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Abstract. Data set of 161 mares and stallions in age of 3 and more years of Bulgarian Thoroughbred horse race were investigated by 12 microsatellite loci.  The 
high levels of polymorphism were detected with microsatellite loci within the population. In horse breeding this technology has the potential to be of great use in 
monitoring levels of genetic variation within stocks as well as for parentage and relatedness purposes. The middle realization of the observed and possible 
genotypes, depending of established alleles per locus, is 72.3 % which are the implications of very high level of genetic diversity, the prerequisite of accuracy of 
parentage verification. Maintaining pedigree information on all individuals in the breeding program and using this information to arrange matings will ensure 
only minimum increases in inbreeding every generation.
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laboratories using routine genotyping to check pedigree records use Introduction
appropriate sets of primers to respective species and breeds that 
they test. One of the difficulties in implementing a selective breeding 

The main objective of this study is to analyze genetic structure program in horse stocks is maintaining pedigree information. A 
of Bulgarian thoroughbred using set of 12 microsatellite markers.correct pedigree is important for any domestic horse breed whether 

rare or not. For breeds that are common, an incorrect pedigree can 
frustrate breeding plans for selective improvement of the breed. For 

Material and methodsrare breeds, correct pedigrees are important for developing 
breeding strategies. Another difficulty in managing a selective 

Sample preparation. Genomic DNA was prepared from hair breeding program is loss of genetic variability and increases in 
roots of 161 mares and stallions in age of 3 and more years. DNA inbreeding as a result of the inadvertent mating of related individuals 
was isolated using JETQUICK kits (Genomed GmbH, Germany), (Curik et al., 2003). The effects of inbreeding in horses will result in a 
following the instructions of manufacturer.decrease in genetic diversity, which will limit the potential for genetic 

Microsatellite analysis.A total of 12 microsatellite markers with gain from artificial selection. Once reliable pedigree information is 
known genomic assignments are included in this study. The set of available, matings can be arranged in order to minimize inbreeding.
markers, chromosome localizations and primers are given at Table 1.Parentage verification validates the horse pedigrees that make 

Amplification of microsatellites in multiple PCR reactions was up the studbooks and thus is an important function of breed 
performed in 25 μl total volume reactions containing 50 ng of registries. Microsatellite markers are widely adopted to quantify 
genomic DNA, from 0.07 to 0.8 pmol of primers, 1xPCR buffer, 2.5 genetic variation within and among breeds and to assign individuals 
mM MgCl , 0.2 mM dNTPs and l U AmpliTaq. For microsatellite to reference populations (Cunningham et al., 2001; Bruford et al., 2

amplification a hot start procedure was used, in which DNA template 2003;). Microsatellite markers are evenly distributed across genome 
and primers were combined and heated at 95 °C for 10 min. The and highly polymorphic. This technology provides a sensitive 
temperature was then lowered and held at 85 °C for 10 min for method for parentage verification and individual identification. It can 
addition of the remaining reagents. Thirty 1-minute cycles at 95 °C, also be used to screen for markers linked to performance traits or 
30 s at 56 °C, 30 s at 72 °C for multiplex reaction with four primers, genetic disorders. PCR have the attractive features: can be highly 
AHT5, ASB2, HTG10 and HMS3, was used. For the other multiplex automated, require only small amounts of biological samples, are 
group, 30 1-minute cycles at 95 °C, 30 s at 60 °C and 30 s at 74 °C not restricted to fresh blood samples and is simpler and cheaper 
were used. The cycling was completed with a final extension at 72 °C than other techniques. Microsatellites are highly polymorphic 
for 30 min for both multiplex groups. The PCR products were genetic markers with codominantly inherited alleles that are 
analyzed by polyacrylamide gel electrophoresis followed by relatively easy to score. They are tandem repeats of short motifs 
automated multicolor fluorescence technology for fragment ranging from di- to tetranucleotides with variability in the number of 
analysis. The DNA separation and analysis was done using the ABI repeats. A number of studies with different sets of microsatellite 
PRISM 377 DNA sequencer (Applied Biosystems, Foster City, CA, markers and their usefulness for parentage testing have been 
USA), fragment sizes of microsatellite alleles were determined. reported for different horse breeds (Breen et al., 1994; Gralak et al., 
Allele frequencies, the observed number of alleles, observed 1994; Binns et al., 1995; Canon et al., 2000; Lui's et al., 2002; Tozaki 
heterozigosity, observed and expected genotypes were calculated. et al., 2003; Juras et al., 2004; Vega-Pla et al., 2006). The 
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The Euclidean distances were calculated among progeny 
groups of stallions, after that the classification were made, using 
software package Statistica v.4.0 of StatSoft Int.

Results and discussion

Genetic structure of Bulgarian thoroughbred are given in Table 
2. The most polymorphic are loci ASB2 and HTG10 with 32 and 22 
different genotypes. The loci HMS3 and HMS7 have 16 genotypes 
and HMS2 has 15 different genotypes. The diversity of the other loci 
are between 7 – of the HTG7 till 12 – of the VHL20. The levels of 
homo- and heterozigosity (Table 3) show that from 61 % till 83 % of 
genotypes are heterozigosis. Our results are similar to those of 
Georgescu et al., (2005) in Romanian thoroughbred. 

The average values of observed heterozygosity indicate 
sufficient heterogenity between animals. The higher value was 
detected in ASB2 (0.83) and lowest in HTG4 (0.60) system.

Allele frequencies at the microsatellite loci are given in Table 4. 
The number of allele per each locus ranged from 3 (HMS1) to 9 
(ASB2). . The most polymorhic is the ASB2 locus with 9 alleles. The 
rest of loci have between 5 and 7 alleles. Allele K is absent in 4 loci – 
HMS1, HMS3, HTG6 and VHL20. Allele G is presented only in 2 loci 
– HTG6 and HTG 7. The allele numbers and heterozygosity levels 
observed across the studied loci indicate presence of reasonably 
high level of genetic variability in Bulgarian thoroughbred.

The observed and possible genotypes, depending of 
established alleles per locus are given at Table 5. There are only 2 
loci with all possible genotypes. In the rest of them the realization 
vary between 47.61 % till 86.67 %. The middle realization is 72.3 % 

AHT4

AHT5

ASB2

HMS2

HMS3

HMS6

HTG7

HTG10

VHL20

24

8

15

10

9

4

4

21

30

HMS7 1

HTG4 9

HTG6 15

AACCGCCTGAGCAAGGAAGT
CCCAGAGAGTTTACCCT

ACGGACACATCCCTGCCTGC
GCAGGCTAAGGGGGCTCAGC

CCTTCCTGTAGTTTAAGCTTCTG 
CACAACTGAGTTCTCTGATAGG
ACGGTGGCAACTGCCAAGGAAG 
CTTGCAGTCGATGTGTATTAAATG
CCAACTCTTGTGCACATAACAAGA 
CCATCCTCACTTTTTCACTTTGTT

GAAGCTGCCAGTATTCAACCATTG 
CTCCATCTTGTGAAGTGTAACTCA

CAGGAAACTCATGTTGATACCATC 
TGTTGTTGAAACATACCTTGACTGT

CTATCTCAGTCTTGATTGCAGGAC 
CTCCCTCCCTCCCTCTGTTCTC
CCTGCTTGGAGGCTGTGATAAGAT 
GTTCACTGAATGTCAAATTCTGCT

CCTGAAGCAGAACATCCCTCCTTG 
ATAAAGTGTCTGGGCAGAGCTGCT

CAATTCCCGCCCCACCCCCGGCA 
TTTTTATTCTGATCTGTCACATTT
CAAGTCCTCTTACTTGAAGACTAG 
AACTCAGGGAGAATCTTCCTCAG

Microsatellite 
markers

Primers 
(sequencing)

Chromosome 
№

Table 1. Microstellite markers used in the research.

AHT4 AHT5 ASB2 HMS2

Genotypes Frequencies

О/О
K/K
J/J
K/O
J/O
H/J
H/O
J/K
H/K
I/K
H/H

0.1750
0.0375
0.0125
0.2938
0.1188
0.1000
0.0813
0.0875
0.0750
0.0125
0.0063

Genotypes Frequencies Genotypes Frequencies Genotypes Frequencies Genotypes Frequencies

J/J
K/K
M/M
N/N
J/K
J/M
J/N
J/O
K/M
K/N
M/N
M/O
N/O

0.0559
0.1429
0.0373
0.0186
0.2050
0.1056
0.0683
0.0186
0.1366
0.1242
0.0683
0.0124
0.0062

B/K
B/N
B/O
I/Q
K/K
K/M
K/N
K/O
K/P
K/Q
K/R
M/M
M/N
M/O
M/P
M/Q
M/R
N/N
N/O
N/P
N/Q
N/R

0.0062
0.0062
0.0062
0.0062
0.0870
0.0870
0.0435
0.0745
0.0745
0.1118
0.0683
0.0124
0.0373
0.0311
0.0186
0.0186
0.0062
0.0248
0.0124
0.0124
0.0248
0.0062

H/H
H/J
H/K
H/L
H/M
J/K
J/L
K/K
K/L
K/M
K/O
L/L
L/M
L/R
M/M

0.0186
0.0062
0.0683
0.1491
0.0124
0.0621
0.0621
0.0435
0.1801
0.0248
0.0062
0.3043
0.0497
0.0062
0.0062

Table 2. Genotype frequencies of the microstellite loci

O/O
O/P
O/Q
O/R
P/P
P/Q
P/R
Q/Q
Q/R
R/R

0.0248
0.0186
0.0124
0.0124
0.0124
0.0186
0.0186
0.0621
0.0311
0.0124
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which are the implications of very high level of genetic diversity, the resume the population of Bulgarian thoroughbred is not affected by 
prerequisite of accuracy of parentage verification. loss of genetic diversity. Two groups are generated and connected at 

More than 20 stallions have offsprings in Bulgarian level 58. The first one include offspring groups of stallions Gerold, 
thoroughbred. Only 17 of them have 3 and more offsprings. We Garant, Galiano, Iskiernik and Daren. The second group is 
estimated the differences between those offspring groups on the numerous and include offsprings of Aresi, Grozni, Shibor, Gagliano, 
base of calculated Euclidean distances. The results are given at Miroljub, Diuk, Shadow, Galego, Kerch, Derslaw, Dracedion and 
Figure 1. In our study dendrogram shows relatively high distances Sinop. This is very important information to prepare breeding plans 
between individuals. The levels of genetic diversity observed in the for selective improvement of the breed, to develop breeding 
Bulgarian thoroughbred is higher to the other horse breeds in strategies and decrease inbreeding, as a result of the inadvertent 
comparing studies of horse populations (Achmann et al., 2004). mating of related individuals.
According to dendrogram and another biodiversity data, we can 

HTG6 HTG7 HTG10 VHL20

Genotypes Frequencies

G/G
G/J
G/L
G/M
G/O
J/J
J/M
J/O
J/R
M/O
O/O

0.1366
0.2671
0.0062
0.0311
0.1615
0.1739
0.0435
0.1491
0.0124
0.0124
0.0062

Genotypes Frequencies

G/G
K/K
K/N
K/O
N/N
N/O
O/O

0.0062
0.0559
0.1429
0.1615
0.0994
0.3168
0.2174

Genotypes Frequencies

I/I
I/K
I/L
I/M
I/O
I/R
K/K
K/L
K/M
K/O
K/R
L/L
L/M
L/O
L/R
M/M
M/O
M/R
N/O
O/O
O/R
R/R

0.2174
0.0497
0.0807
0.1677
0.1180
0.0745
0.0124
0.0062
0.0186
0.0248
0.0062
0.0062
0.0311
0.0186
0.0186
0.0248
0.0311
0.0311
0.0062
0.0248
0.0186
0.0124

Genotypes Frequencies

I/I
I/L
I/M
I/N
L/L
L/M
L/N
L/O
M/M
M/N
M/R
N/N

0.0311
0.0559
0.2112
0.0683
0.0248
0.1180
0.0621
0.0062
0.1491
0.2422
0.0062
0.0248

HMS3 HMS6 HMS7 HTG4

Genotypes Frequencies

I/I
I/M
I/N
I/O
I/P

M/M
M/N
M/O
M/P
N/N
N/O
N/P
O/O
O/P
P/P

0.1615
0.1615
0.0373
0.0807
0.2236
0.0248
0.0062
0.0683
0.0683
0.0062
0.0248
0.0124
0.0124
0.0559
0.0559

Genotypes Frequencies

K/K
K/L
K/M
K/P
L/L
L/M
L/P
M/M
M/P
O/P
P/P

0.0186
0.0248
0.0559
0.0932
0.0062
0.0311
0.0807
0.0994
0.3043
0.0248
0.2609

Genotypes Frequencies

J/J
J/L
J/M
J/N
J/O
K/O
L/L
L/M
L/N
L/O
M/M
M/N
M/O
N/N
N/O
O/O

0.0186
0.0497
0.0435
0.0621
0.0621
0.0062
0.0311
0.0807
0.1180
0.0559
0.0311
0.0807
0.0807
0.1056
0.1118
0.0621

Genotypes Frequencies

I/I
K/K
K/L
K/M
K/N
K/P
L/M
M/M
M/N
M/P

0.0062
0.1801
0.0248
0.4286
0.0311
0.0248
0.0062
0.2174
0.0311
0.0497

Continuation of Table 2



AHT4
AHT5
ASB2
HMS1
HMS2
HMS3
HMS6
HMS7
HTG4
HTG6
HTG7
HTG10
VHL20

0.23
0.25
0.17
0.35
0.37
0.26
0.39
0.25
0.40
0.32
0.38
0.30
0.23

0.77
0.75
0.83
0.65
0.63
0.74
0.61
0.75
0.60
0.68
0.62
0.70
0.77

Loci
Homosigosis 
genotypes

Heterozigosis 
genotypes

Table 3. The levels of homo and heterozigosity

AHT4
AHT5
ASB2
HMS1
HMS2
HMS3
HMS6
HMS7
HTG4
HTG6
HTG7
HTG10
VHL20

Loci

5
5
9
3
7
5
5
6
6
6
4
7
6

15
15
45
6

28
15
15
21
21
21
10
28
21

11
13
32
6

15
15
11
16
10
11
7

22
12

Alleles
Possible

genotypes
Realized 

genotypes

73.33
86.67
71.11

100
53.57

100
73.33
76.19
47.61
52.38
70.00
78.57
57.14

%
 realization

Table 5. Possible and realized genotypes depending of 
established alleles per locus

Loci Allele frequencies

P
0.0932

R
0.0839

M
0.1118

R
0.0031

N
0.0031

Q
0.1739

O
0.0031

K
0.0031

P
0.0373

R
0.0062

R
0.0870

R
0.0031

I
0.0063

O
0.0186

I
0.0031

M
0.0497

P
0.2360

O
0.0124

O
0.2205

N
0.0311

O
0.1677

M
0.1646

O
0.0031

H
0.1344

N
0.1522

O
0.1087

L
0.5280

N
0.0466

P
0.5124

N
0.2919

M
0.4752

M
0.0435

O
0.4565

L
0.0839

N
0.2112

J
0.1656

M
0.1988

N
0.0963

M
0.5155

K
0.2143

M
0.1770

M
0.2950

M
0.1739

L
0.0155

L
0.0031

N
0.3292

K
0.0652

M
0.4379

K
0.2719

K
0.3758

K
0.3199

J
0.3509

J
0.0652

O
0.1273

L
0.0745

L
0.1832

K
0.4348

J
0.4099

K
0.2081

O
0.1335

L
0.1460

O
0.4219

J
0.2547

B
0.0093

I
0.1335

H
0.1366

I
0.4130

K
0.1056

J
0.1273

I
0.0062

G
0.3696

G
0.0062

I
0.4627

I
0.1988

AHT4

AHT5

ASB2

HMS1

HMS2

HMS3

HMS6

HMS7

HTG4

HTG6

HTG7

HTG10

VHL20

Table 4. Allele frequencies at the microsatellite loci
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reveal the complexity of livestock domestication. Nature Reviews Conclusion
Genetics, 4, 900-910.
Caсon J, Checa ML, Carleos C, Vega-Pla JL, Vallejo M and This study demonstrates the high levels of polymorphism 
Dunner S, 2000. The genetic structure of Spanish Celtic horse detectable with microsatellite loci within the population of Bulgarian 
breeds inferred from microsatellite data. Animal Genetics, 31, 1, 39-Thoroughbred  horses. In horse breeding this technology has the 
48.potential to be of great use in monitoring levels of genetic variation 
Cunningham EP, Dooley JJ, Splan RK and Bradley DG, 2001. within stocks as well as for parentage and relatedness purposes. 
Microsatellite diversity, pedigree relatedness and the contributions These results also show that allelic diversity is a more sensitive 
of founder lineages to thoroughbred horses. Animal Genetics, 32, 6, measure of differences in genetic variation.
360–364.The middle realization of the observed and possible genotypes, 
Curik I, Zechner P, Sцlkner J, Achmann R, Bodo I, Dovc P, Kavar depending of established alleles per locus, is 72.3 % which are the 
T, Marti Eand Brem G, 2003. Inbreeding, Microsatellite implications of very high level of genetic diversity, the prerequisite of 
Heterozygosity and Morphological Traits in Lipizzan Horses. Journal accuracy of parentage verification.
of Heredity, 94, 2, 125-132.Small effective population sizes and poorly managed breeding 
Georgescu E, Eduard C, Mariana R, Anca D, Dumitru T and programs are generally blamed for loss of genetic diversity in farmed 
Marieta C, 2005. Microsatellites variations in Romanian stocks. Maintaining pedigree information on all individuals in the 
Thoroughbred and Arabian horse populations. Proceedings of the breeding program and using this information to arrange matings will 
Balkan scientific conference of Biology in Plovdiv (Bulgaria), 202–209.ensure only minimum increases in inbreeding every generation.
Gralak B, Coppieters W and Weghe A, 1994. Two new equine 
dinucleotide repeat microsatellites at the EA2C4 and EB2E8 loci. 
Animal Genetics, 25, 4, 285-285.
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Figure 1. Euclidean distances among stalion offsping groups of Bulgarian thoroughbred



Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)

The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and 
m e t h o d s ,  R e s u l t s ,  D i s c u s s i o n ,  
Conclusion, Acknowledgements (if any), 
References, Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations. 
 
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
  
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 

 

possible for others to repeat the 
experiment in order to verify results.
Results are presented in understandable 
tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges,  2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 

parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 
Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
p l ace  o f  pub l i ca t i on .  Examp le :  
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condi t ion score on reproduct ive 

t hperformance in dairy cows, IX  
International Conference on Production 
Diseases in Farm Animals, Sept.11 – 14, 
Berlin, Germany, p. 302 (Abstr.).
Thesis:
Penkov D, 2008. Estimation of metabolic 
energy and true digestibility of amino acids 
of some feeds in experiments with muscus 
duck (Carina moshata, L). Thesis for DSc. 
Agrarian University, Plovdiv, 314 pp.

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.



Volume 2, Number 3
September 2010

CONTENTS 

Genetics and Breeding

Nutrition and Physiology

Production Systems

Agriculture and Environment

Grouping of determinate local tomato varieties on the basis of cluster analysis
L. Krasteva, I. Ivanova, N. Velcheva

Genetic diversity in Bulgarian Thoroughbred using microsatellite DNA 
markers
G. Barzev, E. Zhelyazkov, V. Barzeva, D. Hristova, Zh. Sabev

Еvaluation of the stability and adaptability of the Bulgarian lavender 
(Lavandula angustifolia Mill.) sorts yield
S. Stanev

Effect of dietary exogenous phytase supplementation in growing and 
fattening pigs
А. Ilchev

Designing lavender plantations in relation to the mechanized harvesting of 
lavender blossom
K. Trendafilov, N. Delchev

Economic evaluation of winter wheat leaf fertilization
A. Stoyanova, I. Gospodinov, R. Petkova

Effect of fertilization and predecessor on chemical composition and energy 
value of wintering oats grain
M. Dimitrova – Doneva, R. Petkova

Animal hygiene and ecological assessment of air pollution in a pig-farm
G. Petkov, G. Kostadinova, R. Stefanova, T. Penev, P. Gercheva

Variation in lipid abundance and composition in a fire affected hillside from 
Lyulin mountain, Bulgaria
I. Atanassova, M. Teoharov

Determination of minimum heat insulation thickness for an experimental 
methane fermentor
R. Georgiev, K. Peychev, I. Simeonov, A. Alexandrov

Theoretical study of absorption refrigeration system thermally activated by a 
vacuum pipe solar collector
K. Peychev, R. Georgiev, D. Dimitrova

113

116

121

124

131

136

139

143

153

160

163




