) [1]. However, many 
intrinsic defects can appear in congruent LiNbO3 crystal due to the 
insufficient amounts of Li. The presence of these defects leads to 
some restrictions for several of the desired applications. The Ru ion 
doping of non-linear crystals, such as Ru: BaTiO3 [2], Ru: Bi12TiO20 
[3], Ru: Bi4Ge3O12 [4], Ru:Bi12SiO20 [5], and Ru: LiNbO3 [6] has 
recently been investigated, and indeed Ru ions can be helpful to 
improve the photorefractive properties. Furthermore, although 
LiNbO3 is a good holographic recording material, it has a serious 
volatility problem when used for holographic data storage: the read-
out process usually erases the stored information and amplifies the 
scattered light. Only a few of researchers have studied the optical 



properties of Ru: LiNbO3. This is the basic reason for our 
investigations. 

Materials and Methods  

We investigated doped LiNbO3 crystals with different 
concentration of Ru. All the crystals were grown using the 
Czochralski method to grow c-axis (the (001) orientation) under 
conditions described in detail elsewhere [1]. The starting materials 
Li 2CO3 and Nb2O5 are used with a high purity of 99.99% and 
99.995%. The different amounts of RuO2 (99.95%) powders (0, 0.05, 
0.1, 0.2, 0.4, 1.0, 2.0, and 3.0 mol %) were added into the melt. 
According to the reference [5], Ru ions have three valences Ru3+, 
Ru4+, and Ru5+. 

The ruthenium ions are situated in the places of Li+ or Nb5+ ions 
in the distorted oxygen octahedrons [7]. The concentration of 
vanadium in the crystal lattice is 3.31x1018 cm-3. The shearing cut of 
the samples is (100). The plates have well polished surfaces and their 
thickness is 1 mm. 

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: (1) α 
= (1/d)ln(I0/I), 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 behaviour of the absorption coefficient α has been 
investigated at the absorption edge using the Urbach’s formula lnα = 
A+B(ħω/T), where A and B are the constants, T is the temperature. 
The constant B is expressed by the dependence B = σ(T)/k, where σ(T) 
is the parameter characterizing the slope of the absorption edge, k is 
the Boltzmann constant. The value of σ(T) varies from 0,0003 to 
0,0006 in the case of the all ruthenium doped LiNbO3. 



On the other hand, we have the next equation Wd = kT/σ [8]. 
The magnitude Wd describes the broadening of the absorption edge 
due to the dynamic disorder. When the temperature is higher, the 
absorption edge is wider due to the dynamic disorder in the crystal 
lattice. Wd = 43 – 86 meV for the all doped samples. Therefore, we 
can resume that the absorption edge of doped samples has smaller 
dynamic disorder in the crystal lattice because of the dopant presence. 
The σ(T) and Wd are calculated at room temperature (T = 300 K). 

The Urbach’s energy is connected with the carrier impurity 
interaction, the carrier–phonon interaction and the structural disorder 
[9]. That is why this energy is calculated by the formula Eu = 
α(E)/(dα/dE). The “hump” in the absorption spectra changes its size 
and shape in dependence of the ruthenium concentration in the crystal 
samples (fig. 2a). It is expressed very well in the case of LiNbO3:Ru 
(0.08 mol%). This “hump” appears itself around 400 nm in the case of 
the two crystal plates with the concentration of Ru 0.017 mol% and 
0.03 mol%. It observes around 520 nm for the other two samples with 
Ru concentration 0.08 mol% and 0.12 mol%. After the calculation of 
the first derivative of α(λ), we can conclude that the two electron 
transitions are realized in the Ru4+ ion in the UV spectral region (fig. 
2b). The calculated second derivative of α(λ) shows that the 
transitions of electrons are two and it indicates their exact energetic 
position. The two electron transitions realize at smaller wave lengths 
for the smallest ruthenium concentration. The two electron transitions 
are most remote each other for the ruthenium concentration 0.03 
mol%. For the two bigger concentrations of Ru, the one electron 
transition is determined by the spectral minimum and the other 
electron transition is determined by the slope change of the spectral 
curve from 560 nm to 640 nm (fig. 2c). 
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     a)                             b)                               c) 
Figure 1. a) Absorption spectra of LiNbO3:Ru in the UV spectral 
region; b) The calculated first derivative of α(λ) in the UV spectral 

region; c) The calculated second derivative of α(λ) in the UV spectral 
region. 

 



 

 

 
               a)                                      b) 

Figure 2. a) The Urbach’s rule of LiNbO3:Ru in the UV spectral 
region; b)The Urbach’s energy of LiNbO3:Ru in the UV spectral 

region. 

The shift of UV cut-off to the small energies is indicate for the 
presence of more ruthenium in the upper oxidation state (Ru4+). 
Consequently, the resulting occupied and unoccupied molecular 
energy gap when the network is predominantly composed of Ru-O 
bonds, which causes a creation of a large number of donor centers. As 
a result, the impurity band becomes more extended into the main band 
gap [10]. We assume also that Ru is possibly to induce the tail states 
by the deformation potential, by the Coulomb interaction, and by the 
forming an impurity band [11]. In this case, the value of E0 is 
correlated with the impurity concentrations of the sample [11, 12]. 
Sometimes the parameter E0(x) that characterizes the forbidden band 
may be presented as E0(x) = a + bx + cx2 (a,b and c real parameters) 
[13]. The the polynomials of E0 for all the samples are presented on 



 

Figure 3. Energetic diagram of the 4d electron transitions in Ru4+. 
 

fig. 2b. The electron transitions which are realized in the Ru4+ ion 
correspond to the next two transitions: 5E(5D) → 3T1(

3F) (1) transition) 
and 5E(5D) → 1T2(

1I) (2) transition) (fig. 3). The value of the crystal 
field parameter Dq for the octahedral ruthenium complex is 1557 cm-1. 
The values of Racah’s parameters B and C are as follow: 1038 cm-1 
and 4775 cm-1.  

Conclusions 

In this work, the interesting fact is that the values of the 
Urbach’s energy increase with the augmentation of the concentration 
of the ruthenium. The spectral form of the Urbach’s energy describes 
by the curve of the third degree for the all investigated samples. The 
intermediate crystal field is the reason for the observation of the two 
electron transitions in the Ru4+ ion. 

Acknowledgements: The financial support by the project of 
Shumen University (2013) is gratefully acknowledged.  

 
 



References 

[1] Byer, R. L., Young, J. F.; Feigelson, R. S., J. Appl. Phys., 
1970, 41, 2320-2325. 

[2] Lin, C. H., Huang, C. Y., Chag, J. Y., Appl. Surf. Sci., 2003, 
340, 208-209. 

[3] Marinova, V., Hsieh, M. L., Lin, S. H., Hsu, K. Y., Opt. 
Comm., 2002, 203, 377-384. 

[4] Marinova, V., Lin, S. H., Hsu, K. Y., Hsieh, Mei-Li, 
Gospodinov, M. M., Sainov, V., J. mater.: Materials in Electronics, 
2003, 14, 857-858. 

[5] Ramaz, F., Rakitina, L., Gospodinov, M., Briat, B., Optical 
Materials, 2005, 27, 1547-1559. 

[6] Fujimura, R., Shimura, T., Kuroda, K., Trends in Optics and 
Phonics Series, 2003, 87, 660. 

[7] Weis, R. S., Gaylord, T. K., Appl. Phys. A, 1985, 37, 191-
203. 

[8] Kunets, V., Kulish, N., Kunets, Vas., Lisitsa, M., 
Semiconductor Physics, Quantum Electronics & Optoelectronics 
2002, 5, 9-15. 

[9] Faruque Ahmed, Sk., Moon, Myoung-Woon, Lee, Kwang-
Ryeol, Thin Solid Films, 2009, 517, 4035-4038. 

[10] Paul Singh, G., Paul Singh, D., Physica B, 2011, 406, 640-
644. 

[11] Pankove, J. I., Phys. Rev., 1965, 140, A2059-A2065. 
[12] Reihlen, E. H., Jou, M. J., Fang, Z. M., Sringfellow, G. B., 

J. Appl. Phys., 1990, 68, 4604-4609. 
[13] Ghosh, A. K., Som, K. K., Chatterjee, S., Chaudhuri, B. K., 

Phys. Rev. B 1995, 51, 4842-4848. 
 
 
 
 
 
 
 
 
 



 

Some New Results Obtained by Using Descriptor 
Fingerprints in QSAR and QSPR Investigations 
Ivan Dimitrov 1, Nikolay Kochev2, Marina Moskovkina3, 

Ludmila Naneva3, Vesselina Paskaleva2, Irini Doychinova1, 
Rumyana Milina4, Zilya Mustafa4, Ivan Bangov3 

1Medical University of Sofia, Faculty of Pharmacy, 2 Dunav 
Str., 1000 Sofia, Bulgaria 

2Plovdiv University, Faculty of Chemistry, 24 Tsar Asen Str. 
Plovdiv, Bulgaria  

3Faculty of Natural Sciences, Konstantin Preslavsky University 
of Shumen 115, Universitetska Str., Shumen 9712,  Bulgaria 

4A. Zlatarov University, 1, Yakimov str., 8001 Burgas, Bulgaria 
E-Mail: ivandimitro@gmail.com; doytchinova@gmail.comivan; 

bangov@gmail.com; mmarinan@abv.bg; liusita_29@abv.bg 

Abstract: A novel method of the descriptor fingerprints is under 
development.  It can be applied to the different QSAR, QSPR, QSRR 
and QSTR procedures.  Some new results of its application are 
reported in this paper. This approach is based on the similarity by 
using Tanimoto index. The results show that this approach provides 
a good discrimination between various groups of entities.  

Keywords: Descriptor fingerprints, similarity, QSAR, QSPR, 
Tanimoto, allergenicy, biodiesels.  

Introduction 

Structural fingerprints have been widely used in structural 
similarity search procedures [1-5]. They are formed in the following 
way:  

• there is an array of  fragments (fragment array); 
• each fingerprint, representing a structure is an array of 0s and 

1s with elements one-to-one corresponding to the fragment array; 
• fragments found in a structure can be represented as a 

sequence of 0s and 1s in the fingerprint array; 0 means fragment is not 



present in structure and 1 means fragment is present in structure. The 
formation of structural fingerprints and the two arrays are depicted in 
Figure 1.  

 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The fragment array containing fragments F1, F2….F1024, and 

the corresponding fingerprint array consisting of 1s and 0s. 

In this paper we propose a new type of fingerprints, descriptor 
fingerprints. 

Materials and Methods.  

Definition of descriptor fingerprints. 

A descriptor fingerprint can be created by determination for 
each descriptor an interval and the precision of its possible values, e.g. 
an initial value fromValue and ending value toValue with accuracy 
step (resolution) resValue. Hence, for each descriptor its interval is 
divided into N=(toValue-fromValue)/resValue  sub-interevals 
(elements of the fingerprint array) and the program determines in 
which element the current descriptor value falls by putting an 1 in this 
element, the other elements remaining zeros.  

Thus, a descriptor fingerprint is formed by applying this 
procedure to all descriptors and concatenating them. The formation of 
a descriptor fingerprint is illustrated in Figure 2. 
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Figure 2. Formation of a descriptor fingerprint. 

The length of the fingerprint depends on the number of intervals  
and they depend on the step (resolution) we have chosen to divide the 
range between the “fromValue” and the “ toValue” . Thus, the more 
intervals we have, the longer is the fingerprint. The balance between 
the length and information content of the fingerprints must be found.   

Practical use of the descriptor fingerprints in QSAR studies.  

Fingerprints are usually used in the case of similarity study 
between two entities. The similarity comparison between two objects 
(e.g. chemical compounds, proteins, etc.) is carried out by using the 
Tanimoto index. Thus, for two structures a and b, the Tanimoto index 
has the following form: 
 

 
 

Here Nc is the number of the common 1s (being in the same 
location of both fingerprint arrays), Na and Nb are the total numbers of 
1s in the fingerprints of objects a and b, respectively. The Tanimoto 
index takes values between 0 and 1. The larger is the value the more 
similar are the two structures. Consider a database of objects 
(chemical structures, chemical products, proteins, fuels, etc.) with 
known properties such as biological activity, exploitation properties, 
etc., characterized by their descriptors fingerprints. If a new product is 
present, its descriptors are determined and its fingerprint generated. 
Then a similarity search can be carried out on the database comparing 

... . ....

resolution

Initial value Final value Initial value Final value

1st Descriptor N th Descriptor

Descriptor
value

Descriptor
value
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this fingerprint with all database fingerprints by calculating the 
Tanimoto index for each pair of fingerprints. Thus, the Tanimoto value 
will show how close the new product to any of the database objects is. 

Results 

Use of the descriptor fingerprints for allergenicity 
prediction of proteins and other QSAR and QSPR problems   

In our study we have use 4000 proteins both allergens and not 
allergens characterized by 200E descriptors. A more detailed 
description on the generation of these descriptors is reported in the 
paper [6].  

The results from the employment of our descriptor fingerprint 
approach to allergenic proteins are reported in a separate paper [7]. 
Our results indicate that the we have obtained correct predictions 
down to the value of Tanimoto at  T=0.4337. 

The descriptor fingerprints very well discriminate between 
different chemical materials. We obtained very good preliminary 
results with 96 biodiesel fuels containing sun-flower, soy, rape, corn, 
palm and peanut vegetable oils. This is illustrated in Figure 3. One can 
see that up to the Tanimoto index, T=0.4286 the biodiesel fuels are 
fully discriminated. After this T value we have some mispredictions 
and already uncertain results. 

These preliminary results show that the descriptor fingerprints 
proposed by us could be used both for clustering on the basis of 
Tanimoto similarity and for a QSAR prediction of unknown materials.         
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15 sun floweractiv.=15 / 14 sun floweractiv.=14   T=1.0 
6 sun floweractiv.=6 / 5 sun floweractiv.=5   T=0.875 
7 sun floweractiv.=7 / 5 sun floweractiv.=5   T=0.875 
17 sun floweractiv.=17 / 14 sun floweractiv.=14   T=0.875 
................................................. 
38 rape activ.=38 / 37 rape activ.=37   T=0.7647059 
43 rape activ.=43 / 42 rape activ.=42   T=0.7647059 
75 soy activ.=75 / 61 soy activ.=61   T=0.7647059 
................................................. 
81 palm oil activ.=81 / 80 palm oil activ.=80   T=0.7647059 
85 palm oil activ.=85 / 84 palm oil activ.=84   T=0.7647059 
................................................. 
60 corn activ.=60 / 56 corn activ.=56   T=0.64705884 
.......................................................................................................
63 soy activ.=63 / 53 corn activ.=53   T=0.42857143 
69 soy activ.=69 / 57 corn activ.=57   T=0.42857143 
................................................. 
61 soy activ.=61 / 56 corn activ.=56   T=0.3809524 
76 soy activ.=76 / 56 corn activ.=56   T=0.3809524 
78 soy activ.=78 / 56 corn activ.=56   T=0.3809524 
................................................. 
61 soy activ.=61 / 2 sun floweractiv.=2   T=0.36363637 
74 soy activ.=74 / 2 sun floweractiv.=2   T=0.36363637 
75 soy activ.=75 / 2 sun floweractiv.=2   T=0.36363637 
................................................. 
69 soy activ.=69 / 53 corn activ.=53   T=0.25 
74 soy activ.=74 / 53 corn activ.=53   T=0.25 
96 X-smes activ.=96 / 53 corn activ.=53   T=0.25 
62 soy activ.=62 / 54 corn activ.=54   T=0.25 
64 soy activ.=64 / 54 corn activ.=54   T=0.25 
71 soy activ.=71 / 54 corn activ.=54   T=0.25 
74 soy activ.=74 / 54 corn activ.=54   T=0.25  

Figure 3.  Discrimination results for the different vegetable oils in 
diesel fuels. 
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Abstract: The thinning of foam films from pure Bovine Serum 
Albumin (BSA)) and its mixed solutions with a composition BSA : 
C12G2 = 1:7.5; 1:50; 1:100, was recorded and analyzed with 
appropriate equations in order to calculate the viscosity.  It was 
found that the thinning of films formed from pure BSA solution and 
from mixed BSA:C12G2 = 1:7.5 one is slower than that predicted by 
Reynolds (Re) equation The thinning of films from 1:50 mixed 
solution follows Re law, while the thinning of films from 1:100 
mixed solution is in accord with Manev-Tsekov-Radoev (MTR) 
equation which points out that the film interfaces in the case of 
1:100 are most mobile which is due to a lowest content of BSA 
molecules in the adsorption layers. h(t) dependences before100 and 
after 100 nm for single and mixed films were plotted in coordinates 
h-2(t) or h-7/5(t) respectively and from their slopes the viscosities in 
the films were calculated. The values obtained for pure BSA and 
mixed (1:7.5) films are 50 % higher than the values of  measured  
bulk viscosity. In the same time the viscosity obtained from h-7/5(t) 
dependence for film from 1:100 is in accordance with the bulk 
viscosity of native protein (1.04××××10-3 Pa.s). Based on viscosity data 
and Einstein equation the radius of BSA molecule in pure and 
mixed solutions was estimated. According to the obtained data it was 
concluded that in the mixed solution 1:50; 1:100 there is not 
aggregation between BSA molecules due to their hydrophilization by 
C12G2 molecules bind per BSA molecule. The difference found 
between viscosity values measured by Ostwald method and those 



obtained from the film thinning gives a possibility for using of TTF 
as a precise viscometer. 

Keywords: Bovine Serum Albumin (BSA); n – dodecyl - ββββ -D 
maltoside (C12G2); mixed BSA/C12G2 solutions; viscosity from film 
drainage. 

Introduction 

Foam ability and foam stability are old but still actual problems. 
The obtained of dried foam is an important problem for the flotation, 
which is used during the separating of mixtures of natural 
physiologically - active surfactants. The kinetic stability of the foams 
is important for the food, pharmaceutical and cosmetic industries. In 
these cases it is important  to be found conditions for obtaining of the 
quickly drying and stable foams. It can be realized, if the foam is 
stabilized with low molecular surfactants, at the following conditions: 
at a surfactant concentration close to the CMC or by an addition of 
electrolyte equal to the concentration of transition to Newtonian black 
films (NBF), according to DLVO – theory. If the addition of the 
electrolyte is not desirable in the system, for example in the case with 
proteins, then it can be get by an addition of second surfactant, which 
acts as a booster and a positive synergism or decreasing in the surface 
charge on the surface is realized. Moreover the second surfactant 
should be led to the fast thinning, foam stability but does not change 
significant the protein native structure. It follows that the right 
combination between a protein and low molecular surfactant is an 
important moment for the practice. According to the literature [1,2] 
mixtures of bovine serum albumin (BSA) and non-ionic sugar 
surfactant n-dodecyl-β-D-maltoside  (C12G2) are more suitable, 
because: the first - non-ionic surfactants have lower CMC and 
decrease the surface charge; the second - in a wide concentration 
range the interaction between them does not lead to substantial 
changes in the conformation of protein molecule; the third - C12G2 is 
temperature and pH insensitivity and the fourthly certain sugar 
surfactants are nontoxic and biodegradable, which is important for the 
human health and environmental. In [1, 2] solutions with different 
molar ratio BSA:C12G2 (1:7.5; 1:50 and 1:100) at pH = 4.9 have been 



investigated. It has been found that the difference in the surface active 
of the solutions, in film’s properties, as a velocity of thinning, films 
stability and films type dependents on molar ratio. 

If these data are summarized graphically, then from Fig. 1 the 
following conclusions can be expressed: (i) up to 100 nm all of the 
films are with close velocity of thinning, independently from the 
composition of the solution; (ii) below 100 nm C12G2 films do not 
thin; (iii) the transition to black film is realized slowest in the case for 
pure BSA films and fastest for films from solution of BSA:C12G2 = 
1:7.5. The transition retards with an increase of the C12G2 
concentration. Visually, the equilibrium films from mixed solutions 
are NF, but they have different thickness. The thickness of the films 
from mixed solution of BSA:C12G2 =1:7.5 corresponds to the 
thickness of protein film, while the thickness of the films from 
solutions of BSA:C12G2 = 1:50 and 1:100 corresponds to the thickness 
of C12G2 film with suppressed electrostatic.  
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Fig. 1. Evolution of thinning of films from individual BSA and C12G2 

solutions and from their mixtures at pH=4.9. 



The found specialties in thinning were connected with the 
composition of the solution which determines: (i) adsorption layers 
properties; (ii) the interaction between BSA molecules, BSA-C12G2 
molecules which are responsible for BSA/ BSA aggregates and 
BSA/C12G2 associates formation; (iii) the viscosity of the film which 
depends on the size and the number of aggregates.  

The aims of this study are : 
� to determine viscosity in a foam film from mixed solutions 

of BSA and C12G2 based on data for its thinning. 
� to find a correlation between the calculated viscosity before 

and after 100nm and the BSA aggregation or BSA/C12G2 association 
in the volume of the solution; 
� to find a correlation between the velocity of thinning and the 

composition of adsorption layer. 

Materials and methods 

Materials, experimental methods and equations. 

The present study is dealing with a protein bovine serum 
albumin (BSA) and its mixtures with a non-ionic surfactant n-
dodecyl-β-D-maltoside (C12G2 ) with varied concentration of C12G2 so 
that the molar ratio of protein to surfactant  to be: 1:1, 1:7,5, 1:50, 
1:100. 

C12G2, (purity >99.5%) was purchased from Glycon and used as 
received. Its molecule is amphiphilic and it consists of a hydrophobic 
tail and a hydrophilic head - maltoside unit behaves like a hard disk. 
Its CMC value is equal to 1.5×10-4 M.  

BSA was purchased from Sigma-Aldrich, USA, protein content 
96%. BSA is a globular protein of α -helical type. According to X-ray 
data the spatial structure of albumin resembles a heart and consists of 
6 subdomains [3]. It can be presented as a prizm with an equilateral 
triangle for the base (8×8×8 nm) and a height of 3.8 nm. The 
hydrodynamic radius of albumin in aqueous solution is 5 nm [4]. It is 
shown that on its subdomains are situated 3 channels called “caves” 
formed because of hydrophobic interactions. If the volume of the 
hydrophobic caves is compared with the volume of one maltoside 
molecule tail (787Å3), estimated by HyperChem 7.0 it follows that in 



the hydrophobic channels could be closed up to 15 C12G2 molecules. 
The presented investigations are performed at isoelectric point of BSA 
(pH =4.9). The pH values of the solutions was adjusted  by adding of  
small amount of 0.1 M  HCl. 

Stock solutions of BSA (1×10-5) and C12G2 (1×10-3)  were used. 
The concentration of stock protein solutions was determined by 
measuring the optical density at λ = 280 nm using a = 4.489×104 l 
mol-1сm-1. The working solutions of the individual surfactant were 
prepared 2 hours before each measurement. The working mixed 
solutions of BSA with C12G2 were prepared a night before each 
experiment 

All experiments were performed at temperature 25°C ± 1°C.  
The foam films were obtained in a glass cell (with radius of the 

holder 1.89 mm) suggested by Sheludko and Exerowa. They have 
been investigated by a modifying interferometrical method [2]. Each 
film was visually observed, in reflected monochromatic light 
(wavelength, λ = 551 nm, 6.3× objective lens and 5× eye-piece) 
immediately after filling the holder of cell with solution but its 
evolution was recorded (by Sony– SSC-M388CE photo camera). 
From the video record of each film frames from 0.4 s were captured 
with the program “Video decompiler. The captured frames from the 
record were analyzed (with ImageJ). Based on the extent of the gray 
color in these areas the intensities of the reflected light Imax and I(t) 
were determined. The value of Imin was determined from the video 
record of a ruptured film. Using these intensities and a formula of 
interferometric method the thickness (h) as a function of time (t) was 
calculated (see Fig.2-3).   

The surface tension (σ) of all used solutions was measured by 
Whilhelmy plate method and was used for a calculating of the  
capillary pressure by Eq. 1.,  

2 2
2 c

c f

R
P

R r
σ = σ

−
    (1), 

where Rc is the radius of the glass holder, and rf is the film radius. 



The viscosity of the investigation solutions was experimentally 
measured by Ostwald method (see Table 1) and was calculated based 
on the film thinning, presented in the next paragraph.  

Equations and procedure for determination of the viscosity from 
the velocity of foam film thinning  

For the velocity of film thinning are proposed several equations 
based on the classical lubrication theory of Stefan - Reynolds for the 
drainage of liquid film confined between two parallel flat solid discs, 
pressed by an external force. In this work we used two of them: (i) the 
equation proposed by Sheludko [5] for a small (with radius up to 0.05 
mm) microscopic, horizontal, plane parallel foam film with 
tangentially immobile surfaces (Eq.2) 

3

2

2

3
Re

f

h Pdh
V

dt r
σ= − =

η
    (2) 

and (ii) Manev-Tsekov- Radoev (MTR) [6] Eq.3 for bigger foam films 
with non- homogeneity thickness: 
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h Pdh
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σ= − =

η σ
   (3), 

 where: V  is  the velocity of film thinning; h is the film thickness, t is 
the time, η is the bulk kinematic viscosity who is not differ from that 
in the liquid film. σ is the surface tension of the liquid phase. 
Presented Eq. 2 and 3 were modified in equations 2a and 3a 
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From these equations it follows that the films velocity of 
thinning above 100 nm depends on capillary pressure, film radius and 
viscosity. If Pσ and rf are known the viscosity can be calculated with 
Eq.2b and 3b.  
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In the foam film with a thickness less than 100 nm arises 
disjoining pressure as a result of interaction between film surfaces, 
which may be van der Waals and electrostatic, according to the 
classical DLVO theory. In thick films (up to 40 nm) with a suppressed  
electrostatics, the van der Waals disjoining pressure (Пvw) is dominant. 
In this case Eq.2 and Eq.3 are replaced with Eg.4 and Eg.5, 
respectively. 
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Likewise from the modified forms of these equations (4a and 
5a) the viscosity can be expressed by Eq. 4b and 5b. 
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The calculated viscosities in a combination with Einshtein’s equation 
(Eq. 6) for the viscosity of a colloid solution yield an expression for 
evaluation of the protein radius ( R) or its aggregates or associates in 
the bulk solution 

( )0 1 2 5.η = η + ϕ  (6) 
0

1 2 5/ .
 ηϕ = − η 

 (6а)    DFV
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Results  

The first step of this study is to obtain data for the viscosity (η) 
of the solutions from which the films investigating are formed. Data 
for η measured by Ostwald method are presented in Table 1.  

Table 1. Solutions parameters at pH = 4.9 
BSA :C12G2 1:0 1:7.5 1:50 1:100 0:1 
σ, mN/m 53.4 51.8 45.4 36.8 40.1 
η  (Ostwald), mPa.s 0.91 0.91 0.91 0.91 0.90 
η before 100 nm, mPa.s 1.60 1.30 1.00 0.90  
η after 100 nm, mPa.s 5.1 1.70 1.03 1.10  
R, nm 49 43 21 -  

The data shows that the value of the viscosity of solutions are 
close to the viscosity of pure water, independently of its composition. 
This has forced us to find another approach for determination of the 
viscosity. Such an approach is using of the thin liquid film as a 
viscosimeter, if data for film thinning are available. 

In this study we present data for the viscosity in a foam film 
determined from its drainage. Our decision which ones of the 
equations suggested in Chapter 2.2 to be used has been taken based on 
the information of the law according to which films thin.  

This information was obtained by a comparison of the 
experimentally measured h(t) dependences with theoretically 
predicted by (Re) or (MTR) equations.  

In Fig. 2a it is shown the thinning of a film from BSA solution 
and from a solution of its mixture with ratio 1:7.5 as well as 
theoretical data obtained by Re or MTR equations. It is found that the 
film thinning from these solutions obeys the Re equation only before 
100 nm. The thinning retards after 100 nm. Nevertheless, the Re 
equation was used for the viscosity calculation. Fig 2b presents the 
thinning of films from mixed solutions of BSA:C12G2= 1:50 and 
1:100. The analysis of the experimentally measured h(t) dependences 
by Re and MTR indicated that the films with molar ratio 1:50 thin 
according to Re law, while those from solution with molar ratio 1:100 
- according to MTR, e.g. their thinning is accelerated. 
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Fig. 2a. Experimental and predicted h(t) dependences for films 

from pure BSA solution and  mixed solution BSA:C12G2  = 1:7.5 at 
pH = 4.9.  

In Fig. 3 are presented h-2(t) и h-7/5(t) dependences before and 
after 100 nm, according to the equation of Re law, and MTR. From 
their slopes by equations (2b), (3b), (4b) and (5b) were calculated the 
viscosities, shown in Table 1.  

The viscosity values of BSA solution and it mixture with C12G2 
(1:7.5) are higher than those measured by Ostwald method. As the 
same time the viscosity of the mixture (1:100) is in accordance with 
the viscosity of a native protein (1.03×10-3 Pa s [7]). Based on the data 
for viscosity and Eq. 6 the radii of BSA molecule, its aggregates and 
associates in the mixed solutions with C12G2 have been calculated (set 
Table 1). 
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Fig. 2b. Experimental and predicted h(t) dependences for films 
from mixed solutions BSA: C12G2  = 1:50; 1:100 at pH = 4.9.  

The values of R (40nm) for BSA solution and its mixture with 
C12G2 (1:7.5) correspond to big aggregates of BSA molecules. With 
the increase of C12G2 concentration in the solutions 1:50 и 1:100 the 
number of the associates will increase but the number and the size of 
BSA aggregates will decrease. The value of R (21 nm ) for the mixed 
solution (1:50) decreases, which is a indication for BSA/BSA 
aggregates diminution. The value for (1:100) corresponds to the radius 
of albumin molecule, which is a proof for lack of aggregation. 
Decreasing of the degree of aggregation could be explained with the 
interaction between BSA and C12G2, which leads to a hydrophilization 
of BSA molecule.  
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Abstract: Tetrahydroisoquinolines are an important class of natural 
and synthetic compounds, which exhibit a vast range of biological 
activities, such as antitumor, antibacterial, antiplasmodial, and β-
adrenergic receptor antagonism.  Tetrahydroisoquinolines arylated 
at C-4 display prominent pharmaceutical activities. A microwave 
assisted α-amidoalkylation reaction as an alternative efficient 
synthesis of 4-aryl- 1,2,3,4-tetrahydroisoquinoline derivatives was 
described. 

Keywords: cherylline, 4-aryl-1,2,3,4-tetrahydroisoquinoline, α-
amidoalkylation, SiO2/PPA. 

The Amaryllidaceae alkaloids represent a large and still 
expanding group of biogenetically related isoquinoline alkaloids that 
are found exclusively in plants belonging to this family. Cherylline 1 
is a naturally occurring optically active, 4-aryl-1,2,3,4- 
tetrahydroisoquinoline alkaloid, isolated from Crinum Powelli, 
Amaryllidaceae plant[1]. In the nature Cherylline occurs in (-) or (S) 
enantiomer [2].  
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Figure 1. 

Other 4-aryl-tetrahydroisoquinolines are latifine 2, nomifensine 
3 and dichlorofensine 4. These alkaloids are of interest because of 
their various pharmacological activities [3]. 
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Figure 2. 

The importance of these heterocyclic compounds generated a 
considerable number of synthetic approaches. Most of the reported 
methods for the synthesis of these compounds are either multistep or 
low yielding. Due to the uniqueness of structure and owing to the 
potential medicinal properties, many investigations have been carried 
out on this class of alkaloids. In continuation of our work in 
developing efficient methods for the synthesis of alkaloids, we report 
herein an alternative microwave-assisted synthesis of 4-substituted 
isoquinoline derivatives.  



The syntheses of cherylline skeleton can be sorted by the nature 
of the bond formed in the heterocyclic ring closure.  
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Figure. 3 

A Bischler-Napieralski reaction of N-formyl derivatives of 
phenethylamines [4, 5, 6] is applied for making the C-C bond “a” or 
by cyclisation of β-phenethylisocyanates [7, 8]. Intramolecular Horner 
reaction was used to form the C-C bond “b” [9]. The C-C bond ‘c’ 
was achieved by several methods, such as photo induced cyclization 
of ortho-halogenated N-acylbenzylamines [10], Friedel-Crafts type 
reactions [11-17], intramolecular coupling of quinonoid intermediates 
[18-21] or palladium-catalyzed intramolecular cyclization of amide-
enolates [22]. The C-N bonds ‘d’ or ‘e’ were constructed mostly by N-
alkylation [2, 24]. 

Microwave-assisted organic synthesis (MAOS) has been known 
since 1986 [24, 25]. This “non-conventional” synthetic method has 
shown broad applications as a very efficient way to accelerate the 
course of many organic reactions, producing high yields and higher 
selectivity, lower quantities of side products and, consequently, easier 
work-up and purification of the products. MAOS is considered as a 
“green” technology, principally since many organic reactions can be 
carrying out in solvent-free conditions [26-29]. Therefore, the growing 
interest in academic, research and industrial laboratories is not 
surprising and is reflected in an exponential increase in the 
productivity of scientific papers, books [29-34], and reviews related to 
the use of this technology. In recent years, researchers have applied 
microwave as a tool in order to diminish reaction time, avoid side 



products, increase yield and simplify the course of reactions for 
combinatorial chemistry [35-37].  

Itami and co-workers reported in a short communication that 
thiophene, furan and N-substituted pyrrole and indole derivatives can 
be arylated with aryl iodides in m-xylene under microwave irradiation 
in the presence of AgNO3 and DME and a catalytic amount of 
RhCl(CO)- {P[OCH(CF3)2]3} 2[38]. Hanbiao Yang  report a series of 
cross-coupling reactions using microwave heating to obtain 4-aryl-
quinoline derivatives.[39] Quinoline, isoquinoline, quinoxaline, and 
quinazoline derivatives were synthesized using microwave-assisted 
synthesis in all coupling reactions of aryl amines and aryl halides.[40] 
Julio A. Seijas and co-workers reported a direct syntheses of 4-aryl-
1,2,3,4-tetrahydroisoquinolines via hydroamination and enol 
carbamates. Previously, authors reported several efficient microwave-
assisted syntheses of bioactive compounds. They reported preparation 
of enol carbamates by irradiation with microwave under solvent–free 
conditions[41].   

In our previous experiments we successfully synthesize 
different 4-aryl-N-acyl-tetrahydroisoquinoline derivatives as structural 
analogues of Cherylline[42]. As a continuities of our work we applied 
microwave assisted α-amidoalkylation reaction as an alternative 
efficient synthesis of 4-aryl- 1,2,3,4-tetrahydroisoquinoline 
derivatives. 

 The required starting amides 6 we prepared by acylation of 
amine 1 (commercially available) with different acid chlorides.   

The next step was cyclization of the newly synthesized amides 
(Scheme 1). Silica-supported PPA was used for the final cyclization 
step. The microwave-assisted synthesis was applied. The technique 
offers simple, clean, fast, efficient, and economic for the synthesis of a 
large number of organic molecules. In the recent year microwave-
assisted organic reaction has emerged as new tool in organic synthesis. 
Important advantage of this technology include highly accelerated rate 
of the reaction, reduction in reaction time with an improvement in the 
yield and quality of the product. We found that in comparison to 
conventional methods, the yields of the reaction are greater and the 
reaction time is shorter. The shortest time and best yield were 
achieved at 100°C and 0.06g of catalyst. One of advantages of silica-



supported PPA is the catalyst recovering in excellent yields. It showed 
the same activity as fresh catalyst without any significant loss of its 
activity. The same catalyst can be used up to three times in the 
reaction. 
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Scheme 1. 

Table 1. Synthesis of amides 6 and tetrahydroisoquinolines 7  

№ R Yield mp 
6a CH3 99  70-74 

6b C6H5 98  89-91 

6c CH2C6H5 90  Oil 

6d biPh 95 193 

7a CH3 96  Oil 

7b C6H5 94 82 

7c CH2C6H5 80 75 

7d biPh 86 195-197 

In conclusion, we have successfully synthesize N-acyl-4-
phenyl-1,2,3,4-tetrahydroisoquinolines 7 as a structure analogues of 
the alkaloid Cherylline using microwave irradiation as a simple, clean, 
efficient, economic and eco-friendly method for the cyclisation step.  

Experimental  

Reagents and chemicals were purchased from commercial 
sources [Fluka and Merck] and used as received. Melting points were 



determined on a Boetius hostage apparatus and are uncorrected. 
Spectra were recorded on a Bruker Avance DRX250 spectrometer. 
1H-NMR and 13C-NMR spectra were taken in CDCl3 at 250 MHz and 
62.5 MHz respectively. Chemical shifts were given in parts per 
million (ppm) relative and were referenced to TMS (δ=0.00ppm) as an 
internal standard and coupling constants are indicated in Hz. All the 
NMR spectra were taken at rt (ac. 295 K). TLC was carried out on 
precoated 0.2 mm Fluka silica gel 60 plates. Merck silica gel 60 
(0.063-0.2mm) was used for column chromatographic separation. The 
microwave oven we used for the cyclisation is Ethos 1 Milestone. 

Synthesis of amides 6 (a-d) from starting 5: To the solution of 1 
mmol of amines 5 in dichloromethane equal amount of acetyl 
chloride, benzoyl chloride, 2-phenylacetyl chloride or biphenyl-4-
carbonyl chloride was added. After 10 min a little excess of 
triethylamine was added. After 30 min the solution was washed 
subsequent with diluted hydrochloric acid, saturated solution of 
Na2CO3 and water. The organic layer was dried (Na2SO4), filtered on 
short column with neutral Al2O3 and after removing of the solvent, the 
pure product 6 was isolated. 

N-(2,2-Diphenylethyl)acetamide (6a). Known compound [42] 

N-(2,2-Diphenylethyl)benzamide (6b).  1H-NMR: 4.01 (dd, J=7.7, 
5.8 Hz 2H), 4.25 (t, J=7.9 Hz, 1H), 6.04 (s, 1H), 7.20-7.10 (m, 3H), 
7.23-7.20 (m, 5H), 7.39-7.23 (m, 5H), 7.53-7.45 (m, 2H), 7.18(s, 2H), 
7.22(dd, J=4.9, 1.8Hz, 2H); 13C-NMR: 167.5, 141.9, 134.6, 131.4, 
128.8, 128.6, 128.1, 126.9, 126.8, 50.6, 44.3; Anal. calc. for 
C21H19NO: C, 83.69; H, 6.35; N, 4.65; found C, 83.71; H, 6.37; N, 
4.67. 

N-(2,2-Diphenylethyl)-2-phenylacetamide (6c). 1H-NMR: 3.40 (s, 
2H), 3.75 (dd J=7.9, 5.8 Hz, 2H), 4.01 (t, J=8.1 Hz, 1H), 5.25 (s, 1H), 
6.96-6.87 (m, 2H), 7.07-7.01 (m, 4H), 7.14(dd, J=3.8, 1.7 Hz, 5H), 
7.18(s, 2H), 7.22(dd, J=4.9, 1.8Hz, 2H); 13C-NMR: 170.08, 140.5, 
133.4, 128.3, 127.9, 127.5, 126.9, 125.8, 49.2, 42.8, 40.0; Anal. calc. 
for C22H21NO: C, 83.78; H, 6.71; N, 4.44; found C, 83.80; H, 6.75; N, 
4.40. 
 



N-(2,2-Diphenylethyl)biphenyl-4-carboxamide (6d). Known 
compound [43]. 

Cyclisation of amides 6(a-d) to 4-aryl-N-substituted 1, 2, 3, 4-
tetrahydroisoquinolines 7(a-d): 2-Phenylethylamides 6(a-d) (3 
mmol) and paraformaldehyde (5 mmol) were dissolved in toluene 
(10mL) and placed in microwave vial. The mixture was irradiated in 
the microwave oven at 100oC for 60 min. Upon completion of the 
reaction was monitored by TLC. The toluene was removed under 
reduced pressure and the residue was washed with water then 
extracted with CH2Cl2 (3 × 20 mol) and dried (Na2SO4). The solvent 
was distilled.  

1-(4-Phenyl-3,4-dihydroisoquinolin-2(1H)-yl)ethanone (7a). 1H-
NMR: 1.79 (s, 3H), 3.84-3.72 (m, 2H,), 4.29-4.03 (m, 2H), 5.46 (s, 
1H), 7.17 (d, 5H, J = 2.7 Hz), 7.23-7.19 (m, 5H); 13C-NMR: 170.2, 
141.9, 129.6, 128.7, 128.5, 128.0, 127.1, 126.9, 126.5, 50.5, 44.3, 
43.9, 23.8; Anal. calc. for C17H17NO: C, 81.24; H, 6.82; N, 5.57; 
found C, 81.27; H, 6.78; N, 5.61. 

Phenyl(4-phenyl-3,4-dihydroisoquinolin-2(1H)-yl)methanone (7b). 
1H-NMR: 4.01 (dd, 2H, J = 7.9, 6.0 Hz), 4.25 (t, 2H, J = 7.9 Hz), 6.05 
(s, 1H), 7.20–7.16 (m, 3H), 7.22-7.21 (m, 5H), 7.28–7.25 (m, 2H), 
7.39–7.32 (m, 2H), 7.52-7.47(m, 2H); 13C-NMR: 170.9, 141.9, 134.6, 
133.6, 133.5, 130.2, 129.6, 128.8, 128.7, 128.6, 128.4, 128.1, 127.0, 
126.9, 126.8, 50.5, 49.8, 44.3; Anal. calc. for C22H19NO C, 84.31; H, 
6.11; N, 4.47; found C, 84.35; H, 6.09; N, 4.50. 

2-Phenyl-1-(4-phenyl-3,4-dihydroisoquinolin-2(1H)-yl)ethanone 
(7c). 1H-NMR: 3.39 (s, 2H Hz), 3.75 (dd, 2H, J = 8.0, 5.8 Hz), 4.01(t, 
2H, J=8.1 Hz), 5.24 (s, 1H), 6.94-6.88 (m, 2H), 7.07–7.02 (m, 4H), 
7.15 (dd, 5H, J=2.2, 1.6 Hz), 7.18(d, 2H, J=1.1 Hz), 7.23–7.20 (m, 
2H); 13C-NMR: 171.1, 141.6, 134.5, 129.4, 129.3, 129.0, 128.7, 128.6, 
128.0, 127.2, 126.9, 50.3, 43.9, 43.7; Anal. calc. for C23H21NO C, 
84.37; H, 6.46; N, 4.28; found C, 84.39; H, 6.43; N, 4.31. 

Biphenyl-4-yl(4-phenyl-3,4-dihydroisoquinolin-2(1H)-
yl)methanone (7d). 1H-NMR (DMSO): 2.51 (dt, 1H, J = 3.7, 1.8 Hz), 
3.35 (s, 2H), 4.58 - 3.84(m, 2H), 7.25–7.10 (m, 2H), 7.38 – 7.26(m, 
7H), 7.45 (ddd, 3H  J=10.1, 7.1, 4.8 Hz), 7.77–7.60 (m, 3H), 7.83 (d, 



2H, J = 8.4 Hz), 8.58(t, 1H, J=5.3 Hz); 13C-NMR: 165.9, 142.9, 142.6, 
139.2, 133.3, 129.0, 128.4, 127.9, 127.7, 126.8, 126.4, 126.3, 49.8, 
43.8; Anal. calc. for C28H23NO C, 86.34; H, 5.95; N, 3.60; found C, 
86.39; H, 5.89; N, 3.58. 
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Abstract: The present article discusses the new regioselective 
methods applied to synthesis of 1,3-bifunctionalized allenes by a 
atom economical [2,3]-sigmatropic rearrangement of the mediated 
propargyl compounds. The interaction of prepared allenes with 
different electrophilic reagents wass investigated and it was proved 
that these reactions undergo with formation of various heterocyclic 
or acyclic compounds. 
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Introduction 

The chemistry of the allenes is one of the most intensively 
investigated over the past 30 years in the field of organic chemistry 
[1]. It is the research in this area that encourages bot the development 
of theoretical organic chemistry and organic synthesis, by obtaining a 
variety of products, interesting synthetic and applied perspective. 

Creating regioselective methods for synthesis of functionalized 
allenes compounds is particularly relevant and interesting task. The 
mutual influence of the two fragment - allenic system of double bonds 
and functional group - make allenes interesting substrates for 
investigation of electrophilic cyclization reactions to explore the 
possibilities and limitations. 



The literature data on the reactions of functionalized allenes 
with electrophilic reagents show that depending on the structure of the 
starting allenic compound as well as the type of the electrophile, the 
reactions proceed with obtained of the heterocyclic, or/and acyclic 
compounds or a mixture of them [2-5]. 

As a part of our long-standing program on the synthesis and 
cycliztion reactons of bifunctionalized allenes [6], we report in present 
article results of the synthesis of 1,3-bifunctionalized allenes and 
investigated their reactions with various electrophilic reagents. 

Results and Discussion 

In pursuance of the objective of the present study, we have 
developed and used a new selective methods for obtaining 1,3-
bifunctionalized allenes of  2-hydroxy-alk-3-ynoates 4a-f, which we 
prepared according to Scheme 1. 
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Table 1. Synthesis of the 2-hydroxy-alk-3-ynoates 4a-f according to 
Scheme 1. 

Entry Product R R1 R2 Yielda, % 
1 
2 
3 
4 
5 
6 

4a 
4b 
4c 
4d 
4e 
4f 

Pr 
Pr 
Bu 
Bu 
Ph 
Ph 

Me 
Ph 
Me 
Ph 
Me 
Ph 

Et 
Me 
Et 
Me 
Et 
Et 

76 
77 
73 
72 
73 
75 

 aIsolated yields by chromatographical purification. 
       



We found that the interaction of the alcohols 4a-c,f with 
dimethylchlorophosphite, obtained in situ from phosphorus trichloride 
and methanol in the presence of an organic base, proceeds with 
intermediate formation of the propargyl phosphites 5a-c,f, which 
easily undergo [2,3]-sigmatropic rearrangment to obtain the alkyl 4-
(dimethoxyphosphoryl)-alka-2,3-dienoates 6a-c,f according to 
Scheme 2. 

Scheme 2
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Table 2. Synthesis of the alkyl 4-(dimethoxyphosphoryl)-alka-2,3-

dienoates 6a-c,f according to Scheme 2. 
Entry Product R R1 R2 Yielda, % 

1 
2 
3 
4 

6a 
6b 
6c 
6f 

Pr 
Pr 
Bu 
Ph 

Me 
Ph 
Me 
Ph 

Et 
Me 
Et 
Et 

62 
69 
63 
65 

 aIsolated yields by chromatographical purification. 

4-Phosphinoyl-alka-2,3-dienoates 8c-f can be readily prepared 
via an atom economical [2,3]-sigmatropic rearrangement of the 
mediated propargyl phosphinites 7c-f  formed by a reaction of the 
alcohols 4c-f and chlorodiphenylphosphine in the presence of 
triethylamine according to Scheme 3. 
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 Table 3. Synthesis of the alkyl 4-(diphenylphosphinoyl)-alka-2,3-
dienoates 8c-f according to Scheme 3. 

Entry Product R R1 R2 Yielda, % 
1 
2 
3 
4 

8c 
8d 
8e 
8f 

Bu 
Bu 
Ph 
Ph 

Me 
Ph 
Me 
Ph 

Et 
Me 
Et 
Et 

60 
58 
57 
62 

aIsolated yields by chromatographical purification. 

In order to obtain sulfinyl-functionalized allenecarboxylates, we 
examined the interaction of the benzenesulfanyl chloride with the 
alkynoates 4a-c,f  in the presence of  base, as it is established that 
reaction occurred with intermediate formation of the sulfanates 9a-c,f, 
which undergo [2,3]-sigmatropic rearrangment at room temperature to 
obtain the аlkyl 4-(benzenesulfinyl)-alka-2,3-dienoates 10a-c,f 
according to Scheme 4. 
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Table 4. Synthesis of the alkyl 4-(benzenesulfinyl)-alka-2,3-dienoates 

10а-c,f according to Scheme 4. 

Entry Product R R1 R2 Yielda, % 
1 
2 
3 
4 

10a 
10b 
10c 
10f 

Pr 
Pr 
Bu 
Ph 

Me 
Ph 
Me 
Ph 

Et 
Me 
Et 
Et 

64 
64 
67 
59 

aIsolated yields by chromatographical purification. 

On the other hand, interaction of freshly distilled 
methanesulfinil chloride with the alcohols 4c-f  occurred with 
formation of the propargyl sulfinates 11c-f, which at reflux in dry 



toluene undergo a [2,3]-sigmatropic rearrangement to the expected 
allenyl sulfones 12c-f, according to Scheme 5.  

 

Table 5. Synthesis of the alkyl 4-(methanesulfonyl)-alka-2,3-
dienoates 12c-f according to Scheme 5. 

Entry Product R R1 R2 Yielda,b, % 
1 
2 
3 
4 

12c 
12d 
12e 
12f 

Bu 
Bu 
Ph 
Ph 

Me 
Ph 
Me 
Ph 

Et 
Me 
Et 
Et 

48 
47 
46 

52(54)c 

aIsolated yields by chromatographical purification. 
bOverall yields without isolation of the alkynes 11c-f. 

cOverall yield with isolation of the alkyne 11f. 

The resulting 1,3-bifunctionalized allenes 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 6a-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 13 and the 5-(dimethoxyphosphoryl)-furan-2(5H)-
ones 14 as shown in Scheme 6. 
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Table 6. Synthesis of the 5-ethoxycarbonyl-2,5-dihydro-1,2-

oxaphospholes 13 and the 5-(dimethoxyphosphoryl)-furan-2(5H)-ones 
14. 

№ R R1 R2 E Time 
h 

13, 
Yield,a % 

14, 
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 

13aa, 50 
13ad, 46 
13bb, 45 
13bd, 48 
13cb, 51   
13cd, 46 
13fa, 49 
13fb, 50 
13fc, 45 
13fd, 47  

14aa, 28 
14ad, 28  
14bb, 28 
14bd, 29  
14cb, 28 
14cd, 29 
14fa, 27 
14fb, 28 
14fc, 28 
14fd, 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. 

(3E)-4-(Diphenylphosphoryl)-alk-3-enoates 15 were prepared 
by the chemo-, regio, and stereoselective electrophilic addition to the 
C2-C3-double bond in the allene moiety of the alkyl 4-
(diphenylphosphinoyl)-alka-2,3-dienoates 8c-f (Scheme 7). 
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Table 7. Synthesis of the  
(3E)-4-(diphenylphosphoryl)-alk-3-enoates 15   

№ R R1 R2 E Nu Time, h 15, Yield,a % 
1 
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 

15cb, 70 
15cd, 64  
15db, 73 
15dd, 65 
15eb, 72 
15ed, 64  
15fa, 69 
15fb, 71 
15fc, 66 

10 Ph Ph Et SePh Cl 8 15fd, 63 
a 
Isolated yields by chromatographical purification on silica gel. 

The electrophilic cyclization reaction of 4-(benzenesulfinyl)-
alka-2,3-dienoates 10а-c,f proceeded by neighboring participation of 
the carboxylate group as an internal nucleophile only to give in good 
yields of the furan-2(5H)-ones 16 (Scheme 8). 

Scheme 8
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Table 8. Synthesis of the 5-(benzenesulfinyl)-furan-2(5H)-ones 16 

№ R R1 R2 E Time, h 16, Yield,a % 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Pr 
Pr 
Pr 
Bu 
Bu 
Ph 
Ph 
Ph 
Ph 

Me 
Me 
Ph 
Me 
Me 
Ph 
Ph 
Ph 
Ph 

Et 
Et 
Me 
Et 
Et 
Et 
Et 
Et 
Et 

Cl 
SePh 
Br 
Br 

SePh 
Cl 
Br 

SPh 
SePh 

4 
6 

6.5 
5 
6 
6 
7 
11 
9 

16aa, 70 
16ad, 68 
16bb, 72 
16cb, 71   
16cd, 67 
16fa, 71 
16fb, 73 
16fc, 68 
16fd, 66  

a 
Isolated yields by chromatographical purification on silica gel. 



We explored the scope of the electrophilic cyclization reaction 
of the allenic sulfones 12d,f (Scheme 9) and the results should be 
noted that the reaction occurs with obtained of the acyclic compounds 
17. 
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Scheme 9  

On the other hand, when R1=Me, the treatment of the 4-
(methanesulfonyl)-allenecarboxylates 12c,e with electrophiles gives 
mixtures of the (3E)-4-(methanesulfonyl)alk-3-enoates 17 and the 
(3E)-4-(methanesulfonyl)-2-methylene-alk-3-enoates 18 as a result of 
chemo-, regio-, and stereoselective addition on the C2-C3-double bond 
of the allenoate system and further elimination reaction, as shown in 
Scheme 10. 
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Table 9. Synthesis of the (3E)-4-(methanesulfonyl)alk-3-enoates 17 
and the (3E)-4-(methanesulfonyl)-2-methylene-alk-3-enoates 18. 

№ R R1 R2 E Nu Time, 
h 

17, Yield,a 
% 

18, Yield,a 
% 

Ratio 

1 
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 

SePh 

Br 
Cl 
Br 
Cl 
Br 
Cl 
Cl 
Br 
Cl 

6 
8 
7 
9 
8 

10.5 
6 

9.5 
13 

10cb, 43 
10cd, 41  
10db, 68 
10dd, 64 
10eb, 44 
10ed, 41  
10fa, 67 
10fb, 70 
10fd, 64 

11cb, 27 
11cd, 25  

- 
- 

11eb, 27 
11ed, 24  

- 
- 
- 

1.55:1 
1.63:1 

- 
- 

1.61:1 
1.72:1 

- 
- 
- 

a 
Isolated yields by chromatographical purification on silica gel. 



In the 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, 1H, 13C, and 31P NMR-spectroscopy. 

Conclusion 

The present investigation outline the following points: 1) 
Methods for synthesis of 1,3-bifunctionalized allenes are highly 
regioselective and allow variation of the substituents in both allenic 
system and of the two functional groups; 2) Our investigation of the 
electrophilic reactions of synthesized of 1,3-bifunctionalized allenes 
create conditions for competition between these two functions to 
participate in cyclization and formation of various unsaturated 
heterocyclic and acyclic compounds. 
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Abstract: An efficient method for regioselective synthesis of 
phosphorylated αααα-hydroxyallenes with protected HO-group is 
described. Electrophilic reactions of the prepared αααα-hydroxy 
allenephosphonates and  allennyl phosphine oxides with protected 
HO-group were studied as it established that the reactions proceeded 
with formation of various unsaturated heterocyclic and acyclic 
compounds. 
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Introduction 

In the past three decades, synthesis and use of allene derivatives 
have been expanded in preparative organic chemistry. The presence of 
two p electron clouds separated by a single sp hybridized carbon atom 
is the identifying structural characteristic of allenes, and it is this 
unique structural and electronic arrangement that is responsible for the 
extraordinary reactivity profile displayed by allenic compounds [1]. 
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 [2]. 

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.[3] 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. 

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 [4,6-10]. 

There are methods[11] for the synthesis of phosphorus-
containing allenes (phosphonates,[12] phosphinates,[13] and 
phosphine oxides [14]) including reactions of α-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 α-hydroxy alenephosphonates and  alennyl 
phosphine oxides with protected HO-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 α-hydroxy alenephosphonates and alennyl phosphine 
oxides with protected HO-group having in mind our first target.  

It consists of interaction ethylmagnesium bromide obtained in 
situ from ethyl bromide and magnesium, with prop-2-yn-1-ol 1, which 
had previously protected hydroxyl group with DHP. Reaction is 
performed at reflux in THF with intermediate formation of ethynyl 
magnesium bromide A that nucleophilic addition reaction of carbonyl 
group of the substituted ketones 3a-c gives (tetrahydro-pyran-2-
yloxy)-alkinols 4a-c according to Scheme 1 and Table 1.  
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Table 1. Synthesis of (tetrahydro-pyran-2-yloxy)-alkinols 4a-c 

No. Alkinol R1 R2 Yield % 

1 4а Me Et 61 
2 4b Me Bu 59 
3 4c -(CH2)5- 58 

In the first instance, the (tetrahydro-pyran-2-yloxy)-
allenephosphonates 6a-c can be readily prepared via an atom 
economical 2,3-sigmatropic rearrangement of  the mediated propargyl 
phosphite 5a–c, intermediate formed by the reaction of the alkinols 
4a-c with dimethylchlorophosphite, prepared in situ from phosphorus 
trichloride, 2 equiv of methanol, and 2 equiv of triethylamine, 
according to Scheme 2 and Table 2. 
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Table 2. Synthesis of (tetrahydro-pyran-2-yloxy)- 
allenephosphonates 6a-c. 

No. Allenephosphonate R1 R2 Yield % 

1 6а Me Et 78 
2 6b Me Bu 75 
3 6c -(CH2)5- 73 

 
Pleasingly, the reaction of alkinols 4a-c with 

chlorodiphenylphosphine in the presence of triethylamine at –70◦C 
gave the expected (tetrahydro-pyran-2-yloxy)-allenyl phosphine 
oxides 8a-c in moderate yields (Table 3) as a result of [2,3]-
sigmatropic rearrangement of the propargyl phosphinites 7a–c for 8 h 
at room temperature, according to the reaction sequence outlined in 
Scheme 3. 
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Table 3. Synthesis of (tetrahydro-pyran-2-yloxy)- 
allenyl phosphine oxides 8a-c 

No. Allenyl phosphine oxide R1 R2 Yield, % 

1 8а Me Et 86 
2 8b Me Bu 84 
3 8c -(CH2)5- 81 

The resulting α-hydroxy allenephosphonates and alennyl 
phosphine oxides with protected HO-group, isolated in preparative 
amounts, allowed us to study its chemical behavior during the 
reactions with electrophilic reagents. 

 
 



We found that the interaction of allenephosphonates 6a-c with 
electrophilic reagents occurs regioselective with 5-endo-trig 
cyclization by neighboring participation of phosphonate group only as 
an internal nucleophile to give in good yields the 2,5-dihydro-1,2-
oxaphosphol-2-ones 9a-c as shown in Scheme 4 and Table 4. 
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Table 4. Synthesis of  
2,5-dihydro-1,2-oxaphosphol-2-ones 9a-c 

No. Allene R1 R2 E 9, Yield % 

1 6а Me Et Br 9a, 76 
2 6b Me Bu Br 9b, 73 
3 6c -(CH2)5- Cl 9c, 72 

Surprisingly, intereaction of the allenyl phosphine oxides 8a-c 
with electrophiles to give mixtures of the (2E)1-alkenyl phosphine 
oxides 10a-c and 2,5-dihydro-1,2-oxaphosphol-2-ium halogenides 
11a-c in 79–84% overall yields according to the sequence outlined in 
Scheme 5. 
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Table 5. Synthesis of (2E)1-alkenyl phosphine oxides 10a-c 
and 2,5-dihydro-1,2-oxaphosphol-2-ium halogenides 11a-c 

No. Allene R1 R2 E Nu 
10, 

Yield 

% 

11, 
Yield, 

% 
Ratio 

1 8а Me Et Br Br 10a, 
57 

11a, 
27 

2.15:1 

2 8b Me Bu SePh Cl 10b, 
55 

11b, 
27 

2.02:1 

3 8c -(CH2)5- Br Br 10c, 
52 

11c, 
27 

1.90:1 

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, 1H, 13C-and 31R-NMR spectroscopy. 

Conclusion 

We note the following points from this investigation: 1) There 
are methods for synthesis of phosphorylated α-hydroxyallenes with 
protected HO-group that are highly regioselective, convenient and 
allow variation of the substituents in both allenic system and of 
the functional group; 2) Electrophilic cyclization reactions of α-
hydroxy alenephosphonates and alennyl phosphine oxides with 
protected HO-group were investigated as it was established that the 
reactions proceeded with formation of various unsaturated 
heterocyclic and acyclic compounds.  

 

Acknowledgment: We gratefully acknowledge the financial 
support by Research Fund of the Konstantin Preslavsky University of 
Shumen (Project No. RD-08-243/2013) and Human Resources 
Development Operational Programme of the European Union (Project 
No. BG051PO001-3.3.06-0003/2012).  



References 

[1] (a) Patai, S. (Ed.). The Chemistry of Ketenes, Allenes, and 
Related Compounds; John Wiley& Sons: New York, 1980; (b) 
Landor, S. R. (Ed.). The Chemistry of the Allenes; Academic Press: 
London, 1982; Vols. 1–3 (c) Pasto, D. J. Tetrahedron 1984, 40, 2805–
2827; (d) Schuster, H. F.; Coppola, G. M. Allenes in Organic 
Synthesis; John Wiley & Sons: New York, 1988; (e) Zimmer, R. 
Synthesis 1993, 165–178; (f) Elsevier, C. J. Methods of Organic 
Chemistry; R.W. Helmchen, J. Mulzer, and E. Schaumann (Eds.); 
Thieme: Stuttgart, 1995; Vol. E21a, 537–566; (g) Krause, N.; Hashmi, 
A. S. K. (Eds.) Modern Allene Chemistry; Wiley-VCH: Weinheim, 
2004; Vols. 1 & 2; (h) Brummond, K. M.; DeForrest, J. E. Synthesis 
2007, 795-818. 

[2] (a) Bates, R. W.; Satcharoen, V. Chem. Soc. Rev. 2002, 31, 
12-21; (b) Ma, S. Aldrichim. Acta 2007, 40, 91-102; (c) Hassan, H. H. 
A. M. Curr. Org. Synth. 2007, 4, 413-439; (d) Back, T. G.; Clary, K. 
N.; Gao, D. Chem. Rev. 2010, 110, 4498-4553. 

[3] (a) de la Mare, P. B. D.; Bolton, R. Electrophilic Addition 
to Unsaturated Systems; Elsevior: Amsterdam, 1966, 250-266; (b) 
Caserio, M. C. Selectivity in Addition Reactions of Allenes in Selective 
Organic Transformations; B. S. Thyagarajan, (Ed.); John Wiley & 
Sons: New York, 1970,  239-299; (c) de la Mare, P. B. D.; Bolton, R. 
Electrophilic Addition to Unsaturated Systems; Elsevior: Amsterdam, 
1982,  317-325; (d) Jacobs, T. L. Electrophilic Addition to Allenes in 
the Chemistry of the Allenes; S. R. Landor (Ed.); Academic press: 
New York, 1982; Vol. 2,  417-510; (e) Smadja, W. Chem. Rev. 1983, 
83, 263-320; (f) Ma, S. Ionic Addition to Allenes in Modern Allene 
Chemistry; N. Krause and A. S. K. Hashmi (Eds.); Wiley-VCH: 
Weinheim, 2004; Vol. 2, 595-699. 

[4] (a) Angelov, C. M. Phosphorus, Sulfur Silicon Relat. Elem. 
1983, 15, 177-193; (b) Khusainova, N. G.; Pudovik, A. N. Russ. 
Chem. Rev. 1987, 56, 564-578; (c) Alabugin, I. V.; Brel, V. K. Russ. 
Chem. Rev. 1997, 66, 205-224. 

[5] Ma, S. Acc. Chem. Res. 2009, 42, 1679-1688. 
[6] Brel, V. K. Heteroatom Chem. 2006, 17, 547-556. 
[7] Guo, H.; Qian, R.; Guo, Y.; Ma, S. J. Org. Chem. 2008, 

73, 7934-7938. 



[8] He, G.; Fu, C.; Ma, S. Tetrahedron 2009, 65, 8035-8042. 
[9] He, G.; Guo, H.; Qian, R.; Guo, Y.; Fu, C.; Ma, S. 

Tetrahedron 2009, 65, 4877-4889. 
[10] Yuan, J.; Ruan, X.; Yang, Y.; Huang, X. Synlett 2007, 

2871-2874. 
[11] (a) Mark, V. The Uncatalyzed Rearrangements of 

Tervalent Phosphorus Esters in Selective Organic Transformations; 
B. S. Thyagarajan (Ed.); John Wiley & Sons: New York, 1970, 319-
437; (b) Landor, P. D. The Chemistry of the Allenes; S. R. Landor 
(Ed.); Academic Press: New York, 1982; Vol. 1, 174-178; (d) 
Saalfrank, R. W.; Lurz, C.-J. Methoden der Organischen Chemie; H. 
Kropf, and E. Scheumann (Eds.); Thieme: Stuttgart, 1993, 2959-3102; 
(e) Hashmi, A. S. K. Synthesis of Allenes in Modern Allene Chemistry; 
N. Krause, and A. S. K. Hashmi (Eds.); Wiley-VCH: Weinheim, 
2004; Vol. 1, 3-50. 

[12] (a) Pudovik, A. N.; Aladjeva, I. M. Russ. J. Gen. Chem. 
1963, 33, 700-706; (b) Macomber, R. S. J. Am. Chem. Soc. 1977, 99, 
3072-3075; (c) Denmark, S. E.; Marlin, J. E. J. Org. Chem. 1991, 56, 
1003-1013; (d) Cai, B.; Blackburn, G. M. Synth. Commun. 1997, 27, 
3943-3949. (e) Saalfrank, R. W.; Haubner, M.; Deutscher, C.; Bauer, 
U. Eur. J. Org. Chem. 1999, 2367-2372. 

[13] (a) Boiselle, A. P.; Meinhardt, N. A. J. Org. Chem. 1962, 
27, 1828-1833; (b) Mark, V. Tetrahedron Lett. 1962, 281-284; (c) 
Sevin, A.; Chodkiewicz, W. Bull. Soc. Chim. Fr. 1969, 4016-4021; (d) 
Ignatev, V. M.; Timofeeva, T. N.; Ionin, B. I.; Petrov, A. A. Russ. J. 
Gen. Chem. 1969, 39, 1567-1572. 

[14] (a) Nicolaou, K. C.; Maligres, P.; Shin, J.; de Leon, E.; 
Rideout, D. J. Am. Chem. Soc. 1990, 112, 7825-7826; (b) Curfin, M. 
L.; Okamura, W. H. J. Org. Chem. 1990, 55, 5278-5287; (c) Grissom, 
J. W.; Huang, D. Angew. Chem. Int. Ed. 1995, 34, 2037-2039; (d) 
Darcel, C.; Bruneau, C.; Dixneuf, P. H. Synthesis 1996, 711-714; (e) 
de Frutos, O.; Echavarren, A. M. Tetrahedron Lett. 1997, 38, 7941-
7943; (f) Schmittel, M.; Steffen, J.-P.; Maywald, M.; Engels, B.; 
Helten, H.; Musch, P. J. Chem. Soc., Perkin Trans. 2 2001, 1331-
1342. 

 

 



Spectrophotometric method for determination of 
inulin and fructooligosaccharides in lactic acid 

fermented dairy products 
Nadezhda Petkova1, Mihaela Ivanova2, Mina Todorova1, 

Radka Vlaseva2, Panteley Denev1 

University of Food Technology, Technologic Faculty 
1Departament of Organic Chemistry, 

2Department of Milk and Dairy Products 
26, Maritza Blvd., Plovdiv 4002, Bulgaria 

Е-mail: petkovanadejda@abv.bg 

Abstract: A rapid and sensitive spectrophotometric method for the 
quantitative determination of inulin and fructooligosacharides in 
lactic acid fermented dairy products has been developed. The 
method was based on the familiar Seliwanoff reaction for detection 
of ketoses with resorcinol in hydrochloric acid media. The standard 
curve was constructed by using fructose as a standard. The tested 
spectrophotometric method has been characterized with good 
linearity (R2=0.997) in the fructose concentration range 0.5-20 
µg/ml. The presence of galactose and lactose in the analyzed 
samples did not interfere in the determination of inulin. The sample 
preparation procedure included hot water extraction, purification by 
Carrez solutions and subsequent spectrophotometric determination 
at 480 nm. The developed method showed very good precision: 
repeatability (RSD=6%) and reproducibility (RSD=10%). The 
obtained results demonstrated that the spectrophotometric method is 
less time-consuming, cheap, reproducible and suitable for routine 
laboratory analysis. 

Keywords: inulin, fructooligosacharides (FOS), yoghurt, resorcinol 
method.  

 

 



Introduction 

Inulin is a polydisperse plant polysaccharide, member of fructan 
family, consisting mainly of β-(2→1) fructofuranosyl units (Fm), and a 
terminal α-glycopyranose unit (1→2) (GFn) (Figure 1) [1]. The degree 
of polymerization (DP) of inulin varies from 2 to 70, as molecules 
with DP 10 are called oligofructoses or fructooligosaccharides (FOSs) 
[2]. 

 
 
 
 
 
 
 
 
 
 

Figure 1. Chemical structure of inulin 

Inulin has not E-number. It is consider as functional ingredient - 
dietary fiber with prebiotic effect, which occurs naturally in the 
underground parts of some plants and vegetables. The incensement of 
inulin application in food industry is due mainly to its ability to 
improve the technological properties of the foodstuff. 

Inulin is often added to dairy products to act as a source of 
dietary fiber as well as to provide technological functionality (e.g., 
water-holding or fat replacing functions). It is water-soluble, has 
texture-enhancing properties, and is often used to fortify dairy 
products with fiber as well as to replace fat and provide creamy 
mouthfeel in low-fat dairy products such as milk drinks, yogurts, dips, 
cream cheese, and process cheese [3]. The well-pronounced prebiotic 
properties of inulin enhance the healthy potential of the food. The 
determination of inulin in these products remains a challenge. Its 
analysis is also important for food labeling law.  

Few methods are available in the literature for quantification of 
inulin-type fructans in milk or yogurt [4, 5, 6]. Most of the 
spectrophotometric methods are based on enzyme hydrolysis with 
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endo- and exo-inulinase [5]. Some analysis with HPTLC was 
recommended by AOAC [6]. The other analytical methods are based 
on HPLC separation with ELSD detection [4]. Most of these methods 
for analysis require expensive enzyme kits or special instrument for 
analysis. In our earliest investigation, we applied and validated 
successfully spectrophotometric method based on Selivanoff reaction 
with resorcinol for analysis of fructans from inulin-type in dough 
products [7] and bonbons [8].  

The aim of the current investigation is to test the 
spectrophotometric method based on resorcinol assay for analysis of 
inulin in fermented lactic acid dairy products. To evaluate the 
application of this method for routine analysis the precision and 
accuracy have to be defined. 

Materials and methods 

The calibration curve was constructed using fructose as a 
standard. The linearity of the method was obtained at the 
concentration region 0.5-20 µg/ml and characterized with equation 
Y=0,1174x+0,0087, R2=0.997 (1), where: y – absorbance at 480 nm; x 
– concentration of fructose, µg/mL [8]. 

The lactic acid fermented dairy products with low fat content 
were bought from the local supermarket. Before the analysis the 
sample was well homogenized. 

The moisture content was determinated by drying the sample at 
102 °C for 4 hours [9]. For the spectrophotometric analysis, the 
sample preparation was performed under the following procedure: 13 
g lactic acid fermented dairy products were weighted into 100 ml 
beaker and 30 ml deionized boiling water was added to the sample. It 
was placed on hot plate of the magneting stirrer. The extraction 
process was carried out at 80 °C for 10 min under the constant stirring. 
After that, the sample was allowed to cool down and the Carrez 
solutions were added to it. (5 ml Carrez I reagent - distilled water 
solution of K4Fe(CN)6 × 3H2O, 15 g/100 ml); 5 ml Carrez II reagent 
(distilled water solution of Zn(CH3COO)2 × 2H2O, 30 g/100 ml). The 
sample was filtered through 0.45 µm paper filter into 50 ml plastic 
vials under vaccum. The obtain extract were collected in 50 
volumetric flask and was made up to the mark with deionized water. 



Then the water extract was analyzed by the spectrophotometric 
method for fructans developed in our lab and tested for dough 
products and confectionary. The spectrophotometric experiments were 
carried out on a Camspec M107 Vis spectrophotometer (UK) and 
calculated [10]. 

Thin layer chromatography (TLC)  

For quantitative determination of carbohydrate content in the 
water extract thin layer chromatography (TLC) was applied. TLC of 
the obtained extracts from lactic acid fermented dairy products were 
performed on silica gel 60 F254 plates (Merck, Germany) with n-
BuOH:i-Pro:H2O:CH3COOH (7:5:4:2) (v/v/v/v) as mobile phase; 
spots were detected by dipping the plates into detecting reagent – 
diphenylamine-aniline-H3PO4–acetone (1:1:5:50) and heating at 80 °C 
[11]. Five microliters glucose, fructose, sucrose, galactose, lactose, 
inulin (Frutafit TEX and Raftiline HP) and FOSs (Frutafit CLR) each 
of them with concentration 2 mg/ml were used as standards. 

Validation 

The proposed spectrophotometric method was tested and 
validated for various parameters according to the ICH (International 
Conference on Harmonization) guidelines [12]. The obtained linearity 
is characterized with the correlation coefficient R2 =0,997. The 
repeatability and reproducibility of the proposed spectrophotometric 
method were evaluated as six replicate determinations on the same 
day and six determinations of samples on different days by six 
different persons were done [12, 13, 14]. Intermediate precision was 
estimated as the same analyst analyzed six samples (one per day) for 
the period of six different days.  

The standard addition method was used to test the accuracy of 
the proposed method. Three levels of standard solutions of fructose 4; 
8 ,10 and 20 µg.mL-1 were added to the sample lactic acid fermented 
dairy products with known mass around 12 g. Then the samples were 
analyzed as the described extraction procedure and spectrophotometric 
determination of inulin [10]. The accuracy of the method was 
calculated on the base of the relative error [8, 13]. 

 



Results and discussion 

The obtained water extracts were analyzed by TLC for 
qualitative determination and revealing of carbohydrates content in 
different lactic acid fermented dairy products (Figure 2). The results 
showed that yoghurt with inulin and lactic acid fermented dairy 
products samples contained galactose, lactose, inulin and little amount 
FOSs. The yoghurt with fruits contained lactose, fructose and sucrose. 
Some little amount of fructose was observed in samples 8-12, which 
was result of degradation of inulin in acid medium under pH 5 [15]. 

In this case, the proposed method is proper for analysis of inulin 
and fructose. In our early investigation, we showed that lactose and 
galactose did not interfere during the spectrophotometric analysis, 
because of the ketose specific reagent resorcinol that was used during 
the analysis [7]. The principe of the inulin determination in this 
method is that in acid medium it degraded to fructose, which is 
converted to 5-hydrohymethyl furfural. In the presence of resorcinol it 
gave the pink-colored complex compound with absorbance maximum 
at 480 nm [8]. 

 

Figure 2. Thin layer chromatograms of lactic acid fermented dairy 
products, where standards: 1. fructose, 2. sucrose, 3. galactose, 4. 

lactose, 5. fructooligosacharides (Frutafit CLR DP 7-9), 6 and 7 inulin 
(Frutafit TEX and Raftiline HP), 8-12 yoghurt with inulin, 13 and 14 

lactic acid fermented dairy products, 15 and 16 fruit yoghurt with 
inulin. 

The precision of the tested method was evaluated by 
repeatability, intermediate precision and reproducibility (Table 1). 
From the obtained data after the analysis we can conclude that this 
spectrophotometric method was characterized with very good 

     1    2    3    4     5     6    7     8    9    10  11  12  13  14   15 16 



repeatability (relative standard deviation, RSD, 6 %) and satisfactory 
reproducibility less than 15 %, which indicated one good precision for 
analytical method [14].  

Table 1. Evaluation of precision of the proposed method for 
determination of inulin in lactic acid fermented dairy products 

Sample 
number 

Content of inulin in lactic acid fermented dairy 
products , % 

Repeatability Intermediate 
precision 

Reproducibility  

1 1.8 1.6 1.2 
2 1.7 1.6 1.6 
3 1.7 1.6 1.6 
4 1.8 1.4 1.5 
5 1.5 1.6 1.5 
6 1.6 1.9 1.4 
Mean, % 1.7 1.6 1.5 
SD1 0.1 0.2 0.2 
RSD2, % 6.3 9.7 10.4 
1SD- standard deviation, 2RSD –relative standard deviation 

The results for accuracy of the presented method were 
presented as relative error, calculated after standard addition method 
(Table 2). The higher RSD and relative error could be explained with 
the complicated matrix of the sample and its rich protein content that 
could absorbed part of the investigated substance after process of 
precipitation.  

Table 2. Accuracy of the spectrophotomertic method method 

slope y-
intersept 

Vo1, 
g/100g 

Vs2, 
g/100g 

Relative 
error, %  

Accuracy, 
% 

0.202 0.119 1.42 1.64 6.4 93.6 
1Vo – the measured inulin content in the sample 
2Vs – the true inulin content in the sample calculated from the 

curve obtained from standard method addition [13]. 

 



Conclusion  

The application of inulin in dairy products constantly increased 
because of the consumer requirements and needs for the functional 
properties of new food and nutrition formulas, their enhanced 
biological activity and healthy effect of the functional food. For 
qualitative and quantitative analysis of the added inulin has been 
developed new spectrophotometric method for routine analysis of 
inulin in fermented lactic acid dairy products. The method based on 
Seliwanoff resorcinol test for ketoses is simple, rapid and proper for 
routine laboratory practice. The method was characterized with wider 
linear range, showed good precision and satisfactory accuracy. The 
short time of sample preparation procedure and cheap equipment 
combined with good analytical parameters and selectivity made the 
developed method preferred for routine analysis of inulin in dairy 
products. 
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Abstract: A simple, selective and rapid HPLC-RID method for 
determination of inulin, nystose, kestose, sucrose, glucose and 
fructose in foods has been developed. The best chromatography 
conditions for separation were obtained on Pb2+ column operating at 
85 °C, mobile phase deionized water and flow rate 1.0 ml/min. The 
linearity of the method was in the concentration range 0.1-10 mg/ml 
for all analyzed carbohydrates with the correlation coefficient 
R2>0.997. The limit of detection (LOD) and the limit of 
quantification (LOQ) for inulin, nystose, kestose sucrose, glucose 
and fructose have also been defined. The developed method showed 
very good repeatability and reproducibility (RSD 2-3%) and it was 
successfully applied to determine inulin, fructooligosaccharides and 
sugars in functional food products and the medicinal plant root 
extracts. 

Keywords: inulin, fructooligosacharides, sugars, HPLC-RID 
analysis 

Introduction 

Inulin and fructooligosaccharides (FOSs) are reserve 
polysaccharides from fructan family that naturally occurred in the 
underground parts of plants representatives from Compositae family 
[1]. FOSs with degree of polymerization around 10 are subgroup of 
inulin and they are mainly composed of 1-kestose, 1-nystose, and 1-β-
fructofuranosyl nystose [2]. Usually in food, they are accompanied 



with sugars as sucrose, fructose [3]. This fructans are considered as 
dietary fibers with well-pronounced prebiotic effect and possessed 
immunostimulating properties Because of their healthy properties the 
interest for their application in production of functional food and low 
caloric nutrition formulas constantly increase nowadays [1, 4]. For 
regulation of inulin content in foods and their adulteration, the need of 
analytical methods is required. There are different methods for inulin 
and FOSs analysis, but HPLC is the most commonly used technique 
for their quantification in food and plant matrix [2, 3, 5]. The analysis 
and HPLC separation can be done using amino or cation-exchnged 
column, coupled with refractive index (RID) [3, 5, 6], PAD [4] or 
ELSD [7] detectors.  

The aim of the current study was to develop a simple, rapid and 
precised HPLC method using refractive index detector for routine 
analysis quantitative and qualitative analysis of inulin, 
fructooligosacharides and sugars in functional foods and plant 
extracts.  

Material and methods 

All used reagents and solvents were analytical grade. 
Carbohydrate standards glucose, fructose, sucrose, lactose, 1-kestose 
and nystose have been purchased from Sigma-Aldrich (Steinheim, 
Germany). Inulin Frutafit®TEX with mean degree of polymerization 
DP 22 was supplied by Sensus (Roоsendaal, the Netherlands).  

Instrumentation. Chromatographic separation was performed 
on HPLC Shimadzu, coupled with LC-20AD pump, refractive index 
detector Shimadzu RID-10A. The control of the system, data 
acquisition, and data analysis were under the control of the software 
program LC solution version 1.24 SP1 (Shimadzu Corporation, 
Kyoto, Japan). The HPLC separation was carried out on a Shodex® 
Sugar SP0810 with Pb2+ a guard column (50 × 9.2 mm i.d.) and an 
analytical column (300 mm ×8.0 mm i.d.). The column was placed in 
thermostat LCO 102 (ECOM, Czech Republic). The mobile phase was 
deionized water, vacuum-filtered through 0.2 µm membranes 
(Germany) before use. 

Preparation of standard solutions. A stock solution of 
fructose, glucose, sucrose, lactose, 1-kestose, nystose and inulin with 



DP 22 with an initial concentration 10 mg/mL was prepared in water 
(hot water just for inulin solution). A series of each standard solution 
containing 0.05; 0.1; 0.5; 1.0; 2.5; 5.0, 10 mg/mL were prepared from 
the stock standard solution. 

Optimization of the chromatographic separation for HPLC 

Mobile phase flow rate.The optimum flow rate of the mobile 
phase should provide good separation, high sensitivity, and short 
analysis time. The optimization of the flow rate was carried out by 
injecting the same concentration of mixed standard solution at various 
flow rates from 0.2 to 1 mL/min. 

Column temperature. The optimization of the column 
temperature was carried out by injecting the same concentration of 
mixed standard solutions at various temperature from 40 to 90 °C. 

System stability test. The sensitivity of the assay was 
determined in terms of the detection limit (LOD) and quantitation 
limit (LOQ). Detection limit and quantitation limit were estimated for 
each of examined compounds. The value were calculated from the 
standard deviation (SD) of response and the slope of the curve (S) by 
means of the equations: LOD = 3.3(SD/S) and LOQ = 10(SD/S) [5]. 

The precision was evaluated by repeatability of the method. The 
intra-day repeatability study was performed by injection of 2 mg/ml 
inulin standard solution six times in one day followed by calculation 
of the value of tR (retention time), area of the peaks and determined 
the relative standard deviation. The interday repeatability was 
evaluated by analysis of the same standard one time per day during a 
period of six days [5]. 

Sample Preparation 

The developed HPLC method was tested and applied for 
analysis of carbohydrates in two commercially available food products 
that contain inulin in their matrix – youghrt with fibers and salty sticks 
and also in roots of medicinal plants - common chicory (Cichorium 
intybus L.) and dandelion (Taraxacum officinale Web.). 

The sample preparation of the salty sticks included ultrasonic 
extraction technique and clearance with Carrez solutions [8]. Water 



extracts from chicory and dandelion root was obtained after the 
extraction procedure described in our early articles [9]. 

The extraction process of inulin and sugars from yoghurt was 
done as 10 g yoghurt were extracted with 30 ml deionized boiling 
water for 10 min. The proteins were precipitated by addition of 5 ml 
Carrez I reagent (K4Fe(CN)6 X 3H2O, 15 g/100 ml) and 5 ml Carrez II 
reagent (Zn(CH3COO)2 X 2H2O, 30 g/100 ml). The sample was 
filtered through 0.45 µm paper filter, transferred in 50 ml volumetric 
flask, which was made up to the mark with deionized water. 

All samples were passed through the cellulose acetate filter with 
pore size 0.2 µm (Sartorius AG, Goettingen, Germany) before 
injection into the HPLC column. 

Results and discussion 

The HPLC separation was carried out on a Shodex® Sugar 
SP0810 with Pb2+ a guard column (50 × 9.2 mm i.d.) and an analytical 
column (300 mm × 8.0 mm i.d.) under isocratic conditions with 
mobile phase consisting of deionized water. This mobile phase gave 
good retention times, resolution, and satisfactory peak profiles (Figure 
1-3). The various flow rate from 0.2 to 1 mL/min of mobile phase 
were tested. The flow rate 1.0 ml/min shorted the time for analysis to 
15 min (Figure 1).  

 

Figure 1. HPLC separation of standard mix at 85 °C column 
temperature and different flow rate a) 1.0 ml/min and b) 0.5 ml/min 

The tested column temperatures affected mainly the separation 
of inulin and FOSs, as the peak of inulin was spitted under 50 °C 
(Figure 2).  

   
 b) 
a)  



 

Figure 2. HPLC separation comditions of inulin, FOSs and sugars 
with flow rate 1.0 ml/min at different column temperature: a) 65°C, b) 

75°C and c) 85 °C  

Finally, the optimum operating conditions as flow rate and 
temperature column were set at 1 mL/min and 85 °C respectively, 
because under these conditions the best resolution of sugars, FOSs and 
inulin were obtained (Figure 3). 

 
Figure 3. HPLC chromatogram of 1.inulin, 2.nystose, 3.kestose, 

4.sucrose, 5.glucose and 6.fructose obtained at flow rate 1 mL/min 
and column temperature 85 °C. 

The developed HPLC method is characterized with good 
linearity in concentration range 0.5-5 mg/ml, as correlation coefficient 
exceeded 0.99 and the relative standard deviation (RSD) varies 
between 1-3% (Table 1) 
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Table 1. Linearity of calibration curve (n=3) for carbohydrate analysis 

Standard Retention 
time, min 

Standard curve 
equation 

 R2a RSDb,% 

Inulin 5.85 Y=769884x+24074 0.999 1.60 
Nystose 6.84 Y=670282x-590 0.997 1.24 
1-Kestose 7.26 Y=518687x-1936 0.997 2.74 
Sucrose 8.17 Y=479850x-14189 0.999 1.24 
Glucose 9.41 Y=760433x-7288 0.999 1.26 
Fructose 12.44 Y=779055x-12611 0.999 1.06 

aCorrelation coefficient, brelative standard deviation 

Low LOD and LOQ values (Table 2) were defined for all 
analysed carbohydrate standards. The obtained results indicated the 
satisfactory sensitivity of the proposed HPLC method.  

Table 2. Limit of detection (LOD) and limit of quantification (LOQ) 
of the standards 

Standards LOD, mg/ml LOQ, mg/ml 
Inulin 0.07 0.23 
Nystose 0.06 0.19 
1-Kestose 0.09 0.26 
Sucrose 0.04 0.11 
Glucose 0.14 0.42 
Fructose 0.04 0.13 

The precision of the presented method was evaluated by the 
repeatability expressed by the intra- and interday analysis of inulin 
standard. Using the peak area it was defined that RSD was in range 
1.6-3.0 %. (Table 3). Data from intra- and inter- day analysis 
demonstrated good precision. 

Table 3. Repeatability of the proposed method for inulin standard 
solution with concentration 2.5 mg/ml 

Samples Intra-day Inter-day 
1 2.4 2.5 
2 2.5 2.5 
3 2.6 2.5 



4 2.5 2.5 
5 2.4 2.5 
6 2.5 2.4 
Mean, mg/ml 2.5 2.5 
SD 0.1 0.1 
RSD, % 3.0 1.6 

The developed HPLC method was used for determination of 
inulin content in some food functional products. Its quantity was 
established to be 3.2 g/100 g in salty sticks and 1.6 g/100 g in yoghrt. 
The level of fructose in these foodstuffs was 0.5 g/100 g and 0.4g/100 
g, respectively (Figure 4). 

 

 
Figure 4. HPLC chromatograms of functional food products 

with dietary fiber: A) salty sticks; B) yoghurt 

The HPLC-RID method for analysis of sugars, FOSs and inulin 
was successfully applied for analysis of water extracts obtained from 
the roots of some medicinal plants (dandelion and common chicory), 
known in literature as natural source of inulin [1] (Figure 5).  
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Figure 5. HPLC chromatogram of water extracts from Cichorium 
intybus L., where 1. inulin, 2.1-kestose, 3-sucrose and 4. fructose. 

The data from the chromatograms revealed inulin and sugar 
content. In water root extracts from spring plant common chicory and 
dandelion gathered during autumn the presence of inulin, kestose, 
sucrose and fructose were found (Table 4). 

Table 4. Inulin and sugar content in water extracts obtained from of 
some medicinal plants, g/100 g for dry weight 

Plant Inulin 1-kestose sucrose fructose 
Common chicory 26.6 0.3 0.5 1.3 

dandelion 28.1 1.0 1.9 2.0 

Conclusion  

The HPLC procedure has been developed for determination of 
inulin, kestose, nystose and sugars. The method was also validated for 
limit of detection, limit of quantitation, linearity and precision. The 
optimum conditions and analytical characteristics for HPLC 
determination of inulin and FOSs exhibited good resolution, short 
analysis time, and adequate sensitivity. The method was successfully 
applied for the determination of inulin and sugars in functional food 
products and medicinal plant extracts. The benefits of the proposed 
method are simplicity, convenience, rapidity and good precision. The 
method is suitable for routine analysis of inulin and sugars.  
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Abstract: The present study was aimed to establish the polyphenolic 
composition of extracts from in vivo and in vitro grown plants of 
Haberlea rhodopensis Friv. and to compare their profiles. The 70 % 
alcohol extracts of this scarcely explored endemic plant were 
analyzed in terms of presence of phenolic acids, flavonoid aglycones 
and flavonoid glycosides. The conducted RP-HPLC analyses showed 
that a large number of phenolic acids and flavonoids were presented 
in the 70 % ethanol extracts of H. rhodopensis. The dominant 
presence among the identified compounds of luteolin, hesperedin 
and sinapic acid was found for extracts both from in vivo and in 
vitro plants. 

Keywords: Haberlea rhodopensis; polyphenolic composition; HPLC 
analyses 

Introduction 

Haberlea rhodopensis Friv. belongs to the family Gesneriaceae 
and it is a Balkan endemic relict distributed mainly in the Rodope 
Mountains, some regions of the Sredna gora Mountains and the 
Balkan. It belongs to the so called “resurrection plants” due to its 
ability to fall in anabiosis for a long time when there are unfavorable 
conditions and to restore back to normal when the conditions become 
appropriate.  



Haberlea rhodopensis is a relatively scarcely explored plant and 
the chemistry of the family Gesneriaceae is poorly known. Different 
phytochemical studies indicated that H. rhodopensis Friv. contains 
flavonoids, tannins and polysaccharides (1), in addition to lipids (2) 
and saccharides (3). Baloutzov and coworkers (4) found carbohydrates, 
flavonoids, tannins, phytosterols, glycosides, saponins and slimes in 
all organs (leaf, flower and root) of H. rhodopensis Friv., whereas 
Berkov et al. (5) identified five free phenolic acids by gas 
chromatography–mass spectrometry with syringic acid being most 
prevalent of all. 

Major problem in investigations related to endemic plants such 
as Balkan representative of the Gesneriaceae family Haberlea 
rhodopensis is the accessibility of the objects. The plants are rare and 
not allowed for collecting. Cultivating them by in vitro conditions is 
possible decision for scientists. In vitro plant collections will allow all 
year access, material with high quality and genetically identical plants; 
at the same time the natural habitats of the species will be protected. 

The objective of the present study was to compare the phenolic 
composition of alcohol extracts obtained from in vivo and in vitro H. 
rhodopensis in order to discover possible similar constituents. 

Materials and methods 

Plant material 
Micropropagated plants, obtained from in vitro propagation 

system as described from Djilianov et al. (6) and plants collected from 
the wild at Plovdiv region, Bulgaria were used in this study in order to 
compare the phenolic constituents profile.  

Preparation of plant extracts 

The samples were prepared by conventional heat reflux 
extraction. The dried and ground plant material (0.5 g) was extracted 
(g leaves:ml solvent=1:60) with 70 % v/v ethanol (reflux extraction at 
80 °C, 3x30 ml; 30 min). The residues were washed away with an 
appropriate solvent, diluted to a volume of 90 ml and then the 
combined solutions were concentrated under vacuum at 70 °C. 

 



HPLC analysis 

The HPLC analysis of phenolic acids and flavonoids were 
performed by a Waters HPLC system, (Milford, MA, USA) equipped 
with binary pump (Waters 11525), a UV-VIS detector (Waters 2487) 
and Breeze 3.30 SPA software. Detailed conditions of HPLC analyses 
are reported previously (7). Concentration of each individual 
compound was calculated based on external standard method and was 
converted to µg compound per g dry weight (DW). 

Results and Discussion 

Determination of phenolic acids in 70% ethanolic extracts from 
in vivo and in vitro H. rhodopensis 

The identification of phenolic acids and flavonoids present in 
the studied extracts and their quantification was of interest of us, in 
order to compare the phenolic profile of in vivo and in vitro plant 
extracts. The conducted RP-HPLC analysis showed that a large 
number of phenolic acids and flavonoids were presented in the both 70 
% ethanol extracts of H. rhodopensis (Tables 1 and 2). In total 10 
phenolic acids and 8 flavonoids were identified by comparison with 
authentic standards.  

Table 1. Phenolic acids content in extracts from H. rhodopensis, 
µg/g DW 

Phenolic acids In vivo plant In vitro plant 
Gallic acid - - 
3,4-OH-benzoic acid  - 84.08 
2-OH-benzoic acid 189.62 134.66  
Chlorogenic acid 265.77 134.07 
Vanillic acid 192.07 580.98 
Caffeic acid 371.57 582.18 
Syringic acid 68.99 - 
p-Coumaric acid 575.09 739.06 
Sinapic acid 1296.78 1283.92 
Ferulic acid 619.80 932.27 
Cinnamic acid 28.06 24.01 

“-“ not presented 



 
Sinapic acid (1296.78 µg/g DW), ferulic acid (619.80 µg/g DW) 

and p-coumaric acid (575.09 µg/g DW) were the most abundant 
phenolic acids identified in the in vivo extract (Table 1.) (8). In 
comparison for the in vitro extract of this endemic plant the dominant 
presence of sinapic acid (1283.92 µg/g DW), followed by ferulic acid 
(932.27 µg/g DW) and p-coumaric acid (739.06 µg/g DW) was 
established. It should be noted that for both extracts unidentified peaks 
were detected.  

In comparison Berkov et al. (5) identified in methanol extracts 
from in vitro H. rhodopensis by GC-MS syringic acid as dominant. 

The predominant flavonoids in the investigated in vivo extract 
were luteolin (2706.20 mg/g DW), followed by hesperidin (2641.46 
mg/g DW) (8), which correspond to the established prevailing 
flavonoids in the in vitro extract where luteolin (3660.21 mg/g DW) 
and hesperidin (3569.4 mg/g DW) were found as dominant (Table 2.).  

Other compounds with characteristic spectra of 2-OH benzoic 
acid, chlorogenic acid, vanillic acid, caffeic acid, syringic acid and 
cinnamic acid and flavonoids such as myricetin, hesperidin, quercetin, 
kaempferol, rutin and hyperoside were also detected in the studied 
extracts.  

Table 2. Flavonoid aglycones and glycosides content extracts from H. 
rhodopensis, µg/g DW 

Flavonoids 
aglycones and 

glycosides  

in vivo 
plant 

in vitro 
plant 

Myrcetin 179.63 217.91 
Hesperidin 2641.46 3569.40 
Quercetin 98.31 167.53 
Luteolin 2706.20 3660.21 

Kaempherol 57.48 68.20 
Apigenin - 12.12 

Rutin 222.06 271.76 
Hyperoside 168.69 300.03 
“-“ not presented 

 



However, luteolin was the most dominant compound identified 
in the investigated samples. It is thought to play an important role in 
the human body as an antioxidant, a free radical scavenger, an agent in 
the prevention of inflammation, a promoter of carbohydrate 
metabolism and an immune system modulator. These characteristics 
of luteolin are also believed to play an important part in the prevention 
of cancer. Multiple research experiments describe luteolin as a 
biochemical agent that can dramatically reduce inflammation and the 
symptoms of septic shock (9). The results strongly suggested that 
phenolics (phenolic acids, flavonoid aglycones and glycosides) were 
important components of the resurrection plant studied. Phenolics are 
known to have antioxidant activity and it is likely that the activity of 
the extracts is due to these compounds (10; 11). 

By comparing the results of the studied ethanolic extracts of 
natural and in vitro grown H. rhodopensis some slight differences in 
terms of qualitative and quantitative composition of the phenolic 
constituents were noticed. This could be due to the different stages of 
harvesting the plant material and mostly to the different growth 
conditions. The similar polyphenolic profiles can be explained by the 
fact that the in vitro H. rhodopensis show the same ability to rise up 
again and plants collected from their natural habitat (in vivo) (12). 
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Figure 1. HPLC profile of in vivo extract leaves from H. 
rhodopensis: (А) phenolic acids; (B) flavonoid aglycones 

and (C) flavonoid glycosides 
(А) Identification of the peaks: (1) 2-OH-benzoic acis; (2) 

chlorogenic acid; (3) vanillic acid; (4) caffeic acid; (5) syringic 
acid; (6) p-coumaric acid; (7) sinapic acid; (8) ferulic acid; (9) 

cinnamic acid. 
(B) Identification of the peaks: (1) myrcetin; (2) hesperidin; (3) 

quercetin; (4) luteolin; (5) kaempherol; (6) apigenin. 
(C) Identification of the peaks: (1) rutin; (2) hyperoside. 
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Figure 2. HPLC profile of in vitro extract from H. 
rhodopensis: (А) phenolic acids; (B) flavonoid aglycones and 

(C) flavonoid glycosides 
(А) Identification of the peaks: (1) 3,4-OH-benzoic acid; (2) 2-OH-
benzoic acid; (3) chlorogenic acid; (4) vanillic acid; (5) caffeic acid; 
(6) p-coumaric acid; (7) synapic acid; (8) ferulic acid; (9) cinnamic 

acid. 
B) Identification of the peaks: (1) myrcetin; (2) hesperidin; (3) 

quercetin; (4) luteolin; (5) kaempherol; (6) apigenin. 
(C) Identification of the peaks: (1) rutin; (2) hyperoside. 

In contrast, Berkov et al. (5) identified two free phenolic acids 
in methanol extracts of in vitro H. rhodopensis by GC–MS, where 
syringic acid was found to be dominant. In addition, by extensive 
spectroscopic analyses including one and two-dimensional nuclear 
magnetic resonance (correlation spectroscopy, heteronuclear single 
quantum correlation and heteronuclear multiple bond correlation), and 
high resolution electrospray ionization time-of-flight mass 
spectroscopy, Ebrahimi et al. (13) established three new flavones C-
glycosides in the methanol extract of H. rhodopensis: hispidulin-8-C-
(2″-O-syringoyl)-b-glucopyranoside, hispidulin 8-C-(6-O-acetyl-b-
glucopyranoside), and hispidulin 8-C-(6-O-acetyl-2-O-syringoyl-b-
glucopyranoside), along with two known phenolic glycosides, 
myconoside and paucifloside. 

The polyphenolic profiles of the in vivo and in vitro ethanol 
extracts are demonstrated by HPLC chromatograms (Figures 1 and 2.) 

Conclusion 

In conclusion, the rare endemic plant Haberlea rhodopensis 
was investigated. A comparison between the polyphenolic profile of in 
vivo and in vitro grown plants in 70 % ethanol extracts was made. The 
RP-HPLC analyses showed the presence of similar compounds 
(phenolic acids and flavonoids) although in different amounts.  
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Abstract: Lactic acid fermented dairy products are characterized 
with certain dietary, therapeutic and prophylactic properties. In 
order to increase their biological value are explored the possibilities 
to use fructans with different degree of polymerization (DP) fructo-
oligosaccharides (DP = 2-7) and inulin (DP = 22 which are 
fractionated by Jerusalem artichoke and inulin Raftiline® HP (DP 
= 25) isolated from chicory. These inulin-type fructans have a 
prebiotic effect, and new approaches for their application in the 
production of fermented milk products are explored. It is traced the 
influence of the amount of added fructo-oligosaccharides and inulin 
on the process of biochemical transformation of lactose and on the 
texture of the product. It was found that the added dietary fiber does 
not affect the dynamics of the lactic acid process. The quantity of 
separated serum increases with the degree of polymerization of 
fructans and with increased amount of added inulin. Fructo-
oligosaccharides (DP = 2-7) reduce the quantity of the serum 
compared to the control. 

Keywords: functional lactic acid fermented dairy product, 
fructooligosacharides, inulin. 

 

 



Introduction 

Inulin relates is a part of the group of soluble fibers. In 
industrial production, it is extracted from the roots of chicory, but 
found naturally in plants such as Jerusalem artichoke, artichokes, 
onions, asparagus, garlic, leeks, bananas and others [1].  

In the food industry, inulin is used in the production of various 
functional food products. The polymerization degree defines its 
processability[2]. Preparations containing up to 10 residues of fructose 
are defined as fructo-oligosaccharides (FOS) and used mainly for 
sweetening agents. The taste becomes neutral by increasing the degree 
of polymerization. The structure, texture and viscosity are improved 
when it is incorporated in different foods [2, 3]. 

Milk and dairy products are complete and indispensable food 
for all age groups. They are characterized by proven nutritional, 
therapeutic and prophylactic properties and are suitable for the 
development of functional foods which ensure "positive" type of 
nutrition. The addition of inulin in the different groups of dairy 
products is appropriate because they do not contain dietary fiber. 

The aim of this work was to explore the potential to incorporate 
extracts of FOS and inulin, derived from traditional Bulgarian plants, 
into lactic acid dairy products in parallel with the use of certain 
commercial inulin preparation Raftiline®HP. 

Materials and methods 

Experiments were conducted with raw cow's milk, which is 
qualified according to the EU regulation 853/2004 by organoleptic, 
physicochemical and microbiological parameters. 

Milk is standardized to a fat content of 3 ± 0,1%. 
For the experiment, there are three types of inulin: 
- FOS fraction with varying degrees of polymerization - DP 

(DP=2÷7), aqueous extract of Jerusalem artichoke grown in the 
Plovdiv region, option A; 

- High molecular weight inulin with different degree of 
substitution (average degree of polymerization DP = 22), water extract 
of Jerusalem artichoke grown in the Plovdiv region, option B; 



- Commercial inulin from chicory Raftiline® HP (with a degree 
of polymerization DP= 25), option C. 

The used FOS and inulins can be added to milk in the form of a 
solution prior to pasteurization or before inoculating with starter 
cultures for yoghurt production, in which case the solution has to be 
pasteurized before application. The manufacturing process is carried 
out according to the known process flow diagram for the production of 
fermented milk products and the inulin was added after pasteurisation. 
The amounts of added inulin ranged between 0,8 and 1,0%. 

The change in the amount of lactose and its biochemical 
transformation of lactic acid was carried out by monitoring: 

- active acidity (pH): active acidity is determined by 
potentiometric pH-meter 7110 WTW (Germany). 

- Titratable acidity: titratable acidity is determined by a 
volumetric titration according to the principe acid/base between 0,1N 
NaOH and acidic substances in the test sample, in the presence of 
phenolphthalein indicator (1%(w/v) alcoholic solution) until light pink 
color appears and persists for 1min (ISO 6091:2010 (IDF 86:2010)) 

The quantity of the serum, which characterizes the stabilizing 
ability of the used inulin, is determined by a centrifugal test: 10 ml 
sample is centrifuged at 3000 min-1, applied immediately after 
coagulation. The used centrifuge is model MLW T23 [4]  

 Statistics 

For the mathematical and statistical calculation is applied Excel 
2004 with confidential level α=0,05. 

Results and discussions 

Results of the tests, which reflect the biotransformation of 
lactose by the action of the enzyme system of lactic acid bacteria by 
the indices active acidity (pH), titratable acidity (°T) and time of 
coagulation of the proteins, depending on the quantity and type of the 
added inulin, are shown in Table 1. 

 
 



Table 1. Effect of inulin extracts on the process of lacticacid 
fermentation and coagulation of cow milk proteins. 

Experimental 
options 

Time of 
coagulation, 

min 

рН  
at the 

moment of 
coagulation 

TA, °Т 
at the 

moment of 
coagulation 

 
А 

0,8% 178 4,90±0,10 65±2 
0,9% 182 4,94±0,14 67±1 
1,0% 180 5,00±0,15 63±2 

 
В 

0,8% 177 4,95±0,07 65±2 
0,9% 180 4,80±0,14 64±2 
1,0% 179 4,91±0,07 63±2 

 
С 

0,8% 174 4,71±0,27 64±2 
0,9% 182 4,73±0,25 65±2 
1,0% 183 4,79±0,16 65±2 

Control - 180 4,96±0,06 63±2 
Mean value ± SD (n=4) 
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Figure 1. Effect of the amount and the type of input FOS and 
inulin on the amount of the separated serum (mean ± SD (n = 4)). 

The obtained results show that the type and the amount of the 
used inulin don’t influence significantly on the development of lactic 
acid process and on the formation of coagulum of the lacticacid 
products. Clotting time of all tested samples is approximately 180 
min. The indices acidity (pH) and titratable acidity (°T) did not show 
significant differences. 



The influence of the amount and the type of input FOS and 
inulin on serum formation are shown in Fig. 1. 

The obtained results show that the quantity of the serum 
decreased in option A by increasing the amount of input 
fructooligosaccharides from 0,8 to 1,0%. Option B (high molecular 
weight extract of Jerusalem artichoke) and C (Raftiline® HP), do not 
shown a marked correlation between the amount of individual serum 
and the amount of applied inulin. It is observed that an increased 
amount of serum is separated in the milks where was used a high 
molecular weight polysaccharide. The explanation for this 
phenomenon can be found in varying degrees of polymerization of 
inulin preparations which were used. In the case of FOS the 
hydrophilicity and the coupling of the water in the food matrix is more 
pronounced while the high molecular weight inulin, in the course of 
time, there is adhesion between the polysaccharide molecules. Inulin 
is separated from the colloid dispersion and this process is known as 
"retro gradation". 

Conclusion 

The results of this research showed that the addition of fructan 
type vegetable does not affect the rate of lacticacid process. 
Furthermore, it is found that it conduct to a stable coagulum formation 
of the fermented milk. Low molecular weight fractions of plant fibers, 
reduce the quantity of the serum, and are suitable for the manufacture 
of fermented milks. In the interval of the tested values, high-molecular 
fractions of inulin are not suitable for use in products with increased 
water content because of the tendency to syneresis. 
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achieve this aim is accomplished integration of organizational forms 
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The last years are characterized by increasing human impact on 
the environment, and the continuously deteriorating health of 
population. Big anxiety caused widespread among young people 
negative phenomena - drug addictions, smoking, and alcoholism. 
Need arises adolescents to learn how to responsible attitude towards 
the surrounding countryside and towards their own and others health. 
An awareness of environmental and health problems, which threaten 
humanity and the formation of positive attitude towards the 
environment is an important social an educational task that stands for 
resolving to the school.  

The subject chemistry and environmental protection allows 
revealing the nature of a large part of health and environmental 
problems, to study their genesis and the reasons for their occurrence. 
Its contents directly or indirectly related to the problems of pollution, 



protection and regeneration of the natural environment, to the rational 
use of natural resources, as well as some of the reasons for the poor 
health of the population. Therefore, training in chemistry and 
environmental protection is an important component of the 
environmental and health education. 

Formation of a system of knowledge with environmental and 
health content is continuous and consistent process and finds its 
natural place in the teaching of organic chemistry at 9th grade of 
secondary school. Emphases are placed on its implementation are 
aimed at: 

- acquiring knowledge and skills for environmental protection 
from natural pollutants and its purification by chemical methods, in 
order to preserve human health and the nature; 

- acquiring knowledge about the harmful effects of 
psychoactive substances in their use by adolescents, to promote the 
formation of attitudes, beliefs, and intolerance towards "pernicious 
bliss." 

Through these highlights students' attention is directed to 
chemical and biological processes in the body and their importance to 
maintain equilibrium with the environment as a basis for physical, 
mental and social health. So the educational content of chemistry and 
environmental protection is directed more toward man and his needs 
in relation to trends humanization of education. 

This article aims to present some of our experiences with the 
implementation of health and environmental education and training in 
teaching organic chemistry at the secondary school, through the use of 
appropriate additional information and a variety of teaching forms, 
methods and techniques. 

Object of the study are students from 9th grade of "John 
Bulgarian Exarch" Secondary School - Shumen, who are trained in 
textbook to the publishing house Anubis. 

Stages through which passed the work include: an initial 
diagnosis of students' interest in environmental and health problems; 
selection and analysis of educational content; choice of a methodology 
for conducting school classes; conducting school classes with the use 
of innovative technologies. 



The aim of the first stage is to establish the awareness of 
students on the states and the problems of the environment and human 
health, their attitude to learning on these problems, the reasons for 
their active participation in the learning process. To achieve this goal 
at the beginning of the school year conducted a survey, in which 
participated in total 113 students. 

The analysis of the results of the survey showed that students 
interested in problems of the environment and understand the need to 
introduce additional knowledge related to the conservation and 
reproduction of it (64%). Concern is the fact that 60% of respondents 
do not know the causes of environmental problems, the most common 
pollutants and pollution sources, as well as ways to prevent negative 
consequences.  

Better results are related to health and harmful effects of 
substances on it (91%), although respondents did not have knowledge 
on how to protect and to provide first aid when necessary. 

The results obtained us a basis to undertake analysis of the 
educational content of Chemistry and Environmental Protection to 9th 
grade and to determine the topics and the appropriate health and 
environmental knowledge that can be incorporated into them. The 
next stage of the pedagogical experiment was developed and approved 
in fragments school lesson topics and individual lessons from lectures 
in organic chemistry material in 9th grade with environmental and 
health orientation. 

The experimental work is realized in two directions. The first 
was related to the introduction of additional interesting and useful 
information in the educational content, and the second - with targeted 
use of interactive forms and methods of training (group work, role 
plays, debates, discussions, case studies, interdisciplinary lessons, 
etc.). 

Due to the limited volume of the paper will present a small part 
of the ideas, implemented in the course of the training. 

Additional information was prepared and presented in various 
ways - presentations and research reports by students or by 
information cards. 

For example: The topic of "Fats" is familiar to students of 
biology classes and health education. Apart from the purely chemical 



side, this topic can be given to the problem of overweight (obesity) 
and high cholesterol. For the purpose during the lesson to the students 
are given additional material for fats and cholesterol in the form of 
information cards, containing interesting facts and examples, which 
are not included in the educational content (curriculum). 

Information card: Fats are not only soluble in organic 
solvents, but themselves are able to dissolve and be deposited in it 
some toxic organic compounds. Due to such a property, they may 
impair the viability of the organisms. 

Thus toxic hydrophobic substances are deposited in the 
subcutaneous tissue, the brain, gonads, and other organs and tissues 
with a high content of lipids in the animal organisms. It is amended 
normal functioning of the organs. If stocks of fats in the body are 
intensively used, it in this decomposition harmful substance can pass 
into the blood and to strike vital organs. This is what happens in the 
long-distance migratory birds. It turned out that they could transmit 
certain concentration pesticides, but die in the depletion of fats. 

The information allows to be held a discussion on the issue: The 
full or thin people are more resistant to the effects of hydrophobic 
toxic substances and why? 

Information card for cholesterol: There are two main types of 
cholesterol [26] 

• Low-density lipoprotein (LDL), sometimes called "bad 
cholesterol." They transport cholesterol to different parts of the body. 
"The Bad" cholesterol is made by the liver. It helps the cholesterol 
circulating in blood to defer more easily in the walls of the vessels and 
to form plaques (fatty deposits). 

• High-density lipoprotein (HDL), called "good cholesterol," 
which are also made by the liver. "Good" cholesterol takes from the 
walls of the vessel cholesterol deposits and carries back to the liver for 
processing. In this way our body is "cleared" by the excessive amount 
of cholesterol. 

For most people, total cholesterol should be less than 200 mg / 
dl (5 mmol / L), LDL "bad" cholesterol, at least 115 mg / dL (3 mmol 
/ L), and the level of the "good" cholesterol over 40 mg / dL (1 mmol / 
l) in men and 48 mg / dl (1.2 mmol / l) in women. 



The information allows to be held brainstorming session with 
the question: What should be done to reduce blood cholesterol?  

When considering the use of fat includes inquisitive and useful 
information about health issues, that daily use household tools in the 
kitchen can cause and of which, in principle do not pay close 
attention, such as cooking on a gas stove. 

Phenol is an organic substance that is widely used in many 
areas of life and industry. Therefore the pollution of wastewater of 
many industries with phenol is a common phenomenon. The topic of 
"Phenol" is favorable to detect damage that phenol may cause to the 
environment and human health, but also for modern methods of 
purification of phenolic contaminants. During lesson it is implemented 
with the aid of additional information, presentations, and chemical 
demonstrations of interesting chemical experiments prepared by 
expert groups of students. 

Along with the introduction of additional fragments 
environmental and health information, the interest of students, and 
hence their positive attitude to the discussed problems can be 
stimulated by using interactive methods and forms of education. 

Based on the fact that use of alcohol among students is a serious 
problem in our country, the theme of "Physiological action of ethyl 
alcohol" was performed using brainstorming discussion method 
associations. The interest of the students be provoked by the thought 
written on the board: "The joint human life and alcohol is full of 
comic, tragic, pleasant and painful moments" and the task: Prove or 
disprove these words! Another task that also awakened the interest 
and desire to work was related to the impact of the topic of alcohol 
and alcoholism in literature and folklore. 

When studying the topic "Plastics" was organized a debate on 
the question „For or against the use of polymeric products?“ Topics 
"Fuels" and "Proteins" is realized in the form of discussion with the 
active use of Internet resources and additional information prepared by 
the students. 

Besides additional lesson fragments in the learning process also 
were included two interdisciplinary lessons, the educational content 
was served in an untraditional way. 



The theme of "Oil and Gas", aimed at formation of ecological 
consciousness and culture, is implemented as a role-playing game - 
conference. For this purpose, the class is divided into two groups: a 
group of experts and a group of students. Participants in the group of 
independent experts examine the issues related to the composition, 
properties use of oil and gas and environmental issues that arise as a 
result of oil and gas extraction, using a variety of sources and ways of 
presenting information - announcements, posters, and presentations. 
After their performance with students conducted brainstorming on 
questions: Why for centuries people try to find oil and gas markets 
and command associated with selling them, often causing conflicts? 
Why stocks of hydrocarbon fuels determine the economic potential 
and power of the parties, and their degree of processing can be judged 
on the development of society? Why in our daily lives we are also 
dependent on this dark, oily liquid? Why natural gas and oil are so 
important to people that among so many mineral oil only is referred to 
as „black gold"? 

The theme of "Drugs" is aimed at enriching the health literacy 
of students. It always is interesting among them, as it addresses one of 
the most pressing social problems of modern society. Lecture on drugs 
is not the best way to form an attitude towards the problem. Better 
results are achieved with the use of methods by which to encourage 
students to exchange views, sharing of personal impressions, 
discussing the action in a particular situation. Therefore, in the study 
of this topic can be used different interactive methods, forms and 
techniques such as: case studies, role play games, group work, lesson-
interview, situational methods. 

To examine more examples of the use of drugs, including 
medicine, the lesson was conducted within two hours. The first hour 
was dubbed "The real purpose of chemistry is not to make gold, but 
drugs" - thought expressed by the founder of medical chemistry 
Paracelsus. Highlights in the lesson focused on familiarizing students 
with drugs to treat pain, the need for knowledge of their properties and 
side effects to the responsible use, as well as developing skills to 
analyze the composition and structure of drugs and forecasting their 
chemical properties on the basis of these analyzes. Again thought of 
Paracelsus: "The dose makes the poison", the students' attention is 



drawn to the drug could become a drug for human beings and to 
analgesics used in the practice of anesthesia action. As the lesson on 
similar topics not included in the textbook, educational content and 
unique chemical experiments were prepared with the active 
participation of the students. 

The second hour passed as TV broadcast. Divided into 6 groups 
- journalists, chemists, doctors, psychologists, police, lawyers, 
students prepared materials in the area concerned and presented 
through case studies, brainstorming and multimedia presentations of 
their classmates. 

Group of journalists had the task of collecting materials for the 
spread of drug addiction in the world and in Bulgaria and to conduct 
interviews with doctors, teachers and parents on the issue. 

Group of chemists investigate further reading to the different 
representatives of narcotic substances and their composition. 

Doctors prepared materials about the impact of drugs on the 
human body, and psychologists - for vulnerable groups and ways of 
treatment of addicts. 

Group of police officers provide information about names for 
drugs under which they are sold on the "black market" for social and 
criminal consequences for addicts. 

The sixth group - of Jurists- met with materials on penalties 
applicable to warrant a determination of use or drug dealing. 

At the beginning of the lesson sets out to solve the following 
case: Several times someone close to you borrows money, but 
postponed their return with different explanations. You understand 
that it's started taking hard drugs. You have grown up together, you 
know his family, and you thought it was extremely intelligent. Will 
you try to help him? How? 

In its solution in the form of brainstorming are set questions: 
How to become a drug addict? Will change the attitude of his friends 
and family to him? How to get drugs? Is addiction curable? What are 
the reasons for reaching to the drugs? 

Students work in groups. Each group responds to a question. As 
a result arises discussion, due to the divergent opinion of the 
representatives of different groups. After summarizing the results of 
the discussion started the television show. 



In the course of the lesson was read a letter from the mother of a 
drug addict, and at the final part "journalists" presented to their 
classmates’ presentation with information about the lives of 
celebrities, "victims" of its ruinous passion for drugs. 

For determining the change in the motivation of students to 
receive and absorb the environmental and health knowledge in the 
process of teaching in organic chemistry at 9th grade at the end of the 
school year was held a final poll. The analysis of the results showed a 
jump in both the knowledge of organic substances and their effects on 
human health and the environment. According to 80% of students, 
topics that include additional information are useful and interesting, 
and used innovative methods and forms of work are preferred and 
motivating to obtain environmental and health knowledge. 

Besides the two pools, conducted at the beginning and end of 
the training were conducted pools and after studying the subjects 
"Physiological action of ethyl alcohol" and "Narcotic substances". The 
results obtained show the worrying fact that more young people reach 
for drugs and alcohol, so that targeted education and training in the 
ability to say "No" to fraudulent bliss is an important task of the 
family and education in all subjects.  
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Introduction 

Modern education supposed to move the theory more close to 
the practice, making many experiments, examples and simulation with 
help of the Information technologies (IT). Throw the past few 
years student's interest of mathematics and physics is languish. 
This fact is marked [1] also from European programs and 
projects, as Fibonacci, Pathway and many others that are pointed 
to resolve this problem. The absence of motivation for work, low 
imagination and creativity are serious problems for growth of a 
person. One of the decisions is to use many real life examples. In the 
cases, when the real examples are very expensive to reproduce, it is 
possible to make simulations of the process. Designing the case must 
be with suitable software, which is cost effective, easy and attractive, 
is possible. By this way the interest of the students is grow, their 
creative thinking and exploring abilities are stimulated. 

GeoGebra 

GeoGebra is a dynamical software, created by Markus 
Hohenwarter through 2001/2002 year, as a part of his graduation 



work project in master's class of education mathematics and computer 
science in University of Salzburg, Austria. Supported with scholarship 
from the Austrian Academy of Science, he continue to develop the 
software GeoGebra as a part of his dissertation work in direction of 
mathematics education [2]. The software is translated in more than 50 
languages. Sine 2006-th the software is financed from Austrian 
Ministry of education to be freely used in mathematics education in 
schools and universities. In Bulgaria GeoGebra is made popular by 
Institute of mathematics and information technologies by Bulgarian 
Science Academy in frame of international projects. 

The program includes dynamical geometry, algebra, calculus, 
graphics, sheets, and statistics. The user can use the readymade 
geometric instruments with computer mouse and with them to create 
geometrical constructions on the sketch or he can input the equations, 
commands and functions directly from the keyboard in the command 
entry field. The user interface of GeoGebra is flexible and can be 
adapted to needs of the students. The official web page of the product 
is http://www.geogebra.org. There  can be seen many examples, 
publications, manuals and etc. 

A part of the materials are in Bulgarian language and can be 
download for free. The software can be downloaded in Bulgarian 
language and it is also free. 

Example 

One of the main advantages of the software GeoGebra is the 
fact that there is a big community of teachers, that use the program in 
their work.  In this way there are many high quality materials that are 
already created and can be used by other people, who do not have 
enough experience with the software or do not have enough time to 
create their own. On Figure 1 and Figure 2 are shown screen shots of 
readymade example of convex and concave sphere mirror, made on 
GeoGebra. 
 



 
Figure 1. Concave Sphere Mirror 

  
Figure 2. Convex Sphere Mirror  

 



Original file can be found on web address: 
http://www.geogebratube.org/material/show/id/6263. There are a lot 
of materials for physics lessons in GeoGebraTube with tag PHYSICS. 

The example shows visualization on concave and convex sphere 
mirror. The dynamical functions of the software  -  with the blue circle 
the object can be moved and with the red one we can change the focal 
length of the mirror. When the object is on the left side of the mirror, 
the mirror is convex and when it is on the right side, the mirror is 
concave. The program calculates the distance from the object and 
from the reflection to the surface of the mirror, focal and double focal 
length of the mirror. Also it calculates the reflections of the object in 
relation of object's position against the concave/convex mirror. 

The example is suitable for demonstration purpose for mirror 
lessons in physics education. To use this example the teacher must 
have minimum knowledge in the work with GeoGebra. It is not 
required from the students to know the software. There is a possibility 
where the students can gain basic skills on the software in the 
information technology lessons. Those ones that are curious about the 
possibilities of GeoGebra can use ready examples and lessons 
available on Internet, Students can retool or create their own files. 

Conclusion 

Dynamical software GeoGebra, can be used not only in the 
mathematics and physics lessons, but also in creation of project by 
students with indicative interests from technologies. Priceless ability 
of the software is that the teachers which are not specialists in 
information technologies can use readymade materials. The creation 
of any project and sketch, made on the program, can be traced step by 
step throw construction protocol. With the available readymade files 
the teacher can easy learn to use the product. 

The official website of the product http://www.geogebra.org/ 
offers many readymade materials, which are free and can be used 
freely. It's also possible any one to share it own materials and in this 
way to support the community and also to feel satisfaction of the fact 
that many people will or already use his material.  
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Abstract: An example of how to achieve project education outlining 
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is provided in the present article. 
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The methods of education are a vital part of our educational 
system. Choosing and using them governs in no small way the quality 
of education. 

The notion “active methods” is related to the so-called 
“progressive education” which provides a stimulus for students to do 
more than to simply receive information from one professor or 
textbook, to memorize and to recreate it.  Active learning is a way of 
acquiring knowledge by doing and making sense of a certain activity. 

In the present we will discuss the project method. The 
American philosopher and pedagogue John Dewey and his pupil, 
William Kilpatrick, are considered the creators of this method. 

Project education is often defined as a way of teaching in which 
the pupils take active participation, developing mental activities, 
learning to research, study, draw a conclusion and synthesize the 
information in question. (Petrov, 2001; Simone, 2006) 

The choice of subject for the project, the time dedicated for it 
and the methods of developing can be diverse. Here we will provide 
an example concerning the students in eighth grade. The subject of the 
plan bridges the link between two school disciplines – mathematics 
and physics, namely “The application of functions in physics”. 



According to the current school curriculum, it is set as part of 
the classes in mathematics to study the field “Functions”. The 
students learn to graphically represent the functions, know the ways 
of defining a function (analytical, graphical and tabular), know the 
basic types of functions – linear, square, direct and inverse 
proportionality. 

During the course of study of physics in 8th grade students 
acquaint themselves with many interrelated quantities in physics. 

Functions help for a fuller understanding of the laws governing 
the physics behind natural phenomena and show a correlation 
between variable quantities. (Dimitrov, 2012) 

In connection to what was said so far we will discuss an 
approbated example of the planned method pertaining to the study of 
functions and their application in physics in 8th grade. 

Primary steps during project realization 

1. Choice of subject, in our case “Application of functions in 
physics”. We could be more precise by indicating a certain domain in 
which examples will be studied in order to make it more interesting 
for the students working on it. 

2. Introducing students to the goal of the project, namely to 
show and relate the studies of the field “Functions” in mathematics 
with the studies in physics and astronomy. We establish a group 
which will accomplish the project – up to 5 students with keen interest 
in the subject at hand. We choose a project leader, researchers and 
other roles depending on the students ideas. 

3. Project planning. 
After carefully examining the task, at this stage, the team of  

chosen students defines the primary goals: The preparation of a 
multimedia presentation which should include – first, short 
information about functions (definition; types of functions studied so 
far; ways of defining – analytical, graphical, tabular); second, the 
study of concrete examples of correlation of functions in physics; 
third, an exemplary problem, which is solved by the use of a graph 
and is related with one of the subjects: melting, solidification, 
evaporation and condensation. 

4. Ppecifying the order of project implementation.  



5. Assigning tasks to team members according to their role.  
6. Composition of a detailed plan – time schedule for project 

implementation by choosing a time frame for the fulfillment of each 
task. 

7. Defining the time for project implementation – up to 10 
school classes, during SIP (Optional classes) – Physics and 
Astronomy. Project is implemented at the beginning of the second 
school term after students have acquired knowledge, habits and skills 
dealing with the subject of “Functions”. 

8. Defining the sources which will serve to obtain information 
concerning the subject – mathematics and physics textbooks, other 
literature from the school library, internet sites. 

The students select problems like the following: 
Problem: Find the time in which a pedestrian, a bus and a car 

will travel 6 km. The velocity of the pedestrian is 1 m/s, that of the 
bus - 20 m/s and the one of the car is 40 m/s. (Irodov, 1988). 

The problem is suitable because it shows the inverse 
dependency of time in relation to velocity. Here the function y=k/x is 
transformed into t=s/v. It is visible from the text of the problem that 
the displacement s is a constant quantity (const). It is good to note that 
there are two multitudes of values of the variable physics’ quantities 
being examined – (v) and (t). Before stepping to resolve the problem 
we need not forget to convert our units of measure so they are the 
same (1 m/s= 3, 6 km/h). 

Solution:  
Known: S = 6 km = 6000 m.  
V1 = 1 m/s V2 = 20 m/s V3 = 40 m/s 
To find: t1, t2, t3 =? 
t1 = s/v1 = 6000/1 = 6000 s 
t2 = s/v2 = 6000/20 = 300 s 
t3 = s/v3 = 6000/40 = 150 s 

Here the students have to notice that with the increase in 
velocity the time diminishes, that is to say there exists an inverse 
proportional correlation.  

There are many problems and examples that exist in connection 
to the given subject. Here are some of them: 



1. The laws of velocity regarding uniform acceleration and 
deceleration movement, namely: v = v0 ± at is related to the linear 
function y = kx ± b; 

2. The second law of mechanics which reads: “The acceleration 
a of a moving body is directly proportional, and in the same direction 
as the net force acting on the body F and inversely proportional to the 
mass m of the body”, thus a = F/m. It can be studied as y = k/x. 

3. During the study of the subjects of “Melting and 
evaporation” are often used graphs for problem solving, which are 
also a good example of the application of functions in physics. 

Problems relating to a concrete real-life experiment should be 
encouraged, for example asking classmates about the time it takes 
them to reach school and the distance they traverse, as well as their 
means of transportation. Provide a presentation of data regarding 
velocity and a summary of the conclusions deducted. 

 After the students have acquired the information for the project 
and have prepared a presentation, approved by the teacher, come the 
last stages of the primary steps for project implementation. 

1. Completing and writing a report on the project – meetings 
are held during which are finalized the prepared tasks by introducing 
the corrections noted by the teacher. 

2. Project defense – the group is given with an   opportunity to 
defend their project in front of their classmates as well as their 
teachers.  

3. Evaluation – the volume of the acquired knowledge, the 
accomplishment of the set goal, the problems they have solved, the 
way they have connected the two school disciplines. They receive 
grades in SIP (Optional class) - Physics. 

Thus, the class taken in SIP Physics – 8th grade provokes a 
great interest in the students. They prepare themselves for the project 
by making a presentation on the subject, researching suitable 
information, solving problems, explaining them to the members of the 
group. This different type of class of SIP Physics aides the creative 
activity of the students and contributes to improve the interest and 
motivation to study the disciplines of mathematics and physics. Thus 
the preliminary set goals are achieved. 



The project method is not new, yet it is effective. It creates 
positive emotions, contributes to the students’ motivation basing itself 
upon competition and the desire for expressing oneself. A key factor 
during the work on a project is the active participation of students in 
the process of education, a change is observed regarding the attitude 
towards the school discipline and a more profound reflection is 
encouraged regarding its content. The project method is a vital part of 
the educational process itself for this reason. 
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Abstract: Testate amoebae are heterotrophic unicellular organisms 
in which the cell is enclosed within a shell. They form a polyphyletic 
group traditionally placed in the superclass Rhizopoda. Now it is 
separated in two different Eukaryote supergroups - the Amoebozoa 
(for the Arcellinida) and the Rhizaria (for the Euglyphida and other 
testate amoebae with pseudopodia varying as simple, branching, or 
anastomosing patterns).Testate amoebae are with a wide 
geographical distribution and a significant range of habitats. They 
are an abundant and diverse in various natural lakes, marshes, 
rivers, artificial water reservoirs, in peatlands and terrestrial 
bryophytes, different types of soil and marine littoral. Testacean 
taxonomy is mainly based on morphological features of external 
structures, which are subject to great natural variability, depending 
on the species and environmental conditions. Many species of testate 
amoebae show high polymorphism in terms of their size, and are 
able to form different shapes under variable environmental 
conditions. This hampered the species identification, as well as the 
proper understanding of the ecological features and biogeography of 
the species. In the paper were presented some aspect of 
morphological diversity of freshwater testate amoebae, their biotopic 
distribution and composition of testacean community in different 
reservoirs in Bulgaria. 
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Introduction 

Testate amoebae are free-living heterotrophic amoeboid shelled 
protozoa. Traditionally, testate amoebae are considered heterogeneous 
polyphyletic group (Testacea), which unites species common feature – 
the presence of a shell with an aperture – pseudostom, similar 
ecological and biological characteristics and the possibility of using 
the same research methods [1]. In systematic terms, according to the 
classification of protozoa in 1980 [2], a group Testacea, together with 
the naked amoebae (subclass Gymnamoebia HAECKEL, 1862), was 
relatived to the superclass Rhizopoda VON SIEBOLD, 1845, subphylum 
Sarcodina SCHMARDA, 1871, in the classes Lobosea Carpenter, 1861, 
Filosea Leidy, 1879 and Granuloreticulosea De Saedeleer, 1934. In 
recent years, in light of new data from molecular studies, were 
proceed to the construction of a new classification of the eukaryotic 
organisms, mainly affecting the highest taxonomic categories [3]. In 
accordance with this classification system, testate amoebae are placed 
in two different major groups: Amoebozoa (LUHE, 1913) CAVALIER -
SMITH , 1998, where are placed order Arcellinida, with lobose 
pseudopodia and Rhizaria CAVALIER -SMITH , 2002, at which include 
order Euglyphida, forming filopodia, as well as some testate amoebae 
possessing anastomosing networks of reticulopodia, and traditionally 
classified in the phylum Granuloreticulosea.  

More than 1900 testate amoebae species or subspecies have 
been reported in different terrestrial or aquatic biotops on the Earth 
[4]. Testate amoebae are with a wide geographical distribution and a 
significant range of habitats. They are an abundant and diverse in 
various natural lakes, marshes, rivers, artificial water reservoirs, in 
peatlands and terrestrial bryophytes, different types of soil and marine 
littoral. Thecamoebians occupy every sufficiently moist niche such as 
tree bark, caves, mines, and so forth [5]. Testacean taxonomy of the 
genus and species level is mainly based on the morphology of the test 
– its architecture, composition and shape, characteristics of aperture – 
size, diaphragms, collars, lobes and teeth, presence or absence of 
spines and other, which possess a great natural variety [4, 5]. This 
hampered the species identification and the taxonomy in the group, as 
a whole, as well as the proper understanding of the ecological features 
and biogeography of the species. In this paper are presented some 



aspect of morphological diversity of freshwater testate amoebae, their 
biotopic distribution and composition of testacean community in 
different reservoirs in Bulgaria. 

Materials and Methods 

The analysis of the taxonomy, morphological and ecological 
characteristics of testate amoebae in this paper was based as a review 
of published original literature, thus and our own research and 
observations in different freshwater biotopes in Bulgaria. The data 
were compared and summarized. 

Results and Discussion  

Morphological Diversity of Testate Amoebae  

Testate amoebae have proteinaceous (flexible or rigid) shells, 
agglutinate and tests built with inorganic components, synthesized by 
the cell. In species which have agglutinate tests, foreign materials like 
small sand grains or diatoms (xenosomes) are incorporated in an 
organic cement. The morphology of this cement is of importance for 
the classification of testate amoebae [6]. The nature of xenosomes 
largely depends on the available building material in the middle. Other 
species have inorganic tests – siliceous or calcareous shells composed 
of rods, nails or rectangular plates which are produced by the 
organisms themselves (idiosomes). Some testate amoebae produced 
shell of mixed layers of both xenosomes and idiosomes. 

The testate amoebae display a great diversity of shell shapes: 
disc- or vase-shaped, oval, spherical or hemispherical, with circular 
cross-section or flattened laterally. The aperture also may be different 
shape and size, more or less invaginated, located in the ventral side or 
in the tapered end of the shell. Diverse aperture shape as a rule 
indicate different moisture conditions [7]. Especially in drier habitats, 
it has evolved to a slit-like structure often covered by the anterior lip 
or a visor. The aperture can be protected by teeth or it can be located 
at the end of a tubus.  

Morphological features of external structures such as shell size, 
shape, breadth/length ratio, aperture size, spines, horns etc., are 
subject to great natural variability and are often related to 
environmental conditions [8, 9, 10, 11, 12]. For example, we have 



found that there are differences between the two populations of 
Difflugiella patinata. The specimens of the population of the 
Durankulak Lake were characterized by smaller size range with 
respect to all characters – the shell length of all individuals measured 
range between 10 and 11 µm, 75% of specimens have a shell breadth 
13–14 µm, and all individuals have a diameter of aperture between 7 
and 8 µm. In the population of Golden Sands Nature Park these 
measurements range, respectively, between 8 and 12, 9 and 13, 7 and 
11 µm [13]. Furthermore different species have varying degrees of 
variability in the individual characteristics of the shell. For example, 
the species Cryptodifflugia sacculus showed considerable variability 
in terms of the neck breadth, neck length and diameter of aperture and 
much lower variability in breadth/length shell ratio, shell length and 
diameter of aperture/shell length ratio [13]. The biometric comparison 
of three closely related species of Difflugia – D. linearis, D. paulii and 
D. lacustris shows that they can be separated by their size, ratios 
breadth/length shell and diameter of aperture/shell length ratio [14]. 
Bobrov and Mazey [7] reveal several general patterns of the 
variability of testate amoebae: 1) the variability of natural populations 
of testate amoebae can be expressed either in the changes of the shell 
size (correlated), or in the changes of the size of separate parameters 
(non-correlated), resulting in a significant broadening of phenotypic 
spectrum in populations; 2) the size of shell aperture have the greatest 
variability and these variation are likely to be adaptive; 3) the 
character of variability (degree and correlativity) differs not only in 
different species, but also in different populations of the same species. 
Many species of testate amoebae show high polymorphism in terms of 
their size, and are able to form different shapes under variable 
environmental conditions. To the patterns indicated by Bobrov and 
Mazey may be added that each species has a different degree of 
variability with respect to each feature of your shell, and it could be 
different from the degree of variability with respect to the same 
feature of the shell at the other species. It is therefore particularly 
important to estimate the range and form of variability within a given 
taxon and the description of new species to be made only on the basis 
of a sufficiently large number of individuals, with detailed 
morphometry and microphotographs. 



Testate Amoebae Communities in Freshwater Biotops 

Of the many habitats where can be found testate amoebae, with 
the greatest taxonomic and morphological diversity are characterized 
freshwater reservoirs. Approximately 66% of all species of testate 
amoebae are found in fresh waters, 50% of which – only in them [15]. 
Testate amoebae are widespread and common inhabitants of 
freshwater lakes, reservoirs and rivers. 
Testate amoebae fauna of fresh waters, in terms of its taxonomic 
composition, is dominated mainly by typical water representatives of 
the genera Difflugia and Centropyxis Analyzing the structure of testate 
amoebae communities in different reservoirs, lakes and rivers in 
Bulgaria were established that in all of them dominated 
representatives of the genera mentioned above (Table 1). For 
reservoirs Ovcharitsa, Rabisha, Ticha and Batak the values of the ratio 
of the number of species of the genera Difflugia and Centropyxis to 
the total number of species were high and very similar and in the four 
reservoirs studied were found relatively low diversity of the genus 
Arcella which everywhere presented with several species and low 
population density. The table shows that in coastal lakes – Srebarna 
and Durankulak that are relatively shallow (maximum depth - 4 m) 
and where there is a strong development of the coastal aquatic 
vegetation, and in the rivers, the share of genus Difflugia reduced on 
account of the genera Centropyxis or Arcella. However it remains the 
highest.  
In freshwater testate amoebae occur in different types of biotopes – 
benthal, phytal and pelagial and form in them specific communities. 
By the greater taxonomic and morphological diversity is characterized 
the benthal of the fresh waters, where the genera Difflugia and 
Centropyxis are represented by the highest species diversity. This is 
observed in both in the benthal of deep reservoirs (as Ticha Reservoir) 
and in the mud of shallow coastal lakes and rivers. Considering the 
relative abundance of the different genera were found that the 
dominant role in testate amoebae communities in the freshwater 
benthal have the genera Difflugia, Trinema, Centropyxis, Euglypha, 
Microchlamys, Corythionella. Their share in the formation of 
communities in the reservoirs is different (Fig. 1). The genera 
Difflugia and Centropyxis and the species D. globulosa, D. lanceolata, 



D. lacustris, D. bryophila, D. manicata, D. ampullula, D. acuminata, 
D. globularis, D. sarissa, D. achlora, D. gramen, D. lobostoma, D. 
pulex, D. viscidula, C. platystoma, C. aculeata were often found in 
freshwater standing basins and were established in significant 
quantities in both the benthal from the littoral zone and in the central 
part. These species are indicated as typical inhabitants both at the 
slimy bottom of the small lakes, and at the benthal from the littoral 
and from the deep- water of the large reservoirs [16, 18, 19, 21, 22]. 
Оn the contrary, in the benthal of the rivers predominate the genera 
Trinema and Euglypha and the species Trinema enchelys, Tr. lineare, 
Euglypha tuberculata and E. rotunda [23, 24].  

Table 1. Comparison among testacean fauna of some studied 
reservoirs, lakes and rivers in Bulgaria 

Fresh 
waters 

 

Number 
of 

species/ 
genera 

A ratio of 
the number 
of species 

of the 
genus 

Difflugia  
to the total 
number of 

species 

A ratio of 
the number 
of species 

of the 
genus 

Centro- 
pyxis to the 

total 
number of 

species 

A ratio of 
the number 
of species 

of the 
genus 

Arcella to 
the total 

number of 
species 

Reservoi
rs  

Ticha 

 
104 / 24* 

 
55.8% 

 
13.5% 

 
2.0% 

Batak 93 / 21** 50.5% 11.8% 6.5% 
Rabisha 78 / 

19*** 
41.0% 15.4% 3.8% 

Ovcharits
a 

75 / 
18*** 

45.3% 16.0% 2.7% 

Lakes 
Shabla 
lake 

 
81/20***

* 

 
55.6% 

 
11.1% 

 
1.2% 

Ezerets 
lake 

79/20***
* 

51.9% 13.9% 2.5% 



Srebarna 
lake 

118/20**
* 

37.3% 19.5% 13.6% 

Durankul
ak lake 

91/20* 37.4% 15.4% 6.6% 

Rivers 
Veleka 

 
80/21*** 

 
31.3% 

 
16.3% 

 
5.0% 

Rezovska 38/16*** 18.4% 18.4% 0.0% 
Fakijska 29/12*** 24.1% 17.2% 0.0% 

* According to Davidova et al. [16, 22]; ** According to Todorov et 
al. [17]; *** According to Davidova [18, 19, 21, 23, 24]; **** 
According to Todorov, Golemansky [20] 

 
In continental aquatic environments, testate amoebae have been 

considered as associated to littoral hydrophyte, hygrophyte and 
submerged aquatic vegetation. Species richness decreased almost 
twice as compared to the benthal. Dominant, in terms of taxonomic 
diversity and abundance are typically aquatic representatives of the 
genera Difflugia, Centropyxis  

 



Fig. 1. Relative abundance of the established genera testate amoebae 
in different freshwater biotops in Bulgaria 

Euglypha, Trinema, Pseudodifflugia, Microchlamys, Difflugiella and 
Phryganella, as their share in particular reservoirs is different (Fig. 1). 
The species with high frequence of occurence and abundance are 
Phryganella hemisphaerica, Centropyxis aculeata, Trinema enchelys, 
Difflugia gramen, Plagiopyxis declivis, Trinema lineare, Centropyxis 
aerophila, C. ecornis, Pseudodifflugia gracilis, Euglypha 
acanthophora.  

The pelagial of the freshwater reservoirs showed a significantly 
lower diversity in terms of their testate amoebae fauna. This is due to 
the fact that the testate amoebae, in freshwater environments, are 
preferentially associated to a substrate, as sediment or aquatic 
vegetation. In the pelagial of the Ticha Reservoir the genus 
Centropyxis had the highest relative abundance, followed by the 
genera Difflugia and Difflugiella. Dominant role in the pelagial of 
Srebarna Lake had the representatives of the genus Euglypha, 
followed by genera Centropyxis and Difflugia. It is important to note 
that all the established testate amoebae in the pelagial of the 
freshwater reservoirs were found in other studied biotopes, too. On the 
other hand some of the species recorded in planktonic habitat as a 
Centropyxis aculeata, Difflugia pulex, D. lobostoma var. globularis 
and Difflugiella pusilla showed a high abundance. This indicates that 
the presence of testate amoebae in the plankton is not a coincidence or 
a result of hydrodynamic processes of the washout of these organisms 
from the sediment and coastal vegetation. Many authors are found that 
certain species of Difflugia and Arcella are active planktonic forms 
and have physiological and behavioral adaptations that allow them to 
live in this biotop [25, 26, 27, 28]. 
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Abstract: Probiotics are live human bacteria administered in 
supplements or foods to benefit the host. Once taken by the host they 
pass into the small and large intestine where they become part of the 
microbiota that acts in intestinal microecology. They act largely to 
affect the immune process and benefit the host in infection control, 
act within the microecology to neutralize some toxic substances or 
possibly carcinogens, and help in the process of colonic 
fermentation. Lactobacillus sp. and Biffidobacterium sp. are the 
most popular probiotics use. They are largely lactic acid producing. 
The fermentation process involves carbohydrate nutrients of the 
diet, dietary fibre, and prebiotics. Prebiotics are non-digestible food 
ingredients that beneficially affect the host health by selectively 
stimulating the growth and/or activity of one or a limited number of 
bacterial species in the colon and thus improve health. The amount 
and type of nutrient will affect the microflora. The host is benefited 
by the production of short chain fatty acids, acetic, butyric, and 
propionic. The products containing a combination of prebiotics and 
probiotics are recognized as synbiotics. Prebiotics such as 
oligofructose, inulin and raffinose provide some beneficial effects, 
namely improved bioavailability of minerals such as calcium, 
magnesium and iron; increased activity of beneficial live active 
cultures; and inhibition of harmful bacteria in the digestive tract. 

Keywords: probiotics, bacteriocins, vitamins, ecsopolisaccharides  

The intestinal microbial population is a dynamic ecosystem of 
high complexity, consisting of an estimated number of 1014 colony 
forming units (CFU) g-1 of bacteria, including more than 400 bacterial 
species belonging to 190 genera, and known as the gastrointestinal 



flora. The density of microorganisms in the gastrointestinal flora 
increases dramatically from less than 103 cfu g-1 in the stomach due to 
the harsh acidic conditions to greater than 1010 cfu g-1 in the colon. A 
balanced gastrointestinal flora is one in which the health-promoting or 
beneficial bacteria predominate over the potentially harmful bacteria 
[11]. Many factors such as stress, poor diet, antibiotic therapy, 
infections, food poisoning and natural ageing process may upset this 
balance. The gastrointestinal flora plays an important role in digestion 
and in maintaining gastrointestinal health by stimulating the immune 
system, preventing harmful bacteria from establishing a home on the 
gastrointestinal wall and promoting acidification – all of which are 
important in the maintenance of gastrointestinal health [1]. Foods or 
ingredients that encourage the growth and activity of beneficial 
bacteria in the gastrointestinal tract help maintain a balanced 
gastrointestinal flora. Probiotic microorganisms and prebiotics offer 
exciting possibilities for the development of innovative foods that can 
modulate the gastrointestinal microflora [16].  

Probiotics are live microorganisms which, when consumed in 
adequate amounts, confer a health benefit on the host [13]. In this 
respect, for a culture to be termed a probiotic it needs to have 
associated clinical evidence of health promotion in humans or 
animals. The production of three types of complex biomolecules by 
probiotic bacteria, namely vitamins, exoplysaccharides (EPS) and 
bacteriocins have health promotion in humans. 

Furthermore, a large number of lactic acid bacteria (LAB) and 
Biffidobacterium spp. Have been reported to produce vitamins, such 
as folate, cobalamin, menaquinone (vitamin K), riboflavin and 
thiamin. As such, the use of these cultures in food fermentation 
potentially provides routes not only to enhance the nutritional profile 
of the food but also to deliver microorganisms to the gut, where they 
can synthesise such vitamins in vivo. 

Folate is an essential component of the human diet, and is 
involved in nucleotide and cofactor biosyntesis in many metabolic 
reaction. Folate is a genetic term used to describe the salts of folic 
acid. Folate are receiving increasing attention due to the link between 
folate deficiency and neural tube defects in developing embryos 
during pregnancy [8], and their ability to protect against certain types 



of cancer [2]. Furthermore, a link has been established between 
decreasing levels of plasma homocysteine, a risk factor in the 
development of coronorary heart disease, and the consumption of folic 
acid [39]. A large number of LAB and Biffidobacterium spp. Have 
been reported to produce folate [10,52], including two 
Bifidobacterium longum, Lactobacillus acidophilus and Lb. 
delbrueckii subsp. bulgaricus strains, which were found to produce 
folate levels in reconstituted skimmed milk far in excess of the levels 
produced in synthetic media. Bifidobacteria have been reported to 
produce folate in a number of studies. For instance,animal trials have 
reported that rats fed human milk solids had increased levels of both 
plasma folate and total caecal material folate, which coincided with a 
seven- and one-fold increase in caecal and colonic Bifidobacterium 
spp. densities, respectively [32]. In contrast to bifidobacteria, it has 
been reported that strains of Lactobacillus, used as both starter and 
probiotics, generally utilise more folate than they produce. There are 
however, exceptions with a number of Lactobacillus strains able to 
generate excess folate in the fermentation of dairy products, including 
Lactobacillus plantarum, Lb. acidophilus and Lb. delbrueckii subsp. 
bulgaricus [10,35,55]. Since many potential probiotic Lactobacillus 
strains utilise folate, researchers have employed metabolic engineering 
strategies to develop a folate over-producing Lactobacillus spp. A 
recent study has described the transformation of a folate-utilising 
probiotic strain, Lactobacillus gasseri, into a folate producer through 
metabolic engineering [62]. In addition to the aforementioned 
probiotic strains, two Leuconostoc strains – namely, Leuconostoc 
lactis and Leuconostoc paramesenteroides – also produce folate [56]. 
Even though Leuconostoc spp. may not be considered as probiotics, 
they are, however, used in probiotic products [17,22]. Furthermore, 
there is increasing evidence to support the potential of 
propionibacteria as probiotic cultures [63,64,65], a genus that has been 
reported to produce the bioactive fatty acid conjugated linoleic acid 
(CLA) [26], vitamin B12 and folate [25]. 

Vitamin B12, also known as cobalamin, is an important cofactor 
for the metabolism of amino acids, carbohydrates, fatty acids and 
nucleic acids [45]. Although very few food-grade microorganisms 
possess the ability to produce this vitamin [25], there are some 



members of the genera Propionibacterium, Bifidobacterium and 
Lactobacillus which have been reported to have this rare activity 
[12,25,60]. A number of bifi dobacteria species have also been 
reported to produce cobalamin, such as Bifidobacterium adolesentis 
(0.35 ng mL–1), B. bifidum (0.65 ng mL–1), B. breve (0.49 ng mL–1), B. 
infantis (0.39 ng mL–1) and B. longum (0.46 ng mL–1) [12]. In addition 
to propionibacteria and bifi dobacteria, Lactobacillus reuteri 
CRL1098, a probiotic strain which exhibits a hypocholesterolaemic 
effect in animal trials [59], has also been shown to produce cobalamin 
[60]. However, the genes encoding the pathways involved in 
cobalamin biosynthesis were identifi ed, and this may allow metabolic 
engineering strategies to be exploited to over-express the genes in a 
strain which would release the vitamin during gastrointestinal transit 
[60]. 

Vitamin K is an important cofactor, involved in the post-
translational carboxylation of glutamate residues to produce γ-
carboxyglutamic acid (Gla), found in proteins involved in blood 
clotting, tissue calcifi cation, in atherosclerotic plaque and tissues 
including bones and kidneys [42,44,54]. This vitamin occurs in two 
forms: (a) phylloquinone (vitamin K1), which is present in green 
plants; and (b) menaquinone (MK) (vitamin K2), which is produced by 
some intestinal bacteria [4,9]. A range of LAB from a number of 
genera have been screened for the ability to produce MK; these 
included strains from the genera Lactococcus, Lactobacillus, 
Enterococcus, Bifidobacterium, Leuconostoc and Streptococcus [38]. 
Four lactococcal strains and Lac. lactis subsp. lactis YIT 3001, which 
produced 648 nmol quinines g–1 lyophilised cells, yielded in excess 
of 250 nmol quinines g–1 lyophilised cells. While lactococci are not 
intestinal microbes perse, they are applied in probiotic products 
[17,22], and can be incorporated into ‘multi-species’ products, which 
have been defi ned as ‘containing strains of different probiotic species 
that belong toone or preferentially more genera, e.g. Lb. acidophilus, 
B. longum, Enterococcus faecium and Lac. lactis subsp. lactis [61]. 
It has been reported that bifidobacteria can produce a further two B 
vitamins, riboflavin and thiamine. Deficiencies in riboflavin (vitamin 
B2), a co-enzyme involved in numerous redox reactions, can lead to 
both liver and skin disorders [33]. Deficiencies in thiamine (vitamin 



B1), also a co-factor of key metabolic enzymes, can cause changes in 
brain glucose metabolism [18]. Two bifidobacteria strains have been 
reported to increase the levels of both B vitamins during a 48-h 
fermentation in soymilk [24]. In these cases, the riboflavin content 
increased from 7.36 mg to 8.34 mg 100 mL–1 and 8.88 mg 100 mL–1 
during the fermentations with B. infantis CCRC 14633 and B. longum 
B6, respectively, while the levels of thiamine increased from 0.33 mg 
to 0.38 mg 100 mL–1 and 0.37 mg 100 mL–1 during the fermentations 
with B. infantis CCRC 14633 and B. longum B6, respectively. 

As with folate, there is huge potential to develop genetically 
modifi ed probiotic strains with the ability to over-produce riboflavin. 
Indeed, strategies have been employed to overproduce riboflavin in 
association with folate in a riboflavin-utilizing strain of Lac. lactis 
subsp. lactis [57]. A spontaneous roseofl avin (riboflavin analogue) -
resistant Lac. lactis subsp. lactis mutant was generated and the 
resultant ribofl avin-producing variant was further transformed with a 
plasmid harbouring the folKE gene, encoding amino-4-hydroxy- 6-
hydroxymethyldihydropteridine pyrophosphokinase and GTP 
cyclohydrolase I involved in folate biosynthesis, to generate a folate 
and riboflavin over-producer. The extracellular level of riboflavin 
produced by the variant was 1200 ng mL–1 greater than the level 
produced by the wild-type, while the variant produced 100 ng mL–1 
extracellular folate, with the control strain producing 10 ng mL–1 
folate [57]. Since some Lactobacillus strains possess all four genes 
required for riboflavin biosynthesis [5], it is possible that similar 
strategies could be applied to generate a genetically modifi ed ribofl 
avin-overproducing probiotic strain. 

A number of LAB, propionibacteria and bifidobacteria can 
synthesise EPS, which are excreted from the cell and which may or 
may not be loosely attached to the cell wall [34]. In cases where they 
are actually bound to the cell surface, they are referred to as ‘capsular 
polysaccharides’ [6]. EPS can contribute to the improved stability, 
rheology and texture of fermented dairy products, and may also offer 
protection to cells against phage attack, desiccation and osmotic stress 
[48]. In addition to the technological characteristics they confer on 
dairy products, EPS have been reported to exert a number of benefi 
cial health effects, including prebiotic [16], immunostimulatory [23], 



antitumoral [28], and blood cholesterol-lowering effects [40]. A large 
number of strains from the genus Lactobacillus have been reported to 
produce EPS [46,48], while it is a considerably rarer phenomenon 
associated with bifi dobacteria [53]. The levels of EPS formed are 
dependent on growth phase, temperature, pH and carbohydrate source, 
and are not a direct function of growth [7]. Further information 
regarding the role of EPS in fermented milks will be detailed in a 
separate book (Fermented Milks) to be published later within this 
Technical Series prepared on behalf of the Society of Dairy 
Technology (SDT) in the United Kingdom [58]. 

Indeed, EPS may meet this criterion as they have been reported 
to withstand ‘in vivo’ passage through the gastrointestinal (GI) tract 
using a model simulating the human digestive process. Rats fed 
porridge containing 102 mg of EPS produced by Lactococcus lactis 
subsp. cremoris NZ4010resulted in the recovery of 96% of the EPS in 
their faeces (98 mg EPS per 4.44 g faeces), demonstrating that it was 
not degraded in the GI tract [36]. It was also reported that EPS 
produced by strains from different genera were biodegraded to 
varying extents, with EPS produced by Lactobacillus sakei 0-1 and 
Lactobacillus helveticus Lh59 being among the most durable [49]. 
Moreover, it has been reported that the levan-type EPS produced by 
Lactobacillus sansfranciscensis TMW1.392 supported the growth of 
Bifi dobacterium bifi dum, B. breve, B. infantis and B. adolescentis 
[31], all of which are strains that are commonly employed for use as 
probiotic cultures [17,22]. During pH-controlled fermentation, all of 
the Bifidobacterium spp. exhibited diauxic growth, with fructose fi rst 
being metabolised and the EPS being utilised after a second lag phase 
[31]. These results would suggest that there is potential for EPS to be 
used as prebiotics; however, further ‘in vivo’ studies regarding the 
degradability of EPS in the stomach and small intestine and utilisation 
by probiotic strains are required to substantiate these reports. A 
number of reports have suggested that LAB can induce 
immunological responses in macrophage and T cells [37], and that the 
EPS which they produce can playa role in eliciting these 
immunopotentiating activities. The EPS of strains from a number of 
food-grade genera, including Bifidobacterium, Lactococcus and 
Lactobacillus, have been reported to be immunostimulatory. For 



example, the water-soluble polysaccharide fraction of B. adolescentis 
M101-4 cells was reported to increase the [3H]-thymidine uptake of 
murine splenocytes and Peyer’s patches, an indication of cell 
proliferation, relative to whole cells [23]. The immunopotentiating 
capabilities of EPS have also been reported following the production 
of the cytokines released by macrophages to communicate with other 
immune cells [41], interferon (IFN) and interleukin-1 (IL-1) by EPS-
induced murine macrophages [29]. For example, the 
phosphopolysaccharide produced by Lac. lactis subsp. cremoris 
KVS20 stimulated murine spleen Mφ macrophages, part of the gut-
associated lymphoid tissue (GALT) and producer cells of IFN and IL-
1 in response to immune stimuli, to produce IFN titres of 27.6 IU mL–
1 compared to 9.7 IU mL–1 for the control. Indeed, it was noted that 
EPS stimulation of the macrophages, to secrete cytokines, was 
accompanied by IFN-mRNA expression [29]. The addition of the 
same EPS to spleen macrophages caused an increase in IL-1 activity, a 
phenomenon which was also accompanied by IL-1 mRNA expression 
after stimulation with the EPS [29]. It is also interesting that the 
yoghurt strain Lb. delbrueckii subsp. bulgaricus OLL1073R-1 has 
been reported to produce an EPS capable of stimulating a mitogenic 
response in murine B lymphocytes [28]. 

It has been suggested that yoghurt demonstrates anti-tumour 
activity [43], and that one of the mechanisms may involve the EPS 
produced by the cultures during yoghurt production [30]. Indeed, the 
extracts from milk fermented by Lb. delbrueckii subsp. bulgaricus and 
S. thermophilus were shown to have anti-mutagenic activity [3]. 
Furthermore, the macrophage Mφ, which is activated by 
ThioGlycolate, was stimulated by the phosphopolysaccharide fraction 
(APS) of the EPS produced by Lb. delbrueckii subsp. bulgaricus OLL 
1073R-1 [30]. The cytostatic activity of the macrophage Mφ was 
greatly enhanced against S180 sarcoma tumour cells. The APS 
stimulation resulted in just under 90% cytostaticity, while LPS caused 
just over 90% cytostaticity by the macrophages [30]. The APS was 
also reported to be an effective stimulator of Mφ cytostaticity against 
P388 tumour cells, with cytostaticity reaching 60% for both APS and 
LPS [30]. Once again, the macrophage stimulation was shown to be 
dependent on the phosphate group of the APS. In a further study, a 



polysaccharide isolated from the supernatant of B. longum PS+ was 
reported to exhibit an anti-mutagenic effect against a known mutagen 
[53] whereby, 60 µL of crude polysaccharide solution (1.323 g L–1) 
caused 89.4% inhibition of the mutagenicity of Trp-P-1. 

The EPS from Lac. lactis subsp. cremoris has been reported to 
have a cholesterol-lowering effect in rats [40]. In this study, the serum 
cholesterol concentration of rats fed ropy fermented milk (84.0 mg d–
1) was lower than that in rats fed non-ropy fermented milk (95.7 mg d–
1) or milk acidifi ed with lactic acid (102.0 mg d–1). In addition, the 
highdensity lipoprotein (HDL) cholesterol/total cholesterol ratio was 
signifi cantly higher in rats fed ropy fermented milk than in animals 
fed with the other two products. 

It has been suggested that one of the desirable properties of a 
probiotic strain is an ability to produce antimicrobial substances such 
as bacteriocins, which offer the potential to provide a competitive 
advantage in colonisation and competition in the GI tract. Bacteriocins 
are generally defi ned as peptides which are produced by bacteria and 
kill other related and unrelated micro-organisms. The best known 
example is nisin, a broad host-range bacteriocin produced by many 
strains of Lac. lactis subsp. lactis and considered to be the prototype 
LAB bacteriocin. Nisin was fi rst described in 1928, when Rogers and 
Whittier observed inhibitory metabolites to other LAB [47]. Nisin has 
since been studied extensively and, in 1988, was awarded FDA 
approval for its use as a biopreservative in many processed foods. This 
major breakthrough, with nisin being the fi rst bacteriocin to gain 
widespread commercial application, led to considerable interest in 
bacteriocins produced by generally regarded as safe (GRAS) 
organisms. As a result, the fi eld has grown dramatically, and this has 
led to the discovery and detailed characterisation of a great number of 
bacteriocins from LAB. 

However, looking at their infl uence on the intestinal gut flora, 
animal studies have shown reductions in Enterobacteriaceae due to 
these antimicrobial metabolites [15], and clinical trials have reported 
that humans fed Lactobacillus johnsonii-fermented milk had signifi 
cantly reduced densities of Helicobacter pylori, a pathogen which is 
associated with stomach ulcers 14]. There are many examples where 
bacteriocins have been shown to have a dominant infl uence on 



complex microbial populations. A very good example of this is in the 
oral cavity, where Streptococcus mutans producing the bacteriocin 
mutacin provided the selective advantage to persist, colonise and 
aggressively displace the indigenous S. mutans population [19,20,21]. 
When the bacteriocin-producing Lb. plantarum was used to ferment 
Spanish-style green olives, the bacteriocin produceroutnumbered all 
other individual naturally occurring Lactobacillus populations over 
the course of the 12-week fermentation [50,51]. In contrast, the 
derivative bacteriocin-negative strain was not detected after 7 weeks. 
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Abstract: Himantoglossum caprinum (M. Bieb.) Spreng. is one of the 
target species subject to protection in the European ecological 
network Natura 2000. It is widespread throughout the country, with 
relatively small populations. In Shumensko plato Protected area 
(BG0000382) we have described the most numerous population in 
Bulgaria – a total of 1954 individuals. The various subpopulations 
characterized by small size and relatively high numbers. Specific for a 
part of the subpopulations of target species in the protected area is the 
preferred location near to asphalt roads. In these cases, the road 
infrastructure is not a threat, and creates favorable conditions for 
their existence. Many individuals of the species grow on the edge of 
the road and are closely related to the existence of the road and the 
maintenance of low overgrown with shrubs and trees near the 
roadway. In Rishki prohod Protected area (BG0000149) population is 
a small number – 47 individuals. We found only one habitat of the 
species within the area – immediately adjacent to an asphalt road and 
abandoned construction site. It was used as a temporary depot of 
ballast materials for the construction on the nearby asphalt road. In 
this state – no intensive and free of aggregates, the construction site 
creates favorable conditions for the existence and growth of the 
population of the species. 



Keywords: Himantoglossum caprinum, distribution, abundance, 
population, road infrastructure, protected area, Natura 2000 

Introduction 

Himantoglossum caprinum (M. Bieb.) Spreng. is one of the 21 
plant species of European importance, included in Annex II of Directive 
92/43/EEC of the Council of the European Community for the 
conservation of natural habitats and of wild fauna and flora [1] for the 
protection of which the member states of the European Union must take 
special precautions. It is included in the IUCN Red List of Threatened 
Plants [2] in Appendix 1 of the Bern Convention [3] and Convention on 
International Trade in Endangered Species of Wild Fauna and Flora 
(CITES) [4]. The species is also included in many environmental 
documents at national level: in Appendices 2 and 3 of the Biodiversity 
Act [5], Red List of Bulgarian vascular plants [6], the Red Book of the 
Republic of Bulgaria [7] in the category "Vulnerable species". 

A part of the population of Himantoglossum caprinum in 
Republic of Bulgaria is included in the European ecological network 
"Natura 2000". According to the standard forms of protected areas since 
2008 the species is found in 41 of 228 protected areas. The objects of 
this study are two of them – Shumensko plato Protected area 
(BG0000382) and Rishki prohod Protected area (BG0000149). 
Shumensko plato Protected area was declared a protected area 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) [8]. 

Rishki prohod Protected area was declared a protected area 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), which touches a protected area under the Birds 
Directive (Directive 79/409/EEC on the conservation of wild birds, 
replaced by Directive 2009/147/ЕО) [9]. 

Himantoglossum caprinum is the most widespread and the largest 
number of populations of all target species included in the Natura 2000 
in Bulgaria. The generic Latin name consists of two words: imanto – 
belt and glossa – tongue (an allusion to the shape of the lip – close and 
extended). The species name comes from caprinum – the smell of goat 



[10]. The plant is a perennial herb with 2 oval tubers. Stem is up to 80 
cm, erect, unbranched. The leaves are basal, lanceolate extended. The 
flowers are 15–40, with an unpleasant odor in a terminal spike 
elongated. The lip is tripartite, middle fibrous, white with purple spots. 
Average share ribbon spirally wrapped, long 45–90 mm, slashed deeply 
into two parts. The side units are linear, pointed, long 10–30 mm. Spur 
is short and dense. The fruit is a capsule. It blooms from June to July. 
Distributed in sparse undergrowth, light woods, meadows, vineyards, 
mostly on limestone, from sea level to 1000 m asl [11]. The plant is a 
Mediterranean floral element [12]. It is a medicinal plant in the Annex 
to the Law on Medicinal Plants [13]. 

Populations usually occupy small areas (up 0.01 – 1 ha) and are 
small numbers (50 – 100 plants). Rarely can find fields with larger areas 
(up to 5 ha), but with a low density of population [7]. Like most types 
of Orchids, the plants have a polymorphism in the life cycle and can 
spend some years in relative peace underground, and then entering the 
generative age can over the years to develop generative stems remain in 
a vegetative state or in a state of rest underground one or more years. 
Because of these features in the direct reading of the numbers and 
density have data only on the size and density of overground developed 
specimens in a given year. Actual reporting can occur only after several 
years of population studies of permanent sample plots in which follows 
the fate of individuals. Some individuals remain in a state of rest 
underground 1–3 years in some cases – up to 5 years. This, together 
with the factors mortality and regeneration, leading to fluctuations in 
the reported number of aboveground developed specimens. These 
fluctuations are greater in populations at high altitude or under extreme 
conditions (sandy substrate). Characteristic of the species is relatively 
low percentage of flowering individuals during the year. Usually bloom 
5–15% of generative specimens rarely up to 25%. In some years there is 
a lack of flowering individuals in a population of more than 50 
individuals in generative age. Above-ground growth of individuals 
begins in the fall. They overwinter as rosettes of several leaves of small 
size, which begin to grow actively in April. The vegetative plants die off 
in late May – early June. The generative plants continue its 
development by increasing the flowering stalk, flowering and fruiting 
[14]. 



Negative factors on the distribution and population status of the 
species are: limited distribution, the planting of coniferous species, 
unregulated grazing during flowering and fruiting, the abandonment of 
territories (in recent decades). In the 70s and 80s of the last century 
transformation of the so-called barren places in holiday areas is the 
cause of the destruction of many populations. The measures taken to 
protect related to the inclusion of the habitats in protected areas (natural 
parks – Sinite kamuni, Rusenski Lom, Shumensko plato; reserves – 
Longoza, Ostritsha, Alibotush; protected localities – Lakatnishki skali, 
Likana, Dupkata and others) and protected areas of the European 
ecological network Natura 2000. The necessary protective measures are 
related to the conservation of habitats, sustainable forest management 
and popularization population [7]. 

Materials and Methods 

This study was conducted by routing method in the period 2011–
2012. In the Shumensko plato Protected area subpopulations of the 
species were studied twice in 2011 – after the flowering stage (August), 
and during the growing season (November), when the plants formed a 
basal rosette of leaves. In the Rishki prohod Protected area population 
was estimated in September 2012, when the generative stems are dry, 
but they are still well preserved. Marking the boundaries of the 
subpopulations of the species was carried out using a Trimble Juno SB 
– GPS receiver, combined with a PDA device. To determine the size of 
each subpopulation was used Software Product Quantum GIS ver.1.7.3. 
The information known up to 2008 on the size and ecological 
assessment of populations of Himantoglossum caprinum are taken from 
the standard forms of Shumensko plato Protected area [8] and Rishki 
prohod Protected area [9]. The ecological assessment includes the 
following parameters: size, population, conservation, isolation, overall 
assessment. The population size is represented by the exact number of 
individuals or a space if the exact number is not known. The 
“population” describes the size and density of the population of the 
species in comparison with the population in the national territory. The 
obtained values are distributed as follows: А) 100% >= p > 15%; B) 
15% >= p > 2%; C) 2% >= p > 0%. When a population is found in a 
minor degree, it falls into the fourth category “D” – minor population. 



The “Conservation” assess the degree of conservation of the structure 
and functions of the habitat and the possibility of recovery. The 
assessment is determined by a three-level scale: А – excellent 
conservation, B – good conservation, C – medium or low conservation. 
The overall assessment is an integrated assessment of the previous 
criteria, taking into account their varying severity. For this purpose, 
using the following scale: A – excellent value, B – good value, C – 
significant value. 

Results and Discussion 

The target species Himantoglossum caprinum is described in 
Standard Form for Shumensko plato Protected area with the following 
population data (Table 1): 

Table 1. Ecological assessment of the population of Himantoglossum 
caprinum in Shumensko plato Protected area 

Year Size Population Conser-
vation 

Isolation Overall 
assessment

2008 250-500 С B C С 
2013 1954 A B C A 

The population size in 2008 is estimated between 250 and 500 
individuals. This represents less than 2% of the national assessment of 
the numbers, from which the evaluation of the size and density of the 
population of the species is „С”. The degree of conservation of the 
population is assessed as good (grade „B”). The population is not 
isolated to the natural range of species (grade „С”). The overall 
assessment of the population of the species in the protected area is the 
lowest – „significant value” (grade „С”). In the Standard form no data 
on the location of subpopulations, as well as the area occupied by the 
species' population. 

During the field studies we conducted, we found 55 
subpopulations. The total area of the habitats of the target species, 
mapped in the field, was 2.58 ha. In Shumensko plato Protected area we 
have described the most numerous population in Bulgaria – with a total 
of 1954 individuals. Individual subpopulations are characterized by 
small size and relatively high numbers. As a result of the study the 
ecological assessment of the population of this species is increased. The 
relative size of the population in the area with that of the national 



population is greater than 15% (grade „А”). The assessment of the 
conservation status of the population (Conservation) remains good 
(grade „В”). The population is not isolated to the natural range of 
species (grade „С”). The overall assessment of the population of the 
species in the protected area is the highest – „excellent value” (grade 
„А”). 

Specific for a part of the subpopulations of target species in the 
protected area is the preferred location near to asphalt roads. These 
subpopulations are established along the road from Shumen to Lozevo 
Village; the road from Lozevo Village to Kochovo Village, after the 
bridge; grass area to the parking lot in front of Rotondata; the road from 
the Information Center of Complex „1300 years Bulgaria” to Chengel 
tabya locality. 

The subpopulation along the road from Shumen to Lozevo 
Village has an area of 0.02 ha. The numbers is 158 individuals, of 
which 129 vegetative and 29 generative. Subpopulation density was 0.8 
individuals per 1 m2. The distance to the main road is 0.5 to 3 m. 
The subpopulation along the road from Lozevo Village to Kochovo 
Village, after the bridge, has an area of 0.07 ha. The numbers is 802 
individuals, of which 566 vegetative and 236 generative. Subpopulation 
density was 1.1 individuals per 1 m2. The distance to the main road is 0 
to 8 m. 

The subpopulation in the grass area to the parking lot in front of 
Rotondata has an area of 0.1 ha. The numbers is 23 individuals, of 
which 5 vegetative and 18 generative. Subpopulation density was 0.02 
individuals per 1 m2. The distance to the main road is 2 to 10 m. 
The subpopulation along the road from the Information Center of 
Complex „1300 years Bulgaria” to Chengel tabya locality has an area of 
0.03 ha. The numbers is 37 individuals, of which 11 vegetative and 26 
generative. Subpopulation density was 0.1 individuals per 1 m2. The 
distance to the main road is 4 to 6 m. 

More than 50% – 1020 of the individuals of the population of the 
species in Shumensko plato Protected area spaced from 0 to 10 m from 
the road surface. Many individuals of the species grow on the edge of 
the road and are closely related to the existence of the road and the 
maintenance of low overgrown with shrubs and trees near the roadway. 



In these cases, the road infrastructure is not a threat, and creates 
favorable conditions for their existence. 

The population size in the Standard form of Rishki prohod 
Protected area is between 21 and 30 individuals (Table 2). This 
represents less than 2% of the national assessment of the numbers and 
the evaluation of the size and density of the population of the species is 
„С”. The degree of conservation of the population is assessed as good 
(grade „B”). The population is not isolated to the natural range of 
species (grade „С”). The overall assessment of the population of the 
species in the protected area is „good value” (grade „В”). 

Table 2. Ecological assessment of the population of Himantoglossum 
caprinum in Rishki prohod Protected area 

Year Size Population Conser-
vation 

Isolation Overall 
assessment

2008 21-30 С B C В 
2013 47 С B C В 

During the field studies we found that the population is really 
small – 47 individuals, but it is higher than that indicated on the form. 
All individuals are in generative condition. The number of vegetative 
individuals in the same year is not reported. The size of the population 
is 0.04 ha. The density of the population was 0.01 individuals per 1 m2. 
No need to change in the ecological assessment of the population. 

The only locality of the species within the area, which we were 
able to find, is immediately adjacent to an asphalt road and abandoned 
construction site. It was used as a temporary depot of ballast materials 
for the construction on the nearby asphalt road. In this state – no 
intensive and free of aggregates, the construction site creates favorable 
conditions for the existence and growth of the population of the species. 

Conclusions 

1. Specific for subpopulations of the target species 
Himantoglossum caprinum for the European ecological network in the 
two protected areas – Shumensko plato Protected area and Rishki 
prohod Protected area, is the preferred location near to road 
infrastructure. 



2. Many individuals of the species grow on the edge of the road 
and are closely related to the existence of the road and the maintenance 
of low overgrown with shrubs and trees near the roadway. 

3. In the two protected areas the road infrastructure is not a threat, 
and creates favorable conditions for the existence of the species. 
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Abstract: Genetic disorders, often caused by chemicals, lead to many 
human diseases. To assess the potential genotoxicity of any 
compound, its ability to cause chromosomal damage needs to be 
evaluated in appropriate tests. The mammalian in vivo chromosome 
aberration test, provided via light microscopе (LM), is widely used in 
genotoxicity studies. Atomic force microscopе (AFM) could detect 
minor chromosomal damages, providing three dimensional 
topographical image of an unmodified sample surface. Previously 
using LM we observed different kinds of chromosome aberrations in 
mice bone marrow cells after treatment with 4-bromo-N,N-diethyl-
5,5-dimethyl-2,5-dihydro-1,2-oxaphosphol-2-amine 2-oxid. The aim 
of the present study is to compare images obtained by light 
microscope and detected by atomic force microscopе. Using LM, we 
observed small structures located between some chromosomes. AFM 
imaging revealed that there are chromosomes connected by fibrous 
structures. Using AFM we also observed chromosome breaks which 
could not be detected via LM.  Scoring the real percent of breaks is 
of importance because hazardous chemicals often produce breaks in 
DNA and errors in repair lead to mutations. Results of our study 
confirmed that AFM is especially useful as a tool for characterizing 
chemical-induced chromosomal damages.  



Keywords: atomic force microscope, light microscope, chromosome 
aberrations 

1. Introduction 
Genetic disorders, often caused by chemicals, lead to many 

human diseases. The mammalian in vivo chromosome aberration test 
is widely used in genotoxicity studies [1]. Many types of chromosome 
abnormalities can be easily detected using light microscope (LM). 
Recently, the study of chromosomal structure has been refined. Since 
the invention of atomic force microscopy [2] high resolution images 
of chromosomal structures have been obtained [3, 4, 5, 6, 7, 8, 9]. 
Atomic force microscope (AFM) is a useful tool in detecting 
chromosomal damage [10].  

Previously we have examined the clastogenic potential of 4-
bromo-N,N-diethyl-5,5-dimethyl-2,5-dihydro-1,2-oxaphosphol-2-
amine 2-oxid (Br-oxph) and observed different kinds of chromosome 
aberrations in mice bone marrow cells using LM [11]. The aim of the 
present study is to compare images obtained by light microscope and 
detected by atomic force microscopе. 

2. Materials and methods 

2.1. Compound tested. The compound tested Br-oxph was 
synthesised in the Laboratory of Organic Chemistry of the University 
of Shumen, Bulgaria [12]. In previous study we observed that 
treatment with Br-oxph (2.82x10–9 µg/kg) significantly increased the 
level of chromosome aberrations in mice bone marrow cells [11]. We 
observed genotoxic potential of Br-oxph at low doses. However, these 
doses are within the range reported by physiologists to be capable of 
altering important cell signaling events [13, 14]. 

2.2. Bone marrow cell preparations. Bone marrow cell 
preparations from 3 ICR mice (2n = 40) obtained 48 h after the 
treatment with Br-oxph were used [11]. As a negative control served 3 
mice, injected with 0.9% NaCl. Preparations were produced as 
described by Preston et al. [15]. The mice were injected with 
colchicine (4 mg/kg, i.p.) and 90 min later they were killed by cervical 
dislocation. Bone marrow cells were flushed from femur and 
hypotonised in 0.075 M KCl at 37ºC for 25 min. The cells were fixed 



in methanol-acetic acid (3:1), air dried and stained with 5% Giemsa 
stain. Microscope preparations were kept at room temperature, in 
dark, dry place. Well-spread metaphases were marked and pieces of 
the slides (about 1 сm2) were cut off. 

2.3. Мicroscopy analysis. The metaphase regions were scanned 
using atomic force microscope operating in contact mode and air. The 
curvature radius of the silicon nitride tip was about 10 nm, the force 
constant was about 0.15 N/m. Conventional cytogenetic analysis was 
carried out using optical microscope. The same metaphases scanned 
via AFM were analysed at ×1000 magnification under oil immersion.  

3. Results and discussion 

In present study we have compared images obtained via LM 
and via AFM. As can be seen from Figure 1, three dimensional 
topographical image of sample surface allows detailed detection of 
chromosomal structure.  
 

 
 
Fig. 1. Three dimensional image of normal metaphase plate obtained 

from mice bone marrow cell (2n = 40) 
 

Using LM, we observed small structures located between some 
chromosomes (Fig. 2 А). The nature of these structures is not clear 
from the images. It is well known that chromosomal morphology 
could be obscured by cellular debris or contamination which 
complicates light microscopy examinations, but observed by us 
structures are stained. Preparing slides we have used Giemsa stain, 
which is specific for the phosphate groups of DNA. This fact raises 



the possibility that detected structures could be double minute 
chromosomes – small chromatin bodies consisting of genes that are 
amplified in an extrachromosomal location [16].  
AFM imaging helped us to investigate these regions, revealing that 
instead of distinct chromosome bodies, there are chromosomes 
connected by fibrous structures (Fig. 2 B, C). Similar chromosomal 
abnormalities are so called “sticky chromosomes” [17]. This kind of 
aberration is characterized by chromosomes linked by tiny filaments, 
the origin of which was unclear [18]. Revealing the true nature of 
observed via LM structures is very important, because presence of 
sticky chromosomes provide information about the events occurring in 
different stages of cell cycle. According to Achkar et al. [18], such 
anomalies are preferentially induced in mid to late G2-phase.  

In previous study we observed different kinds of chromosome 
aberrations including breaks in mice bone marrow cells [11], 
suggesting clastogenic potential of compound tested. Breaks are easily 
detectable under LM if the position of broken parts of chromosomes is 
changed. Surprisingly, examinating a metaphase plate using AFM, we 
observed chromosome break, with one broken piece partially 
overlapping another broken piece (Fig. 3 B). As can be seen from Fig. 
3 A, this kind of aberration could not be detected via LM, since 
broken edges are located very close. This observation indicates that 
only AFM images could provide precise information about the real 
nature of chromosomal damages. Scoring the real percent of breaks is 
of importance because hazardous chemicals often produce breaks in 
DNA and errors in repair lead to mutations [19, 20]. 

4. Conclusion 
Results of our study confirmed that AFM is especially useful as 

a tool for characterizing chemical-induced chromosomal damages in 
animal cells. AFM is able to reveal the presence of aberrations which 
were not visible under the LM. 
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Fig. 2. A. Light microscopy image showing a presence of small 
structures located between some chromosomes (pointed by arrows). B, 

C. Images via AFM revealing chromosomes connected by fibrous 
structures. 

 



 
Fig. 3. A. Image via LM. B. The same image via AFM, showing a 
chromosome break, with one broken piece partially overlapping 

another broken piece. 
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Abstract: Background: Hyssop (Hyssopus officinalis L., Lamiaceae) 
is important medicinal plant that has not been studied very much. 
The therapeutic uses of hyssop are largely based on folk medicine. I t 
is mainly used to treat respiratory, digestive, intestinal problems and 
skin inflammations. Nowadays scientific researches proved that the 
volatile oil and other ingredients in hyssop possess antibacterial, 
antiviral and other beneficial properties. The plant is used also in 
food industries and cosmetics. Hyssop is a valuable honey plant. 
Scope of the study: In order to establish the use of hyssop in 
Bulgaria a survey was carried out with 210 people. Materials and 
methods: In the first step of the study, demographic profiles of the 
respondents were evaluated. Then the participants were questioned 
whether they use or not use hyssop. Cross-relationships between 
demographic features of participants and response to the inquiry 
were analyzed. Conclusion: The results revealed that only 2.38% of 
respondents had used hyssop. Some demographic features related to 
some extent to their answer:  1) most of respondents with positive 
answer were female; 2) none of people finished basic school gave a 
positive answer; 3) the larger portion of respondents with positive 
answer was between 50 and 60 years old. The present survey 
demonstrates that hyssop is almost unknown to local people. This 
observation could be explained by the fact that in Bulgaria hyssop is 



not widely distributed. Such rare herbs could be introduced in 
cultivation in order to be available at local market. Moreover, hyssop 
was successfully micropropagated and adapted to field conditions in 
Bulgaria.  

Keywords: hyssop, folk medicine, a survey in Bulgaria on use of 
hyssop 

Background  
Hyssop (Hyssopus officinalis L.) is important medicinal 

aromatic plant that has not been studied very much [1]. Hyssop is a 
perennial herb of Lamiaceae family native to Southern Europe and 
central Asia [2]. It is a subshrub that ranges from 30 to 60 cm in 
height. The bushy plant has many branched square stems which are 
woody at the bottom. Its leaves are opposite, lanceolate, dark green in 
colour. The blue-violet flowers are hermaphrodite (have both male 
and female organs), appearing from July to September in groups of 
three to nine in the upper axils.  The corolla of a flower is divided into 
a short upper lip and a longer lower lip. The flowers are replaced by 
nutlets that are oval-shaped and smooth.  

The therapeutic uses and health benefits of hyssop are largely 
based on folklore rather than on scientific substantiation [3, 4, 5]. The 
above portion of the hyssop plant in blossom is used for preparing 
infusion, decoction or poultice. The commercially available oil can be 
used internally after dilution or in ointments for external use. Some of 
recommended in folk medicine uses are listed below: 
� Hyssop is used for lung and upper respiratory problems. It is 

antispasmodic, sweat-inducing and expectorant. The infusion or 
decoction could be used for the symptoms like the common cold, 
bronchitis, catarrh and asthma. It can also be used by preparing a 
poultice placed on the chest or through applying of oil containing 
ointment. 
� Hyssop is also used for digestive and intestinal problems. It 

is recommended for liver and gallbladder conditions, to help with 
upset stomach, intestinal pain, to eliminate flatulence, colic, and loss 
of appetite.  
� A hyssop poultice can bring relief for pain and swelling 

caused by bruises, insect bites and any other skin inflammations. 



� Other uses include urinary tract infection, poor circulation 
and menstrual cramps. Hyssop herb also regulates blood pressure and 
have a calming effect on patients who suffer from anxiety and 
nervousness.  

Nowadays herba hyssopi is an official drug with indication of 
expectorant, stomachic and diuretic [1]. Scientific researches proved 
that the volatile oil and other ingredients in hyssop are an important 
source of bioactive substances. These constituents include several 
polyphenolic compounds, primarily the flavonoids apigenin, 
quercetin, diosmin, luteolin and their glucosides followed by other 
phenolic compounds chlorogenic, protocatechuic, ferulic, syringic, p-
hydroxybenzoic and caffeic acids [3]. According to [6] volatile oils 
contain mainly pinocamphone, isopinocamphone, pinenes, camphene 
and terpenine. Volatile oil composition depends on the variety, date of 
drug harvest and many external factors including the quality of plant 
nutrition [1].  

Experimental studies proved some biological activities of 
hyssop:  
� There are data about antimicrobial activity of hyssop 

essential oil against different Gram positive and Gram negative 
bacteria [7, 8, 9]. A pharmacological study confirmed also its 
antitubercular effect [10]. 
� Studying antimycotic potential of hyssop Mazzanti et al. [7] 

reported that it is especially effective in the inhibition of the growth of 
species from the Candida genus. 
� Hyssopus essential oil possesses also antifungal activity  

[11]. The antifungal properties are object of interest because of 
possibility essential oils to be used as natural preservatives for food 
products [12, 13]. 
� Lab studies conducted in the mid-1990s focused on antiviral 

activity revealed that hyssop contained compounds which exhibited 
anti-HIV activity [14, 15]. 
� Antioxidant properties of aromatic plant extracts were 

widely studied. According to hyssop there are convincing data [3]. 
Different antioxidant activity reported by different authors might be 
due to great variability of hyssop constituents. 



� Animal model studies on antispasmodic remedies confirmed 
the myorelaxant effect of the hyssop essential oil [16, 17].  

It must be noticed that human studies, adverse reactions and 
clinical trials examining hyssop properties are absent [3].  

Hyssop has been used not only for medicinal purposes. Despite 
having a slightly bitter taste, hyssop is used as a condiment in food 
industries. The leaves have a lightly bitter taste due to its tannins, and 
an intense minty aroma. Due to its intensity, it is used moderately in 
cooking. The herb is also used to flavor liqueur, and is part of the 
official formulation of well famous Chartreuse. The plant is also used 
in cosmetics as an ingredient in the production of many brands of 
colognes, perfumes and soaps. Hyssop is a valuable honey plant [18]. 
The plant is used by beekeepers to produce a rich and aromatic honey. 

Scope of the study 

Bulgarians have a long traditions in using herbal medicine. In 
order to establish the knowledge about hyssop nowadays a survey was 
carried out in different localities in Bulgaria during May-July 2013.  

Materials and methods  

The survey was carried out by using the face-to-face interview 
technique as described in similar studies [19, 20]. A group of students 
at the Department of Biology of Shumen University (Bulgaria) 
participated in the survey. The interviewed people were chosen 
randomly. The demographic features of the people who accepted to 
participate in the interview were determined. Then the participants 
were questioned whether they use hyssop. In order to disclose how 
specific demographic features of the participants related to their 
answers cross-relationships were analyzed. Descriptive statistic 
procedures like percentages and frequency distributions are used for 
analyzing the data. 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. 

Results and discussion  

The demographic features of the respondents are summarized in 
Fig. 1.  



 
 

Fig. 1. Demographic features of the informants (n=210). A - Sex of 
the respondents, B - Age of respondents, C - Level of education, D - 
Place where live longer. The percent differs from 100% if some of 

respondents gave no answer. 
 

The results revealed that only 2.38% of respondents had used 
hyssop. Some demographic features related to their answer. As can be 
seen from Table 2 80% of the respondents with positive answer 
were female. The same portion of the respondents with positive 
answer was between 50 and 60 years old. A popular assumption is that 
women usually expressed much more concern about their health than 
men. Our results confirmed this observation. Impact of the age on the 
answer probably is due to their longer experience in herbal utilization. 
We identified that level of education also have some influence on 
questioned item since none of people finished basic school gave a 
positive answer. These results reveal the impact of socio-cultural 
development on herbal utilization nowadays, observed also in other 
studies [21]. 



Table 1. Response of the participants (n: 210) to the inquiry. 

Questions  Responses number % 
Do you use hyssop  yes 5 2.38 

no 196 93.33 

The percent differs from 100.00% if some of respondents gave no answer. 
 

Table 2. Cross-relationships between the demographic features of 
respondents and their answer whether they use hyssop (n: 210). 

Demographic features 
Yes No 

n (%) n (%) 
Sex of the 
respondents 

Female (n 130) 4 (3.08) 
) 

119 (91.54) 
Male (n 80) 1 (1.25) 77 (96.25) 

  P>0.05 (NS) 
Age  
of 
respondents  

Less than 20 (n 36) 1 (2.78) 34 (94.44) 
Between 21 and 30 (n 60)  56 (93.33) 
Between 31 and 40 (n 26)  25 (96.15) 
Between 41 and 50 (n 25)  24 (96.00) 
Between 51 and 60 (n 35) 4 (11.43) 31 (88.57) 
Between 61 and 70 (n 19)  18 (94.74) 
Over 71 (n 8)  8 (100.00) 

  P<0.05 
Level  
of education 
 

Basic school (n 26)  26 (100.00) 
High school (n 109) 2 (1.83) 102 (93.58) 
University (n 68) 3 (4.41) 62 (91.18) 

  P>0.05 (NS) 
Place where 
live longer  
 

Urban area (n 150) 3 (2.00) 143 (95.33) 
Rural area (n 55) 2 (3.64) 49 (89.09) 

  P>0.05 (NS) 
The percent differs from 100.00% if some of respondents gave no answer.  
NS – non significant; n- number 
 

In Bulgaria hyssop is not widely distributed. It grows free only 
in western areas and favours sunny dry areas located on altitude 500-
1000 m [22]. The present survey show that people obviously used 



plants in their local environments. This observation is also an 
important concern for human health. In order to be available at local 
market rare herbs like hyssop could be introduced in cultivation. 
Moreover, hyssop was successfully micropropagated and adapted to 
field conditions in Bulgaria [23]. 

Conclusion 

The present survey demonstrates that hyssop is almost unknown 
to local people. We established that some demographic features of 
respondents like sex, education and age related to some extent to the 
answer whether they use hyssop. 
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Abstract: Herbal medicines can be used in the crude form or in 
pharmaceutical forms. In modern society different factors lead to 
changes of traditional ways of utilization of herbs. The aim of this 
study is to establish how specific demographic features of people 
influence their opinion about the preferred form of herbal products. 
Thе survey was carried out with 210 people in different localities in 
Bulgaria. Demographic profiles of the respondents were evaluated. 
The participants were questioned for the following items: 1) whether 
they use herbs in tablet form or in other pharmaceutical form and 2) 
how long they have used medicinal plants (from 5 years, from 5 to 
10 years or more than 10 years). In order to disclose correlations 
between demographic features of the participants and their answers 
cross-relationships were analyzed. The data revealed that about a 
half of all respondents had used herbal medicines in pharmaceutical 
forms. We identified that living at the urban regions (50.7% of 
respondents with positive answer) or rural regions (30.9% of 
respondents with positive answer) influence the interest in 
pharmaceutical herbal products. Level of education also has some 



impact since about a half of the people finished high school or 
university and only 26.9% of those finished basic school gave a 
positive answer. Most of respondents (62.8%) had used herbs more 
than 10 years and 47.7% of them purchased herbs in 
pharmaceutical form. The almost equal proportion of people from 
this group interested in pharmaceutical herbal products and people 
using herbs in traditional way is an evidence for the existence of 
local knowledge of folk medicine in Bulgaria. At the same time, 
these results display the impact of socio-cultural development on 
herbal utilization nowadays.  

Keywords: Ethnobotany, herbs in pharmaceutical form 

1. Introduction  

There is an increasing public interest in phytotherapy. Herbal 
medicines can be used in the crude form or as refined pharmaceutical 
forms such as capsules, tablets, concentrated extracts, teas etc. [1]. 
Ethnobotany has been defined as the traditional knowledge of 
indigenous plant diversity and the study of how the people of a 
particular culture and region make use of these plants [2]. Bulgarians 
have been using herbal medicine for centuries and the empirical data 
of traditional herbal drugs is passed on from one generation to another 
[3]. In modern society different factors lead to changes of people 
habits to use medicinal plants: globalization and migration from 
villages to cities, a lack of interest in young people etc. [4, 5, 6, 7]. 
Research on the scope of use of herbs and herbal medicines and 
factors associated with their use in Bulgaria is limited. Therefore, a 
matter of interest from an ethnobotanical viewpoint is to establish how 
specific demographic features of people influence their opinion about 
the preferred form of herbal products. Such data can be useful start 
point for further investigation of traditional knowledge of utilization 
of medicinal plants. 

This study was aimed at determining the use of herbal 
medicines in pharmaceutical forms among different socio-
demographic groups in Bulgaria.  

2. Materials and methods 



This survey was carried out in different areas of Bulgaria during 
May-July 2013 by using the face-to-face interview technique as 
described in similar studies [4, 8]. A group of students at the 
Department of Biology of Shumen University (Bulgaria) were trained 
to conduct an ethnobotanical survey. The interviewed people were 
chosen randomly. The demographic features of the respondents were 
determined. Then the participants were questioned for the following 
items: 1) whether they use herbs in tablet form or in other 
pharmaceutical form and 2) how long they have used medicinal 
plants, respectively from 5 years, from 5 to 10 years or more than 10 
years. In order to disclose how specific demographic features of the 
participants related to their answers cross-relationships were analyzed. 
Descriptive statistic procedures like percentages and frequency 
distributions are used for analyzing the data. Pearson correlation 
coefficient is calculated to measure the correlation between items 
questioned and demographic variables. 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 

Interviews with 210 people were conducted. The demographic 
features of the participants are summarized in Fig. 1.  

In Table 1 the distribution of the participants with respect to 
their habits of using herbs in pharmaceutical forms is presented. 

Table 1. Responses of the participants (n: 210) to the inquiry. 

Question  Responses Number (%) 
Do you use herbs in tablet form 
or other pharmaceutical form  

yes 96 (45.7)  
no 109(51.9)  

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

The data reveal that roughly a half of all respondents (45.7%) 
purchase medicinal plants in pharmaceutical form. This observation is 
in accordance with increasing popularity of herbal products reported 
in the last decades worldwide [9, 10]. A lot of factors (cultural, 
geographics, economics etc.) can influence herbal use in different 
regions of the world. For example, in developing countries the 



majority obtains herbal remedies from the wild [1] while in developed 
countries herbal industry is highly developed [11]. 
 

 
 

Fig. 1. Demographic features of the informants (n=210). A - Sex of 
the respondents, B - Age of respondents, C - Level of education, D - 
Place where live longer. 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 whether they use 
herbs in tablet form or other pharmaceutical form (Table 2). In order 
to determine the correlation between item questioned and 
demographic variables standardized Pearson correlation coefficient 
was calculated. 

 



Table 2. Cross-relationships between the demographic features of 
respondents and their answer whether they use herbs in tablet form or 

other pharmaceutical form (n: 210). 

Demographic features 
Yes No 

n (%) n (%) 
Sex of the 

respondents 
Female (n:130) 59 (45.4) 67 (51.5) 

Male (n: 80) 37 (46.3) 42 (52.5) 
  P=0.99 (NS), r= 0.08 a 

Age of 
respondents 

 

Less than 20 (n: 36) 14 (38.9) 22 (61.1) 
Between 21 and 30 (n: 60) 28 (46.7) 31 (51.7) 
Between 31 and 40 (n: 26) 11 (42.3) 14 (53.9) 
Between 41 and 50 (n: 25) 15 (60.0) 9 (36.0) 
Between 51 and 60 (n: 35) 16 (45.7) 17 (48.6) 
Between 61 and 70 (n: 19) 7 (36.8) 12 (63.2) 

Over 71 (n: 8) 4 (50.0) 4 (50.0) 
  P=0.65 (NS), r= 0.25 a 

Level of 
education 

 

Basic school (n: 26) 7 (26.9) 19 (73.1) 
High school (n: 109) 52 (47.7) 55 (50.5) 

University (n: 68) 34 (50.0) 32 (47.1) 
  P=0.09 (NS), r=0.26 a 

Place where 
live longer 

Urban area (n: 150) 76 (50.7) 70 (46.7) 
Rural area (n: 55) 17 (30.9) 38 (69.1) 

  P=0.007*, r=0.33a 
n – number; NS – non significant; *- significant; a weak correlation. The 
percent differs from 100% if some of respondents gave no answer. 

We identified that living at the urban regions (50.7% of 
respondents with positive answer) or rural regions (30.9% of 
respondents with positive answer) influence the interest in 
pharmaceutical herbal products. There is statistically significant 
dependence (P=0.007) between these two variables. We also observe 
weak correlation between them (r=0.33). Level of education also has 
some impact. About a half of the people finished high school and 
university have used herbs in pharmaceutical form. In comparison, 
only 26.9% of those finished basic school gave a positive answer. 
These results reveal the impact of socio-cultural development on 
herbal utilization nowadays. 

Table 3 summarizes the answers of the item: how long the 
respondents have used medicinal plants. 



Table 3. Responses of the participants (n: 210) to the inquiry. 

Question  Responses number (%) 
How long do you have use 

medicinal plants  
from 5 years  28 (13.3) 

from 5 to 10 years  37 (17.6) 
more than 10 years 132 (62.9) 

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

The larger portion of the informants (62.9%) has used herbs for 
over 10 years. In Bulgaria herbal medicines have been utilized since 
centuries [3]. 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 [6]. 

Table 4 shows cross-relationships between demographic 
features of participants and responses to the inquiry item: how long 
they have used medicinal plants. In order to determine the correlation 
between item questioned and demographic variables standardized 
Pearson correlation coefficient was calculated. 

The data in Table 4 show that only age predicted herbs use, 
other variables had no sufficient influence. This is extremely strong 
evidence that there is statistically significant difference between the 
distributions in the groups. We also observe moderate correlation – 
the standardized Pearson correlation coefficient is equal to 0.57. A lot 
of studies underlined that the age is an important factor influencing 
the opinion of people on utilization of herbal medicines [12, 13, 14, 
9]. Interestingly, a larger proportion of people above 30 years old 
consume herbs more than 10 years. These results demonstrated the 
persistence of local knowledge of herbal medicine use in Bulgaria. 

As can be seen from Table 3, 132 of informants (62.8%) have 
used herbs for more than 10 years. A matter of interest is their opinion 
about use of herbs in pharmaceutical form (Table 5). 

 
 
 
 
 
 
 



Table 4. Cross-relationships between the demographic features of 
respondents and their answer to the item: How long do you have use 

medicinal plants? (n: 210) 

Demographic features 

Years 
5 5-10 > 10 

n (%) n (%) n (%) 

Sex of the 
informants 

Female (n: 130) 17 (13.1) 27 (20.8) 75 (57.7) 
Male (n: 80) 11 (13.8) 10 (12.5) 57 (71.3) 

  P=0.215 (NS), r= 0.24a  
Age of 

informants 
 

Less than 20 (n: 36) 7 (19.4) 16 (44.4) 10 (27.8) 
21 - 30 (n: 60) 15 (25.0) 8 (13.3) 32 (53.3) 
31 - 40 (n: 26) 4 (15.4) 3 (11.6) 18 (69.2) 
41 - 50 (n: 25) 1 (4.0) 5 (20.0) 18 (72.0) 
51 -60 (n: 35) 1 (2.9) 4 (11.4) 29 (82.9) 
61 - 70 (n: 19) 0 (0.0) 1 (5.3) 17 (89.5) 
Over 71 (n: 8) 0 (0.0) 0 (0.0) 8 (100.0) 

  P≈0.00*, r= 0.57b 
Level of 
education 

 

Basic (n: 26) 3 (11.5) 8 (30.8) 15 (57.7) 
High school (n: 109) 19 (17.4) 21 (19.3) 64 (58.7) 

University (n: 68) 6 (8.8) 8 (11.8) 48 (70.6) 
  P=0.131 (NS), r= 0.33a 

Place where 
live longer 

Urban area (n: 150) 20 (13.3) 32 (21.3) 91 (60.7) 
Rural area (n: 55) 8 (14.5) 5 (9.09) 38 (69.09) 

  P=0.147 (NS), r=0.32a 
n – number; NS – non significant; *- significant; a weak correlation; b 
moderate correlation. The percent differs from 100% if some of respondents 
gave no answer. 

Table 5. Cross-relationships between the respondents who have used 
herbs for more than 10 years and their answer whether they use herbs 

in tablet form or other pharmaceutical form (n: 132). 

  Using herbs more than 10 years, n (%) 
Using herbs in Yes 63 (47.7) 
pharmaceutical 

form: 
No 67 (50.8) 

 P=0.638 (NS) 
n-number, NS – non significant. The percent differs from 100% if some of 

respondents gave no answer. 
 



The analysis revealed that roughly a half of the respondents 
who have used herbs for more than 10 years purchased herbs in 
pharmaceutical form. This observation is essential, because this group 
of respondents had a longest experience in herbal utilization. The view 
of people about the use of herbs in pharmaceutical form is also an 
important concern for human health. For example medicinal plants are 
most abundantly in tropical countries [15]. So many valuable herbs 
could be obtained only in pharmaceutical form. 

4. Conclusions 

Some demographic characteristics of people influence more 
variation on questioned items than others. We identified that living in 
urban or rural regions influence the opinion about using 
pharmaceutical herbal products. Level of education also has some 
impact. A larger portion of respondents had used herbs more than 10 
years and roughly a half of them purchased herbs in pharmaceutical 
form. The present research also exposes some characteristics of herbal 
utilization in Bulgaria. The almost equal proportion of people 
interested in pharmaceutical herbal products and people who used 
herbs in traditional way suggests the persistence of traditional 
knowledge. At the same time, these results display the impact of 
socio-cultural development on herbal utilization nowadays. 
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The Bulgarian Black Sea coast, a zone of interaction between 

the land and the sea, is characterized by a specific type of climate. To 

a great extent, the climate is affected by topography, which transforms 

solar radiation and atmospheric circulation.  

The purpose of this study is to provide evidence for the impact 

of topography on the climate characteristics of the region, through 

analysis of climate elements statistic data, recorded by the 

meteorological stations along the coast.  

The source of statistical information is the Climate handbook of 

the Republic of Bulgaria. The initial climate information is for 21 

stations from the national meteorological network – Dobrudzha 

institute (236 meters above sea level), Shabla (16), Kaliakra (63), 

Balchik (50), Karvuna (215), Suvorovo (194), Varna (14), Staro 

Oryahovo (14), Goren Chiflik (60), Obzor (60), Lyulyakovo (217),  

Aytos (90), Nesebar  (29),  Pomorie  (2), Kameno (23), Burgas (2),  

Sozopol (9), Sredets (23), Tsarevo (18),  Rezovo (20), Malko Tarnovo  

(339). 



 

Territory coverage and boundaries of the Bulgarian Black 

Sea coast 

There are different opinions on the boundaries and territory 

coverage of the region depending on the aspect – general natural 

geographic, geomorphological and climate aspects.  

As a natural geographic region, the coast includes the eastern 

lands of the Danube plateau, the Balkan Mountains and Trakiya-

Strandzha areas [1]. 

The delimitation of the region, influenced by the maritime 

climate, is a subject to change. Depending on the terrain, the area 

stretches 20-40 km inland along the northern coast, up to 50-60 km 

inland along the southern coast (in Burgas plain).  D. Dimitrov [2] 

defines four climate sub regions: Dobrudzha-Varna, East Balkan 

Mountains, Burgas and Strandzha. 

In terms of geomorphology (morphography and 

morphostructure), Keremedchiev [3] defines four areas: coastal region 

within the Danube plateau (37,9%), Balkan Mountains coastal area 

(12,1%), region within the Burgas plain  (17,7%)  and Mednoridsko and 

Strandzha coastal region (32,3%). 

The main climate factors 

Topography and surface 

Topography affects climate through altitude, slopes height and 

exposure, terrain indentation and location to air currents. The 

Bulgarian Black Sea coast is a line with ranging width (from 5-10 up 

tp 40-50 km) that runs from cape Sivriburun in the north, to the mouth 

or river Rezovska in the south. In a bee-line, the distance between 

these two points is 199 km. If we follow the coastal line, the distance 

is 378 km. The almost double length of the coastal line is due to the 

deeply inland recessed bays of Varna, Burgas and Balchik. The ratio 

of indentation of the shoreline is 1,99. In hypsometric terms, the coast 

covers areas with height within the range of 0-600 m. The eastern 

parts of Primorska Dobrudzha, Batova firth, Varna-Beloslav firth and 

Kamchiya firth, Burgas plain and areas of Strandzha coast are 

included in the lowload zone (up to 100 m). Dobrudzha, Franga and 

Avren plateaus, and the surrounding hills of Burgas plain are part of 

the plain-plateau zone (100-300 m). The hilly zone (300-600 m) 

encompasses parts of Kamchiya, Eminska and Aytos Mountains, 



which act as barriers to the air masses moving from south to north, 

and in reverse. The Bulgarian Black Sea coast has mainly cliff 

topography (19 km; 53%), beach lines (126 km; 34%) and abrasion 

and sliding coastlines (48 km; 13%).  

The characteristics of the surface type (soil, vegetation, snow 

cover) affect the climate diversity within the coastal area, but since the 

effect mainly occurs on micro climate level, more detailed research is 

required to highlight this issue.  

Solar radiation 

Sunshine duration defines the light level of the territory and it is 

mainly determined by the day hours. The astronomical day is the same 

in all regions in Bulgaria due to the country’s small extent from north 

to south [4]. The actual sunshine duration differs from the 

astronomical (at cloudless sky and open horizon) due to cloudiness, 

fog and air pollution.  

Chart 1 Sunshine duration (per hour / in%)  

Station I II III IV V VI VII VIII IX X XI XII Year 

Kaliakra 80/27 85/29 124/34 173/43 235/52 293/64 338/73 316/73 241/64 178/52 94/32 70/25 2227/50 

Karvuna 84/29 97/33 138/37 185/46 256/56 289/63 339/73 315/73 235/63 183/53 92/31 73/26 2286/51 

Dobr. inst. 78/27 89/30 126/34 182/45 241/53 283/62 324/70 308/71 231/61 177/52 92/31 68/24 2199/49 

Varna 84/29 90/31 120/32 163/41 219/48 260/57 317/68 297/69 222/59 164/48 91/31 67/24 2094/47 

Suvorovo 81/28 92/31 133/36 182/45 230/51 261/57 315/68 303/70 235/63 175/51 93/32 72/25 2172/49 

Pomorie 83/29 95/32 135/37 183/46 243/54 281/61 335/72 319/74 246/65 184/54 100/34 71/25 2275/51 

Karnobat 74/26 92/31 140/38 193/48 246/54 268/58 329/71 323/75 252/67 175/51 95/32 72/26 2259/51 

Burgas 58/20 79/27 120/32 166/41 231/51 274/60 327/70 310/72 233/62 157/46 78/27 49/18 2082/47 

Rezovo 73/25 84/29 120/32 175/44 228/50 292/64 343/74 323/75 230/61 160/64 97/33 67/24 2192/49 

 Period 1951–1970 

Chart 2 Number of days without sunshine due to cloudiness, fog and 

air pollution 

Station І ІІ ІІІ ІV V VІ VІІ VІІІ ІХ Х ХІ ХІІ Year 

Kaliakra 13 10 9 6 2 1 0 0 1 4 9 13 68 

Dobr. 

inst. 

15 10 8 5 1 1 0 0 2 4 10 15 71 

Varna 12 9 9 5 2 1 0 0 1 4 9 13 65 

Suvorovo 14 10 8 5 3 2 1 1 2 4 10 15 76 

Pomorie 13 9 7 4 2 1 0 0 1 4 9 12 62 

Karnobat 11 8 7 3 1 1 0 0 1 3 8 12 55 

Burgas 15 11 11 6 2 1 0 0 2 5 12 16 81 

Rezovo 14 10 10 4 2 1 0 0 2 6 9 13 71 

Period 1951–1970 



In order to define the influence of topography on sunshine 

duration, the location of each station is taken into consideration 

(altitude, situation – on a hill or on a flat surface, open horizon level). 

The greatest number of sunshine hours is along the South Black Sea 

coast (Pomorie), followed by the North Black Sea coast and the 

eastern parts of South Dobrudzha (Karvuna). The tendency for all 

stations in terms of inter annual distribution, is the same – maximum 

hours of sunshine in July and minimum number of hours in December. 

Cloudiness influence (including fog and air pollution) is 

determinant for sunshine duration, as topography plays secondary 

role. There is a connection between the readings, the location of the 

stations and the closeness of the horizon. Sunshine duration increases 

at higher altitude, openness of the horizon and less cloudiness 

(Dobrudzha institute, Karvuna, Suvorovo and other). Sunshine 

duration decreases in stations, located in valleys (Varna), in lowlands, 

surrounded by heights (Burgas), in hollows and covered mountain 

slopes. The lowest level of sunshine duration is recorded in Varna and 

Burgas. It is additionally influenced by the decreased air transparency, 

due to higher pollution in both big cities.  

Atmospheric circulation 

Atmospheric circulation over the Bulgarian Black Sea coast is 

defined by the transfer of continental and oceanic air masses of the 

temperate regions, tropic continental and oceanic air masses, arctic 

continental and oceanic air masses and the direct influence of the 

Black Sea. The air masses are mainly influenced by topography and 

surface. The humid air masses transfer is mainly dominated by the 

Iceland cyclone and the Azor anticyclone. The common Atlantic air 

masses penetration determines the cool and rainy weather in summer, 

and the mild weather and heavy raining in winter. The temperate 

warm air masses move from the Mediterranean or from the back parts 

of the arctic front cyclones. They cause warm weather and raining and 

snowing in winter. As the masses are additionally heated in summer, 

thunderstorms with heavy raining are common in summer. The 

oceanic air of the temperate cold air masses is cold during the warm 

half of the year and moderately warm during the cold half of the year. 

It penetrates from northwest or west. The continental oceanic air 

masses penetrate from northeast – being warm in summer and cold in 



winter. In summer, the oceanic air is preheated and less humid which 

results in heavy decrease in precipitation along the coast [2].  

Climate elements 

Air temperature 

The temperature readings (Chart 3 and diagrams) confirm a 

well-known pattern for increase in temperature along the coast from 

north to south (including the average annual and winter temperatures), 

also established by other research studies.  
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Chart 3The average monthly and annual minimum/maximum 

temperature 

  Period 1931–1970 



The average temperatures in January and February along the 

Northern coast are negative (the lowest in Shabla, Kaliakra, Balchik 

from - 0,6 to -0,8
о
С), as the readings are lower with greater distance 

from the shore and increase in altitude. Along the East Balkan 

Mountains coast, the higher altitude mountain hills cause colder and 

snowier winter. To the south, the protective influence of the hills 

against the penetrating from north and northeast cold continental air 

currents leads to higher winter temperatures (with 1-2
о
С) and less 

snowpack. The average temperatures in January and February in 

Lyulyakovo are the same as the ones, measured in Shabla and Balchik 

(January -0,6
о
С; February -2,0

о
С), in other words lower in 

comparison to the other stations along he Southern coastline. This is 

likely caused by the location of the station in the valley (gorge) of the 

Kamchiya River, between Varbishka, Kamchiyska and Eminska 

mountains. Cold northeastern winds blow through this valley corridor 

in winter. 

The differences in temperature between the stations, subject to 

research, depend on the shape of the topographic surface. The concave 

areas determine lower air temperatures (due to a flow of cold air 

towards these regions – for example, Varna, Goren Chiflik, 

Lyulyakovo, Aytos), and the convex surface areas determine higher 

temperatures. At higher altitude, the duration of steady lasting 

temperature levels above 0
 о
С, 5

 о
С, 10

 о
С and 15

 о
С decreases.  

 The higher average maximum temperatures are recorded south 

of Balkan Mountains, in stations, situated more remotely from sea, 

where breeze circulation mitigates high temperatures. The maximum 

temperature is influenced to a less extent by the topography than the 

average diurnal temperature. The maximum temperature in Burgas 

lowland and along Strandzha coast rarely goes above 32-33
 о

С as this 

tendency is stronger for areas jutting out in the sea and areas with 

higher altitude.  

The diurnal variation is greater in concave rather than convex 

areas, in comparison to the flat surface [5]. 

Air humidity 

It is determined by atmospheric circulation and the nature 

geographic characteristics – altitude, topography, soil and vegetation, 

and the sources of intensive evaporation (the Atlantic Ocean and the 



Mediterranean). The Black sea influences only the narrow coastline 

due to predominant transfer from west to east. The highest humidity is 

recorded in the stations, situated most closely to the sea. The East 

Balkan Mountains has restraining influence and the stations along the 

northern coastline record lower humidity readings compared to the 

stations along the southern shoreline. On the other hand, the 

continental air masses, moving from northeast, are less humid.  

Chart 4The average monthly and annual relative humidity (%) 
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During the warmer half the year (April-October), the relative air 

humidity increases with higher altitude (mainly during the day), and 

during the cold half the year is recorded the reverse phenomenon. As 

altitude rises and temperature falls, the relative humidity drops on 

average with 1,5 up to 2-2,5% on 100 m.  

Cloudiness 

Altitude influences the quantity of clouds and the cloudiness 

pattern. In stations, situated at higher altitude – Dobrudzha institute 

(236 m), Suvorovo (194 m), Lyulyakovo (217 m), Malko Tarnovo 

(339 m), increased cloudiness is recorded in summer compared to the 

other stations, when convective clouds dominate. 

A more detailed analysis on the influence of topography on 

cloudiness cannot be performed because there is no data from stations, 



situated on slopes with different exposure and altitude. When applying 

the established patterns from other areas in the country, we can 

presume that in summer the cloudiness rises with higher altitude, and 

in winter – cloudiness in not mountainous and low mountain areas is 

higher than in medium mountain areas. 

  Chart 5 Average monthly and annual cloudiness     

  Station І ІІ ІІІ ІV V VІ VІІ VІІІ ІХ Х ХІ ХІІ Y 
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Luliakovo 

6,7 
6,9 

7,2 

7,0 

7,2 

6,9 

6,5 
7,1 

7,0 

7,0 
6,9 

7,0 

7,5 
7,3 

6,6 

7,1 

6,9 
7,0 

7,3 

6,8 

7,0 

7,0 

6,5 
6,8 

6,7 

6,8 
6,6 

6,6 

7,1 
7,1 

6,4 

6,8 

6,6 
6,7 

7,2 

6,8 

6,6 

6,9 

6,0 
6,6 

6,5 

6,6 
6,3 

6,4 

7,1 
6,6 

6,2 

6,7 

5,9 
5,4 

6,3 

5,8 

5,8 

6,3 

5,4 
5,8 

5,7 

6,4 
5,4 

5,4 

5,9 
5,8 

5,2 

5,9 

5,4 
4,7 

5,8 

5,3 

5,5 

5,9 

4,8 
5,2 

5,1 

5,5 
4,8 

4,8 

5,2 
5,4 

4,6 

5,6 

4,6 
3,4 

4,4 

4,2 

4,8 

4,7 

3,7 
4,0 

4,0 

4,2 
3,5 

3,6 

3,9 
4,0 

4,7 

4,9 

3,3 
2,5 

3,0 

2,8 

3,9 

3,0 

2,5 
2,8 

2,7 

2,8 
2,2 

2,2 

2,6 
2,7 

2,6 

3,3 

3,0 
2,1 

2,8 

2,6 

3,4 

2,8 

2,2 
2,6 

2,5 

2,7 
2,2 

2,2 

2,5 
2,8 

2,2 

3,0 

3,5 
3,4 

4,1 

3,5 

3,9 

3,8 

3,2 
3,5 

3,5 

3,5 
3,4 

3,5 

4,0 
3,9 

2,9 

3,6 

4,9 
4,9 

5,5 

5,1 

5,4 

5,5 

4,9 
5,0 

5,0 

5,3 
5,0 

5,1 

5,4 
5,4 

4,4 

5,2 

6,8 
6,8 

7,2 

6,9 

6,7 

7,0 

6,4 
6,7 

6,7 

6,9 
6,4 

6,3 

6,9 
6,8 

8,1 

6,9 

7,1 
7,1 

7,5 

7,0 

7,1 

7,0 

6,7 
7,0 

6,9 

7,0 
6,9 

7,0 

7,4 
7,2 

6,6 

7,0 

5,4 
5,1 

5,7 

5,3 

5,6 

5,6 

4,9 
5,3 

5,2 

5,5 
5,0 

5,0 

5,5 
5,4 

5,6 

5,5 

 Period 1941–1970 

Mist 

Chart 6 Number of foggy days per month, per half year and per 

year 

  Station І ІІ ІІІ ІV V VІ VІІ VІІІ ІХ Х ХІ ХІІ ІV-ІХ Х-ІІІ Year 
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The proximity to the Black Sea results in the frequent mists 

formation, even in summer. According to [6], there is no mist 

variation in the lower part of the coastline with height increase.  

The mists maximum along the coast is recorded during the 

spring and autumn months, as the fogs in autumn are rarer than the 

fogs in spring. At the end of spring, due to the breeze circulation, 

advective fogs are formed which penetrate 30-40 m inland. The annual 

number of foggy days is 21. The dominance of radiation and 

advective-radiation processes in the mists formation in the lowlands 

causes an increase in the number of foggy days in the low coastline 

territories, hollows and closed valleys. The greatest number of foggy 

days in the cold half of the years is recorded in Varna, Burgas, 

Kaliakra and Tsarevo.  

Precipitation 

The quantity and type of precipitation along the Bulgarian 

Black Sea coast is determined by the cyclones, the cloudiness and the 

topography.  

Chart 7 The average monthly, seasonal and annual 

precipitation in mm 
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The stations along the Northern Black Sea coast and Eastern 

Dobrudzha are characterized by a small precipitation amount, but in 

some years is recorded heavy raining during the summer months. This 

refers mainly to Varna, Shabla and Balchik. The possible reason for 

the small amount of precipitation is the Eas. Balkan Mountains, a 

barrier to the penetrating humid air masses from the Mediterranean 



cyclones. Precipitation increases slowly in the Eastern Balkan 

Mountains coastline, and in terms of annual distribution a rise is 

recorded in winter months compared to summer.  

A considerable precipitation is recorded during all months 

(except for the summer) in Malko Tarnovo due to the cyclones and the 

influence of Strandzha Mountains – altitude, topography and 

vegetation.  

The seasonal rainfall pattern indicates autumn-winter maximum 

for most of the stations. The rainfall readings in winter and summer 

along the Northern coastline are similar, while south of cape Emine, 

the winter precipitation prevails over the summer. The Eastern Balkan 

Mountains plays the role of a barrier in terms of characteristics of the 

rainfall pattern along the coast.  

Snow cover and frost 

Snow cover along the Bulgarian Black Sea coast rarely lasts 

long (only in 5-10 % of winters) [6]. Among all studied stations in 

close proximity to the sea, snow cover is mainly formed in January 

and February in the region of Shabla,  as it is not considerably deep. 

Snow cover with greater depth is recorded in the regions of Suvo-rovo 

and Malko Tarnovo, which are situated a bit more far from the sea. 

The readings in M. Tarnovo are influence by the altitude and 

vegetation of Strandzha Mountains.  

Chart 8 The average and end date of the last spring and the 

first autumn frost, no frost days and the monthly number of days 

with no frosting 

  Station  Last frost    First frost Average 

length of 

frost-free 

time 

Number of days with frost 

Averag

e date 

At a 

later 

date 

Averag

e date 

At a 

later 

date 

  ІV V ІХ Х 

Varnа 24.ІІІ 22.ІV 19.ХІ 13.Х 239 0,6 0,0 0,0 0,2 

Suvorovo 20.ІV 20.V 20.Х 21.ІХ 189 2,1 0,2 0,2 2,9 

G. Chiflik 18.ІV 20.V 13.Х 14.ІХ 177 2,3 0,2 0,3 3,2 

Аitos 11.ІV 20.V 25.Х 20.ІХ 196 1,8 0,1 0,1 1,8 

Sredets 6.ІV 22.V 27.Х 15.ІХ 203 1,1 0,1 0,1 1,7 

М.Тarnovo 18.ІV 28.V 21.Х 9.ІХ 185 1,1 0,3 0,2 1,8 

Period1931–1970 

Frosting is connected to the topographic characteristics, 

vegetation, soil surface and the air masses. As altitude rises, a delay in 

the average and end date of the last frost is recorded. The earliest frost 



data is measured on 9 September in Malko Tarnovo. There is again a 

dependence on the altitude – an increase in altitude moves forward the 

average date of the first frost.  

Wind 

The direction and speed of wind blowing along the Bulgarian 

Black Sea coast depends on atmospheric circulation, topography and 

the characteristics of the surface [8]. For most of the stations, winds 

from the western quarter of the horizon are dominant due to the 

European annual zone atmospheric transfer from west to east. Winds 

blowing from north and northeastern dominate in the regions of 

Kaliakra (due to the cape character of the area), Balchik, Burgas, 

Sozopol, Tsarevo, and Suvorovo, Aytos, Sredets from the stations 

located inland. In winter, winds blowing from the land into the sea or 

along the shoreline are dominant as a result of the weaker thermal 

influence of the sea on the adjacent areas.  

Annual wind roses for the period (1931 – 1979) 
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 The orographic influence of the Balkan Mountains is stronger 

on cold air masses, which can be proven by comparing the wind 

patterns and temperatures on both sides of the mountain range.  

Winds are stronger in Eastern Dobrudzha and the adjacent 

coastline (among the strongest in Bulgaria), compared to the winds 

along the Southern coastline. The flat surface is a factor for more 

speedy winds. In winter, north of the mountains range, winds blowing 

from north-east are dominant, while, the regions south of cape Emine 

(Nesebar, Pomorie, Burgas, Sozopol) are protected to some extent by 

the penetration of cold continental air.  

Chart 9 Average monthly and yearly wind speed (m/sec) 

Station І ІІ ІІІ ІV V VІ VІІ VІІІ ІХ Х ХІ ХІІ Year 

Shabla 4,7 4,2 3,7 3,8 3,6 2,9 2,6 2,9 3,1 3,3 3,7 4,3 3,6 

 Dobr. 

inst. 

4,8 5,0 5,1 4,3 3,5 2,9 2,7 2,8 2,7 3,2 4,2 4,0 3,8 

Kaliakra 8,5 8,3 7,0 5,4 5,2 4,8 5,5 5,8 6,7 7,0 7,6 8,0 6,7 

Balchik 5,0 4,0 3,3 3,0 2,9 2,9 2,6 2,8 3,2 2,9 3,5 4,1 3,3 

Suvorovo 3,5 3,5 3,5 2,9 2,5 2,2 2,2 2,0 2,0 2,5 2,7 2,9 2,7 

Varna 3,8 3,8 3,9 3,3 3,1 3,1 3,1 3,1 3,5 3,7 4,0 3,6 3,5 

St. 

Oriahovo 

2,8 3,2 2,6 2,4 2,0 2,0 1,8 1,9 1,9 1,7 2,2 2,6 2,3 

G. Chiflik 2,0 2,2 2,0 1,9 1,4 1,3 1,2 1,2 1,2 1,1 1,4 1,8 1,5 

Obzor 5,2 4,8 4,5 3,9 4,0 3,8 4,2 4,4 4,7 5,3 4,8 5,3 4,6 

Luliakovo 2,7 2,9 2,6 2,3 1,9 1,8 1,8 1,8 1,9 1,9 2,1 2,6 2,2 

Nesebar 3,7 3,0 3,1 2,2 2,0 2,2 2,1 2,3 2,7 3,1 3,4 3,4 2,7 

Аitos 2,7 2,5 2,4 1,8 1,8 1,7 1,9 1,8 1,6 1,7 1,9 2,3 2,1 

Pomorie 4,5 4,6 4,5 4,1 3,9 3,7 3,8 3,7 4,0 4,1 4,1 4,1 4,1 

Кameno 3,4 3,7 3,7 3,4 2,9 2,7 2,9 2,9 3,0 3,0 3,2 3,4 3,2 

Burgas 3,0 3,5 4,4 3,6 3,3 3,1 3,3 3,7 3,9 3,5 3,3 2,9 3,4 

Sozopol 3,7 3,4 3,2 2,0 1,7 1,9 2,0 2,2 2,7 2,9 3,3 3,5 2,7 

Tsarevo 3,0 3,1 3,2 2,3 2,0 2,0 2,0 2,3 2,7 3,0 3,1 3,4 2,7 

Sredets 1,6 2,3 2,4 2,3 1,9 1,5 1,7 1,7 1,5 1,4 1,7 1,8 1,8 

Rezovo 4,8 5,4 4,5 3,6 2,8 2,8 3,1 3,3 3,7 4,1 4,5 4,9 3,9 

М. 

Тarnovo 

1,9 2,3 2,0 1,6 1,3 0,9 0,8 0,9 0,9 1,1 1,6 1,8 1,4 

Period 1931–1970 

The number of windy days is big – between 60 and 87 days 

(Kaliakra (87.1) for areas jutting into the sea. The greater altitude of a 

station and the closer it is located to the sea, the greater number of 

days with strong winds, especially during the cold part of the year. 

The smallest number of windy days is recorded in Goren Chiflik – 4,5 

and Staro Oryahovo – 6,6.  



The analysis of the indicators of wind speed and direction 

reveal the role of the topography in the area of Dobrudzha plateau – 

the plain characteristics allow for free penetration of air masses from 

north and north-east in winter, usually with great speed.  

The location of Gorni Chiflik in the Valley of Kamchiya River 

and the presence of positive shapes on both sides of the station (north 

– Franga plateau, south – Kamchiya Mountains) define the yearly

dominance of western and eastern winds. 

The daily sea breeze along the Northern coastline penetrates up 

to 20-30 km inland due to the plain relief of Dobrudzha plateau.  

The mountain hills and deeply jutting valley of Kamchiya 

River, partly the Valley of Dvoynitsa River, in the area of Eastern 

Balkan Mountains create orographic conditions for baylike 

distribution of sea climate influence, which limits the perimeter of the 

breeze circulation and enhances the night breeze [2].  

In Burgas lowland, due to orographic reasons (the lowland is 

jutting deeply into the west), the breeze circulation penetrates further 

west (40-60 km), compared to Eastern Dobrudzha and the area of 

Eastern Balkan Mountains, and thereby the sea climate influence.  

Conclusions 

 The flat relief of the eastern part of Dobrudzha plateau is a

precondition for longer sunshine duration, witnessed mainly in the 

areas at higher altitude (Dobrudzha institute, Karvuna, Suvorovo). The 

lack of orographic barrier allows northern and north-eastern winds to 

reach higher speed, as the peak is in winter (one of the strongest winds 

in Bulgaria). The falling thermal level occurs with lower average 

minimal winter temperatures.  

 The eastern hilly parts of the Balkan Mountains are a climate

barrier between the Northern and the Southern Black Sea coast – there 

are differences in almost all climate elements. Regarding air 

temperature, the protective influence of Kamchiya Mountains, Emin 

Mountains, Karnobat Mountains and Aytos Mountains is more visible 

in the cold half of the year, against the north and north-east 

penetrating continental air masses. In winter, north of the hills cold 

north and northeastern winds are predominant, and the areas south of 

cape Emine (Nesebar, Pomorie, Burgas, Sozopol) are protected to 

some extent which results in the temperature readings. There is a 



difference between the Northern and the Southern coastline in terms 

of precipitation, as well. The mountain restricts the humid air masses, 

penetrating with Mediterranean cyclones – which are a major factor 

for rainfall. There is minimum precipitation along the Northern coast 

and in Eastern Dobrudzha. The winter and summer amount of rainfall 

is almost equal along the Northern coast, while south of cape Emine 

the winter rainfall exceeds summer. Along the Eastern Balkan 

Mountains coast, the precipitation rises slowly, and in annual terms, 

there is an increase of the winter rainfall, compared to summer. The 

hills restrict the formation of humid air along the coast. As a result, 

the sea climate influence is weaker along this part of the coast.  

 The Burgas coastal lowland, with the vastest bay along the

coast, create conditions for extending the Black sea climate influence 

inland (up to 40-60 km), compared to the areas of Eastern Dobrudhza 

(up to 30-40 km) and Eastern Balkan Mountains (up to 20-30 km). 

The sea influence is enhanced in the jutting out peninsulas of Nesebar 

and Pomorie.  

 In the Strandzha Black sea coastal area, altitude plays the

major role for determining the climate characteristics. As a result of 

the higher altitude and stretching direction of the hills of Bosna, 

Hasekiya and Strandzha, it is recorded a decrease in the average 

monthly temperatures in summer, bigger amount of rainfall and longer 

lasting snow cover in winter. 

 Along the Bulgarian Black Sea coastline, with an increase in

altitude, sunshine duration rises, absolute humidity drops, and the 

relative humidity grows, together with cloudiness and rainfall.  

 The concave forms – valleys, canyons and covered mountain

slopes (Varna, Goren Chiflik, Lyulyakovo, Aytos) create conditions 

for a decrease in sunshine duration and lower average and minimal 

temperatures in winter, compared to the convex and flat terrains 

(Shabla, Kaliakra, Malko Tarnovo). There is greater diurnal amplitude 

in concave and less convex terrains, compared to flat areas. An 

increase in foggy days is recorded in valleys and semi-covered valley-

like lowering.  

 It is necessary to conduct microclimate research in order to

study in more details the connection between Black sea coastal 

climate and topography.  
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Abstract. Borders and principal regional units of the 

Bulgarian continental micro morphotecture (eastern part of Balkan 

Peninsula). The east part of the Balkan Peninsula is occupied from 

the southern parts of the Carpathian continental micro 

morphotecture (South Moesian morphostrustural zone) to the north 

and the Bulgarian continental micro morphotecture to the south. It 

is disposed between the Moesian, Dinarian, Pind, Halkidikian, 

Aegean, West Anatolian continental micro morphotectures and 

Euxinian (Black Sean) oceanic micro morphotecture. The internal 

pattern of the Bulgarian continental micro morphotecture includes 

the South Morava morphostructural zone (with Nishava and 

Surdulitsa morphostructural areas), the Hemus morphostructural 

zone (with  Midzhur, Belogradchik, Mazalat, Veliko Tarnovo, 

Preslav, Udvoy-Matoria and Primorska morphostructural areas), 

the Subbalkan morphostructural zone, the Kraishte-Sredna gora 

morphostructural zone (with the Vitosha and Sredna gora 

morphostructural areas), the Uper Thracian morphostructural zone 

(with the Plovdiv, Zagore and Burgas morphostructural areas), the 

Bregalnitsa morphostructural zone, the Rila-Rhodopean 

morphostructural zone (with the Rila, Pirin, West Rhodope and East 

Rhodope morphostructural areas), the Sakar-Strandzha 

morphostructural zone (wit the Sakar and Strandzha 

morphostructural areas), the Gradesh-Belasitsa morphostructural 

zone (with the Gradesh and Belasitsa morphotructural areas), the 

West Thracian morphostructural zone and the Lower Thracian 

morphostructural zone 
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The article exposes the contemporary concept about the 

borders and principal regional units of the Bulgarian continental micro 

morphotecture (east part of Balkan Peninsula).  

Borders 

South Europe is composed by numerous micro 

morphotectures (fig.  1). The east part of the Balkan Peninsula is 

occupied from the southern parts of the Moesian continental micro 

morphotecture (South Moesian morphostrustural zone) to the north 

and the  Bulgarian continental micro morphotecture to the south (fig. 

2).  The border between them is beginning to the west from the Timok 

river valley (in Serbia). It is following on the north side of the Fore 

Balkan and Stara planina Mountain range - trough the north foot of 

Vrashka cuka mountain massiv, Rabisha hill, the hills of Glamata, 

Kosara, Belotintsi, Shiroka planina, Verenishko bardo, Pastrinata, 

Milin kamak, Vesletsa, Borovan hill, to the nord from the villages of 

Ohoden, Virovsko, Aglen, Beglezh, the town of Slatina and Cherven 

bryag, the hills of Lovech, Devetaki, Veliko Tarnovo, Antonovo, 

Preslav, Dragoevska mountain and Kamchiya river (after the join 

between Golyama ant Luda Kamchiya river) to the sea side of  Black 

Sea (fig. 2 ). 







Fig. 2 Over view morphostructural map of the Bulgarian continental 

micro morphotecture 

Morphotectonic borders: 1- paleotectonic suture, 2- transform fault, 

3- zonal fault boundary, 4- area fault boundary.  

Borders with the neighbor micro morhpotectures: M-M – Moesha, 

C-C – Carpathian, D-D – Dinarian, P-P – Pindian, H-H – Halkidikian, A-A – 

Aegean, W-W – West Anatolian, W-P – West Pontian,  E-E – Euxinean.  

Morphosructurelle zones and areas of the Bulgarian continental 

micro morphotecture: 

1- 7- negative morphounits (orthoplan relics): 1-  Sub Balkan 

morphostructural zone; 2- Upper Thracian morphostructural zone: 2/1 - 

Plovdiv morphostructural area, 2/2-  Zagore morphostructural area, 2/3 - 

Burgas morphostructural area; 3- Strumeshnitsa morphostructural zone, 

4- Middle Struma morphostructural zone, 5- Middle Mesta 

morphostructural area, 6- West Thracian morphostructural zone, 7- 

Lower Thracian morphostructural zone;  

8-14 – positive morphounits (mountain and hills 

morphostructuires):  8-  South Morava morphostructural zone: 8/1- 

Nishava morphostructural area, 8/2- Surdulitsa morphostructural area; 9- 

Hemus morphostructural zone: 9/1- Belogradchik morphostructural area, 

9/2- Veliko Tarnovo morphostructural area, 9/3- Preslav morphostructural 

area, 9/4- Midzhur morphostructural area, 9/5 - Mazalat morphostructural 

area, 9/6- Udvoy-Matoria morphostructural area, 9/7- Primorska 

morphostructural area; 10-  Kraishte-Sredna gora morphostructural zone: 

10/1- Vitosha morphostructural area, 10/2- Sredna gora morphostructural 

area; 11-  Bregalnitsa morphostructural zone; 12- Rila-Rhodope 

morphostructural zone: 12/1- Rila morphostructural area, 12/2- Pirin 

morphostructural area,  12/3- West Rhodope morphostructural area, 12/4- 

East Rhodope morphostructural area; 13- Sakar-Strandzha 

morphostructural zone: 13/1- Sakar morphostructural area, 13/2- Strandzha 

morphostructural area; 14- Gradesh-Belasitsa morphostructural zone: 

14/1-  Gradesh morphotructural area,  14/2- Belasitsa morphotructural area. 

The west border of the Bulgarian continental micro 

morphotecture is beginning in the Timok river valley to the north foot 

of Vrashka cuka mountain massive (in Serbia – fig. 2).  It is 

consecutive following the Timok river valley, the Beli Timok river 

valley (between the town of Zaechar and the town of  Knjazhevats), 

the Svrlizhki Timok river valley (between the town of Knjazhevats 

and the town of Svrlig), and the west slope of mountain massive of 



Svrlig planina to the town of Nishka banya (Nishava river valley). 

The border is watching the Kutinska river valley (between Nishava 

River and the district of the village of Gadzhin Han). It is passing on 

the north slope of the Babichka Gora Mountain to the Soyth Morava 

river valley, near the district of the village Brestovats. The west 

border prolongation in Serbia is following the South Morava river 

valley, to the town of Vranya (fig. 2) and the deep mountain river 

valley between the town of Vranya and the Pchinya river valley near 

the village of Vladovtse. The border is marked by the Pchinya river 

valley and the Vardar river valley, between the town of Veles and the 

town of Valandovo in Macedonia (fig. 2). The examined 

morphotectonic boundary is separating the Bulgarian continental 

micro morphotecture from the Moesian (between the town of 

Knjazhevats and the South Morava river valley – fig. 2), Dinarian (on 

the South Morava river valley, between the villages of Kochane and 

Zlokuchane ) and the Pind continental micro morphotecture (fig. 2). 

This border has a character of an old Pre Paleogene or Early 

Paleogene tectonic suture between the different continental 

microplates. 

The south border of the Bulgarian continental micro 

morphotecture is starting to the west from the town of Valandovo (fig. 

2). It is following the field of Valandovo along the south slope of the 

Plavush mountain; crossing the pass of Kosturino and prolonging on 

the south slope of Belasitsa mountain to the Rupel gorge of the 

Struma river valley (fig. 2); traversing on the south-west slopes of the 

Vrondous mountain (between the towns of Siderokastro and Seres), 

the Menikio mountain (between the towns of Seres and Nea Zichni) 

and the west slope of the Pangeo mountain (between the town of Nea 

Zichni and Orfanos gulf). The border is passing between the Thasos 

island and the Aton peninsula (Halkidiki peninsula – fig. 2) in the 

Thracian sea (the most north part of the Aegean sea –fig. 2); following 

the west-southwest - east-northeast see bottom depression between the 

Samotraki island (to the north) and Limnos and Micros islands (to the 

south), the Saris bay and the Kava river valley (between the town of 

Shakily and Tekirdag in Turkey – fig. 2). The investigated 

morphostructural boundary is crossing the north parts of the Marmora 

Sea in west-southwest – east-northeast direction (fig. 2).  



The south border is marked by the Pre Paleogene or Early 

Paleogene tectonic suture between the Bulgarian continental micro 

morphotecture and the Halkidiki Peninsula micro morphotecture 

(between the town of Valandovo and the meridian of Thasos Island – 

fig. 2), the Aegean continental micro morphotecture (between the 

town the meridian of Thasos island and the Saros bay –fig 2), and the 

East Anatolian continental micro morphotecture (between the town 

the Saros bay and the Bosphoros  Strait  –fig 2). 

The terrestrial part of the east border of the Bulgarian 

continental micro morphotecture coincides with the prolongation of 

the Bosphorus Strait (fig. 2 – 1-1). The other part of this boundary is 

completely covering from the water of the Black sea (fig. 2) and from 

the very thick Danube – Dnepr - Don delta river deposits. It is 

probably coinciding wit the base of the continental slope of the 

Bulgarian Black sea coast [1]. The Bulgarian continental micro 

morphotecture is contacting to the east with the Ewxin (Black Sea) 

oceanic micro morphotecture [2]. The border has a character of a 

passive continental margin. 

Quaternary morphostructural generations 

The post Early Pleistocene evolution of the Bulgarian micro 

morphotecture is connected with the consecutive building of the 

presented on the table 1 [2] four morphostructural generations. The 

principal lines of the contemporary relief of the east part of Balkan 

peninsula is compound by the relics from the first and the third 

generations (table 1).  

The largest relics of the first generation (post early 

Pleistocene orthoplain) coincide with the negative regional 

morphounits (fig. 2). Their internal pattern has a character of planes, 

lowlands or complex morphostructiural   passages.     

The positive regional morphounits of the third generation (fig. 

2) are composed in general by dome like morphostructures, mountain

or hills morphostructures. In the pattern of this positive relief are 

participing isolated, smaller orthoplan fragments – the bottom of the 

cattle morphostructures as a negative earth forms from second level. 

The last one doesn’t determine the morphostructurelle type of the 

regional relief. The positive regional morphounits of the third 



generation build the mountain and the hills areas of the east part of 

Balkan Peninsula. 

The contemporary fragments from the early positive 

concentric morpostructures of second morphostructural generation 

have a character of more or less isolated traces of the relief. The last 

one are preserved in the areas of the positive regional morphounits of 

the third generation. They are be able to form some elements of the 

local relief only. 

The Holocene centrums of contemporary elevation (fourth 

generation) origin the future positive morphoelements in the planes 

and low lands or on the bottom of the cattle morphostructures. They 

have a character of positive earth forms from second level.  

Table 1 
POST EARLY PLEISTOCENE ORTHOPLAIN (first generation) 

Origin time – end of Early Pleistocene. 

Essence – large alluvial savanna similar plane. 

Beginning of destruction and denivelation – after the Early Pleistocene, 

parallel with the starting of the Quaternary  mountain building 

processes. 

Contemporary relicts – block denivelated bottoms of the kettle 

morphostructures, morphostructural passages, river valley 

morphostructures, morphostructural thresholds, fragments of 

villa frangian accumulative planes on the top of some listric 

prisms. 

POST EARLY PLEISTOCENE CONCENTRIC 

MORPHOSTRUCTURES (second generation) 

Origin time – after the end of Early Pleistocene – beginning of Late 

Pleistocene. 

Essence – relicts from early generation of dome-like morphostructures, 

transformed, trough very active erosion, in concentric 

morphostructures.  

Beginning of destruction – simultaneously with the cressing of the 

primary dome-like morphostructures under the influence of the 

very active erosion processes. 

Contemporary relicts – traces of concentric morphostructures. 



MIDDLE PLEISTOCENE – HOLOCENE DOME-LIKE 

MORPHOSTRUCTURES (thirdfgeneration) 

Origin time – From Middle Pleistocene till today. 

Essence  - numerous dome-like morphostructures.  

Beginning of destruction – very quickly, non stop origin and vertical and 

lateral (at the ortoplain relicts expense) creasing of the dome-

like morphostructures prevent the activity of the destructive 

exogenous processes. 

Contemporary relicts – The dome-like morphostructuires (with the older 

negative and concentric morphostructures) are building the 

contemporary mountain relief. 

HOLOCENE CENTRUMS OF CONTEMPORARY ELEVATON 

(fourth generation) 

Origin time – Holocene today.  

Essence  - synmorphogene uplifting on the bottoms of the kettle 

morphostructures.  

Beginning of destruction – very active contemporizes uplifting of this 

embryonic dome-like morphostructures prevent the activity of 

the destructive exogenous processes. 

Contemporary relicts – positive relief forms on the bottom of the kettles. 

Morphostructural units 

The Bulgarian continental micro morphotecture is composed 

by the represented on the fig. 2 South Morava, Hemus, Sub Balkan, 

Kraishte-Sredna gora, Upper Thracian, Bregalnitsa, Strumeshnitsa, 

Middle Struma, Middle Mesta,  Rila-Rhodope, Sakar-Strandzha, 

Gradesh-Belasitsa, West Thracian and Lower Thracian 

morphostructural zones (Table 2). 

Table 2 
Territory of the morphostructural zones and areas of the 

Bulgarian micro morphotecture 

morphostructural 

zone 

morphostructural 

area 

кm
2
 

1. Sub Balkan 4048 

2. Upper Thracian 18912 

2/1 Plovdiv 3344 

2/2 Zagore 5424 



2/3 Burgas 10144 

3. Strumeshnitsa 900 

4. Middle Struma 1172 

5. Middle Mesta 944 

6. West Thracian 12404 

7. Lower Thracian 20884 

8. South Morava 5588 

8/1 Nishava 2592 

8/2 Surdulitsa 2996 

9. Hemus 25560 

9/1 Belogradchik 3796 

9/2 Veliko Tarnovo 2056 

9/3 Preslav 1916 

9/4 Midzhur 3732 

9/5 Mazalat 5884 

9/6 Udvoy-Matoria 2796 

9/7 Primorska 5380 

10. Kraishte-Sredna

gora 

10332 

10/1 Vitosha 6280 

10/2 Sredna gora 4052 

11. Bregalnitsa 7484 

12. Rila-Rhodope 26808 

12/1 Rila 1948 

12/2 Pirin 2728 

12/3 West Rhodope 12880 

12/4 East Rhodope 9252 

13. Sakar-Strandzha 15320 

13/1 Sakar 1980 

13/2 Strandzha 13340 

14. Gradesh-Belasitsa 1884

14/1 Gradesh 1172 

14/2 Belasitsa 712 

Total 174524 

The South Morava morphostructural zone is the north-west 

marginal morphostructural unit. It is  located in the border region of 

East Serbia and only partial in West Bulgarian between the 

Carpathian, Dinarian and Pind continental micro morphotectures.  The 



morphounit is 156 km long and between 65 (between the village of 

Dollevats on the South Morava river and the village of Krupats on the 

Nishava river)  and 22 km (between the village of Predezhane on the 

South Morava river and the village of Klisura on the Erma river)  

width. It is composed by the Nishava morphostructural area to the 

north and the Surdulitsa morphostructural area to the south (fig. 2). 

The Hemus morphostructural zone is the most nort 

morphounit of the plate (fig. 2).  It is prolonged at more than 500 km 

between the Timok river valley (in Sebia) and Black Sea continental 

shelf and continental slope (to the east from the Kamchiya river 

mouth – fig. 2). The south border is following the south slopes of the 

Stara planina mountain range (fig. 2). The width of the zone is 

changing between 30 and 70 km. The zone is composed by a long 

chain from the parallel, link motion or echelon orderly oriented 

Midzhur morphostructural area, Belogradchik morphostructural area, 

Mazalat morphostructural area, Veliko Tarnovo morphostructural 

area, Preslav morphostructural area, Udvoy-Matoria morphostructural 

area and Primorska morphostructural area. 

The Sub Balkan morphostructural zone is disposed in the sub 

parallel direction between the Stara planina mountain range and the 

Sredna gora mountain range at a distance of 320 km (from the town of 

Byala Palanka in Serbia to the town of Sliven in Bulgaria – fig. 2). 

This deep morphographic band corresponds with the largest complex 

morphostructural passage in the east part of the Balkan Peninsula. It is 

composed by echelon orderly kettle morphostructures and 

morphostructural threshers with a maximal width from 20 – 25 km 

(Sofia kettle morphostructure – fig. 2).  

The Kraishte–Sredna gora morphostructural zone is a sub 

parallel oriented morphounit between the South Morava 

morphostructural zone to the west, the Sub Balkan morphostructural 

zone to the north, the Upper Thracian morphostructural zone and the 

Rila-Rhodope morphostructural zone to the south (fig. 2). It is 315 km 

long with a maximal width (in the west margin) – 90 km. The 

morphounit is composed by the Vitosha morphostructural area and the 

Sredna gora morphostructural area (fig. 2). The principal 

morphostructural element of the zone is the longitudinal non stop 

following or echelon orderly oriented positive morphounits with the 



adjoining hills and cattle morphostructures (in Vitosha 

morphostructural area).  

The sub parallel oriented Upper Thracian morphostructural 

zone is more than 300 km long with a maximal width (on the meridian 

of the town of Stara Zagora) – 60 km (fig.2). It concedes with the 

territory of the Upper Thracian low land, between the district of 

Pazardzhik and the gulf of Burgas (fig. 2). It is limited to the west and 

north with the Kraishte-Sredna gora and the Hemus morphostructural 

zone and to the south – with the Rila-Rhodope and the Sakar-

Strandzha morphostructural zone (fig. 2). The observed morphounit 

includes a part from the Black Sea self and continental slope (fig. 2). 

The internal pattern of the zone includes (from the west to the east) 

the Plovdiv morphostructural area – to the west of the meridian of the 

Chirpan hills – fig. 2), Zagore morphostructural area (between the 

meridian of the Chirpan hills and Tundzha river – fig. 2) and Burgas 

morphostructural area (to the east of Tundzha river - fig. 2). 

The Bregalnitsa morphostructural zone is the south-west 

marginal morphounit (in Republic of Macedonia and South West 

Bulgaria – fig. 2). It is disposes between the Vardar and Stuma river 

valleys, to the east from the Pindian contindental micro 

morphotecture; to the south from the South Morava and Kraishte–

Sredna gora morphostructural zone; to the west from the Middle 

Struma complex morphostructural passage and to the north from the 

Grades-Belasttsa and Strumeshnitsa morphostructural zones, and  (fig. 

2). This morphounit includes the Osogovo, Vlahina, Mamashevska, 

Ograzhden, Plachkovitsa and other mountain morphounits from the 

both side of the Bregalnitsa river valley. 

The Strumeshnitsa morphostructural unit is following the 

homonimus river valley, from the town of Radibosh (in Republic of 

Macedonia) to the Struma river valley (in Bulgaria), between the 

Bregalhitsa morphounit (to the north) and Gradesh-Belasitsa 

morphounit (to the south – fig. 2). The morphostructural pattern of the 

zone corresponds with a complex morphostructural passage. 

The Middle Struma morphostructural zone coincide spatial 

with the Middle Struma river valley between the town of Dupnitsa (in 

Bulgaria) and the south end of the Rupel gorge (in Greece – fig. 2). 



The morphostructural pattern of the zone corresponds with a complex 

morphostructural passage. 

 The Middle Mesta morphostructural zone between the Rila 

and Pirin morphostructural areas to the west, the West Rhodopean 

morphoctructural area to the east and the West Thracean 

morphostructural zone to the south (fig. 2). It coincide spatial with the 

Middle Mesta river valley between the country of Yundola to east-

notheast from the town of Yakoruda, Bulgaria) and south end of the 

Gotse Delchev cattle morphostructure, and rhe cattle 

morphostructures of Lefkogia and Kato Nevrocopi (in Greece – fig. 

2). The morphostructural pattern of the zone corresponds with a 

complex morphostructural passage. 

The Rila-Rhodope morphostructural zone is sub parallel 

oriented. It west border is marked by the Middle Struma 

morphostructural zone, the south border - with the north-east 

boundary of the Halkidiki morphostructural zone  and the north 

boundary of the West Thracian  morphostructural zone (fig. 2). The 

east border is marked by the Maritsa river valley between the towns of 

Edirne and Ipsala (fig. 2).  The north border concurs with the south 

boundary of the South Morava morphostructural zone, the Kraishte-

Sarnena gora morphostructural zone, the Upper Thracian 

morphostructural zone and the Sakar-Strandzha morphostructural 

zone (between the towns of Harmanli and Edirne – fig. 2). The 

internal pattern of this predominantly mountain zone includes (from 

the west to the east) the the Rila morphostructural area, the Pirin 

morphostructural area, the West Rhodope morphostructural area and 

the East Rhodope morphostructural area.  

The Sakar-Strandzha morphostructural zone is sub parallel 

oriented. It west border is following the Sazliyka river between the 

towns of Galabovo and Harmanli (fig. 2). The north border coincide 

the north slopes of the Sazkar and Strandzha mointains on the line 

towns of Galabovo, Elhovo, Sredets and the villages of  Zidarovo, 

Izvor, Yasna polyana, Brodilovo and Sinemorets (fig. 2). The 

morhounit is limit with the Burgas morphostructural area to the west 

and to the north.  The south border with the East Rhodopean 

morphostructural area, is marked by Maritsa river (between the towns 

of Harmanli, Svilengrad and Edirne – fig. 2). The south border with 



the Lower Thracian morphostructural zone (fig. 2) is prolonging on 

the south slopes of Strandzha mountain trough the line of the towns of 

Lalapasha, Syulozhlu, Kirklareli, Pinarhisar, Vise, Saray and the 

Safaalay river (fig. 2). The east boundary of the Sakar-Strandzha 

morphostructural corresponds with the west Black Sea continental 

slop (fig. 2). The observed morphounit has a middle-low high 

mountain or hills relief. It is composed from the Sakar 

morphostructural area and the Strandzha morphostructural area, 

respectively to the west and to the east from Tundzha River (fig. 2).   

The Gradesh-Belasitsa morphostructural zone is one little but 

very good detached south west morphounit of the plate (fig. 2). It 

northwest and northeast border coincide with the boundary with the 

Bregalnitsa morphostructural zone (fig. 2). The east boundary is the 

Rupel Gorge and the south boundary follows the part of the south 

border of the Bulgarian continental micro morphotecture between the 

town of Negotino and the Rupel Gorge (fig. 2). Thise high and mittle 

mountain zone is 100 km long, around 45 km width (to the west of the 

town of Strumitsa – fig. 2). It is composed by the Gradesh 

morphotructural area (with predominantly middle high mountain 

relief) to the west and the Belasitsa morphotructural area (with high 

mountain relief) to the east (fig. 2). 

The West Thracian morphostructural zone is disposed on the 

south margin of the Bulgarian continental micro morphotecture 

between the Rila-Rhodope morphostructural zone to the north, the 

Halkidiki continental micro morphotecture, the Lower Thracian 

morphostructural zone to the east and Aegean continental micro 

morphotecture to the south (fig. 2). The most central and south part of 

the morphounit is down the water of the Thracian Sea (except the 

montain Tassos and Samothraki islands). The terrestrial north margin 

includes the low land shelf areas in the districts of the towns of 

Drama, Kavala, Xanti, Komotini and Alexandroupoli (fig. 2).  

The Lower Thracian morphostructural zone is the most south 

west morphounit of the Bulgarian continental micro morphotecture 

(fig. 2).  It north border coincides with the south border of the 

Strandzha morphostructural area; the east border is following the 

Maritsa river to the south from the district of the town of Edirne  and 

in Thracian Sea to the east of Samotraki island (fig. 2). The south 



boundary is marked by a part of Notrh Anatolian transform fault 

between the Samotraki islands and the Bosphorus Strait (fig. 2). Te 

last one represents the terrestrish part of the east border of the zone. It 

is 280 km long with a maximal width – 120 km. Her plan relief is 

checkered with hills. 
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Abstract. Limans are important geomorphological and 

hydrological sites. There it is preserved to the greatest extend the 
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In the geographical, geomorphological and reference literature 

a lot of definitions are given for the notion liman. All of them are 

similar and revolve around the following concept: „River estuary 

flooded by sea waters or a valley in sinking coasts. It is often 

separated from the sea by a sandpit. It is a shallow long bay with low 

shores. The existence of the liman is an indicator for the negative 

Neotectonic movements. Depending on their relations with the sea, 

they are defined as open and closed‖ [1]. 

Limans are geomorphological and hydrological sites typical 

for flat, neutral coast of water basins lacking tides. An exception to 

this rule is the limans which are formed at the mouth parts of some 

widely open valleys in the Balkan range coast of the Black Sea.    

From geomorphological point of view they are of great 

interest since there it is preserved to the greatest extend the geologic 

column of the correlative Pleistocene - Holocene sediments. They 

make it possible to reveal the Quaternary evolution of the contact zone 

land – sea. Moreover, limans are one of the most reliable indicators 

for the Quaternary Earth’s crust movements. 
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Along the Black Sea coast most widely developed are the 

limans on the northwestern and western periphery, where they form a 

classic liman type of coast.   

This report examines the results of complex studies of the 

liman of Bolata Dere, located (developed) on the northern Bulgarian 

Black Sea coast (Fig. 1). 

Fig. 1 A diagram for the location of the limans from northern Black 

Sea coast. 

The configuration of limans almost repeats the contours of the 

old drowned river valleys during the Holocene. The cup shape of 

limans is due to the erosion effect on the mouth sections of the rivers 

in the matrix during the regressive phases of the Black Sea. Therefore, 

the filling alluvial deposits are of regressive type. Their thickness 

varies in the different limans and depends on the strength and speed of 



the flow, the regime of feeding and the peculiarities of sedimentation. 

In low flow, or when fine-grained material comes landward, clay 

sediments enriched with bacteria are accumulated in the limans. When 

there is a substantial flow, fine sands, siltstone and clay deposit into 

the liman, having a thin seasonal layer. They are often enriched with 

organic substance.  

Bolata Dere (old Turkish name Muhuliman) is the 

northernmost, morphologically expressed valley developed within the 

scope of the Danubian epiplatform Plain. Its length is about 12 km 

(Pic. 1). The valley has a general direction of development northwest-

southeast (Pic. 2). Its right slope is represented by karst upper-

sarmatian limestone, strongly dyed red by oxidized iron hydroxides 

(Pic. 3, 4). The swampy mouth of the canyon carved valley of Bolata 

Dere (Pic. 1, 2) is a small liman with an area of 0,11 km
2
 [2] separated 

from the Black Sea by a sandpit (Pic. 5). It is developed in a neutral 

type of coast consisting of horizontal overlying layers (Pic. 6). It is 

located about 2,5 km north of Cape Kaliakra. In the eastern part of the 

liman 2 karst springs spurt. The liman of Bolata Dere is a closed liman 

in the stage of degradation (turning into a swamp). 

 Lithostratigraphic and tectonic conditions for the 

development of the coast structure. For the contemporary look of 

the Northern Bulgarian Black Sea Coast valleys, the litho-structural 

substrate in which they are formed is essential. The stratigraphic and 

lithology characteristics of rocks are important since they are the 

foundation over which the river valleys and the cup of limans are 

formed and also serve as nourishing province.  

Not less important is the role of tectonics for the modern look 

of some river valleys along the Northern Bulgarian Black Sea Coast. 

The littoral parts of the northernmost Black Sea Rivers – the Bolata 

Dere, the Batova, the Provadiya River etc. were developed in the 

eastern part of the Moesian platform.  

The types of structures – platform, folded, block-faulting etc., 

with its layout, orientation and form have a direct impact on the 

morphology of the terrain. This refers both to the fault and high 

tectonic activity zones.  

The contemporary vertical movements affect the speed of 

dynamic processes.  



 These three factors – lithology, tectonics and vertical 

movements are important in the evolution of the geological sphere 

within the studied area. 

The oldest rocks in the studied area, developing on the surface 

i.e. above sea level, are at upper Cretaceous age. The youngest 

quaternary sediments are widely spread.  

In the geologic structure of the littoral part of the Danubian 

Plain there are rocks of sedimentary origin, mostly limestone, sand, 

clay, marl and loess of Miocene and Quaternary age.  

Around Cape Kaliakra and to the north of it, the upper sarmat 

is represented by limestone which is cavernous, strong and rust-

coloured due to the presence of iron hydroxides. 

Morphology, structure and development of Bolata Dere 

liman 

Bolata Dere is a typical old liman. The thickness of its filling 

Holocene alluvial sediments reaches to 35 m [2], [3]. At the basis of 

the alluvium, a layer of well-smoothed limestone gravel is clearly 

distinguished with a thickness of 3-4 m, which is connected to its 

bedded facies (Fig. 2, 3). Taking into account the magnitude of the 

erosion jut of the valley at its littoral part - about 35 m below 

contemporary sea level, we can assume its development almost to the 

end of the shelf.   

Fig. 2. Geologic column of the liman of Bolata Dere [2] - 1 - 

organogenic limestone – sarmat; 2 - sandy clay – Holocene; 3 - gravel 

with sand filler (bedded alluvium) – Pleistocene 



Fig. 3. Geomorphologic map of the coast in the area of Bolata 

Dere liman [4] - 1 - terrace 85-90 m; 2 - terrace 55-60 m; 3 - karst 

field, 4 – liman Bolata Dere, 5 - dry valley; 6 – cliff coast. 

As a buried erosion form of the shelf, it should be expected 

that it is well expressed morphologically having in mind its jut into the 

relatively resistant to denudation upper-sarmatian limestone. In the 

area of the continental slope, at the place of the probable continuation 

of Bolata Dere paleo-valley, there is a well-expressed underwater 

valley [4]. 

The location and formation of this valley is probably 

associated with the deep postkarangat-earlyneweuxenios regression of 

the Black Sea Basin. [4] refers it to the third-youngest generation of 

river valleys, represented within the littoral land by short linear 

erosion forms.  
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Pic. 1 Canyon character of  Bolata Dere valley 

Pic. 2 Bolata Dere valley – the northernmost morphologically 

expressed valley in the Danubian Plain 



Pic. 3 Cliff coast to the south of Bolata Dere (neutral type of coast 

developed in horizontally overlying rocks)   

Pic. 4 Karst upper-sarmatian limestone at Bolata Dere, strongly rust-

coloured due to the presence of iron hydroxides. 



Pic. 5  Sandspit of Bolata Dere, behind it you can see the liman with 

the water mirror   

Pic. 6 Right valley slope of Bolata Dere represented by upper-

sarmatian  limestone strongly rust-coloured due to the presence of iron 

hydroxides 
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The development of transport in Bulgaria is an unmeasurable 

scientific challenge, because of the objective processes, happening on 

the territory, occupied by the ―country‖.  

 The lack of a global interactive glance, concerning the 

possibility and the necessary obligation for incorporation of the 

political community to the constituted European one, in which the 

incommensurable genesis of the transport face of the periphery 

supposes present noncompetition, takes us into the heart of long-term 

strategies.  

At (geo) political level the lands of the Eastern Balkans are a 

―fund‖ for the further action of the ―big ones‖. Whether it will be 

dearchived is a question of long-term assessment. We acknowledge 

the national character of a process like this.  

The issue of the physiognomysation of the transport existence 

of Bulgaria has its historical background. It has something to do with 

the submitting of its territories to the Ottoman empire with an eye on 

its geopolitical goals, with the short but irrigative with life-giving 



longing period for prosperity of the home display in the years of 

political legitimacy of our country, with our (semi)drooping raised by 

the national integration cause that did not take place, with the hopes of 

steady pursuit of dominance in the post-war years, with the 

consecutive brief, but effective adventures.  

European political-geographical architecture does not impose a 

matrix. In (almost) discreet variant it supposes adaptation. But no 

unification. Because the transport skeleton of the young Bulgarian 

state is too fragile and could not bear the intervention of European 

desires.  

In the process of globalization, socio-economic relations 

predetermine the necessity of construction and optimum functioning 

of an infrastructure network, which would most adequately respond to 

the objective social needs. It is a precondition for the realization of the 

integration process. The need our country to get open towards our 

neighbours and Europe, demands the developing and functioning of 

infrastructure corridors, with road-beds determined in global aspect by 

the European Union’s Transport Commission. 

About the strategic and geopolitical position of our country 

evidences the fact that 5 from all the 10 European corridors tangent or 

cross the territory of Bulgaria. This circumstance binds us to approach 

especially sober and in the same time dynamically, when determining 

the permanent layout of the corridors, as well as the order in which 

they should be built. The right choice would be a result of analytic 

assessment (from the political-geographical and geopolitical point of 

view) of the situation in relevance with the developing of each one of 

the layouts.     

   Because the opening of our national boundaries is not an end 

in itself, but a consequence of the political reality of the Balkans. 

Without common interest and mutual consent, an opening like this 

would not be possible. And it is necessary even only because of the 

circumstance that the share of the Balkan region in the general trade of 

our country is insultingly small – only 11%. A value that 

predetermines our passive participation in the creation of euroregional 

forms of cooperation on the Balkans [1].  



* * * 

 The transport face of the Bulgarian country changes, 

accordingly to the necessity of dynamisation of public relations, of the 

getting more and more indispensable need of economic extrovercy, of 

the revealed opportunity for catching up, of the initial variety of the 

inceptive organized economy.  

 This predetermines the imposing of a transport grid, 

historically bound, which during the years of national maturing and 

objective participation in the economic processes of Bulgaria changes 

and turns into a benchmark of our economic history.  

The behaviour of the Bulgarian political elite concerning our 

national transport isn’t synonymous. In the years of respect for rights 

and laws, it has been directly engaged with the building of an effective 

system, which stimulates the trade, the other economic activity, the 

social peace of society. Of course all realized activities have been 

done through the view of life of those, who have been recognized as 

leaders of the nation by the people.     

As an emanation of our unrealized hopes! 

The legislative work of the ―leaders‖ is diligently archived. In 

most general sense it supposes respect. Although the narrow-minded 

views of those acting ―in favour of the nation‖, the transport picture of 

Bulgaria gets adequate completeness. Touching-cramping is the 

feeling, when somebody reads the shorthand records of the 

parliaments of that time. First – because of the naive belief in the 

prosperity of the Bulgarian nation. Second – because of its abrupt 

violation.  

As far as corridor number 7 still serves as an infrastructural 

facade of Bulgaria, its geostrategical significance will appear after a 

while. For the time being, it is almost not being used, because of 

objective (the lack of reliable and qualitative river fleet, of solvent and 

economically motivated customers) and subjective reasons (river 

traffic, directed from Western and Central Europe towards the East 

uses as its end point a zone, which is far away from the main 

customers and still is infrastructurally insecured, which has been 

promoted by former and present-day Romanian political circles). A 

circumstance, that is unfavourable for Bulgaria, is the presence of a 

parallel land road from Constanta-Bucharest-Arad-Budapest, built in a 



high extent, which even now takes away some of the possible 

transport traffic of corridor 7. [2].        

 Extremely complicated and complex is the situation about 

European corridor 4. Its development is in direct correlation with the 

positioning of the second bridge over the Danube in the Bulgarian-

Romanian section of the river. Although the negotiations led to its 

localization between Vidin and Calafat, and they were considered a 

great success of the Bulgarian diplomacy, some circumstances make 

us be restrained, regarding such major appraisals. The first one is 

connected with the condition that the layout should be ―pulled out‖ to 

the East on Romanian territory, thus forming almost 200-kilometers 

long curve along the Jiu River, through the traditionally restless 

miners’ Carpathian region, as a compensation for the Romanian 

agreement about the bridge to be built at Calafat – in the westernmost 

part of the Bulgarian-Romanian Danubian section, having in mind the 

fact that only 60 kilometers up the stream of the river there are two 

bridges over the Danube – at the Iron Gates. This horseshoe-like curve 

is economically unprofitable for Western Europe, as well as for 

Bulgaria and the end user – Greece. The fact that from our southern 

neighbours’ side, famous for its eager defending of its own interests, 

didn’t come any reactions, makes us reach the following conclusions: 

1. That Greece doesn’t take Eurocorridor 4 seriously enough.

2. That it takes the corridor for an alternative variant for land

transport traffic to Europe. 

Another is the question that the project in its initial form (with a 

tunnel under the Petrohan Peak in the Balkan, and its further 

construction through the narrow Kresna Gorge) is difficult to be 

realized. Much more profitable for Greece is the corridor Belgrade-

Skopje-Thessaloniki (along the Morava and Vardar rivers), which a 

number of western economic geographers recognize as the main 

meridian pan-Slav transport corridor on the Balkans. The advanced 

phase of its development, predestined by the radial centripetal 

connections, created in former Yugoslavia, and the shorter length of 

the layout, give it the role of a favourite, compared to corridor 4 on 

our territory. The last one can function justifiable only if the Albanian 

demographic and politic expansion to the North of the Serbian-

Macedonian border ―pours out‖ to the East of Kosovo, along the 



Morava River, embraces the Western outskirts (stopping (!) at the 

frontier with Bulgaria) and as a Muslim curve liquidates the existence 

of a straight political border between Macedonia and Serbia. This 

would question the functioning and the perspectives of the corridor 

along the Morava and Vardar Rivers. Which would be extremely 

unfavourable for Greece, because thus political preconditions for the 

formation of a pro-Muslim parallel axis Turkey – partially Bulgaria – 

―Great Albania‖ are created, weld together by the relevant parallel 

eurocorridor. Its building corresponds to the formation of the legal 

framework of cooperation among the countries, interested in the 

development and the using of a corridor like this (Bulgaria, 

Macedonia, Albania, Turkey, Italy), that is to say the Memorandum 

for understanding, concerning the development of Pan-European 

transport corridor 8, signed in September 2002 in the Italian town of 

Bari. The dynamics of the political situation on the Balkans, 

accompanied by the interests of the USA and Russia in marking out 

the Caucasian and the Middle-Asian oil in Europe, make the building 

of corridor 8 problematic. Things get more difficult, because of the 

improving political and economic relations between Greece and 

Macedonia, the result of which is the opening of the oil pipe-line from 

Thessaloniki to Skopje. Even more, this turns corridor 8 into the 

reserve parallel Southern layout on the Balkans, where undoubted 

favourite is the direction Bari-Igumenitsa-Yanina-Thessaloniki-

Kavala-Istanbul, famous with the old Roman name ―Via Ignatia‖. As 

member of the European Union, Greece, taking advantage of its 

structural funds, invests intensively capitals to get it finalized [3]. 

Counterpoint of the advantages that were listed, are the 

traditionally delicate political relations between Greece and Turkey, of 

which Bulgaria should take advantage, promoting more persistently 

the positive features of eurocorridors 8 and 10. The last one, which 

stretches diagonally in North-East – South-East direction, is 

considered to be a branch of corridor 4 towards Serbia and a 

subparallel alternative of corridor 8. Its development has a political 

argumentation, having in mind the waiting position of Serbia and its 

badly covered reluctance for its exploitation.    



* * * 

 The transport grid of Bulgaria is the visible result of the 

historical happenings. Its following egg-shaped character confirms our 

conclusions.  

We are not going to avoid economic comparisons. Their 

floating in the synchronous chronological boat hints us that something 

has happened there. The locomotive has thrown up its smoke over the 

crops of somebody. Which without the presence of transport 

infrastructure turns into a boring natural landscape.     

The geographical look over the transport priorities of Bulgaria 

directs us to the communicative necessities and to the ability of the 

country to satisfy them.  

From the political-geographical overview we already made, is 

obvious the objective conjuncture of our infrastructural 

subjectification. Among other things, the likelihood of realization of 

whichever of the projects, is connected also with objective political 

processes, like the speed of incorporation of our country to the 

European structures, observing of preliminarily regulated international 

contracts, stabilization of the internal political processes, 

irreversibility of our foreign-political and foreign-economic 

orientation, and so on.    

Compared to all of the eurocorridors reviewed here, as if 

corridor 9 proves to be most stable, from the point of view of the 

political will to develop it, demonstrated by all the 7 states, through 

which it will pass. It is especially important for Bulgaria, because it 

crosses our country meridionally almost through its middle, has the 

role of a ―bearing arm‖, of a ―welding axis‖ of the socio-economic 

intra- and interregional processes. Being a part of the layout Helsinki-

Aleksandrupolis, Bulgaria is dragged into the meridional European 

integration process, affecting territories from Old Europe, as well as 

new lands of the European union, and those ―buffer zones‖ between 

the continent and Russia, which although not stabilized economically 

and politically, have great integrational potential.  

In the years of imposing of geopolitical ideas for the 

development of the world, the American geopolitician Alfred Mahan 

promotes the Atlantic doctrine, which gives the USA the role of 

anaconda – the snake that while wrapping slowly up the body of its 



rival, sucks out its vitality. Applied to the Balkans, all that would look 

like wrapping around the body of Bulgaria of the infrastructural line 

highways, whose traffic, taking ours, indirectly drinks up the vitality 

of our economy. This way our country will transform into a peculiar 

island of transport shortage, infrastructural enclave of final autarchic 

type. And the dark prognosis of a number of geopoliticians will come 

to existence, stating that if Bulgaria doesn’t valorize its geographical 

position, it will be the sanitary revenue stamp of the advancing 

pseudo-capitalism – easily accessible from outside and hardly from 

inside [4].  

If the great German geopolitician Karl Haushofer was alive, 

devoted to his pragmatical feeling, would hint the rulers (in spite of 

not confessing his favourite national-socialistic ideal) the right answer 

– aspiration for crossing axis in the heartland of the Balkans and in the

heartland of Bulgaria. 

The possibility for awaited prosperity of Bulgaria is not 

hypothetical. It is connected with the realization of social 

communication, with the more and more offensive attitude of the 

status quo to the change, with the adaptation of our transport scheme 

to the European one, with the desire for economic and social 

extrovercy. 

Samuel Huntington [5] gives publicity to his thesis of the clash 

of cultures. He ―began to see‖ faults. And... to our regret may be he is 

right. 

Until we wait for the clash of hopes to come!    
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Abstract: The development of balneological tourism is 
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The hot springs and SPA tourism are two of the different 

forms of alternative tourism developing in Bulgaria. Their advantage 

against mass tourism (chiefly the Black Sea coast and ski tourism) is 

that they can operate year-round. 

Unfortunately the world, Bulgaria included, is still struggling 

to make a demarcation between balneological and SPA tourism. In 

fact, the two branches are complimentary. Their comparison is based 

solely on the fact that they employ identical methods of hydrotherapy. 

The field of balneology (from the Latin word ―balneum‖, bath and the 

Greek word ―logos‖, knowledge) is a form of medicine concerning 

itself with the therapeutic properties of natural mineral springs and 

mud/clay. The word SPA is actually derived from the Latin phrase 

―Sanitas per aqua‖ i.e. ―health by water.‖ The word SPA, denoting 

―health by water,‖ or recently defined as- hot springs; has taken on an 
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entirely new meaning in our current day and age. The word SPA is 

identified with modern society’s means to respite and rejuvenation. 

The difference between hot springs and SPA tourism lies in the fact 

that a SPA is targeted to those of good health seeking to relieve stress 

and tension. The consumer is someone who takes care to maintain 

their physical and mental state as well as their appearance. The 

procedures are varied and alternated, allowing body and soul to relax. 

Hot springs, on the other hand, are intended for therapeutic use by the 

ill, to heal and restore. 

The philosophy of a SPA is based on Eastern principals, 

which state that a harmony between the mind and body is the channel 

to true health and beauty. For generations, people have employed the 

healing properties of water: bathing in geysers and hot springs. Water 

has the capacity to cleanse the body of toxins. Immersion in warm 

water dilates the veins, promotes circulation and enhances 

oxygenation in all systems of the body. Water also deeply cleanses the 

skin, renewing its radiance. 

In today’s 21
st
 century world, SPA centers are being heralded 

for their magical healing. They promise an escape from stress, luring 

us with the promise of rebirth. A SPA center is an answer to society’s 

desire for tranquility, serenity, and refuge from a life in which we’re 

constantly assaulted by stressors. The archetypal SPA client is 

someone searching for a place in which body and soul align in a state 

of complete relaxation.  

In its modern incarnate, a SPA offers procedures involving 

saltwater or seaweed, hydro-massage, aromatherapy, and more. Inline 

with hydrotherapy, however, the SPA industry has adopted beneficial 

methods of healing – included in a pursuit of ―wellness.‖ 

Phytotherapy (healing with botanicals like mint, lemon balm, 

chamomile, linden, and lavender) salt water therapy (using seaweed 

and sea salts) and aromatherapy (healing through aromatic baths, 

inhalations, and essential oils) are all used in conjuncture and 

compliment each other well. 

In other words, we must distinguish between wellness and 

SPA tourism. Hydrotherapeutic procedures are the heart of SPA 

centers, while in wellness, relaxation can also be achieved by other 

means and without reliance on access to spring, mineral, or salt water. 



This necessary element of SPA centers makes them, to some degree, 

dependent on the water source. In practice, however, many hotels 

offer innovative solutions to overcome this reliance. 

One of the advantages which Bulgaria holds over other SPA 

and hot springs destinations is her untapped sources of mineral 

springs. Bulgaria is second only to Spain in hot springs per country. 

The nation resembles a corner of Paradise, rich in mineral springs, 

whose healing capabilities were uncovered and utilized as far back as 

Thracians, Romans, and Ancient Greeks. 

The thermo-mineral waters are widely dispersed in Bulgaria. 

Their distribution, origin, volume, mineralization, and chemical 

composition depend on complex tectonics and the geological makeup 

of the exit point. 

Southern Bulgaria is home to 82 locations of thermo-mineral 

springs of which 66 have been artificially mined. The depth from 

which mineral water is extracted is an average of 400m. in the Plovdiv 

Plain and 200-800m. in the Sofian Valley. High-volume springs exist 

in the valleys of the rivers Struma, Mesta, Maritsa, and Vucha, as well 

as in Velingrad, Kustendil, and the Sofia Valley, and to some degree 

in other Balkan valleys. These are the main zones for the distribution 

of mineral waters, determined by tectonic chasms. 

Northern Bulgaria’s mineral waters are predominantly brought 

to the surface by artificial means. In fact, these sites outnumber 

natural sites by a significant 57 to 20. Their extraction by well 

requires a different depth- most often 1000-2000m., where the 

maximum depth has reached up to 3600m at Lower Dubnik (near 

Pleven) and the minimum: 300m at Targoviste, near Shumen and 

Provadya. 

In accordance with their temperature, mineral waters here are 

classified as either cool, (up to 20 ˚C) warm, (between 20˚C and 37 

˚C) and hot, with temperatures upwards of 37˚C. In Bulgaria, sites 

with a temperature between 37˚C and 50˚C are prevalent, ranging 

from warm to incredibly hot. 

Mineral waters of Northern Bulgaria are distinguished by a 

lower average temperature. The maximum temperature is documented 

in Vurshets at 38˚C. As a whole, mineral waters which reach the 

surface via man-made mine have a higher temperature- mainly 40˚C 



to 50˚C, and less often 90˚C- as is the case at Duigogelya in the 

Montana region. The creation of cold mineral waters does not have a 

direct correlation to geographical structure, seeing as the locations and 

dynamics are similar to those of shallow, underground streams and are 

characterized by the relatively high mineralization (a result of 

prolonged contact with young sedimentary cliffs) and comparatively 

low volume. The regional dispersal of cold mineral waters is 

correlated to the localized tectonic fault structure of the Musiska plain, 

the juratypical structure at Predbalkana, in the complicated fault 

structure of Srednogorie and the block-like fault structure of 

Gornotopakiskia chasm.  

The warm springs are distinguished by a higher volume and 

lower mineralization. Thermal springs are connected to the large, 

deep, dislocated chasm zones, like the rivers Srednogora, Marisha, 

Struma, Mesta and others. The fault lines of these zones border the hot 

mineral waters at a crucial depth, which surfaces under high pressure. 

The highest temperature of mineral waters in Bulgaria is measured at 

the location of Sapereva Banya by the Northwestern area of Rila – 

103.5˚C. Very hot thermal springs with a temperature between 50˚C 

and 90˚C are situated at Velingrad, Kiostendila, Dolnabanya, Simitli 

and others.  

Tourism is an effective way to utilize the availability of 

mineral waters. Bulgaria has, at its fingertips, natural aqua-reactive 

and biothermal resources which offer untapped healing potential. This 

accessibility affords Bulgaria an ideal opportunity for the development 

of hydrothermal and SPA tourism. Furthermore, Bulgaria lacks 

particular competition on this front in Europe. To a large degree, the 

unique healing qualities of Bulgarian thermal waters and mud 

resources are unrivalled in the whole of the continent.  

In Bulgaria, of over 1600 springs, 500 lay claim to medicinal 

purposes, and of those, 80% have proven, unique healing properties. 

Bulgaria possesses double the quantity of mineral waters compared to 

the rest of the world as a whole. This is also the case with mud baths. 

The role of hydrothermal resources in Bulgaria is gaining importance. 

As a result, the tourist industry and specifically, hydrothermal tourism, 

is growing through a network of SPA centers.  



Some of the finest SPA centers have acquired fame not only 

in Bulgaria, but on a global scale. They are: SPA Hotel ―Dobrets‖ in 

Velingrad, SPA Complex ―Orpheus‖ in Devin, Park Hotel 

―Olympus‖, Velingrad SPA Hotel ―Meditate‖ in Sandanski, SPA 

Hotel ―Astevia‖ in Hyssaria, SPA Hotel ―Devin‖ in Devin, ―Strimon 

SPA Club‖ in Kiostendil, ―Amira Hotel‖ in Staragora, ―SPA Hotel 

Elbusse‖ in Velingrad, SPA Hotel ―Hyssaria‖ in Hyssaria, ―Trojan 

Plaza‖ in Trojan, ―Harmony Bankia‖ in Bankia, ―Augusta‖SPA Hotel 

in Hyssaria, ―Via Traina‖ in Trojan, ―Interhotel Sandanski‖ in 

Sandanski.  

Some Bulgarian resorts have worked their own know-how in 

the area of SPA tourism. This is the case in the Alpine resort town of 

Velingrad. There, they have patented uniquely Bulgarian SPA 

procedures centered on the use of Mursalki Tea. This tea is brewed 

from a plant which is both native and exclusive to the Balkan 

Peninsula and possesses widely heralded antioxidant properties. In the 

regional hotels, hot baths and tea from this special plant are offered. 

Taken orally, the tea has a stimulating, energizing effect on overall 

wellbeing. 

Most of the mineral springs are located at the foot of the 

mountains: the Western Rhodopes, Rila, Pirin, Stara Planina and 

Sredna Gora, as well as the Black Sea Coast. The power of mineral 

water, salt water and mud are combined with a healthy climate to 

promote healing, prevention or simply relaxation at many of our 

resorts: Sandanski, Velingrad, Hyssaria, Devin, Kiostendil, St. 

Constantine and many others. The change of pace, warm sea, fresh 

greenery and alpine breeze- combined with various procedures has a 

positive effect on many illnesses and ailments. The wellness centers 

are located in some of the most picturesque locales in Bulgaria. 

Officially, there are 102 hot springs and climatological resorts in 

Bulgaria, 32 which are of national significance, the rest- of local. 

The national hot springs and climatological resorts are: 

In the Zrednogora zone: Hyssaria, Pavel Bania, Starazagora 

mineral bath, Sliven mineral baths, Gorna Bania 

In the Rila-Rhodope zone: Sapareva Bania, Sandanski, Dolna 

Bania, Momin Pass, Kostenets, Kiostendil, Velingrad, Narechen, 

Mihalkovo (in the Devin Region), Haskov mineral baths, Merichleri, 



Ognianovo (in the Gotse Delchev), Marikostinovo (Petrichko) and 

others 

In the Staroplaninska zone: Vurshets, Shipkovo, Voneshta 

Water (Veliko Turnavo) 

In the Black Sea Coastal Region: Albena, Golden Sands, St, 

Constatine and Elena, Varna, Sunny Beach 

Mud baths: Pomorie, Tuzlata (Balchik) 

Climatological Resorts: Sandanski, Triavna, Shipka, Apriltsi, 

Elena, Kotel, Drianovo, Govedartsi village 

Thermomineral healing in resorts is often used in conjuncture 

with climatological healing and physiotherapy. Amongst the famous 

resort centers are: Sandanski: effective in treating bronchiole asthma, 

Hyssaria: famous for successful treatment of urological and liver 

ailments, Velingrad: for general treatment of the respiratory tract, 

problems with motor skills, neurological complications and 

Kiostendil: for bone fractures and joints, problems with the nervous 

system, heart disease, reproductive problems and sterility. 

Until recently in Bulgaria, the study of balneology was 

addressed as part of the social and service sector of healthcare; 

without any particular link to the tourism industry.  

The new financial circumstances in Bulgaria prioritize the 

need for economic growth. A combination of tourism and the study of 

mineral springs is based solely on the market economy. This growth 

utilizes all opportunities afforded by the market system- there will be 

growth throughout the whole country because this relies solely on 

Bulgaria’s own strengths- unique and natural riches- mineral waters 

and mud baths. 

In many of the mineral spring centers in Bulgaria, the tourism 

is combined with SPA-wellness procedures, and it can be said that the 

country, as a whole, holds enormous natural potential and a solid base 

for the development of this brand of tourism. 

Unfortunately, only 5-10% of this vast potential is being 

exploited currently. Aside from that, basic accommodation is 

necessary to maximize capital- filling needs for food and shelter, 

which accompany an influx of tourists. This is as necessary to enable 

the various healing procedures and relaxation as are the modern 

technologies to improve the physical health of the client. To capitalize 



the effect potential of a tourist destination, all of this must be taken 

into consideration. A combination of with other forms of tourism- 

such as that of seaside resorts, recreational (in Albena), 

cultural/heritage, ecological (Vurshets, Velingrad, and others), village 

attractions, and ski tourism (Pamporovo). 

The most popular form of tourism to sweep Europe within the 

last decade has been health tourism in conjunction with the 

frequenting of mineral springs. Surveys have shown that in the year 

2007, 8.5% of tourists in Bulgaria have experienced hot springs 

tourism. Another 30% have indicated that they have practiced SPA 

tourism, which clearly shows the breadth of its mass appeal. 

It is predicted that by the year 2010, the number of tourists attracted 

by these kinds of tourism will see a growth of 70%. In addition, the 

SPA industry has proven to be more than just a trend, and the number 

of centers continues to expand. 

With an increase in SPA-goers, quality of offerings is 

paramount. To maintain quality control in the marketplace, Bulgarian 

hot spring tourism needs investments to improve the base of hotel 

complexes. 

Bulgaria, however, faces many obstacles to be capable of 

competing with other nations offering these forms of alternate 

tourism- the Czech Republic, Poland, Hungary, Croatia, and others. A 

whole series of problems must be overcome to move upwards and 

onwards- such as establishing and meeting set standards, creating a 

solid, documented strategy for growth of SPA tourism, meeting 

European quality standards, advertisement abroad, and attracting local 

and foreign investments. 
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Abstact: The globalizing process which passes in the 

dynamic world of informatization, globalization and aggressive 

communication, places geography in the scope of a fundamental 

scientific level together with the ancient glory of philosophy and 

history and the modest practical and applied garment of philology. 

The investigation of geography is directed towards the development 

and formation of geographic culture as a component of people’s 

general culture. Significant changes occur in modern education. 

They are determined by the changes of front in society which 

entered the epoch of informatization, globalization and increasing 

communication. Under these conditions the role of geography 

increases incredibly. Geographic culture is a potential turnsole of 

modern Bulgarian education. Its colour saturation is the indicator 

of hope. Of the romantic and nostalgic conviction that traditions 

presuppose prosperity. 
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 The dynamic character of social relationships, caused by the 

complex interdisciplinary processes, provokes comments on the nature 

of the notion ―geographic culture‖ and the variety of its possible 

definitions. 

 The globalizing process which passes in the dynamic world of 

informatization, globalization and aggressive communication, places 

geography in the scope of a fundamental scientific level together with 

the ancient glory of philosophy and history and the modest practical 

and applied garment of philology. 



 Each process on the Earth passes in the area of the co-

ordinates time/space. It determines the leading role of geography as a 

science investigating the territory diversity of life and the influence of 

socium on the geographic environment. It provokes the meaning of 

scientific view of life. These processes adopt the ideas of the integrity 

and diversity of the world, of its horologic and chronological 

biography written after the active attitude of the manyfactoral 

intervention which predetermined and outlined the points for the 

formation of spatial (geographic) culture.    

 The retrospective view on this notion obliges us to explain in 

a respectful and scientific way the terms and the scientific genesis.  

About the nature of geography 

There are a great number of definitions neither of which is 

complete enough.  

Among the shortest definitions are the following: „Geography 

is a science dealing with geosystems‖; „Geography is a combination 

of tightly-connected sciences which embrace physical and economic 

geography‖; ‖Geography is a system of social and natural sciences 

which examine natural and production and territorial complexes as 

well as their components‖ or „Geography is a system of natural and 

social physico-geographic and economic-geographic sciences 

examining the geographic cover of the Earth, the natural and 

production and territorial complexes as well as their components.”  

After the 90s of the 20
th
 c. one of the most popular definitions 

of geography is: “Geography is natural-social science which 

examines spatial differentiation of earth nature and spatial 

organization of society on three levels: global, regional and local.” In 

the context of the present days it says: ―It is a natural-social science 

which examines natural and material and social systems on different 

levels.” [1]. 

On the basis of its target and subject, geography is called the 

science of the three ―H‖: holistic – about the world as a whole; 

horologic – about the spatial relations; chronological – about the 

changes in time. 

It is perceived as an intermediate science, whish is formed on 

the borderline between the natural and social complex of sciences and 



serves as an original bridge between them. That is why it has 

synthesizing and integrating potential. 

Its object of research is the environment of social development 

(the oikumen), i.e. the geographic environment and social space, and 

its methodological base – the spatial (horologic) principle.  

In order to classify the place of geography nowadays, it is of 

great importance to specify its scientific centre, namely the problem of 

the territorial organization of society.  

Geographic education 

According to the report f UNESCO on the education of 21
st
 c. 

(The Learning Ability: Our Innate Wealth): „Education reaches people 

to one another while they are being educated to adopt and realize the 

general values… That is why the education system has the specific 

and implied task to prepare each person for that social role‖. 

The following education priorities can be outlined in Bulgaria: 

 integrating the training materials and education technologies;

 broadening of foreign language training;

 application of information and communication technologies.

It is impossible for geographic education not to face the 

problems typical of education itself; it is impossible for it not to 

develop in unison with world education tendencies and their four 

supports: to learn how to know; to learn how to do things; to learn to 

live in unison with the others, and to learn how to be.  

In order to do its duties, it must overcome the existing real 

contradictions between traditions and modern tendencies; between the 

universal and the individual; between the great amount of knowledge 

and human abilities to be effectively adopted. 

The transition from a traditional to a modern system of 

teaching, from one general priority of education activities to another, 

is in most cases connected with the notion ―education reform‖.  

The education reform in Bulgaria has its specific directions. It is 

very important to realize that it does not start each action from the 

beginning. Its purpose is to be based on a tradition that is proved as 

being effective. 

The education reform has diverse directions:  

 change in teaching documents and structures;  

 change in training materials and their structure; 



 change in the role and function of the people who are 

directly involved in the teaching process and those who are indirectly 

engaged and interested in it; 

 change in the material environment in which this 

interaction takes place.  

In the near past in the practice of teaching geography the main 

idea, when choosing the teaching materials and the organization of the 

teaching process, was to perceive the fundamentals of the scientific 

geographic knowledge as a complex and comparatively complete 

system in which notions were the leading elements. The dominant 

principle for scholarly character corresponded to the strategic goal – 

formation of scientific geographic picture of the world. The whole 

system aimed at forming mainly scientific, rational knowledge which 

used to be the geographic thought and was perceived as an ideal and 

pedagogical norm.  

 It turned out that in the 21
st
 c. it is not enough. In teaching 

practice appeared the principle of humanitarian pedagogy directed not 

towards the formation of the personality, but towards its independent 

artistic development. This idea, examined in the context of the 

globally-developing world, is tightly connected with the feeling of a 

rising catastrophe in the relations of the system human – society – 

nature. Never before has humankind realized so clearly that the faith 

in the domination over nature is an illusion; that finding the way to 

Cosmos does not solve the problems of the population which has 

increased 2,5 times within the range of just one generation; that the 

planet may not stand the dead weight which results from human 

actions. It was not aware of the fact that preventing a global 

catastrophe is possible only through the joint and coordinated efforts 

of all scientific directions, on all levels of learning, art and 

discovering.  

  At the present moment, the idea that one of the indicators of 

the progress of our society may and must be the combination of 

natural resources potential, wins public recognition.  As a society, we 

are be ready to hand down this potential to the descendents as well as 

our ability to ensure stable and sustainable development of natural 

processes and favourable environment of living. In this context we 

face the necessity of education in the global problems of modernity. 



The vision of the quality of the process of teaching geography is 

actually a vision of the development of geography, structured in 

secondary and higher education. The adequate notion and the 

functional ―schemes‖ for its management premise the synchronization 

of educational realities with the sustainable development of the 

education system in accordance with the necessities. 

Among these factors we may outline the following: 

 The specifics of the education system in Bulgaria 

which result form the influence of tradition and the contemporary state 

of the process of teaching geography. 

 The presence of State education requirements for 

teaching materials and State education requirements for evaluation in 

geography. 

  The effectiveness of geography teaching process, the 

gaining of geographic knowledge, skills and competences depending 

on the quality of the curricula, textbooks and training aids – atlases, 

contour maps, activity books. 

 Geospatial context of geographic education. 

 The integration of new information and 

communication technologies in geographic education which leads to a 

change in the education paradigm. 

The geographic culture 

Significant changes occur in modern education. They are 

determined by the changes of front in society which entered the epoch 

of informatization, globalization and increasing communication. 

Under these conditions the role of geography increases incredibly.  

It examines the spatial diversity of life, human activity and 

people’s role in the geographic environment. Geography plays a 

significant role in scientific view of life. Very important ideas are 

being adopted, such as the wholeness of the world, development in 

time and space of natural components and complexes, the geographic 

cover, their connection and determination. The investigation of 

geography is directed towards the development and formation of 

geographic culture as a component of people’s general culture. 

Even in 1953 Croeber and Kluckhohn in their book Culture list 

150 definitions of the notion ―culture‖. The common thing between 

them is culture as ―human behaviour‖, which is managed by 



communications; it is materialized in symbols and convictions which 

serve, on the one hand, for preserving the society, and on the other – 

they lead to its change. The word ―culture‖ is of Latin origin – cultura 

and initially it was used for symbolizing the activities, connected with 

cultivating, soil inoculation in order to enrich and improve it, with the 

entire change of nature. This meaning is preserved to nowadays as 

cultivation, inoculation, and in broader sense as upbringing, education, 

development, respect, spiritual perfection. For the first time Cicerone 

defines in a theoretical sense the term ―culture‖ in Tusculan 

Disputations (45 BC), by using it for meaning spiritual development, 

upbringing. He transmits the meaning from cultivation of the earth to 

the spiritual; the understanding of culture is related to the spirit and 

human spirituality.  

Today’s understanding of ―culture‖ may be referred in 

accordance with its content to ―cultus‖, which means cultivate, take 

care, because it involves the process of breeding, preparation, 

formation, influence, cultivation as well as the result in the broad 

sense of life – doing something more perfect, making it complete. 

When interpreting the term in that way one may achieve greater 

precision in its historical and typological sense and the systems of 

notions ("chivalrous", "court", etc), which reflect the behaviour and 

upbringing of feudal class. 

In 17
th
-18

th
 c. the word culture had independent content and 

terminological existence which is connected with human creation in 

contrast and counterpoint of the natural. According to J. Bridges, in a 

further interpretation of the notion ―culture‖ in the 18
th
 c., two 

directions can be differentiated – the first one focuses on human 

upbringing (Paffendorf, Russo, Kant), and the second one examines 

culture on the basis of philosophy of history (Montesquieu, Bosue, 

Voltaire, partially Russo and above all Herder).  

One of the most universal definitions is that of E. B. Taylor 

(1871): "Culture – or civilization – in the broad ethnographic meaning 

is a collection of knowledge, beliefs, arts, customs, laws, conventions 

and some peculiarities and habits, adopted by the man as a member of 

the society." 

 The meanings of the notion ―culture‖ nowadays are numerous, 

but generally speaking they can be separated into two lines – 



consciousness (spiritual values – moral, religious, aesthetic) and 

behaviour (materialized results through products of human activity, 

customs, traditions, rites, actions).  

It may be examined in more general sense as a specific way of 

organization and development of human activity, presented in the 

products of material and spiritual labour, in the system of social norms 

and institutions, in the spiritual values and symbols, in the complex 

relations of people to nature, between themselves and towards 

themselves. 

Geography bears in itself great culturological and humanistic 

potential, as far as it examines the spatial aspect of human activity, the 

role of man in the geographic environment.  

According to V. M. Kotlyakov [2] ―one of the functions of 

society is the distribution of information as well as getting acquainted 

with the geographic culture of different groups of people. Geographic 

culture, in contrast to geographic science (which is international in its 

nature) is part of the culture of one nation or another. It includes the 

culture of the interaction with nature, culture of international relations, 

ethnoculture, regional culture of labour, and it is tightly connected 

with local nature, historical and geographical environment and the 

traditions of the nation.‖ 

At modern stage of society development, the role of geography 

in the formation of common culture of personality increases. 

Mastering of the geographic culture ensues form the process of the 

personal interaction with the world as well as from the process of 

purposeful training. 

Interpretation of the notion geographic culture is done before 

more than two decades by V. M. Maksakovski. He says that „... only 

person who has geographic culture is able to realize the greatness and 

beauty of nature as a source of spiritual power and morality.‖ [3]. 

М. Мanoilova, L. Tsankova, R. Gaytandzhieva and others 

consider the formation of geographic culture the main goal of 

geographic teaching.  

The major components (essential indications) which are 

embraced by the content of the geographic culture and which are 

peculiar stages of its mastering are: geographic literacy, competence 

and behavioural models in geo-space. Their formation may be 



examined as the three goals geographic teaching and they also include 

the formation of value orientation. 

The mastering of geographic knowledge and geographic 

culture, the formation of skills, the development of cognitive abilities 

and efficient value attitude, ultimately contribute to achieving the 

general purpose of geographic teaching.  

In the contemporary interpretation the essence of geographic 

culture is extended. One acknowledges the meaning of human culture 

as a means of formation of values, the possibility to get acquainted 

with the world, to establish harmonious relations with society and 

nature. 

Geographic culture is perceived as a means of transforming the 

geographic environment as well as transforming people who form the 

geographic values. 

Author Statement 

V. P. 

Maksakovski 

Geographic culture is part of common culture and 

includes four major components: 

Geographic picture of the world; 

Geographic thought; 

Methods of geography; 

Language of geography 

I. I. Barinova 

and   

А. G. Bondarev 

Geographic culture contains the following components: 

motifs for social and geographic activity; planning of the 

activity; social geographic activity and self-control. 

D. Kanchev 

The purpose of geography teaching is to form 

scientifically fair geographic picture of the homeland,the 

country and the world we live in... 

F. Pinchmal 

Geographic teaching is part of the general education 

system and its purpose is to assist the comprehension of 

the spatial relationships of earth surface and the character 

of its comprehension by people. 

R. 

Gaytandzhieva 

The content of geographic culture includes three major 

components: geographic literacy; geographic competence 

and behavioural models. They form the secondary goals 

of geographic teaching. 



Geographic culture is characterized by the following: 

Geographic culture is in the root of structuring the contents of 

modern geographic teaching. Its task is to establish people’s spiritual 

peace and to join it to the values of world civilization, to form the 

personality as a human, resident of the Earth, man-resident, man-

creator, man-researcher, man of great moral culture. 

Geographic culture in the information society of the 21
st
 c. as 

―part of the general culture for comprehension and rational activity in 

the geographic space― – real and (or) cyber space [4], is actually 

geographic information (digital) culture and means „the extent of 

individual perfection when working with the necessary geographic 

information: receipt, decoding, preservation, remodeling, 

systematization, creation of new knowledge, conveying it under the 

form of information and practical use.― [5]. 

The perception of geographic culture as behaviour in the real 

space and the cyber space presupposes teaching that ensures 

simultaneous influence on more sensor systems when using traditional 

sources of information (textbooks, maps, …) as well as new 

information and communication technologies.  

In the context of multisensor teaching one can witness the 

various roles and possibilities of modern information and 

communication technologies and multimedia products in the contents 

and the processes of technology. Geographic culture is formed and 



applied in adequate own environment, consisting of different 

instruments which are being used in the learning process. They are 

based on the ―social software‖ – i.e. ―the software which allows 

people to meet, to reach and co-operate with each other, by using a 

computer network‖.  

The geographic picture of the world 

 Preobrajenski points out that ‖the geographic picture of the 

world is not just a combination of the continents and the man, of the 

world and the man, but it is realization of man’s place in the world. 

Future lies in it.‖[6].  

What does the notion ―scientific picture of the world‖ actually 

includes? It is perceived as a systematized and complete idea of the 

world in the form of a combination of fundamental conceptions of 

modern science which have applied, theoretical and philosophical 

meaning. Simultaneously with the general scientific picture of the 

world separate scientific pictures exist. Each reflects not the whole 

world but that part of it which can be observed from the position of 

the specific science.  

The term ―picture of the world‖ appears at the end of the 19
th
 c. 

in the sense of a physical picture.  

After lively discussions, at the present stage, a new status of the 

notion scientific picture of the world as a part of the view of life and 

common culture, is imposed.  

It is generally acknowledged that the scientific picture of the 

world is nothing more than its image and, being such, it is subjective, 

i.e. it depends on the level of knowledge of the world as a whole. 

Being an image this picture is just a part, an element of the view of 

life which means knowledge of the world complemented with the 

value orientation, principles, positions. In this sense, the picture of the 

world has a specific place in life. Besides being scientific, it may be 

also mythological, religious, traditional, false or true. The picture of 

the world not only has general aspect, but separate parts as well.  

The geographic picture of the world is the same. Like all others, 

it is developing. Different generations has different geographic picture 

of the world. It is original and versatile. It appears to be a complete 

idea of the world in its spatial and time unique exactness. It consists of 

numerous elements of the physical, biological and other definite 



scientific pictures of the world, but does not corresponds perfectly 

with them. 

The variety of functions of the geographic picture of the world 

is due to the fact that, on the one hand it appears to be a part of human 

culture, and on the other – initial stage of geographic knowledge, 

which expresses man’s idea of nature and society, his/her attitude 

towards them. Because of the intermediate state of the science itself, 

the geographic picture of the world is a component both of natural-

scientific and socio-scientific picture of the world. 

Education and geographic culture in Bulgaria 

In the last years, the changes connected with the higher 

education in Bulgaria can be classified in the following directions: 

Changes in the major goals of education. The system of 

higher education has extended its functions. The major task – to 

prepare young people for effective professional realization by 

―equipping‖ them with profession and speciality, gradually undergoes 

certain changes. Today, there is an active co-operation for the social 

realization in life and family, for finding the talents of the young 

people to help them use these talents effectively when building 

successful career; 

Curricula and programmes are oriented towards the 

necessities of the labour market. Education is individualized, 

interdisciplinary connections are strengthened, relation to the practice 

is being looked for; 

New organizational education forms are introduced. 

Many students work and study as they choose programmes that help 

them make progress with the career. Only one programme appears 

insufficient for the effective professional realization. In this respect 

the system of higher education turns out to be inseparable part of the 

system of continuing education; 

Lecturers professionalism is raising. The academic staff 

takes an active part in consulting and professional activity and is well 

acquainted with practice. The practical application of the knowledge is 

sought for; 

The new technologies are rapidly entering the teaching 

methods. 



The directions that come to the fore do not pass over geography 

as well. Furthermore, they refer to it to a greater extent because 

geography reflects the content and territorial diversity of man and 

nature. Because everyone of us perceives the world in a different way. 

It is nondescript for those who are spiritually injured and infinitely 

provocative for those who are always looking for something. In this 

respect the geographic picture of Bulgaria is a contemporary copy of 

our historical life. It is that frame that makes our spiritual adjustments 

real. 

Although they cannot be mapped and explicitly stated, they are 

part of the generally accepted frames of the Bulgarian education 

strategy. It experiences the social emotion of our mental unesiness and 

live-giving hope for a better future. The present character of the 

educational-administrative processes in Bulgaria is determined by the 

romantic-pragmatic struggle between historical processes.  

In the Bulgarian educational system geography has a difficult 

time. The reasons are numerous: both objective, having in mind the 

necessity of exceptional adaptation with regard to the dynamics of the 

reflected social processes, and subjective, having in mind the wrong 

conviction in people’s mind (especially the state elite) about the 

descriptive nature of this science. 

In Bulgaria, where socio-economic processes and relations 

acquire new dimensions, when feelings and paradigms are changed, 

passes a process of making the modern structure of geographic science 

clear. A process of revaluation and compensation of the traditionally 

formed delusions. It is long and complex. It passes in many directions 

and not without conflicts – in the range of systematization and 

collaboration to emancipation and scientific obstinacy; from 

incorporating peripheral or interdisciplinary sciences to their total 

disregard. 

This organizational chaos is an attractive reduction of the same 

with regard to the way of life and management. The central destiny of 

our country is connected with it. It is an original projection of the 

spiritual adjustments of the society and its affinity to the practical and 

applied regional researches. It predetermines the social establishment 

of the conditions for the formation of the scientific geographic view of 



life. And of the scientific geographic culture which is revealed in the 

prism of the territorial characteristics in some aspects. 

Firstly, scientific geographic culture should be directed towards 

mastering of nature. Without being apologists of anthropogeography 

we must observe the important fact that every individual separately 

and the society as a whole should find that rational exit which can 

make possible the tolerable contact between objective and subjective 

sources of material goods, i.e. between man and nature. 

Secondly, scientific geographic culture should be oriented 

towards joining man to nature. The social attitude towards it is formed 

through the realization of the impending danger of irrational use of 

natural resources and the rapid change in living environment. Human 

behaviour in defence of nature is formed on the grounds of analysis of 

specific situations. It is possible only when one knows the laws of 

nature and the regularities, i.e. when one has sufficient geographic 

culture. The attitude of respect to nature has its roots in 

anthropocentrism, namely in the conviction that nature should serve 

the man, otherwise it does not have any sense. 

Thirdly, scientific geographic culture should be perceived as an 

instrument for connection between various types of culture. Because 

their manifestation is territorially framed and made real. It is a duty of 

geography not only to characterize the range of their distribution, but 

to reveal the territorial structure, genesis and nature of manifestation. 

On the fourth place, scientific culture is a major guarantee for 

the rightness of the direction in which pass the socio-economic and 

(geo)political processes. Each extrovert subjective reaction that 

threatens the relative political and economic peace, no matter in which 

part of the world, and mostly Bulgaria, finds a balanced and well-

grounded corrective through it. In this sense the geography in 

Bulgaria, especially its social sector, has the engaging role t be such. 

* * * 

Geographic culture is a potential turnsole of modern Bulgarian 

education. Its colour saturation is the indicator of hope. Of the 

romantic and nostalgic conviction that traditions presuppose 

prosperity. 
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Abstract. A series of principles, giving the main directions 

for development of the museums as tourist resources are treated. An 

attempt is made at applying them to Bulgarian conditions, showing the 

possibilities for development of the museums in a national and 

regional aspect. The basic trends in the development of the cultural 

tourism in Bulgaria are drawn and the place of the museums in it is 

sought.  
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Museum development in this context is on the basis of the 

different motivation of the different groups of tourists. Attracting 

these two largest groups – accidental and non-motivated tourists 

must be a lucid objective for each museum and each professional in 

the field of cultural tourism. 

It is evident that the main tourist potential (40 %) is of non-

motivated or accidental tourists involved in cultural tourism, including 

those visiting museums as resources of this type of tourism. It is 

known that those 15 % that are highly motivated travel purposefully to 
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a specific cultural site. As a whole this is the group with highest social 

status, with highest demands for tourist infrastructure, for cultural 

tourism sites and the service there, for accommodation facilities, etc. 

In France for example there are such tours for that tourist profile, 

visiting museums all over Europe in the course of 4-5 weekends. In 

our case such a group of highly motivated tourists are considered only 

the school groups visiting museums. Exceptions are those who prefer 

archaeological discoveries in the open and combine watching them 

with going to the museums in Veliki Preslav, Madara and Pliska for 

instance. Nevertheless these school groups are frequent customers of 

the museums, but are not differentiated when the tourist flow is 

registered. This could be done through accounting for the tickets sold 

at reduced prices. However, there is no such data. From another point 

of view the tourist industry does not register these groups as tourist 

ones by many reasons, one of which being the absence of a realized 

overnight accommodation. As for the foreign visitors, they can be 

related to the last two groups – of the accidental and non-motivated. 

That is because they come in the summer, mainly from the Black Sea 

coast and register in situ in the marine hotels. I.e. they are typical 

summer tourists, looking for diversification of their beach program 

with visiting cultural sites.  

Analisis 

Museum development in this context is on the basis of the 

different motivation of the different groups of tourists. Attracting 

these two largest groups – accidental and non-motivated tourists 

must be a lucid objective for each museum and each professional in 

the field of cultural tourism. (Fig.1). 



highly motivated 

partly motivated 

not motivated 

random 

Fig. 1. Motivation of the tourists involved in cultural tourism in the 

world 

(Trujillo, T. 2000
2
). 

It is evident that the main tourist potential (40 %) is of non-

motivated or accidental tourists involved in cultural tourism, including 

those visiting museums as resources of this type of tourism. It is 

known that those 15 % that are highly motivated travel purposefully to 

a specific cultural site. As a whole this is the group with highest social 

status, with highest demands for tourist infrastructure, for cultural 

tourism sites and the service there, for accommodation facilities, etc. 

In France for example there are such tours for that tourist profile, 

visiting museums all over Europe in the course of 4-5 weekends. In 

2
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our case such a group of highly motivated tourists are considered only 

the school groups visiting museums. Exceptions are those who prefer 

archaeological discoveries in the open and combine watching them 

with going to the museums in Veliki Preslav, Madara and Pliska for 

instance. Nevertheless these school groups are frequent customers of 

the museums, but are not differentiated when the tourist flow is 

registered. This could be done through accounting for the tickets sold 

at reduced prices. However, there is no such data. From another point 

of view the tourist industry does not register these groups as tourist 

ones by many reasons, one of which being the absence of a realized 

overnight accommodation. As for the foreign visitors, they can be 

related to the last two groups – of the accidental and non-motivated. 

That is because they come in the summer, mainly from the Black Sea 

coast and register in situ in the marine hotels. I.e. they are typical 

summer tourists, looking for diversification of their beach program 

with visiting cultural sites.  

Trujillo (2000) gives 5 the principle of development of 

museums. In the middle of    Bulgarian museums seem so: 

PRINCIPLE No. 1 

Museums constitute an important resource for Cultural Tourism 

for several reasons: their status as cultural mediators and the diversity 

of their collections, their category (whether public or private and 

national, regional or local), and their conditions of multiplicity, 

uniqueness, freedom, flexibility and creative potentiality.  

 Legislation for the promotion of a tourism which includes

investments and interventions in areas of heritage value, should ensure 

that preservation of cultural and natural heritage shall take precedence 

over economic interests, where there is a risk of irreversible damage. ·  

 Co-operation between museological institutions, tourism

sector institutions and the communities should be encouraged and 

arranged. ·  



 Legislative consistency necessary for defending heritage

and tourist development should be addressed, taking into 

consideration the coexistence of the different levels of governmental 

authority as well as the various social sectors concerned. The 

participation of representatives from the local communities should be 

especially encouraged. ·  

 Museums shall favour self-management as a way to

redistribute socio-economic benefits of cultural tourism to the 

community, since tourism development represents a proven option for 

generating resources. If they are properly administrated, these 

resources can directly benefit heritage institutions, especially 

museums and the communities where they are located.  

1. The Bulgarian experience and the museums in Shumen

region. Museums should be inclined to allocate the incomes of the 

cultural tourism
3
. The principle referred to indicates that a museum 

should not be content with its own specimens and exhibits only. It is 

always better if it acts as a mediator between the visitors – those 

involved in cultural tourism and the owners of different valuable 

collections. This would make the museum more attractive and would 

increase the number of visitors. The successful guest-exhibition of 

wax figures in the Regional Museum of History – Shumen in 2007 

could serve as an example. More than 4000 have visited it for about 

two weeks – a flow that is equal to the number of visitors for a couple 

of months with the usual working hours and the permanent 

exhibitions. Of course the state should allow establishment of private 

museums or at least to register the Maecenas’ collections which could 

be easily exhibited in the halls of the museums. The revenues from the 

3
  Ganchev, Р. 2006. Sastoqnie, problemi i perspektivi pred balgarskite 

muzei I galerii // Doklad pred rabotna sreshta na Direktotorite i 

muzeite 



tourists should be utilized by the museums, so that they could finance 

their researches and enlarge their collections. This would be partially 

enacted through implementation of devolved budgets. The co-

operation between museums and the private sector should be on equal 

terms and the tour operators should have their own requirements on 

the kinds of collections in accordance with the profile of the tourists 

they provide. As a whole a museum should not rely on its own 

specimens only, but should be in search of guest-exhibits. The home 

exhibitions in the halls of the Regional Museum of History – Shumen 

were set on display decades ago. The preservation of the artifacts for 

the generations to come will provide the so called sustainable 

development of the cultural tourism. Still, this could be achieved with 

the partnership of the local authorities and the tour operators and 

agencies concerned.      

PRINCIPLE No. 2 

The interaction between tourism and museums is a relationship that 

can affect the preservation of natural and cultural heritage including 

that of the collections and the values they transmit. Such a relationship 

should maintain an ethics of preservation in order to ensure the 

permanence of the objects. 

 Cultural heritage property is unique and irreplaceable. Its

authenticity has an appraised value and its loss or deterioration 

represents a loss for universal culture. Responsible and sustainable 

tourism reduces the impact and the deterioration of cultural property 

to a minimum. ·  

 The characteristics of cultural heritage requires museum

professionals, tour operators and visitors to be a morally and ethically 

responsible. For this reason programmes targeting preventive 

preservation should take priority. ·  

 Evaluating the impact of visitors and regulating tourism

use of the museum should take priority when planning for heritage 



tourism. Such studies should take into account the/an appropriate 

conceptual and programmatic foundation agreed upon by the sectors 

involved. With such a foundation, the challenge of using a heritage 

resource for tourism purposes could be met.  

2. The Bulgarian experience and the museums in Shumen

region.  As a whole museums are not overloaded with tourists and do 

not require special protection. However part of the artifacts are 

exhibited in the open and this necessitates particular conduct. In this 

aspect tour operators are expected to preliminarily instruct the tourists 

about the itinerary of approaching a given site. The admittance in 

some of the places with air-conditioning (e.g. ancient tombs) is 

restricted and allows a definite flow per hour. Part of the difficulties 

that our museums meet are the absence of reliable security system and 

special stands for the artifacts of high value. These are heavy and 

armored glass cases. The Regional Museum of History – Varna has at 

its disposal such glass cases and the exhibition of the Bulgarian gold 

had a great success there last summer. Hiring such facilities is too 

expensive for the Regional Museum of History – Shumen. That is why 

for the artifacts of great significance this kind of exhibit furniture is to 

be provided. The preservation of the museum-houses should also be a 

priority which could not be gained with the resources of the museum 

and the municipality only
4
. These are cultural monuments and their 

restoration should be a national priority. Furthermore, these are 

buildings, which characterize not only with historical, but with 

architectural value too. The latter is not put in use during the tourists’ 

visits.  

4
 Rumenov, D. 2007. Selo Konjovec kato pritegatelen centar za 

kulturen turizam, Konferencia ―Kulturniat turizam‖, RIM St. Zagora; 



        PRINCIPLE No. 3 

        In regards to cultural tourism, museums should encourage the 

active participation of the local communities in the planning of both 

heritage management and the operations of tourist venues. 

 The links between heritage property and the communities

where they originated and where they acquired a historic meaning 

cannot be broken. Museums are called on to promote the 

identification, appreciation and preservation of such objects, as well as 

the environment in which they belong. The participation of members 

of the communities and social sectors involved in these areas is 

fundamental in this endeavour, and in so doing they exercise and 

defend both their individual and collective rights.  

 The community should take part in the design, planning,

execution and monitoring phases of activities likely to use cultural 

heritage for tourism purposes. In order to accomplish this, both 

cultural identification and improvement in the quality of life of social 

groups involved in the cultural event are necessary. ·  

 The socio-cultural symbiosis between tourism activity

and heritage resources, with the free and democratic participation of 

many sectors, should ensure the quality of the tourism services, the 

authenticity of the products offered to the visitor as well as the 

foundations for the cultural event. ·  

 Museums should encourage the communities to manage

their cultural heritage, for which they should encourage suitable 

training.  

3. The Bulgarian experience and the museums in Shumen

region. Of all the principles for museums development mentioned 

above this is probably the weakest one. The link between the 

museums in the region and the local authorities is manifested solely 

by accounting the museum’s resources to the local budget. Scientific 



conferences are partially sponsored with resources from the 

municipality’s budget.  The joint training and elaboration of green 

field projects is necessary since there is no direct connection between 

museums and the tourist center at the municipality except for the mere 

informing activity. Some of the financial resources from the euro-

funds cannot be profited without the partnership of the municipality as 

a beneficiary. Cultural tourism needs these resources for the research 

work of the museums, the improvement of the social infrastructure, 

etc. The Shumen Plateau Natural Park could serve as an example – it 

gains projects, including such for improvement of the road 

infrastructure leading to the plateau.  The skills of the museum 

professionals and those of the corresponding municipality departments 

in creating such projects are to be questioned. Together with the tour 

operators the museums and the municipalities should elaborate an 

integral strategy for cultural tourism development in the given 

administrative unit.      

        PRINCIPLE No. 4 

        A harmonious relationship between museums and cultural 

tourism should address all constituent aspects of the museum such as 

the infrastructure, quality of the collection, information and 

communication systems, educational and exhibition activities, the 

staff and the relationship with its surroundings. · 

 Museums should be designed for everyone and not

exclusively for tourists, although this sector represents an important 

part of its public. In their social function, museums should create 

enjoyable experiences emphasising education and communication. To 

this end the information presented should be easily understood, with 

language barriers reduced to a minimum, facilitating communication 

and with professional staff for trained both museological duties and 

visitor assistance. Additionally, museums should provide a collection 



that is appropriately selected and preserved, using the latest 

technology available.  

 Tourism should be a creative use of free time, providing

experiences in a time and space away from daily routines. Museums 

shall create the necessary conditions for their visitors to circulate at 

their own pace and enjoy their stay. It is important to plan tours using 

temporary programmes which are restricted to a schedule that satisfies 

both the leisure periods of the local inhabitants and alternatives for 

foreign tourists.  

 Museums and cultural tourism should encourage the

interaction between visitors and the host community in a framework 

of respect towards the values and the hospitality that are offered.  

4. The Bulgarian experience and the museums in Shumen

region. As for the language skills of the guides in the Shumen 

museums – they are not so problematic. The informational 

technologies as a means of presenting exhibits and cultural and 

historical valuables are a great problem since the shortage of financial 

resources does not allow presentations, attractive lighting and 

electronic system for ticket-selling as is the practice of the main world 

museums. As regards the attractiveness of the exhibit presentation – 

the problem here is connected mainly with the static character and the 

long term of displaying. The collections should be replaced regularly 

in relation to certain dates, celebrations or by the decision of the tour 

operators. Therefore meetings should be held between them and the 

boards of the museums for determining their successful marketing 

strategy. 



 PRINCIPLE No. 5 

         From an economic point of view, commercialisation of cultural 

tourism based on heritage resources should include profitability in its 

economic, social and environmental dimensions.  

 Planning of cultural projects, from the perspective of the

museum and cultural tourism, should reflect marketing strategies 

consistent with the characteristics of the cultural resources and the 

host communities. ·  

 The preservation of the legacy deposited in museums is a

responsibility that transcends all administrative authorities to become 

a responsibility of the country. This does not exempt museums from 

developing their own mechanisms to seek alternate sponsors and 

financing; neither does it preclude them from attempting to become 

profitable institutions capable of generating resources without making 

concessions, offering a genuine product whose essential strength lies 

in being exceptional and a repository of identity.  

 Participation of museums in guided tours entails designing

and complementing the cultural offering, in addition to being integral 

elements of the network of tourist attractions at each location. 

Museums can also be meeting points and points of departure for other 

itineraries and services, such as places of interest to tourists, 

restaurants, transportation, handicrafts, etc.  

5. The Bulgarian experience and the museums in Shumen

region. This is the weakest spot of the museums not only in Bulgaria. 

Developing a unified advertising strategy for an integral tourist 

product is a very difficult task and the municipalities do not have at 



disposal trained specialists to manage with it
5
. The advertising leaflets 

of the museums are offered only there and are being purchased not 

until the tourist has arrived – i. e. when the tourist had already decided 

to practice cultural tourism. Those that still have not taken this 

decision (the 40 % from Fig. 1) are left out. Elaborating a universal 

advertising aspect of the tourism in a given municipality or district is a 

priority of the local authorities. Namely they have to initiate and 

assign it. Museums can only be subagents. However, the Shumen 

district, as a cultural center of Bulgaria, has to make the best of its 

cultural and historical heritage through the museums and the other 

cultural institutions. This way even the Regional Museum of History 

could be the initiator of a meeting with tour operators or the organizer 

of a tourist fair on the grounds of concurrent financing with municipal 

resources, local revenues (if devolved budgets are implemented), tour 

operators and agencies’ sponsorship, which will be thus advertised 

and the owners of hotels and restaurants in the district.    

An interesting fact related to this principle is the impact of the 

museums on the local communities and economics. The successful 

strategy for developing a museum exhibit to change the appearance of 

a given town could follow the example of Bilbao. The Guggenheim 

Museum was opened there in 1997, which is an architectural 

phenomenon not only for the town but for Spain too.  

 Its specific shape appears everywhere – from the motor

advertisements to the videos of the rappers on MTV. The question 

―Have you ever been in Bilbao?” made the visits to that town 

obligatory for certain art and architecture social circles.  

5
 Donchev, Penerliev. 2005. Alternativen turizam (uchebnik za 

distancionno obuchenie), Veliko Tarnovo 



 “No one had heard of Bilbao, no one knew where it was. No

one knew even how to write it.” These are the words of Terence 

Riley – director of Miami Art Museum and former chief curator of 

architecture and design at the Museum of Modern Art in New 

York. Riley pointed out that he had added the word Bilbao to his 

Microsoft Word dictionary. Guggenheim became so popular that 

tourists began to visit the town on a mass scale. “I have been 

there four times. This is probably even more than expected”.     

Conclusions  

As a whole, the five principles for development of the museums in 

the context of the cultural tourism proposed by Trujillo (2000) and 

Lord (2002
6
) are not new. To a great extent their formulations are 

adopted and realized in the Bulgarian tourism industry and the 

museum institutions in particular. However, there is no unified 

marketing strategy on a regional and national scale – the most 

important component part of the successful high-quality tourist 

product. This could be achieved with the implementation of scientific 

methods and good economical context and assessment. It is far 

beyond the scope of the untrained municipal employees and museum 

professionals in the district. With that purpose, trained art-managers 

and economists in the field of assessment and development of tourist 

products should be attracted. Also financial resources from the 

European funds should be sought and the staff should be trained in 

developing corresponding projects. 

6
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Abstract: The alluminium alloys are very important industrial 
materials. Presently, some new Al–Si alloys with zirconium 
incorporated are under way to be designed. Al–Si–Zr ribbons have 
been prepared by casting and rapid solidification of ternary melts 
using the melt-spinning method. The chemicals compositions of the 
alloys have been measured. Differential differential thermal 
analyses and electron scanning microscopy have been used in order 
to obtain information about the thermal effects temperatures and the 
phase composition. 

Al–Cu–Nd alloys have been synthesized and  the 
microstructure has been investigated by scanning electron 
microscope.  

Keywords: Al–Si–Zr and Al–Cu–Nd alloys, Al–Si–Zr ribbons, 
chemical composition, differential thermal analyses, scanning 
electron microscope, microstructure, phase diagram. 
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Abstract: Structural fingerprints have been widely used in structural 
similarity search procedures. Generally there are two types of 
structural fingerprints, fragment (key) based and daylight type 
hashed fingerprints. Some similar fingerprint representations have 
been exploited in other areas, such as 3D geometry of 3-and 4-point 
pharmacophores, 3D fingerprints of potential pharmacophore point 
triangles, Computer-Assisted Structure Elucidation (CASE) 
programs where 13C NMR, IR are coded, bit string chromosome 
representations, biding interaction pair fingerprints (BIPF), etc.  

Recently, we have proposed a novel type of fingerprints, which 
we call descriptor fingerprints. A descriptor fingerprint is created by 
determining an interval and the resolution of its possible values for 
each descriptor, e.g. a initial value initVal and ending value endVal 
with a resolution step resV. Hence, for each descriptor its interval is 
divided bitwise into N=(initVal-endVal)/resVal subintervals which 
are concatenated, thus the different descriptors form the fingerprint 
itself. Further, the program determines in which bit the current 
descriptor value falls and put a bit 1 in this element, the other 
elements remaining zeros. Furthermore, in the case of small 
molecules, this approach allows we create mixed fingerprints 
consisting of descriptor and structural fingerprints. Thus, both 
physical and structural properties are jointly coded and further 
exploited.  



Database of either chemical or product fingerprints 
(descriptor only or descriptor + structural) is created and the 
similarity of each query object is compared with the objects from this 
database by using Tanimoto criterion T:  
T=C/(A+B-C) (1)  

Where A is the number of 1s in the fingerprint of the first 
object, B is the number of 1s of the second object fingerprint and C 
is the number of 1s being in the same positions in both fingerprints. 
The Tanimoto index has values in the range from 0.0 to 1.0. The 
higher is the value the more similar is the object.  

It is expected, the most similar objects (with highest Tanimoto 
indices) to an object of the database to have some properties 
(biological activity, citane index, etc.) similar to this object.  
This approach has been applied to QSAR (Quantitative Structure 
Activity relationship) investigations of food allergens, biologically 
active chemicals, as well as to QSPR (Quantitative Structure/ 
Properties Relationship) studies of chromatographic and diesel fuel 
data. The results obtained are discussed in this work.  

Keywords: descriptor fingerprints, structural fingerprints, 
descriptors, similarity, Tanimoto index.  
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Chomatoprahic Retention Modeling by QSRR 
Approach  

M. Moskovkina 

Konstantin Preslavski Shumen University, Faculty of Natural 
Sciences,115 Universitetska Str., Shumen 9712, Bulgaria   

Abstract: The present review is devoted to summarize a number of 
investigations consider to describe the intermolecular interactions 
which take place in the chromatographic separation process by 
QSRR approach. The study includes publications of QSRR modeling 
in different chromatographic modes – gas chromatography 
(distributive and adsorbtion modes), liquid chromatography (on 
normal and reverse phases) and thin layer chromatographic 
technique. Some different sets of solute structures were tested: a set 
of saturated esters, phenols, oxazols, thiazols, pyrazine derivates, 1.4 
benzodiazepines, etc. A wide range of molecular indices was 
developed and tested as descriptors to model the structure-retention 
relationships. The multiple linear regression algorithm (MLR) was 
used for QSRR modelling.  The best models derived for different 
chromatographic modes were extracted for evaluation and 
discussion. The possibility to create a description of the mechanism 
of chromatographic separation by providing adequate linear 
regression models is discussed. 

Keywords: QSRR approach, chromatographic retention modeling. 
 

 
 
 
 
 
 
 
 



Determination of the viscosity in foam films from 
Bovine Serum Albumin and from its mixtures with  

n-dodecyl-β-D-maltoside   
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Abstract: The thinning of foam films from pure Bovine Serum 
Albumin (BSA)) and its mixed solutions with a composition BSA : 
C12G2 = 1:7.5; 1:50; 1:100, was recorded and analyzed with 
appropriate equations in order to calculate the viscosity.  It was 
found that the thinning of films formed from pure BSA solution and 
from mixed BSA:C12G2 = 1:7.5 one is slower than that predicted by 
Reynolds (Re) equation The thinning of films from 1:50 mixed 
solution follows Re law, while the thinning of films from 1:100 
mixed solution is in accord with Manev-Tsecov-Radoev (MTR) 
equation which points out that the film interfaces in the case of 
1:100 are most mobile which is due to a lowest content of BSA 
molecules in the adsorption layers. h(t) dependences before100 and 
after 100 nm for single and mixed films were plotted in coordinates 
h-2(t) or h-7/5(t) respectively and from their slopes the viscosities in 
the films were calculated. The values obtained for pure BSA and 
mixed (1:7.5) films are 50 % higher than the values of  measured  
bulk viscosity. In the same time the viscosity obtained from h-7/5(t) 
dependence for film from 1:100 is in accordance with the bulk 
viscosity of native protein (1.04××××10-3 Pa.s). Based on viscosity data 
and Einstein equation the radius of BSA molecule in pure and 
mixed solutions was estimated. According to the obtained data it was 
concluded that in the mixed solution 1:50; 1:100 there is not 
aggregation between BSA molecules due to their hydrophilization by 
C12G2 molecules bind per BSA molecule. The difference found 
between viscosity values measured by Ostwald method and those 



obtained from the film thinning gives a possibility for using of TTF 
as a precise osmometer. 

 Keywords: Bovine Serum Albumin (BSA); n – dodecyl - ββββ -D 
maltoside (C12G2); mixed BSA/C12G2 solutions; viscosity from film 
drainage. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Synthesis of polyfuctional sulfones 

S. Ivanova 

Department of Organic Chemistry, University Prof. A. Zlatarov 
Bourgas 8010, Bulgaria 

Abstract: The nucleophilic addition reactions of both the 
arenesulfinic acids with β-nitrostyrene derivatives have been 
studied. The structure of nitrosulfones thus obtained were 
confirmed by microanalytical and spectral methods. The basic 
kinetic parameters of the reactions were determined. 
Interaction are order reactions, but they are first order 
regarding each reagent. The influence of various substituted 
in the carbon double bond the nucleophilic activity was 
studied.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Regioselective Synthesis and Competitive 
Electrophilic Cyclization Reactions 

of 1,3-Bifunctionalized Allenes 
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Abstract: The present article discusses the new regioselective 
methods applied to synthesis of 1,3-bifunctionalized allenes by a 
atom economical [2,3]-sigmatropic rearrangement of the mediated 
propargyl compounds. The interaction of prepared allenes with 
different electrophilic reagents were investigated and it was proved 
that these reactions undergo with formation of various heterocyclic 
or acyclic compounds. 

Keywords: 4-phosphorylated allenoates, 4-sulfinylated allenoates, 4-
sulfonylated allenoates, 2,5-dihydro-1,2-oxaphospholes, furan-
2(5H)-ones, neighbouring group participation. 
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Synthesis and Electrophilic Reactions  
of Phosphorylated αααα-hydroxyallenes  

with protected OH-group 
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Abstract: An efficient method for regioselective synthesis of 
phosphorylated αααα-hydroxyallenes with protected HO-group is 
described. Electrophilic reactions of the prepared αααα-hydroxy 
allenephosphonates and  allennyl phosphine oxides with protected 
HO-group were studied as it established that the reactions proceeded 
with formation of various unsaturated heterocyclic and acyclic 
compounds. 

Keywords: Allenephosphonates, allenyl phosphine oxides, synthesis, 
cyclization, 2,5-dihydro-1,2-oxaphosphole. 
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HPLC-RID method for determination of inulin and 
fructooligosaccharides 
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Abstract: A simple, selective and rapid HPLC-RID method for 
determination of inulin, nystose, kestose, sucrose, glucose and 
fructose in foods has been developed. The best chromatography 
conditions for separation were obtained on Pb2+ column operating at 
85 °C, mobile phase deionized water and the flow rate 1.0 ml/min. 
The linearity of the method was in the concentration range 0.1-10 
mg/ml for all analyzed carbohydrates with the correlation coefficient 
R2>0.997. The limit of detection (LOD) and the limit of 
quantification (LOQ) for inulin, nystose, kestose sucrose, glucose 
and fructose have also been defined. The developed method showed 
very good repeatability and reproducibility (RSD 2-3%) and it was 
successfully applied to determine inulin, fructooligosaccharides and 
sugars in functional food products and the medicinal plant root 
extracts. 

Keywords: inulin, fructooligosacharides, sugars, HPLC-RID 
analysis 

 
 
 
 
 
 
 



Spectrophotometric method for determination of 
inulin and fructooligosaccharides in lactic acid 

fermented dairy products  
Nadezhda Petkova1, Mihaela Ivanova2, Mina Todorova1, 
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Abstract: A rapid and sensitive spectrophotometric method for the 
quantitative determination of inulin and fructooligosacharides in 
lactic acid fermented dairy products has been developed. The 
method was based on the familiar Seliwanoff reaction for detection 
of ketoses with resorcinol in hydrochloric acid media. The standard 
curve was constructed by using fructose as a standard. The tested 
spectrophotometric method has been characterized with good 
linearity (R2=0.997) in the fructose concentration range 0.5-20 
µg/ml. The presence of galactose and lactose in the analyzed 
samples did not interfere in the determination of inulin. The sample 
preparation procedure included hot water extraction, purification by 
Carrez solutions and subsequent spectrophotometric determination 
at 480 nm. The developed method showed very good precision: 
repeatability (RSD=8%) and reproducibility (RSD=10%). The 
obtained results demonstrated that the spectrophotometric method 
for determination of inulin and fructooligoccharides in lactic acid 
fermented dairy products is less time consuming, suitable for routine 
laboratory analysis, cheap and reproducible. 

Keywords: inulin, fructooligosacharides (FOS), yoghurt, resorcinol 
method  

 
 



Optical Properties of LiNbO3:Ru in the UV spectral 
region 

P. Petkova, P. Vasilev 

Konstantin Preslavsky University of Shumen, 115 Universitetska 
street, 9712 Shumen, Bulgaria 

Abstract: The absorption coefficient of LiNbO3:Ru single crystals is 
measured in the spectral region of Urbach’s rule at room 
temperature. The parameters of electron-phonon interaction, 
Urbach’s energy and the constants of Urbach’s rule are calculated. 
It is established the behavior of the Ru ions in Urbach’s rule region. 

Keywords: doped lithium niobate, Urbach’s rule, electron-phonon 
interaction, Urbach’s energy. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Opportunities for realization of health and 
environmental education and upbringing in 
teaching organic chemistry at 9th grade of 

secondary school 
Leyla Yusufova, Petinka Galcheva 
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Abstract: That elaboration aims to present some of our experiences 
in formation of health-ecological culture, awareness and treatment 
of problems related to the environment and human health in 
teaching organic chemistry at 9th grade of secondary school. To 
achieve this aim is accomplished integration of organizational forms 
and methods and their application to the curriculum in the subject 
chemistry and environmental protection. 

Keywords: health education, environmental education, interactive 
methods 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



Juxtaposing between Ag-Sn-Zn Liquid Phase 
Thermodynamic Properties assessed by General 
Solution model and by the CALPHAD approach 
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aUniversity of Food Technologies, Inorganic and Physical 
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bUniversity of Plovdiv, Faculty of Chemistry, Plovdiv, Bulgaria 
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Abstract: Thermodynamic assessment of the Ag–Sn–Zn system 
liquid phase has been done by means of the general solution model 
of Chou. This model uses thermodynamic data for the liquid phases 
from the respective binary end-systems to calculate ternary 
interaction parameters (Li) and molar excess Gibbs energy of the 
ternary liquid phase. The calculations have been performed in the 
temperature range 1000–2000 K. The concentration dependences of 
the liquid phase thermodynamic properties along vertical sections 
with atomic Sn/Zn ratios of 1/3, 1/1 and 3/1 have been estimated. 
Similarity with experimental Zn activity coefficients at 1073 K was 
verified. The results are compared to those obtained by the 
CALPHAD method. Conclusions about the applicability of the 
general solution model have been done. 

Keywords: Ag–Sn–Zn alloys, thermodynamics, general solution 
model (GSM). 

 
 
 
 
 
 
 
 
 
 



Semiempirical modeling of the reactions of 1,2-
alkatrienephosphonates with sulfenyl- and 

selenylbromides 
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Abstract: The possible pathways of interaction between 1,2-
alkatrienephosphonates and sulfenyl- and selenylbromides [1] 
were modeled at semiempirical level of theory. Geometries of 
the reagents, intermediates, products and the transition 
structures were fully optimized with the PM7, AM1 and PM3 
semiempirical methods. All models were characterized as an 
extremum at the potential energy surface (PES) by frequency 
calculations at the corresponding computational level. The 
reactions’ energetics and the activation barriers were 
computed at the temperature 298,15K. All calculations were 
performed with MOPAC2012 computational package [2] and 
Firefly QC package [3], which is partially based on the 
GAMESS (US) [4] source code. 

Keywords: 1,2-alkatrienephosphonates, sulfenylbromides, 
selenylbromides, semiempirical method, PM7, AM1, PM3. 
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Thin Films of Alveolar and Tear Surfactants 
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Abstract: Lung and tear surfactants form films at the air/water 
interface at the pulmonary and ocular surface. The surfactants 
dysfunction results in the pathologies of respiratory distress 
syndrome and dry eye syndrome respectively. Both surfactants 
share common tasks: to lower the surface tension of the 
physiological surfaces; to assure stable film during 
compression/decompression cycling; to allow air diffusivity 
etc.  

In our research we utilize model membranes and develop 
surface chemistry approach to understand the 
composition/structure/function relationship of the two 
surfactants. 

The lung surfactant studies were performed at one 
isolated (planar and spherical monolayers) and two interacting 
air/water interfaces (foam films) respectively. The foam film 
model allows to combine original quantitative parameters with 
direct observation of film structure. Variety of lung surfactants 
were examined: from the natural tracheal and gastral 
aspirates to the clinically used exogenous preparations 
Exosurf, Survanta, Alveofact and Curosurf. Insights were 
obtained in the adsorption, surface structure and function of 
the lung surfactant films. The capability of plasma proteins to 
inhibite surfactant functions and of some hydrophilic polymers 
to recover the surfactant activity was evaluated. The specific 
action of the hydrophilic polymers to exogenous preparations 
is demonstrated.  

The tear surfactant films were studied by Langmuir 
surface balance and Brewster angle microscopy. The studies 



revealed that tear lipids form continuous viscoelastic 
multilayer at the air/tear surface, capable to rapidly reorganize 
at blinking and to efficiently suppress the evaporation of tear 
fluid. Hydrophilic surface active molecules impair the integrity 
and properties of tear film. In contrast pharmaceutical agents 
well miscible with the lipid layer or capable to form hydrogen 
bonds with the polar lipid headgroups improved the spreading 
and the surface properties of the tear surfactant films. 

Details on the research presented in this poster can be 
found in: 
http://pubs.rsc.org/en/content/articlelanding/2013/sm/c3sm51849c#!divAbstr
act, G. As. Georgiev,   N. Yokoi,   S.Ivanova,   Tz. Dimitrov,   Kr. Andreev,   
R. Krastev,    Z. Lalchev, Surface Chemistry Study Of The Interactions Of 
Hyaluronic Acid and Benzalkonium Chloride With Meibomian And Corneal 
Cell Lipids, Soft Matter, 2013, Accepted Manuscript DOI: 
10.1039/C3SM51849C. 
 

http://pubs.rsc.org/en/content/articlelanding/2012/sm/c2sm25937k#!divAbstr
act, G. As. Georgiev,  Ch.Vassilieff, A. Jordanova, A. Tsanova, Z. Lalchev, 
Foam film study of albumin inhibited lung surfactant preparations: effect of 
added hydrophilic polymers, Soft Matter, 2012,8, 12072-12079 DOI:  
10.1039/C2SM25937K. 
Georgiev GA, Yokoi N, Koev K, Kutsarova E, Ivanova S, Kyumurkov A, 
Jordanova A, Krastev R, Lalchev Z., Surface chemistry study of the 
interactions of benzalkonium chloride with films of meibum, corneal cells 
lipids, and whole tears. Invest Ophthalmol Vis Sci. 2011 28;52(7):4645-54. 
Georgiev GA, Yokoi N, Ivanova S, Krastev R, Lalchev Z. Surface chemistry 
study of the interactions of pharmaceutical ingredients with human meibum 
films. Invest Ophthalmol Vis Sci. 2012 Jul 12;53(8):4605-15. 
 

http://www.futuremedicine.com/doi/abs/10.2217/ebo.12.340, Norihiko Yokoi 
& Georgi As Georgiev ,Tear-film-oriented diagnosis and therapy for dry eye, 
Dry Eye Syndrome: Basic and Clinical Perspectives, Dry Eye Syndrome: 
Basic and Clinical Perspectives, June 2013, Pages 96-108  Doi: 
10.2217/ebo.12.340.  
Georgiev, G. A., Kutsarova, E., Jordanova, A., Krastev, R., Lalchev, Z. 
Interactions of Meibomian gland secretion with polar lipids in Langmuir 
monolayers, Colloids Surf B Biointerfaces. 2010 Jul 1;78(2):317-27. 
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Abstract: The osmotic flow, i.e. the transport of solvent 
through a semipermeable membrane, has been a subject of 
investigation for more than a century. 

Although osmotic equilibrium is considered to be well 
understood from thermodynamic viewpoint and does not pose 
serious ambiguities, the dynamic aspects of the process 
frequently exhibit new and even surprising effects, which are 
difficult to explain within the frames of the traditional kinetic 
models. 

Such a non-trivial effect is the established in the present 
investigation maximum in the rate of transferred solvent as a 
function of time, ∆∆∆∆n(t). This dependence invariably takes the 
shape of a curve originating at the zero and gradually 
increasing values, reaching eventually saturation. The plateau 
at ∆∆∆∆n(t→∞→∞→∞→∞) reflects attaining the equilibrium. In our 
experimental investigation we obtained q(t) dependences 
featuring S-shaped curves, passing through inflexion, 
equivalent to d2(∆∆∆∆n) /dt2 = 0.  

The experiments at varied volume confirmed the 
presence of maxima in the rates, whose heights increase with 
the span of volume variation. 
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Abstract: Allergies are a growing health problem in developed 
countries and closely result from increased healthcare requirements. 
This problem is further compounded by increasing number of 
allergens found in genetically modified (GM) foods and other kinds 
of allergens from different unexpected sources. The importance of 
allergies has prompted the use of new methods like genomics and 
proteomics in order to reveal the nature of allergies. In the present 
investigation the fingerprint method for allergen identification and 
prediction was exploited. The fingerprint approach was implemented 
in software named FRQSAR.  The method has been applied to a 
group of 1400 proteins (700 allergens and 700 nonallergens)   in 
order to predict their allergenic activity. The fingerprints for all 
1400 structures were formed in order to characterize its biological 
properties. As a next step the developed group of allergen-structures 
was used to form a database of allergen structures in order to use 
the similarity search for checking various molecular structures with 
known biological activity. The Tanimoto index has been further 
used toward the similarity perception. The external validation 
showed that FPQSAR recognizes allergens from non-allergens with 
cut-off value for Tanimoto index T = 0.667. For the cases when T 
>0.667 the protein was correctly classified as allergen or non-
allergen. The results of similarity search carried in the present 



investigation were used for comparing, clustering and determination 
of the biological activity of chemical structures. 

Kewwords: QSRR approach, fingerprint method, allergenic 
proteins, similarity search, Tanimoto index. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Microwave-assisted synthesis of 4-aryl-1,2,3,4-
tetrahydroisoquinolines 
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Abstract: Tetrahydroisoquinolines are an important class of natural 
and synthetic compounds, which exhibit a vast range of biological 
activities, such as antitumor, antibacterial, antiplasmodial, and β-
adrenergic receptor antagonism.  Tetrahydroisoquinolines arylated 
at C-4 display prominent pharmaceutical activities. A microwave 
assisted α-amidoalkylation reaction as an alternative efficient 
synthesis of 4-aryl- 1,2,3,4-tetrahydroisoquinoline derivatives was 
described. 

Keywords: cherylline, 4-aryl-1,2,3,4-tetrahydroisoquinoline, α-
amidoalkylation, SiO2/PPA. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Comparative investigation on the phenolic profile of 
alcohol extracts from in in vivo and in vitro grown 
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Abstract: The present study was aimed to establish the polyphenolic 
composition of extracts from in vivo and in vitro grown plants of 
Haberlea rhodopensis Friv. and to compare their profiles. The 70 % 
alcohol extracts of this scarcely explored endemic plant were 
analyzed in terms of presence of phenolic acids, flavonoid aglycones 
and flavonoid glycosides. The conducted RPHPLC analyses showed 
that a large number of phenolic acids and flavonoids were presented 
in the 70 % ethanol extracts of H. rhodopensis. The dominant 
presence among the identified compounds of luteolin, hesperedin 
and sinapic acid was found for extracts both from in vivo and in 
vitro plants. 

Keywords: Haberlea rhodopensis; polyphenolic composition; HPLC 
analyses 
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Abstract: Lacticacid fermented dairy products are characterized by 
certain dietary, therapeutic and prophylactic properties. In order to 
increase their biological value are explored the possibilities to use 
fructans with different degree of polymerization (DP) fructo-
oligosaccharides (DP = 2-7) and inulin (DP = 22 which are 
fractionated by artichoke and inulin Raftiline ® HP (DP = 25) 
isolated from chicory. These inulin-type fructans have a prebiotic 
effect, and new approaches for their application in the production of 
fermented milk products are explored. The influence of the amount 
of added fructo-oligosaccharides and inulin is traced on the process 
of biochemical transformation of lactose and on the texture of the 
product. It was found that the added dietary fiber does not affect the 
dynamics of the lactic acid process. Quantity of separated serum 
increases with the degree of polymerization of fructans and with 
increased amount of added inulin. Fructo-oligosaccharides (DP = 2-
7) reduce the quantity of the serum compared to the control. 

Keywords: functional lacticacid fermented dairy product, fructo-
oligosacharides, inulin 

 
 
 
 



Optical Properties of LiNbO3:Ru in the VIS 
spectral region 
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Abstract: The absorption spectra of LiNbO3:Ru single crystals 
are measured in the visible spectral region at room 
temperature. The two absorption maxima are clearly expressed 
around 370 nm and 530 nm. The investigated samples are 
grown with four different concentrations of ruthenium. The 
energies of the electron transitions in Ru are calculated. The 
role of the spin-orbit interaction and Jahn-Teller effect is 
evaluated also. 

Key words: doped lithium niobate, electron transitions, spin-
orbit interaction, Jahn-Teller effect. 
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Abstract: In this work is pointed a possibility to make experiments in 
class with the help of software GeoGebra. An example is shown and 
few advantages of the software product are counted. 

Keywords: dynamical software, GeoGebra, education, mathematics, 
physics. 

Acknowledgement: The article is financed under project № RD-08-
248/13.03.2013 by paragraph "Scientific Research" of Konstantin 
Preslavsky University of Shumen. 

Формат 16/60/84 
Тираж 100 

ISSN 1311-834Х 
Университетско издателство

“Епископ  Константин Преславски“ 

View publication statsView publication stats

https://www.researchgate.net/publication/269396747

