
ISSN 1313 - 8820
Volume 5, Number 4

December 2013

2013



Scope and policy of the journal
Agricultural Science and Technology /AST/ 
– an International Scientific Journal of 
Agricultural and Technology Sciences is 
published in English in one volume of 4 
issues per year, as a printed journal and in 
electronic form. The policy of the journal is 
to publish original papers, reviews and 
short communications covering the 
aspects of agriculture related with life 
sciences and modern technologies. It will 
offer opportunities to address the global 
needs relating to food and environment, 
health, exploit the technology to provide 
innovative products and sustainable 
development. Papers will be considered in 
aspects of both fundamental and applied 
science in the areas of Genetics and 
Breeding, Nutrition and Physiology, 
Production Systems, Agriculture and 
Environment and Product Quality and 
Safety. Other categories closely related to 
the above topics could be considered by 
the editors. The detailed information of the 
journal is available at the website. 
Proceedings of scientific meetings and 
conference reports will be considered for 
special issues.

Submission of Manuscripts

All manuscripts written in English should 
be submitted as MS-Word file attachments 
via e-mail to ascitech@uni-sz.bg. 
Manuscripts must be prepared strictly in 
accordance with the detailed instructions 
for authors at the website 
http://www.uni-sz.bg/ascitech/index.html 
and the instructions on the last page of the 
journal. For each manuscript the 
signatures of all authors are needed 
confirming their consent to publish it and to 
nominate on author for correspondence.
They have to be presented by a 
submission letter signed by all authors. 
The form of the submission letter is 
available upon from request from the 
Technical Assistance or could be 
downloaded from the website of the 
journal. Manuscripts submitted to this 
journal are considered if they have 
submitted only to it, they have not been 
published already, nor are they under 
consideration for publication in press 
elsewhere. All manuscripts are subject to 
editorial review and the editors reserve the 
right to improve style and return the paper 

for rewriting to the authors, if necessary. 
The editorial board reserves rights to reject 
manuscripts based on priorities and space 
availability in the journal.

The articles appearing in this journal are 
indexed and abstracted in: EBSCO 
Publishing, Inc. and  AGRIS (FAO).
The journal is accepted to be indexed with 
the support of a project № BG051PO001-
3.3.05-0001 “Science and business” 
financed by Operational Programme 
“Human Resources Development” of EU. 
The title has been suggested to be 
included in SCOPUS (Elsevier) and 
Electronic Journals Submission Form 
(Thomson Reuters).

Internet Access
This journal is included in the Trakia 
University Journals online Service which 
can be found at www.uni-sz.bg.

Address of Editorial office:
Agricultural Science and Technology 
Faculty of Agriculture, Trakia University 
Student's campus, 6000 Stara Zagora 
Bulgaria
Telephone.:   +359 42 699330
                      +359 42 699446
http://www.uni-sz.bg/ascitech/

Technical Assistance:
Nely Tsvetanova
Telephone.: +359 42 699446
E-mail: ascitech@uni-sz.bg

Editor-in-Chief

Tsanko Yablanski
Faculty of Agriculture
Trakia University, Stara Zagora
Bulgaria

Co-Editor-in-Chief

Radoslav Slavov
Faculty of Agriculture
Trakia University, Stara Zagora
Bulgaria

Editors and Sections

Genetics and Breeding

Atanas Atanasov (Bulgaria)
Ihsan Soysal (Turkey)
Max Rothschild (USA)
Stoicho Metodiev (Bulgaria)

Nutrition and Physiology

Nikolai Todorov (Bulgaria)
Peter Surai (UK)
Zervas Georgios (Greece)
Ivan Varlyakov (Bulgaria)

Production Systems

Dimitar Pavlov (Bulgaria)
Dimitar Panaiotov (Bulgaria)
Banko Banev (Bulgaria)
Georgy Zhelyazkov (Bulgaria)

Agriculture and Environment

Georgi Petkov (Bulgaria)
Ramesh Kanwar (USA)

Product Quality and Safety

Marin Kabakchiev (Bulgaria)
Stefan Denev (Bulgaria)
Vasil Atanasov (Bulgaria)

English Editor

Yanka Ivanova (Bulgaria)



2013

ISSN 1313 - 8820 Volume 5, Number 4
December 2013





The influence of organic carbon on bioremediation process of wastewater originate from 
aquaculture with use of microalgae from genera Botryococcus and Scenedesmus

1 1 2 1I. Sirakov *, K. Velichkova , G. Beev , Y. Staykov

1Department of Biology and Aquaculture, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
2Department of Biochemistry, Microbiology and Physics, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. Advantages of using algae for wastewater treatment include: low operational cost, possibility of recycling assimilated nitrogen and phosphorus 
within the algae biomass as a fertilizer, accumulated biomass for biofuel. Our purpose was to study the influence of organic carbon on bioremediation process 
of wastewater originate from aquaculture with use of microalgae from genera Botryoccocus and Scenedesmus. Algae cultivation was initiated in a bioreactor of 
500ml Erlenmeyer flask containing 250ml wastewater. The experiment was conducted in variants without any organic carbon sources and the other with 

-1organic carbon source – glucose (1,125g.l ). Light regime was adjusted at 15:9 h light:dark cycle in an illumination incubator until the end of experiment. The 
otemperature was kept between 25 and 27 C. The pH varied between 6.5 and 7.5 and by this reason it was not adjusted. Species grown in wastewater with 

added glucose showed a better cleansing effect compared with the same grown in wastewater without any carbon sources. Better growth indicators and faster 
absorption of wastewater compounds was observed in S. dimorphus.

Keywords: aquaculture, biomass, Botryococcus braunii, organic carbon sources, Scenedesmus dimorphus, wastewater
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Introduction sources. Glucose is the most commonly used organic carbon source 
for heterotrophic cultures of microalgae (Perez-Garcia et al., 2011). 
Higher rates of growth are obtained with glucose compared with any Microalgae have industrial and economic potential (Rai et al., 
other substrate, such as sugars, sugar alcohols, sugar phosphates, 2000) as valuable sources for pharmaceuticals, health foods, 
organic acids, and monohydric alcohols (Griffiths et al., 1960). This carotenoids (Liu et al., 2000; Park and Lee, 2001), dyes, fine 
is because glucose possesses more energy content per mol chemicals, biofuels (Cresswell et al., 1989; Faulkner, 1986; Markov 
compared with other substrates. For example, glucose produces 2.8 et al., 1998). They may be able to solve emerging environmental 
kJ/mol of energy compared to 0.8 kJ/ mol for acetate (Boyle and problems with waste treatments (Lee and Lee, 2001; Nakajima et al., 
Morgan, 2009).1997, Uma et al., 2002). Microalgae remove excess nutrients 

Our purpose was to study the influence of organic carbon on efficiently at a minimal cost (Akimoto et al., 1998; Hirano et al., 1997; 
bioremediation process of wastewater originate from aquaculture Hirata et al., 1996; Murakami and Ikenouchi, 1997). They can fix 
with use of microalgae from genera Botryoccocus and carbon dioxide by photosynthesis (Lee et al., 2000; Lee et al., 2001; 
Scenedesmus.  Takano and  Matsunaga, 1995) produced oxygen and can relieve 

biological oxygen demand in wastewater. Advantages of using algae 
for this purpose include: low operational cost, possibility of recycling 

Material and methodsassimilated nitrogen and phosphorus within the algae biomass as a 
fertilizer, accumulated biomass for biofuel (Choi and Lee, 2012).

Recent studies have reported that algal species Botryococcus Algae species, cultivation, bioreactor
(An et al., 2003), Scenedesmus (Xin et al., 2010) were used to Two microalgae species were used in our study: Scenedesmus 
remove nitrogen, phosphorus and organic matter (biochemical dimorphus (SKU: AC-1002) and Botryococcus braunii (SKU: AC-
oxygen demand [BOD] and chemical oxygen demand [COD]) from 1006). Both microalgae strains were bought from Algae depot (USA) 
raw wastewater. Microalgae cannot metabolize all the organic (www.algaedepot.com). The wastewater used as a media for tested 
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Figure 1. Semi – closed RAS and sampling point
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algae cultivation originated from semi closed recirculation 
aquaculture system (semi – closed RAS) used for fish cultivation. Growth measurement, chlorophyll and carotenoid content of 
Effluent treatment included mechanical filter and biofiltration for algae culture
effluent purifying (Figure 1). Optical densities of microalgae cultures were measured at 0, 

Algae cultivation was initiated in a bioreactor of 500ml 24, 96 and 168 h after the start of the experiment in three replicates. 
Erlenmeyer flask containing 250ml wastewater. The experiment was The sample with volume one ml was appropriately diluted with 
conducted in variants without any organic carbon sources and the deionized water and the average value was recorded by absorbance 

-1 at 650 nm with the help of spectrophotometer DR 2800 (Hach other with carbon source – glucose (1.125g.l ). Three luminescent 
Lange). lamps Sylvania Aqua Star – 18w, 10 000 K were placed at a distance 

The isolation of pigments from algae cells included the folowing of 30 mm from flasks. Light regime was adjusted at 15:9 h light:dark 
procedures: harvesting 2 ml of microalgae cells by centrifugation at cycle in an illumination incubator until the end of experiment. The 

o 10000 rpm, two times for 3 min and discarding the supernatant, temperature was kept between 25 and 27 C. 
suspension of cells in 2 ml methanol/water 90:10 v/v and mixing of Samples for hydrochemical analysis were taken in the start of 
Vortex for 1 min., heating of the suspension for 0,5 h in a water bath the trial, at 24h, 96h and 168 h after the start of the experiment. The 
at 60ºC, cooling the samples at room temperature, centrifugating the samples were centrifuged at 300 rpm for 10 min, for freeing them 
suspension (10000 rpm for 3 min) and discarding the supernatant from algal cells (Lee and Lee, 2002). Every variant of the experiment 
with dissolved pigments. The absorbance of the pigments extract was conducted in six replications. 
(665, 652 nm for chlorophyll content (A+B) and 470, 666nm for The measurement of pH was made with a portable combined 
carotenoids content) was recorded by using a spectrophotometer. meter and with a pH probe (Hach Lange). Other analyzed 

-1The chlorophyll content was computed (mg.l ) according to Porra et hydrochemical parameters were measured spectrophotometrically 
-1with spectrophotometer DR 2800 (Hach Lange). The methods and al. (1989) and carotenoid content was computed (mg. l ) according 

range of tests which were used during the experiment are shown it to Lichtenthaler (1987).
Table 1.

Table 1 Methods and range of tests used for monitoring the water quality parameters during experiment

Ammonia

Nitrite – nitrogen

Nitrate – nitrogen

Total nitrogen

Phosporus (ortho + total)

Indophenol blue

Diazotization

2.6 dimethylphenol
+Koroleff digestion 

2.6 dimethylphenol

Phosphormolybdenum blue

0.015 – 2

0.015 – 0.6

5 – 35

5 – 40

0.05 – 1.5 mg/l PO -P4

0.15 – 4.5 mg/l PO4

higher value of optical density (1.16) was measured again in Results and discussion
wastewater with glucose carbon source. The highest chlorophyll 
content was determinate in S. dimorphus cultivated in wastewater Growth rate of B. braunii and S. dimorphus cultivated in 
with organic carbon source – glucose. It was by 12.6% higher than wastewater originate from aquaculture with glucose carbon source
the chlorophyll content for B. braunii cultivated in the same The optical density of S. dimorphus was 1.31 in wastewater with 
conditions (Figure 3).  carbon source – glucose used as a growing media in 168 hour, which 

In our study the quantity of carotenoids in S. dimorphus was had by 37.4% higher optical density compared with wastewater 
-1higher (1.47 mg.l ) in cultures grown in wastewater with glucose without carbon source for the same strain (Figure 2). For B. braunii 
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Figure 2. Optical density of B. braunii and
S. dimorphus (at 650nm) cultivated in wastewater
from aquaculture without and with organic carbon
source
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organic carbon source, compared with the carotenoids of B. braunii which is of the same family as Scenedesmus and Botryococcus spp. 
-1 preferred glucose as organic  carbon source. Lee and Lee (2002) (1.42 mg.l ) cultivated in the same conditions (Figure 4). For S. 

studied the possibility of C. kessleri nitrogen treatment was tested in dimorphus cultivated in wastewater from RAS without carbon source 
wastewaters one contained glucose for an organic carbon source the quantity of carotenoids was by 19% less compared with its 
and the other without organic carbon sources. They established quantity when the growing process was accomplished in wastewater 
better growth in glucose-containing wastewater. This result originating from RAS with glucose carbon source. 
suggests that this algal strain preferred glucose as organic carbon 
source to inorganic CO . According to Abeliovich and Weisman 2

(1978) the green alga S. obliquus readily adapted to heterotrophic 
growth in the dark, utilizing glucose as the sole carbon source. They 
established 1.3–1.7 optical density in carbon source glucose and 1.8 
chlorophyll.

Nutrient removal efficiency in wastewater originate from semi – 
closed RAS from algal species S. dimorphus and B. braunii

During our trial the measured pH varied from 7.9 to 8.9 in both 
tested algae and the differences in this parameter were statistically 
proven in 96 and 168 h (Table 2). Freshwater microalgae species 
have tolerance to both acidic and alkaline pH to adapt to widely 
fluctuating pH levels where they live (Goldman et al., 1982). In the 

-1beginning the amonium was 0.31 mg.l , and in the end of the 
-1experiment their quantity reduced to 0.15 mg.l  for S. dimorphus and 

-10.17 mg.l  for B. braunii cultivated in wastewater with glucose, 
compared with its value in the beginning and the differences were 

statistically proven at a high level of significance (P≤0,001) (Table 
2). 

During the experiment all measured quantities of TOC were 
higher in B. braunii cultivated in wastewater without carbon source. 

The least amount of chlorophyll and carotenoids were At the end of the experiment the quantity of TOC reduced up to 21.9 
-1 -1measured for B. braunii cultivated in wastewater from RAS without mg.l  for S. dimorphus and 25 mg.l  for B. braunii, in this way S. 

carbon source. The algae species B. braunii and S. dimorphus dimorphus showed by 12.4% better removal effect of nitrates 
showed good growth potential in the wastewater with glucose compared with the quantity accumulated by B. braunii. The same 
organic carbon source as well as in wastewater from RAS without tendency was found for total nitrogen, their quantity started at 24.9 

-1carbon source. mg.l  and was reduced at the end of the trial in wastewater with 
Carbon and nitrogen are necessary elements for algal growth glucose carbon sources used for cultivation of S. dimorphus by 

and maintenance. According to Lee and Lee (2002), Chlorella spp. 55.2% (Table 3). 
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Table 2. Hydrochemical parameters during the experiment with B. braunii 

*P≤0,05

Para

meters 0 024 2448 48

B. braunii (wastewater+glucose)B. braunii (wastewater)

96 96168 168

pH
+NH4

TN

PO4

TOC

7.92±0.004

0.319±0.002

24.8±0.02

2.01±0.15

45.2±0.004

7.87±0.02

0.317±0.002

24.9±0.002

2.01±0.02

45.1±0.04

8.30±0.02

0.24±0.009

18.6±0.21

0.975±0.04*

33.95±0.01

8.58±0.02

0.22±0.006

17.05±0.21

0.77±0.01*

33.45±0.04

8.87±0.007

0.21±0.001

16.05±1.06

0.75±0.02*

33.4±0.17

8.90±0.007

0.17±0.007

14.3±0.56*

0.7±0.03*

25±0.02*

8.18±0.01

0.31±0.05

12.81±0.15

1.35±0.04*

31.65±0.004

8.10±0.09

0.23±0.01

11.82±1.63

1.15±0.02*

30.7±0.015

8.15±0.021

0.22±0.14

11.55±0.07

0.95±0.03*

28.2±0.12

8.305±0.06

0.17±0.07

11.35±0.35*

0.92±0.01*

27.7±0.03*

Table 3. Hydrochemical parameters during the experiment with S. dimorphus 

*P≤0,05

Para

meters 0 024 2448 48

S. dimorphus (wastewater +glucose)S. dimorphus (wastewater)

96 96168 168

pH
+NH4

TN

PO4

TOC

7.88±0.01

0.318±0.01

24.9±0.02

2.01±0.03

45.2±0.01

7.97±0.01

0.317±0.003

24.9±0.003

2.01±0.04

45.3±0.08

8.29±0.01

0.25±0.5

12.8±0.01

0.88±0.05*

34±0.04

8.47±0.02

0.24±0.5

11.8±0.02

0.8±0.01*

33.6±0.043

8.77±0.014

0.21±0.009

11.55±0.03

0.79±0.03*

30.9±0.17

8.89±0.014

0.15±0.01*

11.35±0.05*

0.67±0.02*

21.9±0.02*

8.16±0.03

0.29±0.004

13.17±0.60

1.45±0.07*

30.25±0.16

8.13±0.16

0.25±0.02

11.58±1.86

1.05±0.01*

29.3±0.03

8.18±0.09

0.23±0.02

11.15±0.91

0.85±0.07*

27.3±0.15

8.19±0.04

0.18±0.001*

11.15±0.49*

0.75±0.02*

24.15±0.07*



446

The efficiency in total phosphorus removal from wastewater Griffiths DJ, Thresher CL and Street HE, 1960. The heterotrophic 
was better in wastewater with glucose organic carbon source used nutrition of Chlorella vulgaris. Annals of Botany,24, 1-11.
for S. dimorphus cultivation compared with the same condition of B. Hirano A, Ueda R, Hirayama S and Ogushi Y, 1997. CO2 fixation 
braunii cultivation. In the beginning a level of phosphorus and ethanol production with microalgal photosynthesis and 

-1 compounds 2.01 mg.l was measured. At the end of the experiment intracellular anaerobic fermentation. Energy, 22, 137-142.
for S. dimorphus cultivation in wastewater with glucose carbon Hirata S, Hayashitani M, Taya M and Tone S, 1996. Carbon dioxide 
source, phosphorus decreased by 66.6%, while for B. braunii – by fixation in batch culture of Chlorella sp. using a photobioreactor with 
65.1%. a sunlight-collection device. Journal of Fermentation and 

Valderrama et al. (2002) obtained 76.6% removal efficiency for Bioengineering, 81, 470-472.
TN by C. vulgaris in the treatment of industrial wastewater. Choi and 
Lee (2012) established that TN concentration was decreased by 
77.5% accumulated in C. vulgaris until 4 day in wastewater. 
Gonzalez et al. (1997) obtained 55% of phosphorus uptake from Lee JH, Lee JS, Shin CS, Park SC and Kim SW, 2000. Effects of 
agro industrial wastewater with C. vulgaris and S. dimorphus. Choi NO and SO2 on growth of highly-CO2- tolerant microalgae. Journal 
and Lee (2012) showed results that a maximum of 48.76% of PO4-P of Microbiology and Biotechnology, 10, 338-343.
was removed of C. vulgaris cultivating in wastewater. Glucose Lee JS, Kim DK, Lee JP, Park SC, Koh JH and Ohh SJ, 2001. CO2 
carbon source could induce good enhanced biological phosphate fixation by Chlorella KR-1 using flue gas and its utilization as a 
removal performance reported (Jeon and Park, 2000). feedstuff for chicks. Journal of Microbiology and Biotechnology, 11, 

772-775.
Lee KY and Lee CG, 2001. Effect of light/dark cycles on wastewater 
treatments by microalgae. Biotechnol. Bioprocess Eng., 6, 194-199.

Conclusion
Lee K and Lee C, 2002. Nitrogen removal from wastewaters by 
microalgae without consuming organic carbon sources. Journal of 

Our results showed that wastewater from aquaculture with Microbiology and Biotechnology 12, 979–985.
carbon source glucose promotes better algal growth of S. dimorphus Lichtenthaler HK, 1987. Chlorophylls and carotenoids: Pigments of 
and B. braunii compared to wastewater without carbon source. S. photosynthetic biomembranes. Methods in Enzymology, 148, 350-
dimorphus and B. braunii can be used for biological treatment of 382.
wastewater originate in aquaculture. Liu BH, Zhang DH and Lee YK, 2000. Effects of nutrient levels on 

cell growth and secondary carotenoids formation in the freshwater 
green alga, Chlorococcum sp. Journal of Microbiology and 
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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  
methods,Results, Discussion, 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 experi-
ment 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, 
place of publication. Example: 
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 
condition score on reproductive perfor-

thmance 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.
Ethics
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.



Volume 5, Number 4
December 2013


	021
	Copy of WEB-TMPL

