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Abstract. The productivity in industrial rabbit farms could be increased by early weaning of the offspring. During the post natal development, the intestinal tract 
of neonates undergoes morphological and functional changes. These adaptation events are largely modulated by biologically active substances in milk 
secretion, such as the epidermal growth factor. Studies in humans, mice, rats, swine, sheep and cattle have shown that the colostrum and milk concentrations 
of this factor are species-specific. There are however no investigations on the content of epidermal growth factor during the different lactation stages in rabbit 
does. The present study aimed to establish the content of epidermal growth factor in rabbit doe milk during the different stages of lactation. The experiment was 
performed with 5 rabbit does for each period of lactation (post parturient hours 24 and 48, and post parturient days 3, 6, 16, 21 and 28). The concentrations of 
epidermal growth factors in rabbit doe milk ranged between 47.20–152 pg/ml. They were the lowest as compared to those obtained in men and other animal 
species. Nevertheless, it was established the highest concentrations were attained by the end of the lactation period. The early weaning of rabbits deprives 
them from epidermal growth factor in a period when its milk concentrations were the highest
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of the molecule is 6045 Da and it was called epidermal growth factor Introduction
(m EGF-mouse) (Carpenter andCohen, 1979) because of its 
marked stimulating effect on epidermal proliferation and Among all mammals reared by men, rabbits are characterized 
keratinization (Savage et al., 1972; Brazzel et al., 1991; Lu et al., with the most intensive growth, they double their weight on 6 days of 
2001). age. By the age of 1 and 2 months, live body weight is 10-13 and 27-

The literature data about the presence of EGF in colostrum and 28 times higher than that at birth (Grigorov and Stoyanov, 2002). 
milk of cows and goats are contradictory. From colostrum and milk of Besides, changing hormonal imbalance during pregnancy leads to 
these animal species, some authors have isolated a protein fraction abrupt changes in stereotype behaviour (Varlyakov et al., 1995). The 
with high molecular weight than that of EGF. They suggest that it was productivity of industrial rabbit farms could be increased by early 
betacellulin (21-22 kDa), which, instead of EGF, was the primary weaning of rabbits and early fertilization of does (Nicodemus et al., 
growth factor in cow and goat milk (Dunbar et al., 1999; Dehnhard et 2002; Feugier and Fortun-Lamothe, 2006; Rebollar et al., 2006).
al., 2000). Data about the EGF content in rabbit milk in available During the last years, the interest of researchers was focused 
literature are incomplete (Ellis and Picciano, 1992), as no on a heterogeneous group of proteins and peptides in colostrum and 
information is available for its alterations during the various periods milk with a marked growth-stimulating effect on neonates. This is the 
of lactation. That is why the aim of the present experiment was to growth factors group. It includes: epidermal growth factor (EGF), 
determine the concentrations of epidermal growth factor in rabbit betacellulin, insulin-like growth factor I and II (IGF-I and IGFII), 
doe milk during the different lactation stages.transforming growth factor α and β (TGF α and TGF β ), fibroblast 1,2

growth factor (FGF), platelet-derived growth factor (PGF) and some 
substances involved in mammary gland involution – mammary 
derived growth inhibitor (MDGF) and milk anti-proliferative factor Material and methods
(MAF) (Grosvenor et al., 1993; Cummins and Thompson, 2002; 
Pouliot and Gauthier, 2006). The knowledge on their mechanism of Milk serum EGF levels were determined from 35 in total 
action would support the advantages or drawbacks of early weaning, multiparous New Zealand White rabbit does with mean litter sizes of 
and provide new opportunities for implementation in production six to nine kits at a different stage of lactation. The experiment was 
systems. carried out in the rabbit farm of the Institute of Agriculture – Stara 

In 1960 Stanley Cohen has isolated a thermostable polypeptide Zagora. The does were fed pelleted forage ad libitum and had a free 
in submandibular gland extract, responsible for the early access to water. The housing facility was cleansed on a daily basis 
development and incisors eruption in neonate mice (Cohen, 1962). by faeces collection and washing with water. Seven experimental 
Some years later, its primary structure was identified as a single- groups were set up accordingly to the stage of lactation as follow: 
chain polypeptide with 53 amino acid residues, with asparagine at post parturient hours 24 and 48, and post parturient days 3, 6, 16, 21 
the N-terminus and arginine at the C-terminus.  The molecular mass 
* e-mail: katvach@gbg.bg
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and 28. Five animals for each group were selected. As it is pg/ml.
acknowledged that epidermal growth factor concentrations were The data were statistically processed by Statistica v. 6.1 
most elevated during the colostrum period, most samples were software (StatSoft Inc., 2002). Descriptive statistics was used to 

th determined means and standard errors of means. The change of obtained within this period. The end point was the 28  day of 
studied parameter with time was assessed by ANOVA with the post-lactation. 
hoc LSD test at three levels of significance *р<0.05, **р<0.01 and Samples were collected in the morning, about 8:00 AM, before 
***р<0.001. the does were placed with their litter (the production technology 

included separation of does and neonates except for nursing). 
Animals were previously treated with Hypophysin® LA, Veyx-
Pharma GmbH, Germany, at a dose of 0.2 ml per animal, and 10-15 

Resultsmin later were manually milked. Obtained milk (1-1.5 ml) was 
оcollected in tubes and cooled for 3–4 hours at 4 С. After 

The investigation on milk serum EGF concentrations showed centrifugation at 4000 rpm for 20 min, the milk serum was stored at -
о that they were relatively small in rabbit doe colostrum (Figure 1). 

20 С until analyzed.
Twenty-four hours after the parturition, colostrum EGF 

The quantitation of epidermal growth factor in rabbit doe milk thconcentrations were 51.67±5.16 pg/ml, and by the 48  hour serum was performed by a ELISA with a commercial kit hEGF ELISA 
increased up to 62.83±8.95 pg/ml without significant differences. EIA-3969, manufactured by DRG Instruments GmbH, Germany, rd thBetween the 3  and 11  day of lactation, no significant changes in with intra-assay coefficient of variation – 4.4%; inter-assay 
rabbit doe milk EGF levels were registered. coefficient of variation – 5.3%; sensitivity < 1 pg/ml; range – 5 to 811 

Figure 1. Milk serum EGF concentrations in rabbits does, at different stages of lactation. 
All values were compared to hour 24 (**р<0.01, ***р<0.001).
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th EGF concentration in rabbits by the end of lactation has a specific A substantial increase (р<0,001) was measured on the 16  day 
physiological significance. At weaning, the rough structure of feed of lactation when EGF values were 82±8.24 pg/ml, 1.52 times higher 

st particles could impair the integrity of mucosa and to induce than those from the first sampling period. By the 21  day, milk EGF 
abrasions on the surface of villi. As to EGF, it acts in the intestinal concentrations were very close to those of the preceding period – 

th lumen, far from its site of release, and allowed some researchers to 78.6±5.13 pg/ml (р<0.01). By the 28  post parturient day, EGF 
advance the hypothesis that it could play the role of a supervisor with increased markedly to 152±4.27 pg/ml, which is 2.94 times higher 

th respect to maintaining small intestinal tissues integrity from mucosal than values measured on the 24  lactation hour (р<0.001)
damage (stimulation of epithelial regeneration and proliferation) 
(Goodlad and Wright, 1995; Playford and Wright, 1996). In this 
sense, the epidermal growth factor receptor is a part of a primary 

Discussion mechanism of defense aimed at preserving the integrity of gut 
epithelium in which peptide growth factors as EGF or TGF, have an 

One of the main concerns of early weaning is whether the essential protective and healing role (Playford and Wright, 1996; 
organism is mature enough, both morphologically and functionally, Playford et al., 2000). Although the moment when salivary, Brunner 
to respond adequate to occurring change. On the basis of literature and Lieberkühn glands begin to release this factor into rabbits' gut 
data and the results of this study, it could be assumed that the high lumen, our results showed that EGF deprivation would have a 
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negative impact on their further development. the fact that the application of this model places an emphasis on 
To understand the nature of adaptation mechanisms in small higher number of litters per year and thus, on higher number of 

intestine after weaning of animals, some species-related traits of the rabbits produced, the final assessment of its economical efficacy will 
functional maturation of the mucosa should be considered. The not be consistent without taking into consideration its impact on the 
duration of pregnancy in mice and rats is short (rapidly maturing growth and fattening traits of early weaned rabbits. Collecting more 
species) and neonates are highly dependent on the mother for detailed data about physiological EGF sources in early weaned 
nursering, thermoregulation, gut content movement and evacuation litters' and its influence on their health and growth abilities should be 
until weaning (Henning, 1981). The early formation of crypts is considered as an object of additional research in near future.
specific for humans (Moxey and Trier, 1978) and species with longer 
gestation as sheep (Trahair and Robinson, 1986), whereas in 
rabbits, crypts are formed entirely after birth (Hirano and Kataoka, 

References1986). At this stage of neonates' ontogeny, alimentary tract 
structures that could be a source of luminal epidermal growth factor 

Berseth C, 1987. Enhancement of intestinal growth in neonatal rats are still functionally immature. Studies in 15-day-old nursing rats 
by epidermal growth factor in milk. The American Journal of have shown that the amount of endogenous EGF, released by 
Physiology - Gastrointestinal and Liver Physiology, 253, 662-665.mandibular salivary glands (main source of EGF) is negligible 
Brazzel R, Stern M, Aquavella J, Beuerman R and Baird L, 1991. (Byyny et al., 1972). Therefore, observed effects were due only to 
Human Recombinant Epidermal Growth Factor in Experimental epidermal growth factor originating from the milk (Britton et al., 
Corneal Wound Healing. Investigative Ophthalmology and Visual 1988).
Science, 32, 2, 336-341.Apart from salivary glands, EGF is directly secreted in gut 
Britton J, George-Nascimento C and Koldovsky O, 1988. lumen by several cells of different origin: cells in Brunner glands, 
Luminal hydrolysis of recombinant human epidermal growth factor in Paneth and goblet cells (Scheving et al., 1989; Kelly et al., 1997). 
the rat gastrointestinal tract: segmental and developmental Data about goblet cells being a source of endogenous EGF allowed 
differences. Life Sciences, 43, 1339-1347. assuming that the physiological role of EGF at this stage of rabbits' 
Byyny R, Orth D and Cohen S, 1972. Radioimmunoassay of ontogeny is protection of neonates through strengthening of gut 
epidermal growth factor. Endocrinology, 90, 5, 1261-1266.mucosal barrier by enhanced proliferation and mucin secretion by 
Carpenter G and Cohen S, 1979. Epidermal Growth Factor. Annual goblet cells. This hypothesis is also confirmed by studies in neonate 
Review of Biochemistry, 48, 193-216.rabbits treated with epidermal growth factor. Increased number of 
Cohen S, 1962. Isolation of a mouse submaxillary gland protein goblet cells and lower incidence of bacterial translocation to small 
accelerating incisor eruption and eyelid opening in the newborn. The intestine in treated animals was found out, suggesting, but not 
Journal of Biological Chemistry, 237, 5, 1555-1562. proving that the protective role of EGF is mediated by enhanced 
Cummins A and Thompson F, 2002. Effect of breast milk and goblet cell proliferation rate (Okuyama et al., 1998). 
weaning on epithelial growth of the small intestine in humans. Gut, Most probably, the physiological meaning of increased milk 
51, 748-754.EGF concentrations by the end of lactation is related to activation of 
Dehnhard M, Claus R, Munz O and Weiler U, 2000. Course of genetically determined mechanisms, responsible for the 
Epidermal Growth Factor (EGF) and Insulin-like Growth Factor I differentiation of enterocytes that results in replacement of goblet 
(IGF-I) in Mammary Secretions of the Goat during End-pregnancy cells by functionally mature enterocytes. Results of ours (Vachkova, 
and Early Lactation. Journal of Veterinary Medicine, 47, 533-540.2008) confirmed categorically that EGF in the intestinal lumen 
Donovan S and Odle J, 1994. Growth factors in milk as mediators of stimulated the differentiation and proliferation of enterocytes 
infant development. Annual Review of Nutrition, 14, 147-167.(Berseth, 1987; James et al., 1987; Xu, 1996) in rabbits too, 
Dunbar A, Priebe I, Belford D and Goddard C, 1999. Identification especially in the period of transition from milk to rough feed.
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characterization and molecular cloning of bovine betacellulin. secretion even before the delivery and its concentrations were 
Biochemical Journal, 344, 713–721.determined to be 25-40 ng/ml in colostrum and 5-12 ng/ml in milk 
Ellis L and Picciano M, 1992. Milk-born hormones: regulators of (Donovan and Odle, 1994; Dehnhard et al., 2000). EGF content in 
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th rhythm and early weaning improve body condition and fertility of peak on the 19  lactation day (Xu, 1996; Cummins and Thompson, 
rabbit does. Animal Research, 55, 459-470.2002).
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Grueters A, Alm J, Lakshmanan J and Fisher D, 1985. Epidermal rabbits would deprive neonates them from epidermal growth factor 
th growth factor in mouse milk during early lactation: lack of in a period when its milk concentrations were the highest (by the 28  

dependency on submandibular glands. Pediatric Research, 19, 8, day of lactation). 
853-856.Our results demonstrated that the early weaning of rabbits was 
Henning S, 1981. Postnatal development: coordination of feeding, not fully justified from the physiological point of view. Regardless of 
digestion, and metabolism. The American Journal of Physiology - 



326

Gastrointestinal and Liver Physiology, 241, 199–214. products: Some technological aspects. International Dairy Journal, 
Hirano S and Kataoka K, 1986. Histogenesis of the mouse jejunal 16, 1415-1420.
mucosa, with special reference to proliferative cells and absorptive Raaberg L, Nexø E, Tollund L, Poulsen S, Christensen S and 
cells. Archivum histologicum Japonicum, 49, 333–348. Christensen M, 1990. Epidermal growth factor reactivity in rat milk. 
James P, Smith M, Tivey D and Wilson T, 1987. Epidermal growth Regulatory Peptides, 30, 2, 149-157.
factor selectively increases maltase and sucrase activities in Rebollar P, Milanés A, Pereda N, Millán P, Cano P, Esquifino A, 
neonatal piglet intestine. The Journal Physiology, 393, 583–594. Villarroel M, Silván G and Lorenzo P, 2006. Oestrus 
Kelly Е, Newell S, Brownlee K, Farmery S, Cullinane C, Reid W, synchronisation of rabbit does at early post-partum by doe–litter 
Jackson P, Gray S, Primrose N and Lagopoulos M, 1997. Role of separation or ECG injection: Reproductive parameters and 
epidermal growth factor and transforming growth factor á in the endocrine profiles. Animal Reproduction Science, 93, 3-4, 218-230.
developing stomach. Archives of Disease in Childhood, 76, Savage C, Inagami T and Cohen S, 1972. The primary structure of 
158–162. epidermal growth factor. Journal of Biological Chemistry, 247, 23, 
Lu H, Chai J, Li M, Huang B, He C and Bi R, 2001. Crystal structure 7612-7621.
of human epidermal growth factor and its dimerization. The Journal Scheving L, Shiurba R, Nguyen T and Gray G, 1989. Epidermal 
of Biological Chemistry, 276, 37, 34913-34917. Growth Factor Receptor of the Intestinal Enterocyte, The Journal of 
Moxey P and Trier J, 1978. Specialized cell types in the human fetal Biological Chemistry, 264, 3, 1735-1741.
small intestine. Anatomical Record, 191, 269–285. Trahair J and Robinson P, 1986. The development of the ovine 
Nicodemus N, Gutiérrez I, García J, Carabaño R and De Blas C, small intestine. Anatomical Record, 214, 294–303.
2002. The effect of remating interval and weaning age on the Vachkova E, 2008. Studies of some endocrine and metabolic 
reproductive performance of rabbit does. Animal Research, 51, parameters, morphometric characteristics and absorbtive area of 
517–523. gut in rabbits depending on weaning age. Thesis for DSc. Faculty of 
Okuyama M, Urao M, Lee D, Drongowski R and Coran A, 1998. Veterinary Medicine, Trakia University, Stara Zagora, Bulgaria, 158 
The effect of epidermal growth factor on bacterial translocation in pp.
newborn rabbits. Journal of Pediatric Surgery, 33, 225-228. Varlyakov I and Radev V, 1995. A study on the ontogenetic 
Playford R and Wright N, 1996. Why is epidermal growth factor development of of the basic behaviour forms in White New Zealand 

thpresent in the gut lumen? Gut, 38, 303-305. rabbits. VI  National Confernce “Actual tendencies for development 
Playford R, Macdonald C and Johnson W, 2000. Colostrum and of fundamental and applied sciences”, 1-2 June, Stara Zagora, 156-
milk-derived peptide growth factors for the treatment of 163.
gastrointestinal disorders. American Journal of Clinical Nutrition, 72, Xu R, 1996. Development of the newborn GI tract and its relation to 
5-14. colostrum/milk intake: a review. Reproduction, Fertility and 
Pouliot Y and Gauthier S, 2006. Milk growth factors as health Development, 8, 35–48.



CONTENTS 1 / 2

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 3, No 4, 2011

291

299

302

306

310

313

318

323

327

330

336

339

343

346

351

354

Reviews

1. Lameness scoring systems for cattle in dairy farms
T. Penev

Genetics and Breeding

2. Body and carcass parameters of sea bream (Sparus aurata L.) and sea bass (Dicentrarchus labrax L.)
M. Marinova, I. Sirakov, Y. Staykov, E. Ivancheva

3. Effect of breed upon blood lysozyme and complement activity in different sheep breeds
L. Sotirov, Ts. Koynarski,  V. Semerdjiev, D. Dimov, S. Laleva, P. Slavova, M. Iliev, D. Yarkov

4. Winter wheat productivity under favorable and drought environments III. Effect of fertilization
A. Ivanova, N. Tsenov

5. Еvaluation of perspective sorghum breeding forms in their reaction to some diseases in field conditions
M. Georgieva – Andreeva, K. Tanova, S. Raykov

Nutrition and Physiology 

Effect of dietary coconut oil supplementation oN some blood biochemical indices in yearling rams 
Т. Slavov, V. Radev, K. Sivkova, I. Varlyakov

Pharmacokinetics of tilmicosin after oral application of Pulmotil G 200 – premix in pigs 
D. Dimitrova, V. Кatsarov, D. Dimitrov, D. Tsoneva

Epidermal growth factor content in rabbit doe milk during the different lactation stages 
E. Vachkova, B. Bivolarski

Intraorbital glands in turkey broilers. III. Lacrimal gland histometry
D. Dimitrov

Effect of body condition score at calving on body condition during lactation in Holstein and Brown Swiss cows
Zh. Gergovska, T. Angelova, D. Yordanova, Zh. Krastanov, Ch. Miteva

Use of brewer's grains for feeding of lambs
A. Kirilov, K. Ivanov

Production Systems

The effect of the milking liner design on the parameters of the milking machine pulsation system 
V. Vlashev, B. Banev, K. Peichev, G. Dineva

Accumulation dynamic of Ruta graveolens L. essential oil 
A. Dzhurmanski, G. Zhekova, D. Angelova

Research on the water regimen of soil upon the production of vine planting material 
N. Kovachev, N. Taneva, V. Kovachev, L. Halil

Agriculture and Environment

 Influence of the farmiing, soil cultivation and Fertilization on the yield of wheat
M. Nankov, L. Glogova

 Study on the applicability of a natural geomaterial for mononitrophenol removal from simulated agricultural run-off water 
Z. Yaneva, B. Koumanova, N. Georgieva



CONTENTS 2 / 2

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 3, No 4, 2011

Comparative technical and economic analysis of variants for cleaning and storage of manure on a farm for 108 – 120 dairy 
cows
V. Dimova, D. Dinev, Y. Popova, Y. Mitev

Distribution of the black mussel Mytilus galloprovincialis (L.) along the Bulgarian Black Sea coast 
E. Petrova, St. Stoykov

Toxicity of plant protection products towards the imago of Encarsia Formosa Gah.
V. Yankova, S. Masheva, B. Boev, K. Toskov

Effect of the rhizobacterium Bacillus subtilis on the development of the root-knot nematode Meloidogyne arenaria at 
different temperatures 
M. Mohamedova, H. Samaliev

Product Quality and Safety

Fatty acid composition of yogurt supplemented with walnut extract 
S. Boycheva, N. Naydenova, G. Mihaylova, T. Dimitrov, D. Pavlov

 Near Infrared Spectroscopy for monitoring changes during yellow cheese ripening
S. Atanassova, N. Naydenova, T. Kolev, T. Iliev, G. Mihaylova

Short communications

Mechanical correction the traction weight of a farm wheeled tractor
D. Irinchev

Possibilities for increasing the yield and quality of asters (Callistephus chinensis L.) cut flower
N. Miteva, O. Tafradziiski

359

368

374

378

384

390

395

397



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. 
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