
 
 

ISSN 2412-0324 (English ed. Online) 
ISSN 0131-6397 (Russian ed. Print) 
ISSN 2313-4836 (Russian ed. Online) 

 
 
 
 
 
 
 
 

   
 
 
 
 

 
 

Since January, 1966 
 
 
 
 

ANIMAL 
BIOLOGY 

 
 
 
 
 
 
 
 
 
 

Vol. 53, Issue 4 
July-August   
 
2018 Moscow 

BIOLOGY 
AGRICULTURAL  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EDITORIAL BOARD 
 

V.I. FISININ (Sergiev Posad, Russia) — Chairman (animal biology) 
 

ALEKSAKHIN R.M. (Obninsk, Russia) 
BAGIROV V.A. (Moscow, Russia) 
BORISOVA E.M. (Moscow, Russia) 
BREM G. (Vienna, Austria) 
EGOROV I.A. (Sergiev Posad, Russia) 
FEDOROV Yu.N. (Moscow, Russia) 
FEDOROVA L.M. (editor-in-chief)  
(Moscow, Russia) 
KOSOLAPOV V.M. (Lobnya, Russia) 

LAPTEV G.Yu. (St. Petersburg, Russia) 
LUSHENG HUANG (China) 
PANIN A.N. (Moscow, Russia) 
SAMUILENKO A.Ya. (Shchelkovo, Russia) 
SKRYABIN K.G. (Moscow, Russia) 
SMIRNOV A.M. (Moscow, Russia) 
SURAI P.F. (Ayr, Scotland, UK) 
SHEVELEV N.S. (Moscow, Russia)  
ZINOVIEVA N.A. (Dubrovitsy, Russia) 

 
 
Covered in Scopus, Web of Science (BIOSIS Previews, Biological Abstracts, Russian Science 
Citation Index), Agris 
 
 
Science editors: E.V. Karaseva, L.M. Fedorova 
 
 
 
Publisher: Agricultural Biology Editorial Office NPO 
 
Address: build. 16/1, office 36, pr. Polesskii, Moscow, 125367 Russia 
Tel: + 7 (916) 027-09-12 
E-mail: felami@mail.ru, elein-k@yandex.ru  Internet: http://www.agrobiology.ru 
 
 
 
 
 
 
 

 
 
For citation: Agricultural Biology,  
Сельскохозяйственная биология, Sel’skokhozyaistvennaya biologiya  
 
ISSN 0131-6397 (Russian ed. Print)  
ISSN 2313-4836 (Russian ed. Online) 

© Agricultural Biology Editorial Office (Редакция журнала 
«Сельскохозяйственная биология»), 2018 

ISSN 2412-0324 (English ed. Online)  
 



 

877 

SEL’SKOKHOZYAISTVENNAYA BIOLOGIYA  
[AGRICULTURAL BIOLOGY], 2018, Vol. 53, ¹ 4 

CONTENTS 
 

REVIEWS, CHALLENGES    
Glazko V.I. Gene and genomic levels of domestication signature (review)   .   .   .   .   .   659 
Galochkin V.A., Ostrenko K.S., Galochkina V.P. et al. Interrelation of nervous, immune, 

endocrine systems and nutritional factors in the regulation of animal resistance and 
productivity (review)   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   673 

Bagno O.A., Prokhorov O.N., Shevchenko S.A. et al. Use of phytobioticts in farm animal 
feeding (review)   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .    687 

Sudakova N.V., Mikodina E.V., Vasilyeva L.M. Sturgeon (Acipenseridae) artificial repro-
duction paradigm changeover under conditions of natural stock deficit of sturgeon 
in the Volga-Caspian basin (review)   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   698 

GENETICS OF BREEDING VALUES   
Belous A.A., Sermyagin A.A., Kostyunina O.V. et al. Study of genetic and environmental 

factors, characterizing the feed efficiency in Duroc pigs   .   .   .   .   .   .   .   .   .   712 
 Melnikova E.E., Bardukov N.V., Fornara M.S. et al. Effects of genotypes for IGF2, 

CCKAR and MC4R on the phenotypic estimations and breeding values for produc-
tive traits in pigs   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .    723 

REPRODUCTIVE BIOTECHNOLOGIES   
Tkachеv A.V., Tkacheva O.L., Rossokha V.I. Associated connection of erythrocitary an-

tigens with characteristics of stallion semen after cryoconservation   .   .   .   .   .   .   735 
Abilov A.I., Mityashova O.S., Mymrin S.V. et al. Endogenous hormone level in bull sires 

in relation to age, autoimmune status, and production performance of maternal 
ancestors   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   743 

Brigida A.V., Sorokin V.I., Kovalchuk S.N. et al. Forecasting the embryo productivity of 
donor cows on the basis of echographic characteristics of the ovaries   .   .   .   .   .   753 

AQUACULTURE   
Krasilnikova A.A., Tikhomirov A.M. Reproduction of Russian sturgeon (Acipenser guel-

denstaedtii) viable juveniles using cryopreserved sperm and behavioral reactions of 
the cryo-progeny   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   762 

Garlov P.E., Belik N.I., Rybalova N.B. et al. Developing the biotech method for effective 
reproduction of valuable fish species populations   .   .   .   .   .   .   .   .   .   .   .    769 

ANIMAL FEED AND FEEDING  
Yildirim E.A., Ilina L.A., Laishev K.A. et al. Mycotoxins diffusion in feeds of summer 

pasturing ration of Rangifer tarandus in Arctic zones of Russia   .   .   .   .   .   .   .   779 
Kavtarashvili A.Sh., Stefanova I.L., Svitkin V.S. et al. The ration recipes developed to 

improve effective and safe biofortification of hen (Gallus gallus L.) eggs   .   .   .   .   787 
 Bagirov V.A., Duskaev G.K., Kazachkova N.M. et al. Addition of Quercus cortex extract 

to broiler diet changes slaughter indicators and biochemical composition of muscle 
tissue   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   .   799 

Fisinin V.I., Vertiprakhov V.G., Grozina A.A. The exocrine pancreatic function in chicken 
(Gallus gallus L.) fed diets containing different ingredients   .   .   .   .   .   .   .   .    811 

FUNCTIONAL BIOCHEMISTRY   
Egorov I.A., Grozina A.A., Vertiprakhov V.G. et al. The age dynamics of biochemical 

blood indices in broiler chicken (Gallus gallus L.)   .   .   .   .   .   .   .   .   .   .   .   820 
Safonov V.A., Mikhalev V.I., Chernitskiy A.E. Antioxidant status and functional condi-

tion of respiratory system of newborn calves with intrauterine growth retardation   .   831 
VETERINARY VIROLOGY, IMMUNOLOGY  
Borodin А.М., Alekseev Ya.I., Konovalova N.V. et al. Detection of avian leukemia virus 

subgroup K in Russia and its molecular genetic analysis   .   .   .   .   .   .   .   .   .   842 
Shabunin S.V., Shakhov A.G., Vostroilova G.A. et al. Porcine Biferon-C applied together 

with medicinal prophylaxis in commercial pig breeding provides immunostimula-
tion of sows and an increased viability of their piglets   .   .   .   .   .   .   .   .   .   .   851 

Imatdinov A.R., Dubrovskaya O.A., Morozova D.Yu. et al. The study of antigenicity, im-
munogenicity and protective potential of DNA constructs containing fragments of 
genes CP204L, E183L or EP402R of African swine fever virus strain MK-200   .   .   860 

CELL CULTURES  
Savchenkova I.P. Multipotent mesenchymal stromal cells isolated from subcutaneous fat 

of mammals for the study of Sarcoptes Scabiei/mange in vitro   .   .   .   .   .   .   .   868 
 



 

659 

AGRICULTURAL BIOLOGY, ISSN 2412-0324 (English ed. Online) 

2018, V. 53, ¹ 4, pp. 659-672 
(SEL’SKOKHOZYAISTVENNAYA BIOLOGIYA) ISSN 0131-6397 (Russian ed. Print) 

ISSN 2313-4836 (Russian ed. Online) 
 

Reviews, challenges 
 
UDC 636.012:575 doi: 10.15389/agrobiology.2018.4.659eng 

doi: 10.15389/agrobiology.2018.4.659rus 
 

GENE AND GENOMIC LEVELS OF DOMESTICATION SIGNATURE 
(review) 

 

V.I. GLAZKO 
 

Timiryazev Russian State Agrarian University—Moscow Agrarian Academy, 49, ul. Timiryazevskaya, Moscow, 127550 
Russia e-mail vigvalery@gmail.com ( corresponding author) 
ORCID:  
Glazko V.I. orcid.org/0000-0002-8566-8717  
The author declares no conflict of interests 
Received April 25, 2018   

 

A b s t r a c t  
 

Domestication is considered as a model of microevolution, problems and traits of domesti-
cation in animal species that distinguish them from closely related wild species are discussed. Data 
on different levels of "signature" of domestication, such as genomic, gene, protein, metabolomic, in 
the key genes of formation of economically valuable traits are presented. It is noted that the main 
differences of domesticated species from closely related wild ones are relatively high variability not 
only at the phenotypic level, manifested in large numbers of breeds and wide areas, but also in the 
population-genetic heterogenisity, as well as functional groups of genes involved in variability. The 
accumulated data suggest that there is a “subgenome”, the increased variability of which is a source 
of genetic heterogeneity of domesticated animals, necessary for effective selection on economically 
valuable traits and adaptive potential. Literary data on the comparative analysis of the differences 
between SNP and CNV markers indicate that, mostly in genomic regions, in which are localized 
differentiating these species types the SNP and CNV markers, localized the genes which are associ-
ated with the development of the nervous and immune systems, as well as the characteristics of ani-
mal productivity in agricultural species, and involved in these processes specific genes varies depend-
ing on species, that is, similar phenotypic solutions are achieved with the involvement of different 
genetic systems (F.J. Alberto et al. 2018). It is known that almost half of mammalian genomes are 
engaged in retrotransposons (E.V. Koonin, 2016). The comparative analysis of domesticated and 
closely related wild species revealed differences in the relatively high density in the domesticated 
species the distribution of DNA fragments flanked by inverted sequences of tandem and dispersed 
repeats. It is proved that there is a certain contribution of transposing elements associated with a 
wide range of retroviral infections in the increased genetic variability of domesticated species, which 
can explain the unique genetic and phenotypic variability of domesticated animals. 
 

Keywords: domestication, signature of domestication, microsatellites, dispersed repeats, en-
dogenous retroviruses 

 

Domestication of plants and animals is a key event in the formation of 
an agricultural civilization, which has almost completely forced out the civiliza-
tion of hunters and foragers.  

Domestication as a model of microevolution . The generally ac-
cepted definition of domestication implies a process of historic transformation of 
wild animals into domestic animals specifically adapted to satisfying human 
needs. In a negligibly short time the evolution in domestication conditions re-
sulted in the biggest morpho-physiological changes in animals and created the 
species that could not have existed in nature. It is rather difficult to describe the 
domestication syndrome [phenotypic characteristics uniting taxonomically re-
mote species and distinguishing them from closely related wild animals). The 
domestication syndrome was rather closely studied by S.N. Bogolyubskiy [1]. The 
weakened natural selection and introduction of human-defined parameters dur-
ing selection (ethology, productivity, reproductivity) were essential during popu-
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lation-specific and genetic adaptation to reproduction in the conditions of long-
term domestication and breeding of different species under continued commer-
cial selection. At the same time it is apparent that in terms of gene pool specif-
ics, the domesticated species differ significantly from their closely related wild 
species. Essentially, the domesticated species are the life sustaining basis of mod-
ern civilization. All of this requires close focus on domesticated animals because 
only in-depth knowledge of their specific characteristics allows us to develop 
efficient methods of preserving and improving new genetic resources.  

The genomic signatures of domestication. A series of studies (at 
molecular level from an organism to a population structure of a species) are dedi-
cated to genomic differences of domesticated species from their closely related 
wild species ("domestication signature") of pigs [2], large and small ruminants [3, 
4], horses and donkeys [5-7]. Not all domestic species have a complete set of 
these characteristics; however, each species has many to a certain extent. The 
combination of these characteristics was called the domestication syndrome.  

The complexity of genomic makeup stipulates the diversification of ele-
ments selected for analysis of genomic distinction. Usually, molecular-genetic pol-
ymorphism markers of structural gene sections are used that encode the amino 
acid sequences of proteins (electrophoresis protein versions), non-coding sec-
tions of structural genes and various DNA sequences, the connection of which 
with structural genes is, as a rule, unknown. The studies analyze genomic distri-
bution of short repeats (RAPD, ISSR, AFLP markers), microsatellite loci (tan-
dem repeats 2-6 nucleotides long), use the data of whole-genome sequencing, 
compare single-nucleotide polymorphisms (SNP) and copy number variability 
(CNV).   

Full genetic sequencing of the following species has already been per-
formed: chicken Gallus gallus domesticus and ancestral species of G. gallus [8], pig 
and wild boars [9, 10], ancestral primitive bovine cattle and modern bovine cattle 
breeds [11], domesticated sheep and moufflon, goats and bezoar goats [4, 12], 
domesticated horse and Mongolian wild horse [13-15], domesticated and com-
mon rabbit [16, 17]. The basic conclusion is that most of SNP and CNV mark-
ers differentiating the domesticated and wild species fall within gene localization 
areas pertaining to the development of the nervous and immune systems and 
productivity of domesticated animals, and these genes vary depending on species, 
i.e., identical phenotypic effects are achieved with involvement of different genetic 
systems [12]. We will review some genomic domestication signature types below. 

Domestication signature for milk proteins . We have analyzed 
the frequency of allele versions and genotypes based on genes encoding milk pro-
teins (-casein, -IS casein, - lactoglobulin) and two key enzymes of lipid syn-
thesis (acyl-СоА- diacylglycerol acyltransferase  1 and stearyl-СоА-desaturase 1) 
in dairy (black-and-white  Holstein breed and Ayrshire breed) and beef (Aber-
deen-Angus and Kalmyk breed) bovine cattle. In combination with analysis of 
literature these studies have shown that allele versions of candidate genes involved 
in metabolic pathways that determine the specifics of milk productivity formation 
in analyzed breeds do not allow reliably forecasting the quality of milk; however, 
allele versions of -casein и stearyl-СоА-desaturase 1 [18] can be used for quality 
forecast (micelle size and suitability for production of hard cheese, enrichment 
with desaturated fatty acids). 

A mutation was identified in exon 4 of -casein gene in bovine cattle, 
which results in a small size of milk micelles, which is required for quality 
cheese production. The study of this exon in different species showed that the 
ratio between nonsynonymous and synonymous substitutions significantly varied 
both inside the family and among families [19]. In whole protein the quantity of 
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nonsynonymous substitutions is noticeably higher only for Bovinae species (0.045 
versus 0.036), whereas in the other cases there were more synonymous substitu-
tions, as is generally accepted for the evolution of protein-coding sequences [19). 
At the family level, the differences in rate of divergence of this section are statisti-
cally valid only when making general comparisons for all studied Bovinae species 
and Caprinae species, which is indicative of a high rate of amino acid substitution 
in protein after divergence of these families. Its has also been found that amino 
acid sequence of -casein that corresponds to exon 4 is identical for closely relat-
ed Bos taurus and B. indicus species that diverged less than 3 million years go 
(with the exception of 148 position substitution of B. taurus) and corresponds to 
the allele version bovine cattle В -casein preferable for cheese production [18, 
19]. We can assume that domestication of zeboid cattle and bovine cattle 
emerged in different centers: the first occurred in India, the second occurred in 
the Mediterranean region [20, 21]. Consequently, the allele version of -casein 
В occurred after domestication of bovine cattle in the Mediterranean region and 
was preserved due to selection, which was more active in the European agricul-
tural tradition than in the Indian tradition. 

K-casein of С-end domain contains all sites of posttranslational phos-
phorylation and glycosylation [22]. The carboxyl groups are associated via glyco-
side O-link with threonine and serine residue of -casein, whereas 50% of С-
domain contains residue of Thr and Ser, a part of which can also be phosphory-
lated. The physical properties (dimensions, solubility) and reactivity of micellar 
casein significantly depend on phosphorylation and glycosylation [22, 23]. During 
the process of Bovinae family formation the evolution is fastest in the gene segment 
corresponding to the С-end domain [19]. In Bovinae family, the total quantity of 
Thr and Ser residue in protein remains unchanged when their positions change, in 
other families both the quantity and position of residue remains. This can in some 
way explain the increase nonsynonymous and synonymous substitutions ratio in 
Bovinae cattle that we observed. By some accounts, uneven distribution of glyco-
sylation in -casein С-domain can be accompanied by differences in its inhibiting 
Helicobacter pylori causing gastrointestinal diseases [23]. It can be expected that 
the observed fast evolution of amino acid sequence of this -casein section is at-
tributable to adaptation of closely related Bovinae species to different pathogens. 
Therefore, positive selection (fast accumulation of nonsynonymous substitutions) 
is observed only for one section of -casein molecule, its С-domain, and only for 
Bovinae species in the course of their divergence during a relatively short period 
of time. This can possibly be attributable to breed differences in feeding that 
emerged after divergence (due to domestication of most researched family repre-
sentatives), which triggered a need to adapt to different pathogens of the gastroin-
testinal tract [19].  

Metabolomic domestication signatures . We have compared pol-
ymorphism for 30 loci of different protein groups in genetic pools of domesticat-
ed and closely related wild species from two orders: Artiodactyla (artiodactyles) 
and Perissodactyla (perissodactyle), including wild zoo species (biosphere re-
serves "Askania-Nova") and bovine cattle and horses from different households 
in Russia and Ukraine (26 species and interspecific groups, 12 species total) [24, 
25]. The analysis was supplemented with population and genetic evaluation of 
differentiation of 18 species of soya bean (Glycine max) from different countries 
and 3 populations of wild Ussurian soybean from different regions  of the Far 
East: Soja ussuriensis Moench (the presumed ancestral species of soybean). The 
average degree of polymorphism for analyzed loci was somewhat higher for do-
mesticated animal species and plants. For domesticated animals this parameter 
varied from 0.036 (for pigs) to 0.171 (of bovine cattle), for closely related wild 
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species: from 0.017 (Grant's zebra Equus quagga boehmi) below 0.135 (Tauro-
tragus oryx eland). The groups of species were distinctly differentiated in terms of 
contribution of different functional genetic and biochemical systems to 
polymorphism. For instance, the percentage of polymorphic loci in intracellular 
energy metabolism enzymes scaled to the number of species analyzed for do-
mesticated representatives, was 0.179 for hollow-horned species, 0.629 for wild 
species, for metabolism enzymes of exogenous substrates: 0.464 and 0.193 re-
spectively, for transport proteins: 0.357 and 0.178 [25], which means that univer-
sal difference of domesticated species from their closely related wild species lies 
in the increased enzyme polymorphism: for domesticated species of the substrate 
metabolism (associates the animal metabolome with environment substrates), for 
their closely related wild species: of intracellular energy metabolism (glycolysis, 
pentose-phosphate pathway, Krebs cycle) [26, 27]. In other words, in one case 
there was adaptation to broad substrate specificity, in the other case it was op-
timization of intracellular energy supply with a narrow substrate range.  

By analyzing the biochemical markers of total metabolism in agricultural 
animals we may presume that there exists some connection between the intensity 
of form-building interspecific processes (the quantity of breeds can reflect it) and 
genetic genetic variability of a species. We have compared it for the "golden five" 
agricultural animals (goats, sheep, bovine cattle, pigs and horses). The lowest 
variability evaluated according to the percentage of polymorphic loci (Р) and 
mean heterozygosity per locus per individual (Н) (maximum values are listed fur-
ther) were identified in goats and pigs (Р is 0.03 and 0.02, respectively, Н is 0.05 
and 0.07), and the highest value was typical of bovine cattle (Р = 0.52; Н = 0.18), 
which corresponds to the highest number (1500 of bovine cattle breeds. For 
horses these parameters were somewhat lower (Р = 0.4, Н = 0.16). The accumu-
lation of data is still insufficient to assert that there is a direct connection between 
the degree of genetic variability of biochemical markers of total metabolism key 
links and potential capacity of agricultural species to create new forms; however, a 
certain interconnection between these faxts is apparent.  

Structural genes of dairy and beef productivity . The genetic 
pools of autochthonous displaced bovine cattle breeds are almost completely unin-
vestigated for commercially valuable allele versions of structural genes, which 
could be used directly in the modern practical selection. We have determined 
the occurrence rate and distribution of allele versions of six structural genes 
closely connected with productivity formation [18]. These are the following 
genes: growth hormone (GH), pituitary-specific transcription factor of growth 
hormones and some milk proteins (Pit-1), leptin lipid exchange hormone (LP), 
myostatin, the negative regulator of myogenesis and muscle tissue regeneration, for 
which "dual muscle system" mutations nt821(del11) of Belgian Blue cattle and 
Q204X of Piedmontese cattle were described, -casein (CSN3), the milk micelle 
protein, and -lactoglobulin (BLG), the basic whey protein. Polymorphism of 
most genes was analyzed using PCR-RFLP method (amplification of structural 
gene fragments limited by matched pairs of flank primers with a restriction analysis 
of segments obtained). We arrived at a conclusion about presence of a mutation 
in myostatin gene by amplification product length without restrictions [26, 27]. 
We compared bovine cattle breeds in different breeding regions: Gray Ukrainian 
cattle (Kherson region, 34 animals; the Altai Territory, 32 animals); Red Polish 
cattle (Teropil region, 60 animals, Poland, 87 animals); White-Headed Ukrainian 
cattle (Sumy region, 35 animals); Brown Carpathian cattle (Ivano-Frankivsk re-
gion, 22 animals); Yakutian cattle (Novosibirsk region, 18 animals). Polymor-
phism of certain genes (specifically, myostatin) was studied on beef breeds (Her-
efords, Aberdeen-Angus, Charolais). The analysis also included wild representa-
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tives of bovine subfamily (Bovinae): Ankole-Watusi (Bos taurus macrocerons), ga-
yals (Bibos gaurus frontalis), aurochs (Bison bonasus), bisons (Bison bison), a repre-
sentative of spiral-horned antelope subfamily (Tragelaphinae) canna (Taurotragus 
oryx), which are reproduced in Askania-Nova biosphere reserve [26, 27]. It turned 
out that allele versions associated with commercially valuable characteristics of 
domesticated forms almost never occur in closely related species (for instance, 
according to CSN3); moreover, as a rule, in indigenous species the rate of occur-
rence of such alleles is higher than in commercial breeds. At the same time, the 
highly productive breeds do not have complex genotypes for desirable alleles (in 
different genes) in spite of distinct differences between the breeds.  

The analysis of interlocus associations demonstrated that linkage disequi-
librium is a very irregular characteristic, which varies in different breeds and 
within intraspecific groups regardless of gene synteny (colocalization in the link-
age group) [28]. Earlier, we have identified statistically-valid disequilibrium of 
locus linkage of transferrin and -casein (bovine cattle chromosomes 1 and 6) 
and lack of such disequilibrium in syntenic transferrin and ceruloplasmin (chro-
mosome 1); disequilibrium in locus linkage of -casein and growth hormone in 
Brown Carpathian cattle (chromosomes 6 and 19), but its absence in Grey 
Ukrainian cattle [18]. This implies high variability of interlocus associations re-
gardless of synteny for domestic species [29, 30]. As we have observed, in certain 
cases interlocus associations can be used as additional characteristic of genetic 
structure of species and intraspecific groups.  

Genetic signature of artif icial selection for variability of a 
complex of genomic segments (subgenome). It is still unclear whether ge-
netic pool specifics of domestic animals (their capacity to create a great amount 
of genetic ensembles underlying stable morphofunctional types) are attributable to 
the fact that wild and domestic species differ in terms of polymorphism of differ-
ent genetic systems. This assumption was made as far back as 30 years ago [24] 
and received a number of confirmation [31]. We analyzed the contribution made 
to polymorphism of a species by polymorphism of various functional protein 
groups [25]. For calculations we took mean heterozygosis of a species to be equal 
to 1 and evaluated its percentage created by polymorphism of each group. We 
studied primary genetic and biochemical systems used as markers of structural 
genes in more than 1000 animal and plant species analyzed so far [32]. These are 
three protein groups with different biochemical functions: the enzymes of intracel-
lular energy metabolism, metabolism of exogenous substrates and transport pro-
teins. By averaging the contribution of polymorphism of each group we discovered 
that wild and domestic animals differ by variability predominance of various ge-
netic and biochemical systems (as is the case with morpho-physiological parame-
ters). Which means that in case of artificial selection (unlike natural selection) the 
polymorphism of enzymes, associated with intracellular energy, declines, and pol-
ymorphism of enzymes that have broad specificity and metabolizing exogenous 
substrates increases. The varying contribution of functional protein groups in total 
polymorphism that we discovered in wild and domestic mammalian species corre-
lates well with the assumptions about a link between formation of species with 
reorganization of cell energy supply mechanisms [24] and the factor that artificial 
selection (with the exception of cross-species hybridization) usually does not result 
in emergence of new species.  

Apparently, natural selection facilitates the formation of species by sup-
porting enzyme polymorphism of intracellular energy metabolism, and artificial 
selection facilitates the emergence of new forms with a high degree of adaptation 
to exogenous substrates. It is possible that the scope of phenotypic variation of 
domesticated species is connected with a variety of metabolic rates of exogenous 
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substrates. The latter allows us to assume that there is a subgenome, i.e. the genes 
encoding the systems involved in metabolism of these substrates. Its variability 
determines the involvement of a species in domestication and is important for 
broad phenotypic variety of domestic animals and is necessary for their directed 
breeding. 

When analyzing enzyme system polymorphism of soybean breeds, popu-
lations of wild Ussurian soybean and five other species of wild soybean, all groups 
displayed monomorphism for 21 loci out of 42 [25]. The genetic and biochemical 
systems of plants were divided into two groups: enzymes involved in the creation 
of adenosine triphosphate in a cell (glycolysis, Krebs cycle), i.e. those involved in 
glucose metabolism (G), and the rest of the enzymes not involved in metabolism 
(NG). The analysis covered 21 enzyme loci of each group. Seven polimorphic loci 
were identified in the population of wild species, including one NG locus (ESTD-
1) and 6 G loci. All in all 19 loci were identified for soybean breeds (11 for G, 8 
fpr NG). Up to 86% polymorphic loci of wild soybean participate in controlling 
the intracellular energy metabolism, which is only 58% for domestic soybean; 
moreover, there were 3 times more (42%) of polymorphic loci non involved in 
glucose metabolism than for wild species (similar was observed for domestic an-
imals). Consequently, we can assume that plants also have a subgenome involved 
in regulating the links between the internal and external biochemical environ-
ments via metabolism enzymes of exogenous substrates and  transport protein.  

The scope of genetic variability for G. max is larger than for G. soja (the 
percentage of polimorphic loci Р is 45 and 17%), which means that a domesti-
cated species is more polimorphic than its closely related wild species [25-27]. 
The interspecific genetic distances (DN) constituted from 0.059 to 0.129 and 
from 0.038 to 0.264 respectively. Consequently, for soybean the interspecific dif-
ferentiation of breeds is comparable with the interspecific differentiation of 
populations of a closely related wild species.  

Therefore, domesticated breeds have a higher protein variability that de-
termines the metabolic link with the environment, and control of intracellular 
energy transformation is more stable. The comparison of electrophoretic protein 
(enzyme) versions allows us to accentuate the domestication characteristics related 
to a relatively high polymorphism of genetic and biochemical systems controlling 
the exogenous substrate metabolism (and transportation proteins for animals).  

Genomic signature of artif icial selection. The transition to polylo-
cus genome genotyping and scanning (from analysis of several hundreds markers 
to complete sequencing) is the primary characteristic of modern population ge-
nomics [33].  

The application of RAPD markers (randomly amplificated polymorphic 
DNA) is restricted to the ability of PCR-amplification of DNA segments flanked 
by inverted decanucleotid repeats [34]. Not every nucleotide sequence in inverted 
in a genome with high frequency and can be used as primer. For interspecies and 
intraspecies studies of Еquidae family members, UВS-85 and UBS-126Е primers 
are suggested [35]. With these primers we identified the largest similarity of do-
mestic horse and bovine cattle (grouped in a separate dendrogram cluster) 7 wild 
and 2 domesticated species of artiodactyles and perissodactyles. These data can 
be construed as a confirmation of a certain similarity in genome variability of 
domesticated species [36, 37].  

The ISSR analysis (inter-simple sequence repeat) allows increasing the ac-
curacy of annealing. The products of ISSR-amplification contain an inverted mi-
crosatellite primer sequence on their flanks, and the resulting fingerprint is usually 
reproduced better than in RAPD [38-42], whereas the identified polymorphism is 
higher. The amplification is conducted with one or several primers of 15-24 nu-
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cleotides in length [38] consisting of short tandem repeats (2-4 nucleotides) and 
one selective nucleotide at 3´-end. The microsatellite sequences surround many 
genes [38] and can be used for them as anchor sequences. Both RAPD and 
ISSR do not require preliminary cloning and sequencing for primer selection 
[38-42]. When using 3 dinucleotide and 12 trinucleotide ISSR-PCR primers, 
310 amplicons [25-27] were identified for 11 domesticated and wild species, and 
short amplicons were reliably more frequent in domesticated species. 

In IRAP-PCR (inter-retrotransposon amplified polymorphism) [38], a 
segment between the primers is amplified, which are complementary to two ad-
jacent retrotransposons (typically these are segments of long terminal repeats of 
LTR endogenous retroviruses) in alternative DNA chains with REMAP-PCR (re-
trotransposon-microsatellite amplified polymorphism) located between the primers 
for LTR retrotransposon fragment and next to the located simple microsatellite 
repeat acting as an anchor (SSR-primer) [43, 44]. In REMAP and IRAP, the 
primers for 3´- and 5´-end LTR are used. Some retrotransposons (for instance, 
BARE-1) are distributed along the genome length relatively evenly [43, 44], some 
short retrotransposons, such as MITE, are rather often localized near coding se-
quences [45]. The REMAP markers can be useful when studying genomic singu-
larity of domestication: they are flanked with a microsatellite sequence, therefore 
it is more probable that amplified fragments are evenly distributed in chromo-
somes and are not clustered in the areas of retrotransposon concentrations [46]. 

The retrotransposons are closely connected with microsatellites, for in-
stance, in bovine cattle genome [47]. The endogenous retroviruses are very 
common in genomes of main domesticated species [48, 49]. Interestingly, re-
trotransposons resulted in significant intragenomic differentiation of laboratory 
murine lines with different sources (C57BL and BALB) during a relatively short 
period of time (a little more than 100 years) [50, 51]. The usage of one re-
trotransposon (Alu) was described (due to its wide occurrence) for human ge-
nome scanning [52, 53]. 

The study of species-specific ISSR-PCR marker formations using an-
cient Altai horse breed as an example has shown [46] that genomic fragment with 
the size of 416 nucleotide pairs flanked by an inverted repeat (AG)9C was formed 
as a result of recombination between ancient mobile elements (fish DNA trans-
poson and LTR ERV3, which is  typical for many mammals) and ERV1 endoge-
nous retrovirus sequence specific for horse genome. In Altai horse DNA the seg-
ment with the size of 235 nucleotide pairs had homology only with domestic 
horse ERV1, which is indicative of its apparent later origin than, for instance, 
homology segment with LTR ERV3. The high correlation (r = 0.9) between in-
tegration frequency of endogenous retrovirus sequences with the size of 235 nu-
cleotide pairs and chromosome length points to the fact that domestic horse un-
dergoes further transpositions, recombination and evolution of endogenous retrovi-
rus sequences. Similar correlations between integration frequency of segments of 
endogenous retrovirus sequences and chromosome length were observed in bovine 
cattle genome [54]. These integration regions are often depleted with CG se-
quences and enriched with AT [54]. The relatively even distribution over horse 
chromosome length is also described for segments homological to a fragment of 
long end repeated sequence of ERV3 beta1 endogenous retrovirus [55]. It was ar-
gued that spread of retrovirus end repeated sequence (in absence of more than 
one full-size copy of the latter) can occur according to the following pattern: at 
first the endogenous retrovirus integrates in the genome on a wide scale with sub-
sequent exposure of most formed copies leaving traces of multiple iterations in 
the form of small terminal sequences [55]. Significant homology has been observed 
between EqERV beta1 of domestic horse and unclassified endogenous retrovirus in 
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bovine cattle genome and MMTV murine retrovirus – the phylogenetic ancestor of 
viruses of hoofed mammals; therefore, we can expect that both studied species were 
first infected with murine virus [55]. In the course of transposition and recombina-
tion the descendants of endogenous retroviruses can cause explosive outbreaks of 
mutational variability. Now therefore, the assumption that the genomic elements 
associated with such highly variable nucleotide sequences could particularly be 
involved in a wide-scale phenotypic variation characteristic of domesticated spe-
cies seems only logical.  

The nucleotide sequence of endogenous retrovirus make a significant 
contribution to the families of endogenous retrovirus, fragments of which and 
products of recombination of which with other mobile elements constitute an 
almost the main part of dispersed repeats of mammal genomes [49, 54, 56]. De-
tailed databases have been created containing full-size endogenous retrovirus 
available in genomes of primary domesticated mammals [49]. The horizontal 
transfer of some retrotransposones that unites the genomes of taxonomically re-
mote species [57, 58] was described and its essential role in the evolution of ver-
tebrates is being discussed [59]. The viruses and mobile genetic elements are 
thought of as drivers of evolution [60]. A close link between microsatellites and 
retrotransposones is known [61-63]. In our studies we have shown that in ge-
nomic DNA fragments flanked by inverted repeats of microsatellite loci segments 
both in horses and bovine cattle the frequency of recombination predominantly 
among retrotransposones is high [64, 65].  

Now, therefore, it is apparent that in most cases the studied phenotypic 
characteristics and relevant gene systems are linked with species-specific com-
mercially valuable characteristics. It was Charles Darwin who thought of do-
mestication processes as accelerated evolution under the influence of artificial 
selection [66]; however, there is still no clear definition of what domestication 
really means and what are its genetic mechanisms. Some researchers suggest 
viewing domestication as a result of interactions stable in many generations, 
when one species significantly affects the reproduction and survival of the oth-
er [67]. One of the conditions of transformation of a wild animal in a domestic 
animal is reproduction under any conditions of maintenance, feeding, space 
constraints, reduced motor activity and adaptation to human presence. This is 
due to the change of animal behavior – one of the first and brightest domesti-
cation results. In fact, domestic animals differ from wild animals primarily by 
its reaction to humans. In other words, domestication is a coevolution process 
(in essence, symbiosis), when the population adapts to anthropogenic envi-
ronment by combining genetic changes. 

The modern concept of phenotypic variation describes the manifestation 
of characteristics as a result of interaction of a genotype and factors affecting the 
realization of genetic information (the maintenance and reproduction condi-
tions, microbiome, pollutants and pathogens). This process is exercised at differ-
ent interdependent levels (transcriptome, proteome, metabolome, microbiome) 
creating nonlinear links (for instance, singular changes in transcriptome can re-
sult in multiple changes in metabolome, and vice versa); moreover, direct im-
pact of environmental factors is possible at each level [68, 69]. 

The varying impact of enzymes of intracellular energy metabolism ob-
served by us, and exogenous substrate metabolism in total polymorphism of wild 
and domestic mammal species correlates well with the absence of formation of 
species during selection and its link with reorganization of energy supply of cells 
during evolution. By taking into account the specificity of selection and the 
choice of livestock population, the similarity of protein polymorphism of wild 
and domestic animals is unexpected, especially since allozyme  divergence in 
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wild species is linked to formation of species, whereas in domestic animals it is 
linked solely to high morpho-physiological variability. Consequently, natural and 
artificial selection should have different impact on polymorphism of different 
genetic and biochemical systems and not on overall scope of genetic variability.  
We have confirmed this hypothesis by comparing the contribution of protein 
functional group polymorphism to the total genetic variability of wild and do-
mestic species. 

As it turns out, the domestic species are significantly more uniform than 
wild species in terms of polymorphism of certain biochemical markers, such as 
transferrin, esterase, diaphorase, acid phosphatase, catalase and albumin [24]. 
This also supports the hypothesis about dissimilar impact of natural and artificial 
selection on genetic variability due to impact on different metabolic links, which 
results in polymorphism of various biochemical markers.  

Presumably the expansion of habitat of domesticated species migrating 
alongside humans increased the number of contacts with retroviruses and result-
ed in emergence of new transposable elements in the genome. By inhibiting re-
current infections they preserved in the course of natural selection and at the 
same time increased genetic variability (insertion mutagenesis, recombination 
processes) causing mutations essential for artificial selection. Please note that a 
link between the emergence of allele versions essential for selection distinguish-
ing domesticated species from closely related wild species, as well as integration 
of mobile genetic elements in coding sequences [31] was observed in many stud-
ies. The involvement of transposable elements in genome divergence of closely 
related and wild species could explain some empirical data, for instance, the ac-
celerated rate of evolution of a number of genetic elements in genomes of do-
mesticated species [31] and higher frequency of occurrence of short fragments of 
genome DNA flanked by inverted repeats in domesticated cavicornians than in 
closely related wild species [27].  

To summarize, the findings point to the fact that animal and plant spe-
cies have characteristics of domestication that differ them from their closely re-
lated wild species not only at the level of complexes of phenotypic characteris-
tics, but also in terms of polymorphism of structural genes encoding the proteins 
and enzymes, and in terms of occurrence of invested repeats of microsatellite 
loci, mobile genetic elements and segment duplications in the genome. We can 
anticipate that common retroviral infections can be one of the mechanisms be-
hind such differences. In order to describe the common and specific genetic 
make-ups of domestication we need to identify the source of unique genetic var-
iability of domesticated species that display increased variability of total metabo-
lism (with identical scale of genetic and biochemical variance) defining the link 
between biochemical processes in internal and external environments, genetic 
systems of intracellular energy transformation control are more stable (glycolysis, 
Krebs cycle). We can expect that the systems involved in exogenous substrate 
metabolism are coded by the genes of "subgenome," the variability of which is 
linked to phenotypic flexibility and determines the possibility of involving a spe-
cies in domestication. 
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A b s t r a c t  
 

Commercial livestock husbandry causes severe stress among animals resulting in up to 80 % 
emergence of secondary immunodeficiency. This review is an attempt to comprehensively analyze 
multiple interconnections between immune, neuroendocrine systems, together with nutrition, as 
essential factors for animal metabolism regulation, wellness, health, performance and productivity.  
Secretion of stress hormones and the degree of inhibition of the immune response depend on the 
type of animal’s nervous system. Poor nutrition has a negative effect on the expression of immune re-
sponse including humoral and cellular immunity synthesis of cytokine and plasma immunoreceptors 
(V.I. Fisinin et al., 2013; V.A. Galochkin et al., 2013; Y. Zhang et al., 2014; J.D. Ashwell et al., 2000; 
S. Cunningham-Rundles et al., 2005; V. Abhyankar et al., 2018; A. Haghikia et al., 2015; R.H. Oak-
ley et al., 2013). Due to this relationship, immune, nervous and endocrine systems form virtual func-
tionally integrated single super-system of immunobiological surveillance. Its purpose is to maintain 
body viability, efficiency and resistance to any physical, chemical, biological agents and psychosocial 
factors that can cause adverse effects or pathological conditions. The total body resistance reflects the 
combined effects of specific and nonspecific factors of innate and adaptive immune responses togeth-
er with activity of a number of intracellular systems, including antioxidant-prooxidant system, 
monooxygenase, peroxisomal system (V.I. Lushchak, 2014; N. Sinha et al., 2015; V.A. Galochkin et 
al., 2015), which are together responsible not only for the neutralization of xenobiotics and endoge-
nous toxins, but for the monitoring of homeostasis. Evolution of conceptual views on the immune 
system has developed into understanding of its function not only as a “shield and sword of the or-
ganism”. In-deep look in immune function and mechanisms is unthinkable without examining im-
mune system as a regulatory component of a single triad with the nervous and endocrine systems. 

 

Keywords: productive animals, the immune system, nervous, endocrine regulation, nonspe-
cific resistance, health, productivity 

 

Animal productivity is closely connected with the functional activity of 
the immune system, which is a multicomponent and polyreactive system inte-
grated with the other physiological body systems. If commercial animal husband-
ry results in severe stress, the proportion of livestock population with secondary 
immune deficiencies reaches 80%. The stresses and immune deficiencies precede 
numerous illnesses and directly induce pathological conditions of various degrees 
of severity reducing the volume and quality of animal husbandry products [1, 2]. 

The goal of this overview is to comprehensively analyze at interdiscipli-
nary level the multiple interconnections essential for the formation of protective 
and regulatory functions of livestock in the context of livestock health and 
productivity. 

In 2011, immunologists B.A. Beutler and J.A. Hoffmann were awarded a 
Nobel Prize in physiology and medicine for deciphering of revolutionary mecha-
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nisms of immune system regulation. Their ideas were linked to the discovery and 
receptor protein trait of Toll-like receptors on cell surface activating the innate 
immune system, which had been previously believed to have been determined 
solely genetically [unlike adaptive immunity). The idea of a purely protective 
role of the immune system [protection against disease-producing and foreign 
factors) reigned until 1970-s, and still the function of maintaining genetic uni-
formity of cells in a living body [in the middle of the 20th century, Nobel Prize 
laureate F.M. Burnet introduced the term "the science of self") [3] is recognized 
as the most important function of the immune system. However, the understand-
ing of this term in controlling homeostasis expands. Specifically, it has become 
almost axiomatic that a body forms a single and functionally undivided triad of 
regulatory systems: the nervous system, endocrine system and immune system 
[4-6]. The study of this triad requires interdisciplinary approach. Moreover, the 
task of identifying defensive mechanisms of a body cannot be solved without 
taking into account the following immunology phenomena: the general adapta-
tion syndrome, the role of antioxidant and pro-oxidant systems, monooxygenase 
and peroxisomal systems, intracellular reparative processes, etc. The effects of 
multiple interconnections of the immune system with the nervous and endocrine 
systems and nutritive factors are rather numerous and cannot be ignored when 
developing new biologically active additives and feed additives.  

The interaction between innate and acquired immunity. The 
innate immunity system is just the first line of defense against any foreign agents 
and begins at a molecular level. It is responsible for immediate nonspecific defense 
that does not include immunological memory about an antigen [7]. The adaptive 
immune system [also known as specific immune system) develops over days or 
weeks because it includes an antigen-specific response and creation of immuno-
logical memory due to which a subsequent encounter of the antigen is met with a 
quicker and stronger response. The initial mediators of adaptive immune response, 
the B-lymphocytes, produce antibodies neutralizing an antigen or mark the anti-
gen for presentation to Т-cells or subsequent destruction by macrophages [8]. As 
opposed to humoral immunity mediated by antibodies, the cell-mediated immuni-
ty is connected with Т-cells, the lymphocytes produced by thymus gland. The sub-
groups of Т-cells play different roles in the adaptive immune system: the cytotoxic 
Т-killers attack and destroy alien cells, Т-helpers amplify the immune response 
and help the function of the other lymphocytes, Т-suppressors suppress and re-
strain the immune system [9]. 

The complement system, which includes about 20 protein factors activated 
in a cascade during immune response, irreversibly damages the structure and func-
tions of an alien object. The phagocytosis dysfunction is often observed in case of 
lack of chemotactic polypeptides created during complement activation and ensur-
ing phagocyte movement to the place of infection [10, 11]. The complement 
system modulates adaptive immune response and, as a component of both innate 
and adaptive immune system, may serve as an example of their interconnection. 

The innate and acquired immunity function in unison via direct contact 
with the cells, and through the mediation of cytokine and chemokine communi-
cation molecules. i.e. small proteins contain cysteine that have chemotactic and 
attractant properties [12]. Consequently, an efficient immune system requires a 
coordinated effort of macrophages, neutrophiles, B- and Т-lymphocytes with all 
other immune cell types. Furthermore, the immune response includes the 
growth of cell population of Т-lymphocytes, reinforcing immunoglobulin synthe-
sis with B-lymphocytes and acute-phase proteins with the formation of inflam-
matory mediators.   

The cell-mediated response is required for lymphocyte clones to appear 
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and destroy objects with alien genetic information. Since diverse antigens can be 
found on the surface of alien cells, the immunoglobulins of different isotypes [A, 
M, G, E) are produced in activated plasmatic cells [13]. 

S t r e s s  and  homeo s t a s i s. Physiological stress. In terms of physiolog-
ical interpretation, stress can be defined as disturbance of internal equilibrium 
required for a living organism to respond in order to maintain psychophysiologi-
cal integration. H.H.B. Selye, who outlined the triad necessary for all chromic 
stresses (involution of thymus-lymphatic system; hypertrophy of adrenal gland; 
stomach ulceration) [14], described maintaining stability of internal environment 
of a body as a generalized adaptation syndrome with a focus on adrenal cortex 
producing cortisol (corticosteroids). W. Cannon, the author of classic works on 
fight-or-flight response, who developed the definition of "stress" by introducing 
the term "homeostasis", focused on participation of sympathetic nervous system 
in stress response. At this time, the role of hypothalamic-pituitary-adrenal axis 
and sympathetic nervous system in the creation of a generalized response of a 
body to any stress [agent or event) is generally recognized. 

Biochemical characteristics of stress. Oxidative metabolic stress. Intensive 
animal husbandry requires a widespread usage of preventive, therapeutic and 
stimulating means and technologies resulting in the emergence of additional 
chemical, biological and social factors causing stress to livestock population. 
During stress, a body generates an excessive amount of free radicals, which has a 
very negative impact on health of animals, their disease resistance and reduces 
the productivity and quality of products [15]. 

An in-depth analysis of state of all systems and formation of a general-
ized response to the incoming signals is possible only in the context of a super-
system of immunobiological control. It applies to the manifestations of nonspe-
cific resistance. There exists a compelling opinion that immunobiological control 
should be understood as an interconnection of specific immune and non-specific 
biological factors and mechanisms of homeostasis directed against the agents and 
causes violating the structural and functional stability of the internal environment 
of a body and ensuring its preservation and recovery. These mechanisms are under 
genetic control and are regulated via direct correlations and response [16]. 

The activity of free-radical processes and lipid peroxidation required for 
normal operation of all intracellular components, regulation of lipid composi-
tion, fluidity and permeability of cytoplasmic membranes is biochemically ho-
meostated [17] and is determined by tissue-specific balance of antioxidants and 
prooxidants. Oxidative stress occurs when the balance shifts in the direction of 
prooxidants [18] followed by disruption of defensive system functions and devel-
opment of oxidative tissue damage. The free radicals are necessary for normal 
metabolism; however, their abundance has detrimental consequences [19]. The 
generality of free radical processes can be thought of as a unified mechanism of 
development of most (possibly, all) pathological process in any cell, tissue and 
organ regardless of pathology causes.   

The almost strict dependence of suppression of free radical formation on 
activation of non-specific resistance systems on has always been observed [20]. 
The interconnection between loss of body resistance and increased activity of 
free radicals has also been observed. The metabolism controlled by the interac-
tion among the nervous, immune and endocrine systems focuses specifically on 
their normalization during the initial stress phase [21]. Contemporary science 
has not yet managed to quantitatively assess the metabolic situation, the occur-
rence of which results in an uncontrolled overproduction of free radicals. A liv-
ing organism has a multicomponent, in-depth antioxidant and antiradical system 
of defense [enzymatic and non-enzymatic) against oxidative stress [22], which is 
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a part of the non-specific resistance and immunobiological control. 
Presently, the following catecholamines: adrenalin and noradrenaline are 

thought of as the main regulators of adaptive reactions [23]. They ensure fast, 
radical and relevant body response to stress due to their ability to initiate gly-
cogenolysis and break down lipids, activate fatty acid oxidation, increase the 
concentration of glucose and unesterified fatty acids and triglycerols in blood, 
intensify the oxygen intake by tissues [24], change the luminal of vessels and 
bronchi, increase cardiac performance and performance of skeletal muscles [25], 
facilitate the agitation of the central nervous system. It is the catecholamines 
that are deemed to have the core function of establishing a link between the 
nervous, immune and endocrine systems via hypothalamus releasing factors, i.e. 
a large group of regulatory peptides common for these systems, and a cascade of 
hormones produced by the basal gland, as well as glands and cells synthesizing 
hormones in specific and non-specific organs [26]. 

The l ink be tween the hypotha lamic-p itu i ta ry-adrena l  ax is 
and s ympa the t i c  p a r t  o f  t he  ne r vou s  s y s t em. Cerebral neurons in 
hypothalamus are the first to be stimulated in response to stress in order to syn-
thesize and secrete corticotropin releasing hormone (CRH) and vasopressin (VP) 
[27]. The increased concentration of corticotropin releasing hormones and/or 
vasopressins in hypothalamic-pituitary portal blood initiates synthesis and secre-
tion of neurohormones by the hypothalamus that activates the adrenal axis. The 
corticotropic cells of anterior pituitary gland stimulated by the corticotropin re-
leasing hormones synthesize and secrete the adrenocorticotropic hormone 
(ACTH). In turn, the adrenocorticotropic hormone stimulates the production of 
glucocorticoids by the adrenal cortex. The glucocorticoids are responsible for 
negative hypothalamus and basal gland response via inhibiting the synthesis 
and/or secretion of corticotropin releasing factor, vasopressin и adrenocortico-
tropic hormone [28]. The implication is that vasopressin can stimulate the pro-
duction of ACTH even at very low levels of CRH concentration. The glucocorti-
coid receptor can affect the hypothalamus-pituitary axis and can be inactivated 
by heat shock proteins hsp90, hsp70 and immunofilins, the low molecular weight 
proteins rich in cysteine that have the properties of cytokines. As a result of 
binding glucocorticoids with the receptors, the transcription of tissue-specific 
genes, which are related with the functioning of the immune system, is amplified 
or reduced, including synthesis of proinflammatory cytokines and anti-
inflammatory cytokines, prostaglandins, cell adhesion molecules, etc. [29]. 

The sympathic nervous system is activated in response to numerous stress 
factors simultaneously with the hypothalamic-pituitary-adrenal axis or even earlier. 
Noradrenaline is secreted in case of stimulation of noradrenergic neurons in the 
brain and in postganglionic sympathetic neurons innervating the peripheral or-
gans. Additionally, nerve impulse in the highest cortical centers from the brain 
transmits information for release of noradrenaline, serotonin and acetylcholine. 
The increased content of adrenaline in the brain acts as an alarm signal, which 
manifests itself in decreased neurovegetative activity, e.g. suppressed appetite and 
sleep disorders, and initiation of stress response via activation of the hypotha-
lamic-pituitary-adrenal axis. Furthermore, noradrenaline secretion triggers the 
reactions of fear and aggression and boosts long-term memory of preserving hos-
tile emotions reducing the functional activity of the immune system [30].   

The reactions of the hypothalamic-pituitary-adrenal axis and sympathic 
nervous system are strictly and subtly interconnected. Both systems are activated 
in response to most stress factors and can synergistically produce response by 
helping each other. For instance, in the brain there exist reciprocal interconnec-
tions between noradrenaline and CRH, which activate each other. The release of 
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noradrenaline, serotonin and acetylcholine in the brain stimulated the secretion of 
CRH [31]. Similarly, noradrenaline induces the synthesis of ACTH and, corre-
spondingly, of glucocorticoids. Likewise, CRH stimulates autonomic neurons in 
the brain stem for noradrenaline secretion [32]. The glucocorticoid receptors are 
also present in sympathetic neurons and enable glucocorticoids to regulate the 
synthesis, acceptance and noradrenaline content in brain tissue. The glucocorti-
coids can modulate the expression of -adrenergic receptors via genomic and 
nongenomic mechanisms [33]. Together, catecholamine and glucocorticoids stim-
ulate the cardiovascular system and catabolic effects, and inhibit numerous func-
tions of the body, including the reproduction function and the immune system.  

To summarize, the primary response to stresses of any aetiology is con-
ducted by activating both the hypothalamic-pituitary-adrenal axis and the sym-
pathic nervous system. 

Stres s , temperament  and immune sys tem . The hormonal panel 
analysis provides the most conclusive description of stress. The factors linked with 
the procedures associated with livestock breeding, e.g. weaning, castration, 
transportation, regrouping, tying, sudden change of ratios and quality of feeds, 
temperature conditions, negatively affect the immunity and productivity of ani-
mals. The behavioral response to challenges is differentiated and can be ex-
pressed as aggression, obedience, submission or adaptation. The response can be 
stronger or weaker depending on sensitivity of the animal [34]. The acute stress 
factors can multidirectionally affect the immune response, i.e. the effects can be 
immunosuppressive and immunomodulatory [35]. The chronic stresses usually 
result in suppression or dysfunction of innate and adaptive immune responses 
[36). Even under normal conditions the more excitable animals come close to 
stressed animals in terms of hormonal status, they have an increased basal con-
centration of glucocorticoids and catecholamines in blood, they are worse in 
terms of growth, their carcass quality is worse, and immune response in case of 
contact with pathogens is weaker. The increased concentration of glucocorticoids 
and catecholamines inhibits the immune system [37]. 

There are numerous works dedicated to the interconnections among the 
temperament, immune function and response of animals to stress factors, in-
cluding tie-up and free stall housing. The cortisol concentration in young cattle 
stock is usually higher in case of free stall housing and goes down upon tie-up. 
Harsh treatment results in sharp decline of productivity and immune system of 
excitable (temperamental) animals and affects the calm animals to a lesser de-
gree. The response to stresses of any aetiology is stimulated by different stress 
factors activating the hypothalamic-pituitary-adrenal axis and sympathetic nerv-
ous system [38]. 

The productivity and quality of the products are closely connected with 
behavioral response of animals and are reduced in case of negative emotions 
[39]. The stress hormone secretion, like immune response, depends on the tem-
perament of animals. The calves with excitable (stress-non-resistant) tempera-
ment the basal concentration of cortisol and adrenaline is higher than that of 
calm animals [40]. Furthermore, in such animals the ACTH secretion in re-
sponse to CRH is inhibited and in response to VP is boosted during depression. 
The nervous animals have a higher concentration of cortisol, and the calm ani-
mals the contents of neutrophils in blood positively correlates with cortisol con-
centration, which is not manifested in excitable animals [41]. The impact of 
temperament on production of stress hormones and the state of the immune sys-
tem was identified in fattened male calves [41]. The easily excitable animals dis-
played a decline of the immune function along with reduction of the growth 
speed and carcass quality. In terms of lymphocyte proliferation and vaccine spe-
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cific response (IgG products) the temperamental male calves were inferior to the 
calm ones. The excitable animals also showed a negative correlation between 
IgG and IgM concentration and lymphocyte proliferation (42). The cattle has 
higher population of В- and Т-lymphocytes in blood, which identify antigens 
with membrane receptors and are responsible for immune response regulation, 
and the quantitative ratio of lymphocytes changes with age (43). The high con-
centration of catecholamines negatively affects the immune reactivity of cells 
treated with interleukines IL-1 and IL-1. By affecting the secretion of cyto-
kines with Th1 and Th2 T-helpers, the glucocorticoids and catecholamines can 
predominantly inhibit cell immunity controlled by Тh1 cytokines, and not have 
the same active effect on Th2 cytokines controlled by humoral immunity [44]. 

To summarize, nervous animals display a higher degree of hypothalamic-
pituitary-adrenal axis activation accompanied with suppressed immune response. 

Nutr i t ive  f ac tor s  and immune sys tem. The nutrition, which is 
qualitatively and quantitatively deficient and can result in inadequate energy and 
nutrition substance ratio and deficit of a number of micronutrients (in some cas-
es this can negatively affect the phagocytic function of innate immune system, 
synthesis of cytokines, antibodies and cell-mediated immunity), is the most fre-
quent cause of immunodeficiencies and the risk factor of productive animals. 

Macronutrients, food lipids. The disruptions of energy-protein feeds are the 
most frequent in animal husbandry, accompanied by the growth of vulnerability 
of livestock population to infections due to suppression of innate and adaptive 
immune systems [45]. Furthermore, the synthesis of certain cytokines and proteins 
of the complement systems is limited, the phagocytic function and cell-mediated 
immune reactions change [thymic atrophy occurs, the number of circulating T-
cells declines along with the efficiency of immunological memory), the spleen 
and lymph node function is inhibited. The humoral immunity also suffers, the 
antibody affinity and response strength are reduced [16, 46]. 

Different food lipids are also connected to immune response modulation, 
first and foremost these are long-chain polyunsaturated fatty acids (LCPUSFA) ω-
3 and ω-6, which are a part of the irreplaceable nutrient elements and should be 
received with food [47]. The eicosapentaenoic (С20Н30О2) and docosahexaenoic 
(С21Н31СООН) ω-3 long-chain polyunsaturated fatty acids are involved in reali-
zation of the immune response and inflammatory response. They are included in 
the membranes of phospholipids of immune cells (including phagocytes and Т-
cells), induce the production of icosanoids, the 20-carbonic derivative of long-
chain polyunsaturated fatty acids that play a key role in immune reactions, and 
other lipid mediators. In immune cell membranes the long-chain polyunsatu-
rated fatty acids can metabolize enzymatically to icosanoids (prostaglandins, 
leukotrienes and thromboxanes) involved in the development of inflammatory 
response [16, 48]. 

The lipid mediators derived from the eicosapentaenoic and docosahex-
aenoic acids possess not only the anti-inflammatory properties, but are also capa-
ble of regulating the functions of Т- and В-cells. Among icosanoids the deriva-
tives of eicosapentaenoic acid are biologically less active than the derivatives of the 
arachidonic acid, therefore additions of eicosapentaenoic acid and other ω-3 
long-chain polyunsaturated fatty acids are ineffective when treating inflammatory 
diseases. Presently, this area is actively studied because excessive consumption of 
ω-3 long-chain polyunsaturated fatty acids can suppress defensive mechanisms 
and increase vulnerability to infectious diseases [49]. The linoleic acid isomers 
[LA) with conjugated double bonds can modulate the immune function. The LA 
isomer cis-9, trans-11 is present in natural meat and milk of ruminant animals. It 
is also available as a food additive containing two LA isomer forms (cis-9, trans-11 
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and trans-10, cis-12). This additive increased the content of IgA and IgM in 
blood, while the number of proinflammatory cytokines declined and the number 
of anti-inflammatory cytokines increased [50].  

Micronutrients: vitamins and minerals. The micronutrients play an essen-
tial role in the development and expression of immune response. Due to its im-
munosuppressive effect the deficit of specific micronutrients (vitamins, minerals) 
can have a negative impact on innate and adaptive immune system components 
increasing vulnerability to infectious and non-communicable diseases [51]. 

Vitamin А and its metabolites are involved in the reactions of the innate 
and adaptive immune systems. The skin and eye mucosa cells, as well as cells of 
the respiratory, gastrointestinal and genitourinary tract function as a barrier 
against infections (innate immune system). Vitamin А promotes the functioning 
of these mucosal cells and is necessary to maintain the activity of cells involved 
in the innate immune response (including natural killer cells, macrophages and 
neutrophils), and for the activity of Т- and В-cells, the mediators of the adaptive 
immune system. Consequently, vitamin А is the essential factor of immune re-
sponse. Vitamin A displays the key immune effects via the derivatives, specifical-
ly, via isomers of retinoic acid. The isomers of retinoic acid are steroid hor-
mones, which are connected with retinoid receptors causing a cascade of mo-
lecular interactions initiating the expression of specific genes. The retinoic acid 
directly or indirectly regulates about 500 genes, some of which control cellular 
proliferation, which emphasizes the importance of vitamin A in the immune sys-
tem [52].  

The deficit of vitamin A results in immunodeficiency and increased risk 
of infectious diseases, especially at a young age. Vitamin A reduces the quantity 
and activity of killer cells. The subclinical deficiency of vitamin A increases the 
risk of infections, which, in turn, increase vitamin A deficiency in animals, in-
cluding those caused by decreased feed intake, disorder of vitamin absorption 
and excretion, and reduced resorption. The impact of vitamin A on chemotaxis, 
phagocytosis and ability of immune cells to generate free radicals that destroy 
pathogens has been observed. By participating in the regulation of cytokine syn-
thesis regulation vitamin А affects the development of inflammatory response of 
the innate immune system. The deficit of vitamin A affects humoral and cellular 
response of the adaptive immune system and has a particularly adverse effect on 
the growth and differentiation of В-cells that depend on retinol and its metabo-
lites, and on manifestations of antibody response. The additions of vitamin А 
reduce the morbidity of diarrhea [53]. 

In terms of vitamin D, the function of the immune system modulator 
has been added to the impact on mineral homeostasis and bone metabolism. 
More than 200 genes are known, which are directly or indirectly regulated by 
dihydroxyvitamin D3. The receptor of vitamin D is expressed in immune cells of 
different types, including monocytes, macrophages, dendritic cells and activated 
Т-cells. The macrophages also synthesize the hydroxyvitamin-D3-1-hydroxylase 
enzyme, which locally converts vitamin D in its active form, which is involved 
both in the innate and adaptive immune responses. The antimicrobial peptides and 
cathelicidin are the key components of the innate immune system because they 
explicitly destroy pathogens, especially bacteria. The active form of vitamin D 
regulates cathelicidin synthesis and stimulates the other processes of the innate 
immune response, including proliferation of immune cells and biosynthesis of 
cytokines. By performing these functions vitamin D facilitates the increased effi-
ciency of defense against infections. It suppresses the production of antibodies by 
В-cells and inhibits the proliferation of Т-cells. Vitamin D can activate Т-
helpers and dendritic cells [54]. 
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Vitamin С is a highly active natural antioxidant actively involved in in-
nate and adaptive immune system response. Vitamin С functionally stimulates 
leucocytes, specifically neutrophils, lymphocytes and phagocytes (cell mobility, 
chemotaxis and phagocytosis). The neutrophils are the first line of cells activat-
ed by vitamin C [55]. At the same time it is believed to have an integrating role 
in the relations of immune cells. The neutrophils, mononuclear phagocytes and 
lymphocytes accumulate vitamin C in large quantities for protection of them-
selves and other cells against oxidative damage. The phagocytes produce a num-
ber of cytokines, including -, - and -interferons. The first two forms are 
thought of as classical and induced viruses, -interferon, being a typical cytokine, 
is synthesized by Т- lymphocytes, natural killers and activated macrophages. 
Unlike - and -interferons, it actively stimulates the expression of components 
of the main complex of histocompatibility, antimicrobial and anti-tumor activity 
of macrophages and natural killers [56]. Furthermore, vitamin C is involved in 
regeneration of vitamin E from its oxidized form. 

Vitamin Е is an oil-soluble antioxidant; -tocopherol form of vitamin E 
protects polyunsaturated fatty acid against peroxidation, which is the cause of 
damage of different cells of the immune system. The deficit of vitamin disrupts 
both the humoral and cell-mediated adaptive immune system, including the 
function of В- and Т-cells. The additions of vitamin E above the recommended 
needs improve the immunity and reduce vulnerability to different infections, 
specifically at a young age [57). The functional activity of Т-cells drops with age, 
which is confirmed by reduced proliferation and production by Т-cells of cyto-
kine IL-2 [58]. The experiments conducted on laboratory animals and clinical 
observations showed that vitamin E can compensate both age effects, improve 
the immune response on introduction of a vaccine against Hepatitis B and im-
prove resilience against respiratory tract infections [59]. In other words, vitamin 
E can boost the immune system [60]. 

The deficiency of vitamin B6 (pyridoxal) weakens the humoral and cell-
mediated adaptive immune system. The specific effect of pyridoxal shortage 
manifests itself in suppression of proliferation, differentiation and maturation of 
lymphocytes, as well as biosynthesis of cytokines and antibodies. The adjusted 
content of pyridoxal in food ratios restores the affected immune functions [61]. 

The folic acid (Вс, В group vitamin) functions as a cofactor of enzymes 
transporting single-carbon fragments. The coenzymes containing folate act as ac-
ceptors and donators of single-carbon components in the endogenous synthesis 
reactions and RNA and DNA metabolism, as well as amino acids [62[. The de-
ficiency of folate negatively affects the immune response, primarily the cell-
mediated response. In case of folic acid deficiency the humoral arm of the im-
mune system and antibody synthesis are suppressed [63]. 

Selenium is an essential element of the immune control system, it is a 
part of more than 30 enzymes (glutathione peroxidase, specifically) and vital 
biologically active compounds of animals. In case of selenium deficiency, ani-
mals, poultry and humans suffer numerous pathological changes similar to 
white-muscle disease, including Т- and В- immunodeficiencies. Selenium affects 
the synthesis of IgG, IgМ and IgА, lysozyme activity, -lysines and general bac-
tericidal activity, and activates the enzymatic antioxidant system [64]. By ampli-
fying the activity of superoxide dismutase and glutathione peroxidase, selenium 
positively affects the non-specific resistance of the body, as well as cellular and 
humoral immune systems, which results in the growth of productivity and liva-
bility of animals and poultry [65]. Selenium additives stimulate immune response 
to foreign antigens, increase viral resistance, and expression of cytokines manag-
ing the immune response [66]. 
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Zinc is a part of active centers of about 200 metalloenzymes and is 
through to be a critical element for the development and functioning of cells of 
the innate and adaptive immune system [67]. Zink does not accumulate in the 
body, it requires constant deliveries with feed. The Zn deficiency disrupts the 
complement system, cytotoxicity of natural killers, phagocytic activity of neutro-
phils and macrophages and ability of immune cells to generate free radicals that 
destroy pathogens. In case of strong Zn deficit, the immune system is suppressed 
and vulnerability to infectious agents increases [68]. 

Fe is involved in a number of immune functions, including differentia-
tion and proliferation of Т-lymphocytes, and in generation of reactive oxygen 
species neutralizing pathogens [69]. However, iron is also used by many infec-
tious agents for reproduction and survival [70]. In case of acute inflammatory 
response, Fe concentration in blood serum decreases, and ferritin concentration 
increases. This is indicative of extraction of Fe, used by pathogens, as crucial 
response to infections. The increase of Fe concentration in blood, for instance, 
in case of hereditary haemochromatosis, can disrupt the immune system, biosyn-
thesis of cytokines, complement activation and functions of Т- and В-lym-
phocytes [71]. 

Copper plays an important role in the development and support of the 
immune system; however, the exact mechanisms of these interactions are still 
unclear. The copper deficit manifests itself as neutropenia, which can be the 
cause of significant increase of vulnerability to various infections [72]. At the 
same time it has been observed that chronic consumption of large copper doses 
negatively affects the immune system [73]. 

Probiotics [immunobiotics). More often than not these are lactobacilli and 
bifidobacteria, which are included in the ratios with fermentable products or as 
special additives. The probiotics are not digestible and access the colon, where 
they interact with receptors of intestinal epithelial and other cells associated with 
the immune system of the intestinal tract, including М- and dendritic cells [74]. 
The immune modulation effect is achieved only in case of constant intake of pro-
biotics and change of intestinal flora. The probiotics have a positive effect on the 
innate and adaptive immune system [75], amplify epithelial intestinal barrier, in-
cluding via inhibiting apoptosis and prolongation of life of intestinal epithelial cells, 
as well as stimulation of antibody production and proliferation of Т-lymphocytes. 
The mechanism of impact of probiotics on the immune system of young livestock 
is rather complicated. As exemplified by Lactobacillus jensenii TL2937 strain, 
which in terms of its effects belongs to immunobiotics, this mechanism can 
broadly be described as follows [76]. A probiotic affects the signaling cascades of 
intestinal cells affecting the expression of cytokines and other proteins, and weak-
ens the inflammatory response caused by the activation of a specific receptor of 
lymphocytes in lymphoid organs of intestinal walls. This process also involves the 
products of the major histocompatibility complex involved in antigen presentation 
to Т- and В-lymphocytes. Consequently, the intestinal immunity of young live-
stock increases during the early postnatal period of ontogenesis. Since most of the 
cells of the immune system are localized in the intestinal mucosa and its meso-
gaster, the general immune status of animals is stimulated, which prevents the de-
velopment of inflammatory intestinal disorders, diarrhea, allergies, gastrointestinal 
and other infections and improving health and growth of young livestock [77]. 

To summarize, the ability of the immune system to control the specifics 
of the internal environment of the body is implemented in conjunction with the 
nervous and endocrine systems. Together these systems, along with the antioxi-
dant- pro-oxidant, monooxygenase and peroxisomal systems are combined in a 
suprasystem structure and ensure uniform immunobiological control of body re-
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sistance. This structure maintains its resilience, control and metabolic regulation, 
as well as mobilization of non-specific resistance to the effect of any psychoso-
cial, physical, chemical and biological agents and factors capable of causing ad-
verse effect. The secretion of stress hormones and manifestation of immune re-
sponse depend on the temperament of the animal because the hypothalamic-
pituitary-adrenal axis and sympathetic nervous system are closely interconnected. 
The most frequent cause of immunodeficiency of productive animals is the defi-
ciency of macronutrients and micronutrients. The interconnections between the 
immune, nervous and endocrine systems and nutritive factors are essential for 
the health and productivity of animals. 
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A b s t r a c t  
 

Realization of genetic potential of animal productivity in modern commercial livestock 
breeding necessitates the use of various biologically active dietary additives to ensure animal perfor-
mance and homeostasis (R.R. Akhmedkhanova et al., 2010). The first such additives were feed anti-
biotics used since 1950s all over the world (R.I. Castillo-Lopez et al., 2017). However, it turned out 
that the excessive and uncontrolled use of antibiotics adversely affects the body of animals and birds. 
Microorganisms, when mutating, acquire resistance to antibiotics, thereby reducing the positive effect 
of the drugs. In addition, their cumulative and toxic effects occur. Over time, this led to a ban on 
the use of all types of feed antibiotics in the European Union (S.M. Alieva et al., 2017). After reveal-
ing the negative effects of feed antibiotics, a new tendency emerged in the world. That was a trend 
towards complete or partial replacement of these drugs with probiotics, the living microorganisms 
which are symbionts of the normal gut microflora. Probiotics are proven effective in growing young 
farm animals of different species in the early postnatal period and now proboitics are increasingly 
being used. In recent years, many scientists and practitioners of animal feeding have paid much at-
tention to phytobiotics, the plant-born bioactive substances (W. Windisch et al., 2006). The fact that 
animals, including carnivores, when restricted in free walking, must eat green or at least dried plants 
was an empirical knowledge that humanity acquired simultaneously with the beginning of animal 
domestication. Targeted study on the impact of dietary bioactive plant-born compounds of different 
origin on animal and poutry performance, and the development of standardized phytobiotic prepara-
tions for livestock, including complex phytobiotics, are in the focus during last two or three decades 
(N.M. Kazachkova, 2017). Exterior and interior parameters are estimated in animals fed with dietary 
green and dried plants, their mixtures, coniferous and herbal flour of various composition, plant 
extracts, in particular essential oils, and phytobiotic complexes enriched with microelements and 
probiotics (N.A. Tabakov et al., 2008). The main benefit of phytogenic additives in livestock breed-
ing is due to an improved feed digestibility, antimicrobial efficacy, the replacement of feed antibiot-
ics, and growth stimulation. Their anti-inflammatory effect, better feed conversion and higher feed 
intake by animals are also noted (L.S. Ignatovich, 2017). Immune modulating plant-born fodder 
supplements have a significant effect on animal and poultry health and performance characteristics 
(B. Kiczorowska et al., 2017). High profitability of organic food production and animal and people 
wellness as a world trend are also the factors determining the relevance of the development of highly 
effective phytobiotics and their use in livestock and poultry farming. 

 

Keywords: phytobiotics, probiotic, feed antibiotics, animal feeding, cattle, pigs, poultry, 
productivity, homeostasis. 
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The application of feed additives in contemporary livestock and poultry 
farming is required to prevent negative impact of certain feed and management 
factors [1]. The latter, in particular, cause depression of the immune system, due 
to which the livestock and poultry become more susceptible to different illnesses. 
Furthermore, the activity of numerous physiological bodily systems is distorted, 
which inevitably results in deterioration of the quality of products [2]. 

During the recent years, increased emphasis has been made on technolo-
gies based on comprehensive registration of crucial biotechnological factors and 
adoptions from wildlife. For example, phytobiotics (the biologically active sub-
stances that possess antimicrobial properties) [3] can offer an alternative to syn-
thetic antimicrobial growth promoters. In contemporary studies, phytobiotics 
(phytogenic food additives or herbal products) are defined as natural plant-based 
additives that have varying impact on the body (antimicrobial, antiviral, im-
munomodulating, fungicidal or anti-inflammatory) and are used as animal feeds 
with the purpose of increasing the productivity of livestock and the quality of 
food products of animal origin [4, 5].  

The goal of this survey is to study the contemporary usage of phytobiot-
ics in livestock feed based on analysis of scientific publications in the leading 
Russian and international magazines, thesis databases, monographs and patents. 

The history of a wide-scale application of phytobiotics in livestock and 
poultry feeds is inextricably connected with the prohibition of all forms of anti-
biotic growth promoters in the EU. The excessive and uncontrolled usage of an-
tibiotic growth promoters negatively affects the bodies of livestock and poultry. 
Mutating, the microorganisms become immune to antibiotics thus excluding the 
positive effect of the drug [6\. Furthermore, antibiotics can build up in the body 
resulting in increased toxic effect [7].  

In 2004-2005, a new feed concept was developed in the European Un-
ion, which precludes the usage of antimicrobial growth promoters and envisioning 
the usage of phytobiotics. The phytobiotics are divided into the following groups 
based on biological origin, chemical composition and other attributes: herbs 
(flowering, herbaceous and short-lived plants), spices (herbs with intensive odor 
or taste, usually added in food), ether oils (volatile lipophilic compounds ob-
tained by cold pressing, steam or alcohol distillation) and resins (oleoresin, ex-
tracts obtained with the help of non-aqueous solvents). These substances can be 
used as antimicrobial agents and should become available for usage in livestock 
feeds [8, 9]. In a number of papers the authors underline the significant differ-
ences in the number of biologically active substances depending on geographical 
area or plant harvesting time [10, 11]. For instance, ether oils obtained after 
summer harvest have the highest antimicrobial activity immediately after flower-
ing [12-14]. Presently, the production of phytobiotics in EU countries has 
reached significant amounts. Phytobiotics Futterzusatzstoffe GmbH is one of the 
largest global producers of phytobiotics, which was founded in Germany in 2000. 
The main product of the company is Sangrovit®, which is a natural plant-
derived feed additive designed to increase livestock productivity [15]. 

The antimicrobial [10, 13, 16-18] and immunostimulating [19-22] prop-
erties of plant-derived ether oils are at the center of focus. The antimicrobial 
effect of 96 various ether oils has been analyzed, as well as 23 of their active 
agents. It was demonstrated that cinnamaldehyde, thymol, carvacrol and eugenol 
display the strongest antimicrobial activity against the strains of Escherichia coli, 
Salmonella enterica and Listeria monocytogenes [23]. The positive effect of Origa-
num syriacum ether oil on productivity and histology of the intestinal tract of 
poultry [24] has been determined, which is added to the diet of broilers in case 
of thermal stress. 
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The antimicrobial activity of ether oils is not defined by the only mecha-
nism and is aimed at several goals in microbial cells [25, 26]. The ether oils can 
destabilize and change the permeability of bacterial membranes [27-30]. These 
changes result in the release of ions from the cell to the environment [31], and 
in the change of proton gradient and depletion of intracellular reserves of adeno-
sine triphosphate [32, 33]. 

Unlike probiotics, the systemic impact of phytobiotics on the bodies of 
livestock and poultry is attributable not only to the antimicrobial effect, but also 
to their positive impact on digestive processes. The phytobiotics stimulate the 
production of endogenous enzymes improving the digestibility and nutrient intake 
of feed. Many of them act as natural flavoring agents stimulating feed consump-
tion, which has a positive effect on livestock productivity [34]. 

The phytobiotics have specific impact on the microbial composition of 
the intestinal tract maintaining the optimal state of microbial flora [35]. The us-
age of phytobiotics stimulates digestive secretion and has positive impact on 
morphofunctional characteristics of gastrointestinal mucosa. The better and more 
efficient absorption in the small intestine results in reduction of valuable nutrient 
loss. The risk of undesirable microbial population developing in the colon is re-
duced [36]. The positive impact of gel phytogenic feed additive on growth per-
formance, nutrient intake and morphological properties of the intestinal tract in 
post-weaning pigs has been reported [37].  

M. Mohiti-Asli at al. [38] compared the effect of two phytogenic mixtures 
on growth and immune response of broilers. Adding oregano ether oil to the ratios 
had a positive impact on productivity and immune function of broiler chickens. A 
possibility of using plant-derived polyphenols to combat oxidative stress and in-
flammatory processes of agricultural animals is under consideration [39]. 

The phytobiotics are natural growth promoters (NGPs) and can become 
a promising replacement for antibiotic growth promoters in contemporary live-
stock farming [40]. The different NGPs combined in a balanced mix effectively 
combat the intrusion of pathogenic organisms and consequences of unfavorable 
keeping conditions [41].  

The simplest method of using phytobiotics is to add plants to livestock 
feeds in their native or dry form. For instance, using fresh nettle and nettle meal 
as feed for poultry can cover up to 20% protein needs, up to 60-70% vitamin 
needs and up to 100% of needs in minor nutrient elements, and up to 30% 
combined feed can be saved. The taste of eggs and poultry meat and their bio-
logical value also increase significantly [42]. The usage of grass meal made of 
coroniferous saw-wort attributed to the increase of egg-laying capacity of white 
Hungarian goose, the weight of eggs, conception rate, hatchability and hatching 
out [43]. The inclusion of oak bark in broiler chicken ratios increased feed intake 
and had no negative impact on the bodies of poultry, and usage of oak bark ex-
tract along with enzyme preparation stimulated digestion [44]. The silver fir co-
niferous meals are recommended for all livestock and poultry in winter and 
spring season as an alternative to synthetic additives. Feeding fir meals to cows 
during lactation stimulated the increase of lactation productivity, improvement of 
vitamin content of milk and reproductive function and normalization of metabo-
lism [45]. During factory testing of Pikhtovit (Solagift LLC, Russia), which was 
developed using silver fir needle extract, on cross-bred poultry, the broilers of the 
test group demonstrated better hematological figures compared with the control 
group, and body weight increased by 4% [46].  

The data have been presented about usage of topinambur as a valuable 
feed and medicinal crop. Topinambur is a natural immunomodulator, which acts 
as a concentrator of inulin polysaccharide in combination with pectic substances, 
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vitamins, irreplaceable amino acids, macro and micro elements [47]. The effect 
of aqueous extracts of Origanum vulgare L. and Rosmarinus officinalis L. on the 
immune system, microbial population of the intestinal tract and productivity of 
broiler chickens has been studied. The extracts of these herbs increased the im-
mune resistance of broilers, brought the microbial population of the intestinal 
tract into balance, which is required for digestive processes and protection 
against enteropathogenic microorganisms, and improved the productive qualities 
of poultry [48]. 

The introduction of multiple-component feed additives in the ratios of 
laying hens consisting of stinging nettle meal (0.3-1.0%), mountain pine fir nee-
dles (0.2-1.0%), laminaria (0.5 %), ginger plant (0.5-1.0%) and common yarrow 
(0.5-1.5%) turned out efficient for enrichment of rations with nutrient and bio-
logically active substances [49]. 

When growing broilers, the addition of Cinnamomum cassia L. powder in 
the amount of 0.5 % per ration weight [50] can be used as phytobiotic alterna-
tive of antibiotics. An additive from Punica granatum L. improved the immune 
system and microbial ecosystem of the intestinal tract of broilers along with the 
reduction of emission of gas with litter [51]. Boswellia serrata Roxb. ex Colebr. 
resin is also considered safe and efficient biological additive for broilers positively 
affecting poultry productivity [52]. 

The application of Thymus serpyllum L. as phytogenic feed additive in 
pig farming facilitates the intoxication levels, stress-inducing impact on the im-
mune system, stabilizes the endoecological situation and balance of gastrointesti-
nal microbial population in the intestinal tract, increases feed attractiveness and 
intake, and absorption efficiency of essential nutrients, and in general stimulates 
the improvement of nutritional status of livestock, their optimal development 
and realization of their genetic potential [53]. 

Echinacea purpurea (L.) Moench is characterized by high biological 
plasticity, adaptivity, ecological sustainability, productive longevity, feed and 
medicinal properties, and stable fruit bearing [54]. During tests conducted on 
broiler chickens using Echinacea purpurea (L.) Moench, a 19.4 % growth in-
tensity increase was identified as compared with the control group. The biggest 
effect was achieved by combining Echinacea purpurea (L.) Moench with Lacto-
bifadolum. The usage of these agents as a whole increased live body weight gain 
by 20.9% during the entire period of chicken incubation, reduced feed costs by 
17.3% and ensured 100% preservation of livestock population [55]. When 
aqueous alcoholic extracts of aboveground parts, roots and whole Echinacea 
purpurea (L.) Moench were added in the drinking water, the daily weight gain 
of broiler chickens increased by 3.3-12.5%, and feed costs decreased by 5.2-
9.2% as compared with the control group [56]. An indication is made regard-
ing a possibility of using Cichorium intybus L. as a feed additive to increase 
poultry productivity [57]. The positive effect was noted of Florabis phytobiotic 
agent (IPC Abis LLC, Russia), which is based on a complex of triterpenic acids 
of Siberian fir with cobalt ions, at a dose of 0.002 mlʺunits1ʺday1 on bio-
chemical and immunological indicators of blood of broiler chickens of ISA F 15 
cross-breed, digestibility and nutrient intake of combined feed [58].  

As a rule, complex preparations have a more pronounced effect than 
each component individually. In this regard, the data about research of complex 
plant-derived concentrates with a probiotic based on Bacillus subtilis [59] bacte-
rium are of interest. The sea buckthorn leaves fermented with a probiotic agent 
are used as a phytobiotic, as well as a mixture of Echinacea purpurea (L.) 
Moench herb with berries of Silybum marianum. The preparation in the form of a 
ProStor (CV-AgroTrade, Russia) biologically active additive (BAA) additionally 
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contains an association of Bacillus licheniformis bacteria, lactobacilluses, prebiotics 
mannan-oligosaccharides of cell walls of Saccharomyces cerevisiae yeast and beet-
root pulp pectins. Feeding the complex plant-driven concentrate (sea buckthorn 
leaves) with a probiotic on the basis of Bacillus subtilis to lactating highly pro-
ductive cows had a positive effect on milk productivity of livestock with reduced 
feed cost per product unit [59]. The live body weight of bulls receiving ProStor 
BAA at the age of 15-17 months was 13.5 kilos (3.1%) higher than that of the 
bulls in the control group by the end of the feed. The cost of energetic feed unit 
was lower by 7% in the test group as compared with the control group [59]. 

The addition of L-arginine Pro (Russia) contains a bioactive fir needle 
extract of Scots pine enriched with L-arginine. The feeding of ratios containing 
this additive in the amount of 1 g/100 g of combined feed ensures stable and 
intensive growth of rearing birds, facilitates the increase of egg-laying capacity of 
laying hens by 46.8%, egg weight by 4.7 g, increase of morphological indicators 
and egg quality [60]. 

The usage of bioactive substances of Volgograd Institute of Cattle Farm-
ing and Livestock Product Processing RAS (Russia) Laktofit (a composition of 
bioactive substances of topinambur, beetroot, carrot, pumpkin, milk thistle, 
chickpea with a concentration of lactulose and malic acid) and Lactoflex (a 
composition of bioactive substances of dandelion, mint, licorice, calendula, 
pumpkin seeds, milk thistle, chickpea with a concentration of lactulose and 
malic acid) enables body weight increase of laying hens, improvement of mor-
phological and biochemical blood composition, increase of weight and linear 
indicators of reproductive organs of test birds and hatching out of healthy rearing 
birds [61].  

Intebio natural substitution of antibiotic growth promoters (previously 
manufactured as Mix Oil, Biotrof" LLC, Russia) is a mixture of natural ether 
oils that has antimicrobial activity, antioxidant effect and anti-inflammatory ef-
fect. The introduction of Mix Oil phytobiotic agent in the ratios of brood sows 
had a positive impact on their preparation for farrowing. During the suckling 
period, the additive accelerated the growth of piglets and increased their livabil-
ity. In the test group the daily live weight gain of piglets increased by 16.5% and 
feed costs per 1 kilogram of weight gain were 0.72 feed units lower as compared 
with the control group [62]. 

The usage of Provitol phytoprobiotic (Biotrof LLC, Russia), which in-
cludes living bacteria and compositions of ether oils extracted from plants with 
antioxidant properties in the ratios of freshly calved cows stimulated the increase 
in rough feed edibility and significant increase of milk productivity during days 
in milk (63). When determining the efficiency of Provitol phytoprobiotic in 
combined feed for laying hens containing novel corn, the age-specific decrease 
of productivity by 2.9% is determined in the control group, which was facili-
tated by poultry transition to novel corn. At the same time, in this context the 
addition of Provitol in combined feed for test group hens increased the egg-
laying by 2.8% as compared with the previous month, and by 7.6% during the 
second productivity phase as compared with the control group [64].   

The lab research and production tests have proven the synergistic effect 
of ether oils and organic acids that are included in Liptosa Premix Expert (Lip-
idos Toledo, S.A., Spain) preparation when used to inhibit clostridium, salmo-
nella and Escherichia coli. The ether oils of thymol, carvacrol, eugenol are used 
as strong antiviral, anti-infectious, bactericidal and immunostimulating drugs. 
The sensibility of clostridium, salmonella and Escherichia coli in anaerobic con-
ditions to thymol, carvacrol and oregano oil [17, 32, 33, 65] has been proven.  

The production testing of Meth Plus phytobiotic (Levet-Agro LLC, the 
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Republic of Belarus) developed as alternative synthetic methionine was conduct-
ed in Hy-Line cross-breed chickens at the breeding stage. The poultry receiving 
Meth Plus in their ratios exceeded the standards in terms of body weight gain, 
and herd uniformity exceeded 80% (66). When conducting tests on Pietrain pigs, 
1 kilogram of DL-methionine was replaced with a similar quantity of Meth Plus 
phytobiotic, as a result of which the livestock of one group demonstrated the 
highest daily live weight gain and the best feed conversion ratio and slaughter 
parameters as compared with the test livestock [66]. 

The activity of Biost-rong® 510, (Delacon Biotechnik GmbH, Austria) 
is conditioned on flavoring agents, anisic acid and glucuronic acid, saponins, 
thymol, borneol, carvacrol that stimulate biocatalytic and enzymatic process in 
the intestinal tract of poultry. It has been determined that Biostrong® 510 ena-
bles replacing antibiotic growth promoters, which ensures high digestibility and 
usage of main nutrients of combined feeds and livability [67].  

Digestarom® 1317 (Micro-Plus Konzentrate GmbH, Germany) phyto-
biotic additive is a combination of spices, plant extracts and their ether oils that 
have a combined effect on livestock and poultry appetite. It has been determined 
that usage of this additive as a combined feed for goslings raised for meat facili-
tates the increase of livability, poultry live weight, increased meat qualities in the 
context of better digestion of feed components and reduction of costs per unit of 
products. The most effective additive feeding dosage is determined as follows: 20 
g/100 kg of combined feed [68, 69]. 

Sangrovit® WS (Phytobiotics Fut-terzusatzstoffe GmbH, Germany) 
phytobiotic stimulates the consumption of feed and facilitates better functioning 
of digestive system of poultry. The primary active ingredient of the phytobiotic 
is contained in the Macleya cordata (Willd.) extract: 2.0-4.0% in dry leaves and 
stalks. The live weight of broilers receiving Sangrovit® WS from day 17 until 
day 21 of breeding at a rate of 100 g/t of water increased by 1.5%, and those 
receiving this agent from days 17 to 21 and from days 27 to 30 of breeding in-
creased by 2.0% as compared to the control group. The livability of chickens 
from test groups during 35 days of raising was 1-4% higher as compared to the 
control group [70]. 

Liv 52 Vet (The Himalaya Drug Company, India) phytobiotic contains 
powders of different medicinal herbs (caper, blue dandelion, black nightshade, 
Terminalia arjuna, Cassia occidentalis, common yarrow, Tamarix gallica) and 
extracts of a mix of botanical raw materials (Eclipta alba, Phyllanthus niruri, 
spreading hogweed, Tinospora cordifolia, garden radish, medicinal emblica, 
plumbago, Embelia ribes, Terminalia chebula, Fumaria officinalis). During surveys 
conducted when feeding livestock with this phytobiotic agent the immune system 
activation of parent stock geese was observed: the phagocytic activity increased 
by 3.34-7.34%, the phagocytic number and index were respectively higher by 
22.51-37.13 and 14.23-18.37% compared to the control group [71]. The usage of 
Liv 52 Vet additive in a dose of 200 and 250 g/t combined feed had im-
munostimulating effect on the bodies of broiler goslings, facilitated the stimula-
tion of phagocyte functions and increased resistance to disease, which in turn 
resulted in increased livability of poultry [72].  

An option is considered to use plant-derived agents to produce function-
al eggs. For instance, natural carotenoid pigments for poultry are obtained from 
medick, carrot, pumpkin, calendula petals. Oro Glo® 20 (Kemin Europa N.V., 
Belgium), which contains an extract of calendula petals, is used in a dose of 
200-1000 g/t of combined feed to amplify the intensity of color of chicken egg 
yolk and accumulation of carotenoids in them [73]. It is recommended to use 
agents with carotene-containing (manufactured by Biocol Agro, Russia) Yellow 
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Biofon (natural pigment obtained from an extract of marigold petals) and Red 
Biofon (obtained from an extract of red pepper fruit) in the doses, respectively, 
of 600 and 500 g/t, and to achieve a brighter yellow yolk it is recommended to 
add doses of 300 and 600 g/t of feed [74] to increase nutrient properties of quail 
eggs in the context of insufficient amount of carotinoids in the feed. 

The usage of phytobiotics wholly corresponds to the ideology of clean 
agricultural production and the tasks of improving the quality of life of people. 
The insignificant scope of phytobiotic usage in the Russian animal husbandry is 
due to the underdeveloped market of domestic products of this group, high price 
of imported phytobiotic feed additives, and lack of prohibition to use antibiotic 
growth promoters in Russia.  

Therefore, comprehensive study of properties of plants containing phy-
tobiotic components, the use of cutting-edge technologies to obtain and stand-
ardize these components, their experimental and production testing enable a 
wide usage of plant-derived extracts as biologically active last generation addi-
tives based on natural raw materials. In the context of intensive animal husband-
ry technologies, the phytobiotics recover reduced immune and antioxidant status 
of livestock, and ensure increase of all types of productivity due to consumption, 
digestibility, nutrient intake of feeds and normalization of intestinal microbial 
population and homeostasis in general.  
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A b s t r a c t  
 

As well known, natural populations of sturgeon (Acipenseridae), except sterlet (Acipen-
ser ruthenus), reached critical values by the beginning of the 21st century (P. Bronzi et al., 1999; 
E.V. Makarov et al., 2000; L. Speer et al., 2000; G.I. Ruban et al., 2015). For the endangered spe-
cies of sturgeon, artificial reproduction continues to be the main source of replenishment of their 
populations (M.S. Chebanov et al., 2007). This method of sturgeon breeding is the most developed 
in the Lower Volga of the Caspian basin (V.V. Mil’shtein, 1982; A.A. Kokoza, 2004; L.M. Vasilieva, 
2011) in Russia. To increase the effectiveness of sturgeon aquaculture, existing technologies are be-
ing updated and new ones are being developed (M. Chebanov et al., 2011; S. Wuertz et al., 2018). 
One such is the formation of broodstock (production) herds at sturgeon hatcheries (V.V. Tyapugin, 
2015; L.M. Vasilieva, 2015; A.A. Popova et al., 2002). Abroad, broodstocks of sturgeon fishes have 
been created in industrial farms mainly aimed at commercial activities. For the analytical study, we 
used our own data, literature sources and reports on sturgeon artificial reproduction of the North 
Caspian Basin Directorate for Fisheries and the Conservation of Aquatic Biological Resources (Sev-
kasprybvod). It should be noted that most of the Russian relevant papers on the issue have been pub-
lished in regional periodicals with a restricted accessibility. In this review, we intend to fill the existing 
gap. Among the six sturgeon species habiting in the Volga-Caspian basin, beluga Huso huso, Russian 
sturgeon Acipenser gueldenstaedtii, the sturgeon A. stellatus, and the sterlet A. ruthenus (G.I. Ruban 
et al., 2011) are considered. The data on the use of sturgeon producers of different origin in artificial 
reproduction at six hatcheries of the Astrakhan region are analyzed for the period from 2012 to 2015. 
In the species composition of wild producers caught for fish breeding, Russian sturgeon predominates 
(85-90 %) with critically small proportions of beluga and stellate, the species which are almost on 
the verge of complete extinction in the natural habitat (A.A. Kokoza et al., 2014; G.I. Ruban et al., 
2017). Among sturgeon producers, the number of individuals from natural populations decreased 
while those of broodstock increased. Production broodstocks are formed by two alternative methods, 
the domestication of wild adult fish and the cultivation of producers from birth (from fertilized eggs) 
to sexually mature stages. The domestication makes it possible to accelerate the formation of brood-
stocks, since it does not necessitate growing sturgeons during four periods of the life cycle (embryon-
ic, larval, juvenile, and immature stage). The formation of brooocks by domestication method, which 
began in Russia in 1999, led to a decrease in the average age of reaching puberty in different species 
of sturgeon under captivity up to 2-9 years. The proportion of juveniles derived from sturgeon pro-
ducers which were grown in artificial conditions in the Astrakhan region is dynamically increasing. 
Russian experts have developed scientific foundation and technologies for the formation of sturgeon 
broodstocks which are currently involved in artificial reproduction at federal sturgeon hatcheries in 
the Lower Volga. Thus, the change of the paradigm of sturgeon fish artificial reproduction is stated 
which in modern conditions should be based on the offspring of producers from broodstocks. 

 

Keywords: Sturgeon, the Volga-Caspian basin, artificial reproduction, Sturgeon hatcheries, 
spring and winter races, sturgeon natural stocks shortage, brood stock, domestication, paradigm 
changeover  
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It is common knowledge that at the turn of the 20th century in most 
countries the Acipenseridae species had become extinct or almost extinct [15, 
16]. Furthermore, in the water basins of Europe and North America the decline 
of their populations had occurred one and a half centuries before it happened in 
Russia [12]. Until now, in our country (as compared with the other countries) the 
total population of Acipenseridae has been the largest, but also close to critical 
[17, 18]. It has to be mentioned that the habitat of Acipenseridae in the Volga-
Caspian basin of Russia changed so drastically overall that their natural repro-
duction became possible only for the species that do not have long migrations, 
specifically, for sterlet [16].  

It was only during the last 30 years that the technologies of artificial re-
production developed in Russia (former USSR) have begun to be used exten-
sively in the world in order to obtain young Acipenseridae fish as the source of 
restoring the natural populations and replenishing the needs of the market [19-
21]. In many countries such reproduction is aimed at commercial breeding [22, 
23]. The scientifically substantiated attempts to restore completely lost natural 
populations have been made [24-26]. The restoration of most species of Europe-
an Acipenseridae in their natural habitat is possible due to vacant ecological nich-
es and is performed in the context of aquaculture with the help of created 
broodstocks, for which in Europe they use own producers that are occasionally 
caught in their natural habitat or imported impregnated roe and young fish. This 
tendency is actively developed in Italy, Germany, France, Poland, the Czech 
Republic, Spain, Finland, Baltic States and Iran, Kazakhstan and Uzbekistan 
[27, 28]. Unlike those countries, in Russia Acipenseridae still exist in their natural 
habitat. There is also a network of federal sturgeon hatcheries established in the 
middle of the 20th century, where until the start of the 21st century the artificial 
reproduction of sturgeons was based on the usage of wild producers [16, 27]. 
However, catching wild producers gradually decreased, and currently domestic 
fish hatcheries are not supplied with the quantities of sturgeon males and females 
required for the reproduction of young fish.  

The global problem of extinction of Acipenseridae in their natural habitat 
resulted in the signing of a Ramsar Declaration on Global Sturgeon Conservation 
[29]. One of the actions recommended in the declaration was broodstock devel-
opment at fish hatcheries [28, 29]. Due to this, at the turn of the 21st century a 
new technological stage appeared in the biological engineering of artificial stur-
geon reproduction. Its purpose is to establish broodstocks and use domesticated 
or hand-raised "from roe to roe" males and females [28].  

It has to be mentioned that there does not exist such a system of artifi-
cial reproduction of sturgeons abroad similar to the Russian one; however, most 
articles on this subject were published in the regional periodical publications, 
which determines poor accessibility of the available data array in spite of their 
academic and practical interest. This survey aims to fill this gap by summarizing 
a large volume of information about the system of artificial reproduction of stur-
geons in Russia. 

It was our aim to analyze the activity of sturgeon hatcheries in the Low-
er Volga basin operating broodstocks in domestic aquaculture during the recent 
years, the results of which reflect the shift of paradigm of artificial sturgeon re-
production in Russia.  

One of the factors that affected the size and condition of Caspian 
Acipenseridae was river control of the Volga and Kama rivers with a cascade of 
hydro power plants resulting in sharp decline of natural reproduction, because 
the migration routes of producers to spawning areas was significantly reduced. 
For instance, 11 hydro power plants were built during 1942-1987 on the rivers of 
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the Volga and Kama basin, of which eight were built on the Volga River: 
Ivankovskaya hydro power plant in 1942; Rybinskaya hydro power plant in 1950; 
Uglichskaya hydro power plant in 1955; Nizhegorodskaya (Gorkovskaya) hydro 
power plant in 1956; Zhigulevskaya (Kuybyshevskaya) hydro power plant in 1957; 
Volzhskaya (Stalingradskaya, Volgogradskaya) in 1961 hydro power plant, fish 
ladder; Saratovskaya hydro power plant in 1970, fish ladder; Cheboksarskaya hy-
dro power plant in 1986; three hydro power plants on the Kama River: Kamskaya 
hydro power plant in 1956; Votkinskaya hydro power plant in 1966; Nizhnekam-
skaya hydro power plant in 1987 [30]. The dam of Volzhskaya hydro power plant 
(the lower stage of the Volga-Kama cascade) located 600 kilometers away from 
the Volga Delta in 1961 quite predictably and almost completely closed the 
spawning route for anadromous fish of the Caspian Sea, including sturgeons 
(with the exception of spawning areas of the Lower Volga) [31].  

A new solution was added to the design of the Volzhskaya hydro power 
plant to minimize the damage of the migration route of sturgeons: a fish-passing 
facility — a hydraulic fish ladder [31] of a pit-lifting type which was commis-
sioned in 1961. During the first years, when 200 to 700 thousand males and fe-
males migrating from the Caspian Sea for spawning assembled on the ebb side of 
the dam, about 20 thousand of them were moved through the fish ladder on the 
average, with the maximum number of 60 thousand in 1967 [32, 33]. However, 
this was just 10-15% of the number of migrating fish, which cannot be deemed 
efficient [32, 34, 35]. A mechanical fish ladder was built at Saratovskaya hydro 
power plant, which was reached only by 0.46-2.0% of all fish that overcame the 
Votkinskaya hydro power plant. Due to the fact that subsequently sturgeons 
stopped approaching the Votkinskaya hydro power plant, its fish ladder was put 
on hold in 1999, and later the same happened at Saratovskaya hydro power plant 
[31]. Consequently, this method of compensation to the fishing industry failed to 
accomplish its task of preserving natural reproduction of sturgeons in natural 
breeding areas of the mid-Volga and Upper Volga regions and the Kama River 
region. The reproduction of long-lived beluga and Russian sturgeon in the upper 
spawning areas took the biggest hit, and, to a lesser extent this affected the short 
cycle starred sturgeon and sterlet that do not make long migrations and all 
spawning areas of which are located below the dam of the Volga hydroelectric 
complex [33].    

As far back as during the stage of designing the construction of Volga-
Kama cascade of the hydro power plant the experts came to the conclusion that 
without a wide-scale implementation of artificial reproduction of sturgeons it 
would be impossible to preserve their natural populations [35, 36]. Consequent-
ly, fish breeding became the second method of compensating damage to natural 
populations of Acipenseridae in the Volga-Caspian basin [37, 38]. In the mid-
20th century (1955-1981), 8 fish hatcheries were built in the Lower Volga begin-
ning with the Volgograd hydroelectric complex for Acipenseridae rearing: one was 
built in the Volgograd region (Volzhskiy fish hatchery, which was later renamed 
to Volgogradskiy fish hatchery, town of Volzhskiy; commissioned in 1960), 
seven fish hatcheries in the Astrakhan region (Kizanskiy fish hatchery, 
Privolzhskiy region, village of Kizan, 1955; Lebyazhiy fish hatchery, 
Narimanovskiy district, town of Narimanov, 1979; Alexandrovskiy fish hatchery, 
Iskryaninskiy district, village Trudofront, 1974; Beryulskiy fish hatchery, village 
Algaza, 1961; Zhitninskiy fish hatchery, village of Zhitnoye, 1981; Iskryaninskiy 
fish hatchery, village Iskryanoye, 1962; Sergievskiy fish hatchery, village Sergievk, 
1963). The Iskryaninskiy plant was converted several times and currently acts as a 
scientific and experimental facility of the Caspian Research and Development 
Fishery Institute (CaspNIRKH), the BIOS Center with a status of a sturgeon 
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rearing farm. The Alexandrovskiy fish hatchery became a branch of Severo-
kaspiskiy basin administration for fishery and preservation of aquatic biological 
resources. Presently, 6 federal sturgeon fisheries have remained and continue 
operation in the Lower Volga and in the Astrakhan region [39], which are part 
of the Severokaspiskiy basin administration for fishery and preservation of aquat-
ic biological resources, the first of which was commissioned before Volga be-
came closed with a dam of the Votkinskaya hydro power plant (in 1958-1960). 
In the Lower Volga, Kizanskiy fish hatchery had been built first before Votkin-
skaya hydro power plant was commissioned but after commissioning of the Up-
per Volga hydro power plants (Iskryaninskaya, Rybinskaya, Uglichskaya, Nizhe-
gorodskaya, Zhigulevskaya and Kamskaya hydro power plants). The latter 
blocked access to the spawning areas on the Kama River for beluga; however, in 
the mid-Volga Region they were still accessible until the Votkinskaya hydro 
power plant and Saratovskaya hydro power plant were commissioned.   

The cumulative production capacity of fishing hatcheries exceeded 70 
million standard young fish (3-5 g weigh) of three sturgeon species (beluga, 
Russian sturgeon and starred sturgeon), which were reared to viable stages and 
released to the water basins of the Volga-Caspian basin to replenish the natural 
resources [35]. This allowed restoring the natural reserves of sturgeons, and at 
the end of 1980-s their commercial yield amounted to 24-25 thousand tons, and 
production of caviar amounted to 2-2.5 thousand tons [40, 41]. Since 1956, 
more than 3 billion units of fishery-reared young sturgeons have been released in 
the Caspian Sea. At the turn of the 21st century, the percentage of reared fish in 
Caspian catch was 98% for beluga, 65 % for Russian sturgeon and 45% for 
starred sturgeon. Its has been determined that every million of standard young 
fish yielded 1030 tons of Russian sturgeon, up to 110 tons of starred sturgeon 
and 130 tons of beluga [41]. 

Because of the present adverse hydrological and environmental condi-
tions and ongoing unceasing illegal fishing (illegal, unregistered and unregulated 
fishing; IUU-fishing) of migrating producers of sturgeons in the main water 
courses of the Lower Volga, the efficiency of their natural reproduction has de-
clined [15, 16]. It turned out that natural reproduction is incapable of providing 
not only the legal population, but also of maintaining the biological diversity and 
generic heterogeneity of populations. In this context, the only option of preserv-
ing the sturgeons and their population is their rearing [38].  

During the last years, the scope of sturgeon rearing in Russia has been 
declining, the existing fishing hatcheries in the Astrakhan region are operational 
only at 15-20%, and problems have been encountered with producers for indus-
trial needs. The deficit of quality producers of natural generations increases every 
year. When in 1997-2004 the used fishing quotas for rearing in general for four 
sturgeon species amounted to 87%, in 2007-2010 this amounted to 32% [39]. In 
2012-2015, this figure further declined and amounted to 46%, 21%, 7.2%, and 
to 25% of allocated quotas (Fig. 1). 

The comparative anal-
ysis of species composition of 
sturgeon producers caught in 
the lower Volga River for rear-
ing indicates that the Russian 
sturgeon prevails in the catches 
(85-90%) (Table 1). Further-
more, only 0.877 tons of star-
red sturgeons were reared in 
2012-2015 for the total allo-

Fig. 1. Cumulative quota usage for catching of four sturgeon 
species for rearing purposes in the  Volga-Caspian basin: а — 
catching, b — quota. 
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cated quota of 8.4 tones (about 10% quota usage). Particularly critical is the situa-
tion with rearing beluga producers: no single beluga was caught in four years [39]. 

1. Fishing quota usage (tons) for four sturgeon species for the purpose of rearing in 
the Volga-Caspian basin 

Species 
Year 

2012 2013 2014 2015 
quota catch quota catch quota catch quota catch 

Beluga  3.800  0.000  1.272  0.000 2.083 0.000 1.910 0.000 
Russian sturgeon 38.500 21.895 31.480 6.660 26.413 1.993 17.340 4.660 
Starred sturgeon 7.400 0.665 0.400 0.082 0.400 0.000 0.200 0.130 
Sterlet 0.300 0.297 0.100 0.100 0.100 0.099 0.100 0.100 

Total  50.000  22.857  33.252  6.842  28.996  2.092  19.550  4.890  
 

The declining numbers of sturgeon producers entering the Volga River 
for spawning resulted in prolongation of the catching period for rearing purposes. 
Whereas previously the fish rearing process involved primarily the producers of 
later run, in 2012-2015 it was dominated by spawning sturgeon migrants of the 
summer and autumn spawning run, i.e. the early runs, whose percentage turned 
out to be 12 higher and amounted to 678 individuals as compared with 55 indi-
viduals of later runs [41]. The early producers of sturgeons to be spawning in the 
next year require protracted autumn-winter reservation in fisheries, which predi-
cates the need for technical modernization of fisheries, and, specifically, the 
construction of wintering fish basins for wintering of migrant fish. In this respect 
fish-rearing and physiological parameters of producers of two sturgeon species 
need to be studied (Operational and financial performance report of Severo-
kaspiskiy basin administration for fishery and preservation of aquatic biological 
resources, Astrakhan, 2015). 

The morphometric (weight, length), fish-rearing and biological pa-
rameters (amount of ovulating roe, oocyte diameter, percentage of concep-
tions) of early run sturgeon females entering the river for the winter and 
spawning in the next spring turned out to be higher than those of later runs 
that spawn in the same year they enter the river without wintering. Which 
means that early run females of beluga are better prepared for spawning than 
later run females [42; Operational and financial performance report of Severo-
kaspiskiy basin administration for fishery and preservation of aquatic biological 
resources, Astrakhan, 2015]. At the same time, the average hemoglobin content 
of later run females was 69 g/l, and 48.2 g/l for early run females. Identical 
changes were observed concerning whey protein content in blood. The hemato-
logical parameters of early run females are indicative of expressed anaemia af-
ter the winter period spent in wintering fish basins due to reduced intensity of 
metabolic and oxidizing processes in the body during the winter period [43, 
44]. In spite of the fact that fish-rearing and biological parameters of early run 
sturgeon females are better than those of later runs, the young fish produced by 
the latter is more viable, which was confirmed by its survival and growth rate. 
The concentration of hemoglobin and whey protein content in blood of the 
offspring of later runs were higher than those of the offspring of early run fish, 
which allows us to establish a connection between hematological parameters of 
females and young sturgeons [Operational and financial performance report of 
Severokaspiskiy basin administration for fishery and preservation of aquatic bio-
logical resources, Astrakhan, 2015].  

Presently, the dominating factor limiting the scale of sturgeon rearing is 
the increasing deficit of producers of natural generations [45]. At this stage of 
biological engineering the only option of preserving the genetic material of natu-
ral populations of sturgeons is the guaranteed delivery to fishing hatcheries of 
producers from broodstocks created and maintained in fish farm conditions (46). 
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This implies a change of tactics of rearing for such species. The usage of wild 
sturgeon producers for rearing was abandoned of necessity and transition to the 
usage of males and females from broodstocks has occurred [38, 47].  

In Russia, broodstocks of sturgeons began to be established relatively re-
cently, and 20 years ago the necessity to create them was purely speculative. For 
most sturgeon species this process was considered extremely complicated and 
economically unjustified [35]. The deteriorating situation with the catching of 
sturgeon producers of natural generation dictated the need for rapid transition to 
the establishing of broodstocks in fish farm conditions to guarantee rearing pro-
cesses. There are two key methods of establishing sturgeon broodstocks: rearing to 
reproductive age at fish farms according to the "roe to roe" principle and domesti-
cation of wild producers [48-50]. The first method of stock formation is a long 
lasting process requiring more than 10 years for producers to mature, because stur-
geon species belong to the long-lived species that mature late. Due to this, the 
sturgeon hatcheries prefer domestication of mature wild individuals. For domesti-
cation purposes they use sturgeon females that first produce roe, and subsequently 
are transitioned to a rearing regime of maintenance and feeding. It is a known fact 
that during their lifetimes sturgeon females can spawn repeatedly [51], and in 
farm conditions they can yield fish-rearing roe 10-12 times [52-54]. This method 
allows reducing the time required for maturing of beluga, Russian sturgeon and 
starred sturgeon by two or three times after their successful adaptation for unu-
sual maintenance conditions, and ensures a wide genetic diversity of offspring. 

The sturgeon rearing farms of the Astrakhan region commenced creating 
production broodstocks in 1999. By now they have created and operate com-
mercial broodstocks of beluga, Russian sturgeon, starred sturgeon and sterlet, 
and their size and biomass increase annually. In 2011, the total size of the stock 
in sturgeon broodstocks at federal fishing hatcheries amounted to 3746 individu-
als with total biomass equal to 62478 kilos, and in 2015 these figures increased 
to 4,428 individuals (by 18.2%) and 94100 kilos (more than by 5 %), respective-
ly. In terms of species composition, Russian sturgeon (more than 85%) domi-
nates fish hatcheries in domesticated production broodstocks, which exceed 80% 
of the total amount of females. The percentage of other species is an order less, 
for beluga 8 %, for starred sturgeon 4 %, for sterlet 3 %. In rearing female stocks 
the parameters created using the "roe to roe" method constitute 72%, including 
58% for females; the fish of rearing groups that have not achieved reproductive 
age makes 28% [53, 55, 56]. 

In 2012-2015, the to-
tal number of sturgeon pro-
ducers involved in fish rear-
ing processes amounted to 
2243 individuals from pro-
duction broodstocks (where 
2001 or 89.3% are domesti-
cated females) and 242 indi-
viduals (or 10.7%) of the 
rearing female stocks com-
pletely raised and matured in 
fish farm conditions. During 
4 years the number of do-

mesticated sturgeon producers that matured in fish farm conditions during (Fig. 
2) increased by 1.8 times, the largest share falls to Russian sturgeon (89.0%), the 
share for sterlet is 9.0%, for beluga 1.3%, for starred sturgeon 0.4% [35, 55].  

All fish in production stocks at federal fish hatcheries of Severokaspiskiy 

Fig. 2. The quantitative dynamics of domesticated producers of 
sturgeons used for breeding in fish farm conditions at six fed-
eral fish hatcheries located in the lower course of the Volga 
River: а — beluga, b — Russian sturgeon, c — starred stur-
geon, d — sterlet. 
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basin administration for fishery and preservation of aquatic biological resources 
in Astrakhan region have individual markers (chips), which enables creating 
rearing and genetic passports for each fish. The study of passport data of domes-
ticated producers allowed determining that 1025 females matured in wintering 
fish basins, including 914 Russian sturgeons, 89 sterlets, 18 belugas, and 4 
starred sturgeons. The interval between spawning varied from 2 to 9 years, for 
sterlet it was 1-2 years, for Russian sturgeon it was 3-4 years, for starred stur-
geon it was 4-5 years and for beluga it was 5-6 years [50]. The age of the initial 
maturing of females in wintering fish basin was the largest (6-9 years) for three 
species, which took a long time to adapt to the farm conditions of growing and 
feeding [52]. Furthermore, the second maturing of these species happened faster 
(after 3-4 years), which is indicative of high genetic flexibility and successful ad-
aptation of female fish to farm conditions [44, 51]. Eurybiontic sterlet turned out 
the most easily adapting species, while beluga turned out to be the hardest to 
adapt. These facts can be the crucial for the fact that created production stocks 
will be reliable for fish rearing [45, 47].  

Since 2012, the individuals of rearing generation have begun to mature 
in farm stocks which were used to obtain reproductive products. Between 2012 
and 2015, the total population of these sturgeon females involved in fish rearing 
amounted to 242 individuals and, with the exception of beluga which matures 
late, increased from 2012 to 2014 by 18 times (Table 2). The largest number of 
matured fish was sterlet females which in natural habitat mature at the ages of 4-
5 [47]. The population of Russian sturgeon females involved in the fish rearing 
process displays a stable growth every year (see Table 2). The age of the first ma-
turing of females of Russian sturgeon, starred sturgeon and sterlet primarily cor-
responded to the age of maturing of natural generation fish, and beluga reached 
reproductive age in wintering fish basins 2-3 years sooner than in its natural hab-
itat. The obtained findings are indicative of the fact that duly established and 
raised rearing sturgeon broodstocks provide the rearing process with producers of 
farm-reared generation. 

2. The species composition and number of sturgeon females that matured in the pro-
duction stock during different years and involved in farm rearing at six federal 
fishing hatcheries located in the lower course of the Volga River 

Species  
Number of females  

2012  2013  2014  2015  
Beluga  – – – 2 (16) 
Russian sturgeon 6 (13) 11 (14) 19 (15) 28 (16) 
Starred sturgeon – – 4 (12) – 
Sterlet – 82 (3) 85 (4) 5 (5) 

Total 6 93 108 35 
N o t e. The age of fish species in years is shown in brackets. Strikethrough means that females have not matured. 

 

The comparative anal-
ysis of using sturgeon produc-
tion of different origin indicates 
(Fig. 3) that during recent 
years, in the context of declin-
ing number of fish caught in 
the Volga-Caspian basin for 
rearing needs, the rearing pro-
cess at sturgeon fisheries is 
maintained due to producers 
from the created production 
stocks. In 2012, the natural to 

fish-reared generation fish ratio was 1:2.5, in 2013 this ratio was 1:2, in 2014 1:5, 

Fig. 3. Using sturgeon producers of different origin in farm 
rearing at six federal fishing hatcheries located in the lower 
course of the Volga River: ▲ — catching in a river, ■ — 
production stocks.   
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and in 2015 the number of producers from the created broodstocks was 12 times 
higher than those caught in the natural habitat. It is fair to say that in the nearest 
years fish rearing will be provided with producers from fishery stocks [55, 56].  

Therefore, the unique relict sturgeon species inhabiting out planet for 
millions of years have adapted and survived many natural and man-made disas-
ters. Their primary natural population, which is currently concentrated in the 
Volga-Caspian basin, is critically endangered and at the brink of extinction [1]. 
The analysis of these facts leads to the analogy with the theory of G.A. Zavarzin 
[57], according to which prokaryotes evolve with the habitat. Presumably, this 
theory can apply to eukaryotes, and specifically to Acipenseridae. The habitat 
conditions of Volga sturgeons changed drastically and fast due to anthropogenic 
influence. The early runs of sturgeons disappeared, the conditions for spawning 
in breeding areas above the Volgograd hydroelectric complex became unsuitable, 
and population of later runs became critically endangered. In order to preserve 
and restore these natural resources in a context of near-complete lack of natural 
reproduction [54], the scope of farm reproduction of sturgeon species is main-
tained using different methods [47], including improvement of biological engi-
neering technologies and increase of efficiency of farm rearing [55].  

While natural reserves of sturgeon species in the southern seas of Russia 
started to plummet [1] their farm rearing emerged and increased. This resulted 
in the closing of sturgeon farm hatcheries (36). The farm rearing of sturgeon 
species in the rivers of the Azov and Black Sea basins in Russia continues only 
on account of creation of rearing female stocks. Presently, they are available in 
the Askaysko-Donskiy fishery, Rogozhinskiy fish hatchery and Science Center of 
Aquaculture Vzmorye of Azov Fishery Research and Development Institute, 
which are a part of the Azovo-Donskoy Center of Aquaculture (the Don River), 
and Grivenckiy fish hatchery, Temryukskiom fish hatchery and Achuevskiy fish 
hatchery – the business units of the Azovo-Donskoy Center of Aquaculture (the 
Kuban River) [56]. In Astrakhan region six federal fish hatcheries of the Volga-
Caspian basin eluded the threat of liquidation, as well as Volgograd sturgeon fish 
hatchery located inside the Volzhskaya hydro power plant (Volgograd region). 
Due to the fact that these fisheries [58] promptly commenced creating brood 
(production) stocks of sturgeon species and created them, it guarantees that nat-
ural reserves of sturgeon species in the Caspian Sea will not only preserve but 
will also be restored using contemporary aquaculture methods. 

Consequently, it can be said that at this time a significant obstacle has 
been removed to implementing the principles of sturgeon breeding in the lower 
Volga established as the concept for preservation of sturgeon species as far back 
as in the middles of the 20th century prior to regulation of the Volga-Kama basin 
rivers by the cascade of hydro power plants. This concept was based on the us-
age of mature sturgeon producers in fish rearing caught in the Volga River dur-
ing their spawning migration. However, during that time there was still no deficit 
of producers of natural generations, whereas now the availability of wild produc-
ers for fisheries is not sufficient for production capacities and does not exceed 5-
10% [34, 35].  

The experience of last years is indicative of the fact that processing 
methods of sturgeon rearing in Russia have been updated [58-60] and the model 
of sturgeon rearing has changed because fish rearing process at fisheries is sup-
plied by progressively larger quantities of producers contained in production 
(rearing female) stocks [61]. For instance, sturgeon rearing female stocks at fish-
eries of the Astrakhan region were formed in two ways, by domestication of 
adult fish from natural populations and by breeding producers from birth to 
spawning in farm conditions. The population and biomass of such stocks grows 
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annually, as does involvement in breeding in the conditions of aquaculture [47]. 
The availability of such stocks guarantees supplies to the Russian fish hatcheries 
of fully-fledged males and females, which will help preserve the population of 
these relict fish species, at least in their natural habitat regions in the Volga-
Caspian basin. The fish rearing of sturgeon species in the Volga-Caspian basin 
remains a unique domain of domestic aquaculture that has no analogues in the 
world in terms of the history of development, duration and scope [60, 61]. The 
new elements of intensifying sturgeon breeding [61-65] are such that when ob-
taining sturgeon offspring in farm conditions the tactic of fish rearing with wild 
producers, whose population is plummeting, is gradually replaced with the usage 
of females and males from brood (production) stocks [66-68] as this is per-
formed with regard to most other species of fish aquaculture [69].  

To summarize, Russia has developed scientific foundations and technol-
ogies of creating production stocks of sturgeon species involved in fish rearing at 
federal sturgeon fisheries of the Lower Volga. The fish rearing of sturgeon spe-
cies in the Volga-Caspian basin among other things is aimed at maintaining the 
population of these species in natural water bodies, including that part of their 
natural Russian habitat, where their spawning sites still remain, and specifically, 
in the Lower Volga. The main paradigm of sturgeon rearing has changed 50 
years after the federal sturgeon fisheries appeared in our country. The brood-
stocks are created at each of the six fisheries located in the Astrakhan region. 
Their formation is conducted via one of the following two methods, the domes-
tication of the few wild producers and rearing of females and males at fisheries 
from roe obtained during fish rearing. The dynamics of this process indicates 
that in the nearest future the breeding will be completely supplied by producers 
from broodstocks.  
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A b s t r a c t  
 

Feed efficiency is the most important economically relevant factor in swine breeding. The 
values of daily feed intake (DFI) and feed conversion rate (the ratio of feed intake to the body 
weight gain for a certain period, FCR). A group of factors that can affect the feed efficiency is the 
feeding behavior. In this regard, it is relevant to study the genetic and environmental variability of a 
number of factors that affect the growth, feed efficiency, and ethological features of feed intake in 
Duroc pigs based on the automatic feeding station data records. The aim of our study was to select 
at test population the factors which can be associated with feed efficiency, including following traits: 
body weight (BW, kg), average daily gain (ADG, g), daily feed intake (DFI, g/day), time spent at 
the feeding station (TPD, min), the number of visits to the feeding station per day (NVD, times), 
feed intake per visit (FPV, g), feed rate (FR, g/min), and the time at the feeding station per visit 
(TPV, min). Three different approaches were applied to calculate the feed conversion rate: (1) the 
ratio of feed intake to the body weight gain for the whole feeding period (FCR1); (2) the ratio of 
feed intake to the body weight for 10-day feeding periods (FCR2); (3) the calculation based on daily 
data records taking into account the daily fluctuations of BW and DFI (FCR3).The values of average 
daily gain (ADG1, ADG2, ADG3) were calculated according to FCR1, FCR2, and FCR3, respective-
ly. The initial dataset of individual records included 99867 observations of each trait for 71 boars. 
After the evaluation of data for normal distribution and presence of at least 60 % of records, 60 boars 
were selected for the further analysis. The final dataset included 4138 daily values for every boar. The 
decomposition of phenotypic variability was performed using the analysis of variance without interac-
tion. The analysis of variance parameters of genetic and environmental types and the evaluation of 
relationships between variables were based on REML method with a multi-variable model. Boars 
accessed the feeding station at the age of 74.2±1.0 days (Cv = 10.6 %), the age at the body weight of 
100 kg was 149.9±1.0 days (Cv = 5.0 %). Average values of FCR differed depending on the calcula-
tion approach and ranged from 2.52 kg/kg to 3.08 kg/kg. The higher variability was observed for 
FCR2 and FCR3 — 23.2 % and 19.2%, respectively. The variability of feeding behavior (TPD, NVD, 
FPV, FR, and TPV) was 13.7 %, 27.4 %, 21.6 %, 17.7 %, and 21.8 %, respectively. The genetic 
ratio of parent boar was maximal for the following factors: FCR2 (11.7 %), FCR3 (15.4 %), TPD 
(28.2 %), and NVD (30.8 %). The heritability coefficient of FCR3 was low (0.019), while the related 
variables of feeding behavior and body weight revealed more reliable results: h2 = 0.134-0.368 and 
h2 = 0.744. The higher level of genetic correlations were observed between FCR3 and TPD (0.585), 
FR (-0.368), FPV (0.274), and NVD (0.368). ADG2 and FCR2 were characterized by negative 
correlation. Our results can be used in the developing the breeding programs based on genetic and 
genomic evaluation of pigs for a number of traits. 

 

Keywords: pig, Duroc breed, feed conversion, feeding behavior, body weight, average daily 
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gain, heritability, variability 
 

Feed efficiency is the major aspect of the economic attractiveness of 
pork production. To assess this feature, indicators of daily feed intake (DFI) and 
feed conversion rate (FCR) as the ratio of feed consumed to body weight gain 
over a certain period of time are used. A positive correlation (r from 0.32 to 
0.70) was established between DFI and average daily gain (ADG) [1]. Varying 
DFI may account for up to 59% of the ADG variability [2]. The variability of 
feed efficiency indicators is due to both external and internal factors. The exter-
nal factors include the composition and energy nutrition of the feeds, manage-
ment and climatic conditions. Internal factors are associated with various phys-
iological processes (appetite regulation, intestinal absorption, nutrient availabil-
ity, thermal regulation, muscle activity, etc.), as well as the status of anabolic 
and catabolic metabolism [3].  

However, from the point of view of population genetic studies, indicators 
of feed efficiency are of interest in the context of factors of the pig feeding behav-
ior. If you have information on the patterns of inheritance and variability of etho-
logical characteristics, you can regulate the functional needs of animals using 
technological methods, based on the breed-specific features. The development of 
computerized feeding systems (feed stations, feedlots) enabled an automatic, high-
precision daily individual accounting of not just feed consumption rate and weight 
gain, but also signs of feeding behavior [4]. This information opens up new hori-
zons in investigating its characteristics in pigs in conjunction with feed efficiency 
indicators.  

It is known that the efficiency of feed use and feeding behavior vary 
among different breeds of pigs [1, 5, 6]. If feed conversion by breed is relatively 
stable (there has been a steady decline over the past 15 years, due to extensive 
selection by this indicator and diet improvements), the values of feed behavior in 
different studies demonstrate a great inter- and intrabreed variability [7-9]. It has 
been established that indicators of feed conversion and feeding behavior are 
characterized by moderate and high degree of heritability [10-12], however, the 
use of the latter in breeding requires information about their relationships with 
signs of feed use. Although the conducted studies showed the presence of corre-
lations between the above indicators, in most cases, the identified patterns were 
of breed and population-specific nature [1, 13, 14]. The studies previously per-
formed on Russian populations of pigs were mainly aimed at identifying the rela-
tionship between feed conversion and other economically useful traits not taking 
into account their variability [15, 16]. Studies conducted on other types of farm 
animals show the prospects of including feed conversion in the characteristics of 
the meat and fattening qualities of the livestock [17, 18]. 

In the present study, for the first time in Russia, results were obtained 
that characterize the features of the feeding behavior of Durok young hogs in 
relation to the indicators of feed use at automatic feed stations. 

Our goal was to investigate the impact of genetic and paratypical factors 
on the efficiency of feed use and the feeding behavior of pigs of the Russian re-
production. 

Techniques. Studies were conducted from July 2017 to March 2018 
(SGC, LLC selection and genetic center, Verkhnyaya Khava, Voronezh region). 
The accounts were performed using GENSTAR test feeding automatic stations 
(Cooperl, France). Animals received complete feed stuff PK-56-1 made accord-
ing to GOST 21055-96 (Full-ration mixed feeding stuffs for bacon feeding of 
pigs) according to recipes SK-6, SK-7 and SK-52 (Verkhnekhavsky Elevator 
OJSC, Russia). The content of the main nutrient components in the diet varied 
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over the follow-up within the limits allowed by the technical requirements of the 
standard, and was 12.61-13.59 MJ/kg of the metabolic energy, 14.16-16.77% of 
the mass fraction of crude protein, 3.83-4.49% of fiber, 0.81-1.14% of lysine, 
0.51-0.73% of methionine and cystine, and 0.15-0.21% of tryptophan. 

The population included 71 young Duroc hogs of the Russian-based 
reproduction. All animals were assigned with an individual identifier (electron-
ic chip). Growing of animals at the stations was carried out in groups of 10-15 
animals (in batches) at the age of 70 days (live weight of 29 to 33 kg). The du-
ration of the control growing varied and ended at the age of 138 to 174 days. 
During the entire period of the control growing, we estimated the body weight 
(BW, kg), average daily feed intake (DFI, g/day) and indicators of feeding be-
havior, including the total time of visits to a feed station per day (TPD, 
min/day), number of daily feeder visits (NVD, units), average feed intake per 
visit (FPV, g), feeding rate (FR, g/min; FR = DFI/TPD), average duration of a 
visit (TPV, min; TPV = TPD/NVD). The abbreviations of terms correspond to 
generally accepted acronims in feed conversion, growth, and feed behavior [5]. 

Three approaches were used to evaluate the feed conversion rate (FCR, 
kg/kg). The first one involved the calculation of the indicator based on the initial 
and final live weight for the control growin and the amount of feed consumed: 

FCR = ∑
( )

, (1) 

where FCR1 is the feed conversion for the entire growing period, ∑ CR  is 
the amount of feed consumed over n observations, starting with i = 1; (Wn  
W1) is the gain in live weight during the growing period, Wn is the live weight at 
the end of the period, W1 is the live weight at the beginning of the period. 

The second approach was based on an estimate of the average values of 
body weight, its average daily gains and feed conversion obtained during 10-day 
periods: 

FCR = ∑(
∑  ( … )

( )
)/t , (2) 

where FCR2 is an indicator of feed conversion by 10-day periods per animal; 
∑ CR  ( … ) is the total feed intake by an animal over a 10-day period; 
Wi+10  is the live weight of an animal on Day 10 of each 10-day period; Wi+1  is 
the live weight of an animal on Day 1 of each 10-day period, i is a 10-day peri-
od step with t > 1, t is the number of 10-day periods. 

In the third case, the parameters of the daily assessment of the pig 
productivity were used along with adjustments of the feed conversion rate by 
negative values (correction for an average value of the positive variances), taking 
into account daily fluctuations in live weight and feed intake: 

FCR = ∑ ( )/푖, (3) 

where FCR3 is the daily feed conversion rate per animal, CRi is the total daily 
feed intake, Wi+1  is the live weight of the animal at the time of observation, Wi 
is the live weight of the animal at the previous observation, i is the observation 
number. 

The calculation of average daily gains (ADG1, ADG2, ADG3) was per-
formed for FCR1, FCR2, FCR3. To assess the growth rate of young hogs, the 
age of attaining a live weight of 100 kg (AGE100, days) was determined. 

The primary information on the control growing of young hogs was col-
lected into electronic files, based on which a database was formed with elements 
of the logical control of input information, such as dates, repetitions, a lack of 
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one of the estimated parameters. Initially, an array of 99867 entries was moni-
tored for compliance with the law of normal distribution of the analyzed indica-
tors (individual measurements). The detected outliers in the daily data for each 
animal, exceeding the threshold of a ±10.0% deviation from the previous value, 
were excluded from further processing. The analysis included only individual 
animals, the number of test values (based on the sum of the recorded values) in 
which was not lower than 60.0%. The final sample size consisted of 60 young 
hogs (descendants of 13 sires and 37 dams), with an average quality indicator for 
data collecting and recording at 91.2% (limits of 63.3 to 99.5%). The database 
included 4,138 daily average values for each parameter studied. When assessing 
the feed conversion rate, an analysis of the indicator variability magnitude was 
performed involving a sample size of seven 10-day periods from the beginning to 
the end of growing, which included 413 observations. 

To assess the effects of genetic and environmental nature, an equation 
was chosen that is characterized by the least variance value of unaccounted fac-
tors (error variance) using the fixed-effects analysis of variance with no factor 
interaction. Then, the least square method (LSM) using STATISTICA 10 
(StatSoft, Inc., USA) was used to calculate the average values of the estimates: 

y =  + Feeding Stationi + Batchk + Agel(1) + Sirej + eiklj, (4) 
where y are indicators of feed conversion rate (DFI, TPD, NVD, FPV, FR, 
TPV, FCR, BW, ADG);  is an average population constant; Feeding Stationi 
is an effect of the feeding station (i = 1 ... 3); Batchk is an effect of the lot 
number of the control growing (k = 1 ... 4); Agel is an effect of the initial age 
of the control growing (l = 1 ... 18) or in a similar model Agel (1) is an effect 
of the age of the animal for the entire period of the control growing (l(1) = 1 
... 102), Sirej is a genetic effect of the a hog breeder (sires of the offspring be-
ing estimated) (j = 1 ... 13), eiklj is a random error (unallocated variance). 

The values of genetic and paratypical variantces of individual animals for 
obtaining selection and genetic parameters were calculated using a similar model 
through information on hogs' parents to construct an additive relationship matrix 
according to the restricted maximum likelihood approach (REML, n = 110 an-
imals, including 60 with indicators of their own productivity): 
y =  + Test-daye + Feeding Stationi + Batchk + Agelb1 + Animalj + eeiklj, (5)
where Test-daye is a fixed effect of observation during the entire period of the 
experiment (e = 1 ... 226); Agelb1 is the initial age of control growing, b1 is a 
linear regression coefficient, Animalj is a randomized effect of an animal, having 
a normal distribution with a mean at 0, and a variance at Aσa2, where A is an 
additive relationship matrix (j = 1 ... 110), eeiklj is a random error (unallocated 
variance). 

Estimates of values by traits were calculated based on the least square 
method using STATISTICA 10 (StatSoft, Inc., USA). The reliability of the effect 
of organized groups of factors, included in the model, was determined based on 
the MANOVA method. When applying descriptive statistics (indicators of vari-
ance), as well as decomposition of phenotypic variability, generally accepted 
approaches [19] were used, BLUPF90 software family was used for analyzing 
variances and calculating correlations by a model for a number of interrelated 
features [20]. 

Results. The average age of the start of the test fattening-off using feed 
stations was 74.2±1.0 days (Cv = 10.6%). The young hogs adapted well, which 
enabled obtaining high average daily gains in body weight (950±19 g) (Fig. 1). 
The patterns of its increase over 10-day periods were uniform. The age of attain-
ing a live weight of 100 kg averaged 149.9±1.0 days (Cv = 5.0%). Phenotypic 
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variability remained within the biological limits, reaching a maximum of vari-
ance in the second and third ten-days of fattening, at 15.9 and 16.1%, respec-
tively, and a minimum in the first (13.7%) and last (12.0%) periods. 

Among the parameters 
of feeding behavior, the lowest 
variability was recorded for the 
time spent at the feeding station 
(TPD, 85.3 min/day, Cv = 
13.7%) (Table 1). The interme-
diate position was noted for the 
feed feeding rate (FR, 27.6 
g/min), with Cv at 17.7%. For 
the average visit duration (TPV, 
19.6 min) and the amount of 
feed consumed per visit (FPV, 
499.1 g), the phenotypic varia-
tion was within 21.6 to 21.8%. 

The highest variability (Cv = 27.4%) was typical for the number of daily feed station 
visits (NVD, 5.2 units). 

We used three different approaches to calculate feed conversion rates 
(FCR). Fluctuations in the live weight of pigs, caused by the impact of techno-
logical, paratypical factors, and by the state of animal health, can be significant. 
In the first version of the calculation (FCR1), both high daily average gains and 
weight losses are disguised. The second method of calculation (FCR2) is focused 
on determining the feed conversion rate by ten-day periods, which allows 
smoothing out fluctuations in the average daily changes in the live weight and 
more reliably estimate the very parameter. The third approach (FCR3) suggests 
involving in the calculations the daily data on feed consumption and weight 
gains in pigs, taking into account positive values of the variability magnitude for 
feed conversion. 

Parameters of the feed conversion rates, calculated using three above 
methods, were characterized by the different variability (Table 1). Indeed, in the 
FCR2 and FCR3 methods, the value of Сv was 23.2 and 19.2%, respectively, with 
means of 3.08 and 2.52 kg/kg. For FCR1, a low degree of the value variation was 
found (12.3%), with its close mean at 2.55 kg/kg. 

1. Parameters of feed use efficiency and feed behavior in a population of Duroc pigs 
(Sus scrofa) (SGC, LLC selection and genetic center, Verkhnyaya Khava, Voronezh 
region, July 2017 to March 2018)   

Parameter M±SEM σ Cv, % 
AGE100, days 149.9±1.0 7.5 5.0 
ADG1, g 950±19 150 15.8 
ADG2, g 892±21 162 18.2 
ADG3, g 986±24 187 19.0 
DFI, g/day 2309.1±36.5 282.7 12.2 
FCR1, kd/kg 2.55±0.04 0.31 12.3 
FCR2, kd/kg 3.08±0.09 0.72 23.2 
FCR3, kd/kg 2.52±0.06 0.48 19.2 
TPD, min/day 85.3±1.5 11.7 13.7 
NVD, u. 5.2±0.2 1.4 27.4 
FPV, g 499.1±13.9 107.6 21.6 
FR, g/min 27.6±0.6 4.9 17.7 
TPV, min 19.6±0.6 4.3 21.8 
N o t e. The abbreviations correspond to generally accepted cuttings for indicators [5]. 

 

The impact of the genetic factor of the sire of the studied offspring for 
feed conversion parameters was within 4.5-15.4% of the total variance taken into 

 
Fig. 1. Patterns of live weight gains in Duroc pigs (Sus 
scrofa) by periods of growing at feed stations (SGC, LLC 
selection and genetic center, Verkhnyaya Khava, Voronezh 
region, July 2017 to March 2018).   
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account by the model (Table 2). For FCR2 and FCR3, the largest proportion of 
the sire effect was noted, with 11.7% and 15.4%, respectively, moreover, the 
model equation for FCR3 had a reliable distribution of all components of varia-
bility by impact (F= 2.32; p < 0.05; R2 = 73.3%). At the same time, no signifi-
cant determination was established for FCR2 (F = 1.47; R2 = 63.5%). Of inter-
est, for FCR1, highly significant results were obtained (F = 4.57; p < 0.001), 
which explain up to 84.4% of the total phenotypic variability in the model. In 
other words, the linear dependence of the predicted (expected) results for feed 
conversion in the first method of the calculation compared to the observed 
ones is limited by strictly selected components of the dispersion at the mini-
mum variance error.  

2. Separation of the components of phenotypic variability (%) for a set of traits of 
feed conversion in fractions of genetic and environmental factors for a population 
of Duroc pigs (Sus scrofa) (SGC, LLC selection and genetic center, Verkh-
nyaya Khava, Voronezh region, July 2017 to March 2018)   

Parameter 
Component of variability 

sire feeding station batch age e R2 F 
G r o w t h  i n d i c a t o r s  

BW 8.2 0.5 3.4 13.2 18.3 81.7 3.77*** 
ADG1 7.6 4.9 0.9 15.4 15.8 84.2 4.49*** 
ADG2 9.0 4.9 0.5 13.9 25.5 74.5 2.46** 
ADG3 6.5 3.5 0.6 8.7 23.0 77.0 2.83** 

F e e d  e f f i c i e n c y  i n d i c a t o r s  
DFI 10.2 4.7 4.5 21.3 16.9 83.1 4.15* 
FCR1 4.5 0.2 2.1 12.7 15.6 84.4 4.57*** 
FCR2 11.7 7.1 0.0 29.1 36.5 63.5 1.47 
FCR3 15.4 4.8 1.6 28.9 26.7 73.3 2.32* 

F e e d  b e h a v i o r  i n d i c a t o r s  я  
TPD 28.2 0.0 2.3 18.2 29.9 70.0 1.98*** 
NVD 30.8 4.4 0.7 6.2 26.7 73.3 2.32* 
FPV 9.4 10.7 2.2 5.9 15.8 84.2 4.51*** 
FR 9.8 2.6 4.9 12.3 26.9 73.1 2.29* 
TPV 9.4 5.6 0.2 13.8 36.8 63.2 1.45 
N o t e. The abbreviations correspond to generally accepted cuttings for indicators [5]; e is the residual (unallocat-
ed) variance of the model, R2 is the coefficient of determination, F is the Fisher test. 
*, **, *** The contribution of the impact of the variability component on the parameter is statistically significant 
at p < 0.05, p < 0.01 and p < 0.001, respectively. 

 

3. Population and genetic constants for parameters of feed use efficiency and feed 
behavior in a population of Duroc pigs (Sus scrofa) (SGC, LLC selection and 
genetic center, Verkhnyaya Khava, Voronezh region, July 2017 to March 2018)  

Parameter BW DFI FCR3 TPD NVD FPV FR TPV 
BW 0.744с 0.565 -0.067 0.233 0.037 0.000 0.588 0.516 
DFI 0.155 0.079с 0.099 0.200 0.587 0.187 0.292 0.017 
FCR3 0.223 0.219 0.019с 0.585 0.368 0.274 0.368 0.145 
TPD 0.010 0.839 0.083 0.134с 0.584 0.057 0.138 0.133 
NVD 0.163 0.370 0.017 0.242 0.218с 0.827 0.029 0.629 
FPV 0.012 0.037 0.086 0.127 0.393 0.258с 0.145 0.577 
FR 0.280 0.534 0.041 0.696 0.018 0.367 0.458с 0.226 
TPV 0.120 0.402 0.045 0.484 0.336 0.702 0.678 0.368с 
N o t e. The abbreviations correspond to generally accepted cuttings for indicators [5]; с — diagonally are located 
the heritability coefficients h2 (below the diagonal, there are genetic correlations, above the diagonal, there are 
paratypic correlations). 

 

However, paratypical factors, such as the feeding station and the batch 
number of the control growing, had a minimal effect (0.0-7.1%) in all FCR 
variants. The exception was the age of putting for a test fattening-off: the high 
dependence of this factor seems to be related to the initial live weight of ani-
mals in groups at feeding stations. For FCR3 compared with FCR2 and FCR1, 
a significant impact of the male parent genotype was shown, which was higher 
in its contribution than the compared indicators by 10.9 percentage points (pp) 
and 3.7 pp, respectively. It is fair to say that the database being accumulated 
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will allow attracting seasonal fluctuations into an organized group of factors 
(the effect of the year, month and day of indicator monitoring). 

The additive genetic group determines 6.5-9.0% effects of the average dai-
ly gains for ADG (1 ... 3) and the body weight of fattening hogs, with R2 = 74.5 
to 84.2% (F = 2.46-4.49; p <0.01...0.001). 

The heritability of the feed conversion rate (FCR3) is low (h2 = 0.019), 
which, in our view, is due to the high proportion of daily (environmental) varia-
tion of the trait in the studied sample (Table 3). Moderate heritability coeffi-
cients were obtained, with FR 0.458, TPV 0.368, FPV 0.258, NVD 0.218. A low 
value was noted for TPD, such as 0.134. A high proportion of the genetic com-
ponent was found for the indicator of body weight (h2 = 0.744), which was gen-
erally typical for the traits of meat productivity in the special Duroc breed. 

The correlations between feed behavior, feed conversion and live 
weight varied in their directions and were moderate in magnitude. In pigs, the 
live weight was mostly predetermined by the DFI values (rg = 0.565) and FR 
(rg = 0.588). An inverse genetic relationship is found for TPV (rg = 0.516), 
that is, the choice of animals with a long stay at the feeding station per visit will 
not allow for effective selection by live weight. The choice based on FCR3 will be 
more effective with the following parameters of animal feeding behavior taken into 
account: a shorter daily stay at the feeding station (TPD, rg = 0.585), high feed 
intake per visit (FPV, rg = 0.274) and a high feeding rate (FR, rg = 0.368), a 
lower number of the feeding station visits per day (NVD, rg = 0.368). In this re- 

gard, the development of 
a selection index, which 
takes into account a set of 
two factors, such as the 
feeding behavior and the 
feed conversion rate, is 
most preferable for the Du-
roc pig breeding program. 

An analysis of vari-
ations in the accounted 
indicators by 10-day cycles 
(Fig. 2) reveals a step-wise 
growth pattern: respective-
ly, from 851±51 g for 
ADG2 and 2.19±0.13 kg/kg 
for FCR2 at the beginning 

of fattening-off (days 1 to 10) up to 1,072±41 g and 3.31±0.18 kg/kg at the end 
of the test (> day 61). The trend in the feed conversion rate (the fifth degree 
polynomial) was in a form of a sinusoidal curve, the change patterns of which 
was described with an accuracy by period R2 = 66.3%. A similar distribution was 
obtained for the ADG2 parameter trend (the fifth degree polynomial), which was 
inversely (“mirror-like”) related to FCR2 (rp = 0.592). Consequently, high 
gains in live weight were provided with the best results if based on the feed con-
version rate. 

To smooth out the environmental effects (the feeding station and the batch 
number of the tested hogs), we obtained the least squares (LSM) estimates. The re-
sults (Fig. 3) are described using a third-order polynomial (according to the model 
equation, the forecast accuracy is R2 = 73.5%). From the date of putting to the fat-
tening-off and up to 100 days, a smooth increase in the feed conversion was ob-
served due to the high rates of growth and development of animals. Further, during 
Days 100 to 140, the feed conversion value was stabilized and a so-called plateau 

Fig. 2. Dependence of feed conversion rates (FCR2, 1) and aver-
age daily weight gains (ADG2, 2) in a population of Duroc pigs 
(Sus scrofa) by control ten-days of growing (SGC, LLC selection 
and genetic center, Verkhnyaya Khava, Voronezh region, July 2017 
to March 2018). 
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was formed with a minimum variation (2.52-2.54 kg/kg). From the age of 140 days, 
there was a sharp increase in the trend curve, indicating a decrease in the efficiency 
of fattening-off of the pigs due to the fat deposition. The growth tempo and relative 
gains slowed down, indicating the completion of the physiological and biological 
growth phase in animals. 

 Individual differences 
in the feed use efficiency and 
feeding behavior caused by 
genetic factors allow identifi-
cation of valuable molecular 
biomarkers for predicting 
these traits, as well as their 
use in pig breeding [8, 9, 21]. 
In addition, observations re-
lated to feeding behavior can 
be used as a tool in automat-
ed monitoring systems to 
assess the health of animals 
and better detect diseases, in 
order to control management 
[8, 22, 23]. Our findings can 
be applied in the develop-

ment of genomic selection programs, which are currently associated with genetic 
advances in livestock breeding [24, 25]. 

Therefore, in fattening pigs at automatic feeding stations, the impact of 
genetic factors determined 15.4% of the total variability by the feed conversion 
rate indicator, FCR3, while for the parameters of feeding behavior, the additive 
variation was 28.2% (the total time spent at the feeding station per day, TPD) 
and 30.8% (the number of daily feeding station visits, NVD). The analysis of 
genetic correlations between traits demonstrates the promise of using the param-
eters of feeding behavior to increase the reliability of the feed conversion rate 
estimate. The pattern of changes in the feed conversion rate due to the age of 
animals tends to increase, despite the degree of fluctuations in average daily 
gains by fattening period. The use of a daily variation in the feed conversion rate 
(FCR3) along with the conventional indicator estimate (FCR1) will allow to 
more effectively choice of terminal hogs through engaging some selection pa-
rameters such as feeding behavior. 
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A b s t r a c t  
 

Development of programs for marker-assisted selection has to be based on genetic poly-
morphisms, whose effect on the production traits and breeding values of animals is reliable and sig-
nificant. Prospects for the use of genomic selection in pigs are associated with the development of 
low-density (LD) DNA arrays, which include the SNPs (single nucleotide polymorphisms) selected 
by the results of genome-wide association studies (GWAS) with HD-panels. Genes of insulin-like 
growth factor 2 (IGF2), cholecystokinin receptor A (CCKAR) and melanocortin 4 receptor (MC4R) 
are of interest for inclusion in LD-panels. Numerous studies have shown a significant effect of these 
genes on feed conversion rate, growth rate, meat content, and fat deposition. The aim of this work 
was to evaluate the effect of complex genotypes for IGF2, CCKAR and MC4R on growth and carcass 
traits of the Landrace and Large White pigs raced in Russia. In total, 1262 animals, including Large 
White (n = 667) and Landrace pigs (n = 595) were studied. Pig phenotypes were determined for 
muscle depth (MD, mm), adjusted age at 100 kg (AGE100, day) and back fat thickness (BF, back 
fat) at three points: BF1 (at ribs 6-7, mm), BF2 (at rib 10, mm), BF3 (at 14 rib, mm). DNA was 
extracted from tissue samples (ear pluck) using a DNA-Extran-2 Kit (Sintol, Russia). Polymor-
phism of IGF2 was determined by real-time PCR. Causative SNPs in CCKAR and MC4R genes 
were defined by multiplex PCR with FLASH detection. The allele frequencies of DNA-markers 
were pA = 27.2 % and pA = 86.3 % for IGF2, pA = 0.6 % and pA = 21.1 % for CCKAR, pA = 54.1 % 
and 60.0 % for MC4R in Landrace and Large White pigs, respectively. The heritability coefficients 
(h2) were 0.204-0.242 for BF1, BF2, and BF3, 0.309 for MD, and 0.366 for AGE100. We developed 
an equation model for the pig's breeding traits and found the significant effects of fixed factors in the 
model (breed, sex, year of birth), including specific genotypes for the analyzed genes on the pheno-
typic variations (for IGF2 and MC4R on BF1, BF2 and BF3, P > 0.95), and estimated breeding 
values (EBV) for growth and carcass traits (for each of the three markers the ratio of additive genetic 
variation ranged from 0.5 to 7.6 %, P > 0.95-0.999). We identified the economically desired alleles 
for IGF2 (allele A) and MC4R (allele A) genes. Animals which carried the homozygous genotypes 
for the desired alleles (AA for both of IGF2 and MC4R genes) were characterized by the signifi-
cantly better scores for analyzed traits, estimated by least squares method, comparing to the indi-
viduals which were homozygous for the alternative allele G. The additive compensating effect of 
genotypes’ combinations for IGF2 and MC4R on the pig growth traits was established. The ani-
mals with the highest number of the A alleles for IGF2 and MC4R had preferable characteristics 
for the back fat thickness comparing to animals with GG genotypes (for both DNA markers). The 
differences between groups of animals carrying in their genotypes from four to single copy of the 
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A alleles comparing to animals which do not have A alleles (GG genotypes for both markers) var-
ied from 7.9 to 21.0 % for BF1, from 8.5 to 21.4 % for BF2, from 9.9 to 22.6 % for BF3, and 
from 2.8 to 3.2 % for MD. In this regard, the IGF2 and MC4R genotypes can be used in breeding 
programs of Large White and Landrace pigs raced in Russia to select the pigs with desired growth 
and carcass characteristics. 
 

Keywords: pigs, Large White breed, Landrace, IGF2, CCKAR, MC4R genes, polymor-
phisms, estimated breeding value (EBV), growth and carcass traits 

 

The genomic selection is thought of as a promising strategy of genetic im-
provement of livestock, including pigs [1-3]. The integration of genome methods 
in pig breeding became possible due to the development of commercial SNP-
arrays (single nucleotide polymorphisms) for highly productive genotyping with 
density varying from 10.2 thousand to more than 650 thousand SNPs [4]. If in 
livestock breeding the genomic selection programs are implemented on the basis of 
using SNP-arrays of medium density (MD) and high density (HD) [2, 5, 6], in 
pig breeding the application of MD- and HD-arrays is economically unjustified. 
The implementation of genomic selection of pigs is associated with the develop-
ment of low density DNA-matrixes with inclusion of SNPs in them selected by 
the results of GWAS (genome-wide association studies) analysis using MD- and 
HD-arrays [7-10]. In order to increase the information content of LD-arrays, 
they additionally include SNPs localized in "primary" genes associated with QTL. 
Presently, more than ten genes are known that have a noticeable effect on eco-
nomic traits of pigs [11]. Their inclusion in LD-arrays will facilitate the im-
proved forecast accuracy of estimated breeding values (EBV). In order to select 
economically significant SNPs, their impact on economic traits in populations 
should first be evaluated, which implements the programs of marker and ge-
nomic selection. The insulin-like growth factor 2 (IGF2) genes, Cholecystokinin 
A receptor (CCKAR) and Melanocortin 4 receptor (MC4R) act as potential 
DNA markers for inclusion in LD-arrays.  

The IGF2 gene is localized to the distal end of SSC2 pig chromosome 
[12]. G3072A has been identified, which has a significant impact on the rate of 
growth, muscle gain and fat deposition of these animals [13-15]. Subsequently, 
the effect of this mutation was confirmed in numerous studies conducted in var-
ious pig populations of both foreign (16, 17) and domestic selection [18, 19]. 
The advantage of using IGF2 as a DNA marker is attributable to its paternal na-
ture, i.e. the effect of paternal genotype for IGF2 manifests itself in progeny re-
gardless of maternal genotype [13]. Another advantage of IGF2 is related to the 
positive impact of potentially "desirable" allele A on reproductive qualities from 
the point from view of feeding qualities [18].  

CCKAR is one of the principal receptors participating in hunger regula-
tion [20, 21]. The CCKAR gene of pigs is mapped on SSC8 chromosome [22]. 
An economically significant SNP A179G (exon 1) [23] associated with the grow-
ing power and feed conversion rate of pigs is known: the animals with at least G 
allele are on average characterized by at least a 3% higher daily body weight gains 
and at least 5 % higher cost of feed per 1 kg of weight gain [23, 24]. 

MC4R is involved in regulation of hypothalamic-pituitary-adrenal axis 
(HPA) via vasopressin and corticotropic neurons [25]. Due to MC4R expression 
in the brain region regulating appetite its connection with feed consumption and 
energy balance can safely be presumed. The MC4R locus is mapped on SSC1 
chromosome in the q22-27 region [26]. A G→A mutation is known, which re-
sults in Asp298Asn ammo-acid replacement, which establishes a connection to the 
increase of fatness, body weight gain and increased feed consumption [26]. The 
population-genetic studies showed significant differences in MC4R (pA = 0.24-
1.00) allele frequencies both among and inside varying pig breeds [27-29]. A 
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connection has been identified between allocations of MC4R alleles with the 
selection strategies deployed. For instance, lines of Large White pigs selected 
for high fleshing and low feed conversion rate, the MC4R A allele frequency 
was pA = 0.52 against pA = 1.00 in the line selected for low fleshing and high 
feed conversion rate [30]. The available data about the effect of MC4R poly-
morphism on productive indicators are not universal. However, a marked im-
pact of this gene on daily live weight gain of purebred pigs [28-30] and cross-
bred pigs [31-33], feed consumption [27], as well as muscle weight gain and 
carcass fat content [33-35] has been identified. A significant effect of MC4R 
polymorphism has been identified, which is manifested with regard to feed 
consumption which, in turn, influenced back fat and growth rate (variations of 
5-8%) [27]. The impact of this mutation on the aforementioned characters was 
noted in almost all analyzed commercial lines. The maximum mean differences 
for combined genotypes constituted 2 mm for back fat, 70 g/day for average dai-
ly live weight gain and 2 % for meat content. K. Salajpal at al. [36] determined 
the impact of MC4R genotype on back fat (GG < AA) and percentage content of 
meat in the carcass (GG > AA, p < 0.05) in marketable pigs.  

The inclusion of several DNA markers in selection programs requires 
evaluation of their combined effect on manifestation of economic traits and es-
tablishing quantitative relations with the estimated breeding values (EBV).  

In this study, for the first time we analyzed the associations of polymor-
phisms of several genes involved in regulating a number of metabolic and phys-
iological processes with carcass and growth traits of pigs bred in Russia, and 
identified a reliable connection between certain IGF2, CCKAR and MC4R geno-
types with variability of these attributes. 

Our goal was to study the combined effect of IGF2, CCKAR and MC4R 
genotypes on carcass and growth traits of Large White and Landrace pigs. 

Techniques. In 2017-2018, 1262 pigs (Sus scrofa) were selected to form a 
test sample which included Large White pigs (n = 667) and Landrace pigs (n = 
595) of Russian selection (Selection and Hybrid Center LLC, Voronezh region). 
The pig phenotypes were identified using muscle depth (MD), mm, age of 
100 kg live weight (AGE100, days) and back fat (BF) in three points: BF1 (in the 
area of 6-7 rib, mm), BF2 (in the area of 10 rib, mm) and BF3 (in the area of 
14 rib, mm). 

The DNA was separated from boar tissue samples (ear notch) using a set 
of DNA-Extran-2 (Syntol R&D company, Russia) reagents. The DNA concen-
tration and quality were evaluated with a Qubit 2.0 desktop fluorimeter (Invitro-
gen/Life Technologies, USA) and NanoDrop 8000 spectrophotometer (Thermo 
Fisher Scientific, USA). IGF2gene polymorphism (G→A in position 16144, Ac-
cession No. AY242112) was determined via PCR method in real time using a 
QuantStudio 5 device (Thermo Fisher Scientific, USA). The single nucleotide 
polymorphisms in CCKAR gene (A→G in position +179, Accession No. 
DQ496228.1) and MC4R gene (G→A in position +1426, Accession No. 
NM_214173.1) were defined by multiplex PCR method with FLASH-detection 
(fluorescent amplification-based specific hybridization) at the end point using high 
performance genotyping system Fluidigm EP1 (Fluidigm Corporation, USA).  

The development of a model to evaluate the degree of impact of IGF2, 
CCKAR, MC4R animal genotypes for variability of test parameters included con-
sideration of a number of equations, which, apart from the studied genetic factors, 
contained the factors reflecting paratypic effects, possibly affecting the phenotypic 
manifestations of carcass and growth traits. Using the multivariate analysis of variance 
(MANOVA) model equations with a varying number of fixed factors were tested. 
The equation characterized with the lowest error variance value was selected for 
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further analysis, which was used to calculate mean appraisal values using the least 
squares method (LSM) via STATISTICA 10 (StatSoft, Inc., USA) software: 

y = µ + Bi + Sexj + Yeark + Gl + e, 
where y is the calculated indicators of carcass and growth traits (BF1, BF2, BF3, 
MD, AGE100); µ is mean population constant; Bi is "breed" factor (Landrace, 
Large White); Yeark is the year of birth of an animal (years 2009-2017); Gl is 
the effect of the genotype for each of IGF2, CCKAR and MC4R markers; e is a 
random error (unallocated variance). 

The estimated breeding values of livestock units when comparing with 
marker genotypes were calculated using a similar model using additive kinship 
matrix information according to the BLUP Animal Model (n = 1752, including 
1262 animals with genotypes of corresponding genes) method. The EBV calcula-
tions and analysis of variation components were conducted using BLUPF90 (37) 
program family. 

When studying the combined impact of genotype combination for two 
markers (IGF2/MC4R), all animals were divided into groups by desirable allele A 
frequency. Group 4A (100%) includes pigs with genotype AA/AA for IGF2 and 
MC4R; 3A pigs (75%) are with AA/AG, AG/AA; 2A pigs (50%) are with AA/GG, 
AG/AG, GG/AA; 1A pigs (25%) with AG/GG, GG/AG; 0A (0 %) means GG/GG. 

Fisher criterion was used to evaluate statistical significance of factors 
taken into account (F-criterion, the ratio between the considered factor vari-
ance and residual variance F = f

2/e
2) for the corresponding number of degrees 

of freedom (df). The accuracy of mean bias of traits for the compared genotype 
groups was determined using t-Student criterion for the corresponding number 
of degrees of freedom and levels of confidence factors P > 0.95, P > 0.99, 
P > 0.999. 

Results. The studied pig sample had relatively high mean values of car-
cass and growth traits (Table 1). The moderate nature of heritability for studied 
traits was identified (h2 = 0.204-0.366), which is in line with the results of works 
by other authors [38]. 

1. Characterization of carcass and growth traits in the analyzed sample of Large 
White and Landrace pigs (Sus scrofa) (Selection and Hybrid Center LLC, Vo-
ronezh region, 2017-2018) 

Traits M σ BF1 BF2 BF3 MD AGE100 
BF1 14.74 3.44 0.242с 0.931 0.926 0.400 0.070 
BF2 12.10 2.92 0.878 0.236с 0.969 0.165 0.008 
BF3 11.74 2.75 0.807 0.843 0.204с 0.216 0.136 
MD 56.36 6.06 0.327 0.325 0.351 0.309с 0.070 
AGE100 159.6 8.26 0.116 0.127 0.099 0.099 0.366с 
N o t e. BF1 — back fat thickness in the region of rib 6-7, mm; BF2 — back fat thickness in the region of rib 10, 
mm; BF3 — back fat thickness in the region of rib 14, mm; MD — muscle depth, mm; AGE100 — age of 
100 kg body weight, days; M — mean value of an indicator, σ — mean square deviation; с — diagonally located 
heritability coefficients h2 (under the diagonal line are the phenotypic correlations, above the diagonal line are genetic 
correlations). 

 

In the course of the analysis we identified high positive interrelations 
among phenotypic (r1 from +0.807 to +0.878) and genetic (r2 from +0.926 to 
+0.969) indicators of BF1-BF2, BF1-BF3, BF2-BF3 trait pairs, which is indica-
tive of uniformity of fat deposit (fatty tissue) of pigs by analyzed control points 
when they achieve body weight of 100 kg and is considered a positive trait of 
raised livestock population. At the same time, the values of back fat thickness 
indicated an average and low (for genetic properties of units) degree of connec-
tion with muscle depth and age of live weight gain of 100 kg, i.e., from the genetic 
point of view they turned out almost completely independent. That being said it 
seems feasible to conduct genetic evaluation of livestock population for each of the 
mentioned traits individually, and to include them in integrated evaluation of car-
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cass and fattening traits of pigs.  
 

 

The genotyping of IGF2, CCKAR and MC4R using high performance 
PCR-analysis methods allowed us clearly identify genotypes of DNA markers in 
question (Fig. 1). 

All DNA markers of analyzed pig breeds turned out polymorphous (Fig. 
2). The analysis shows lack of essential differences in frequencies of occurrence 
of MC4R genotypes and alleles between Large White and Landrace pig breeds 
(pA corresponds to 54.1 and 60.0%). At the same time, uneven distribution of 

 
Fig. 1. Genotyping  IGF2, CCKAR and MC4R DNA markers of Large White and Landrace pigs (Sus 
scrofa): А — genotyping IGF2 DNA marker using the allele-specific  real time PCR method 
(QuantStudio 5, Thermo Fisher Scientific, USA), B and C — genotyping CCKAR and MC4R DNA 
markers respectively using  FLASH-PCR (fluorescent amplification-based specific hybridization) 
technology with end point detection (Fluidigm EP1, Fluidigm Corporation, USA); а — G allele, 
b — A allele (Selection and Hybrid Center LLC, Voronezh region, 2017-2018). 
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genotypes and alleles of other DNA markers are identified, i.e. there are pA 
27.2 and 86.3% for IGF2, and pA 0.6 and 21.1% for CCKAR for Landrace and 
Large White pigs respectively.  

 

 
Fig. 2. Distribution of genotype frequencies (А) and alleles (B) of IGF2, CCKAR and MC4R DNA 
markers in Large White (a) and Landrace (b) pigs (Sus scrofa) (Selection and hybrid center LLC, 
Voronezh region, 2017-2018). 

 

2. The reliability values of model factor impact on variance of carcass and growth 
traits of Large White and Landrace pigs (Sus scrofa) based on multivariate 
analysis of variance without factor interaction (Selection and hybrid center LLC, 
Voronezh region, 2017-2018) 

Factor df 
F-criterion  

BF1 BF2 BF3 MD AGE100 
Breed 2 2.03 3.18* 2.20 0.02 6.01* 
Gender  1 12.10* 14.37* 16.87* 0.41 14.50* 
Year of birth  8 21.16* 26.85* 17.54* 40.35* 19.35* 
IGF2 genotype  2 12.06* 11.67* 13.83* 0.64 2.16 
CCKAR genotype 2 0.02 0.24 0.15 0.28 0.06 
MC4R genotype 2 21.27* 18.59* 15.66* 2.07 2.81 
N o t e. df — number of degrees of freedom; F-criterion — statistical Fisher distribution criterion; BF1 — back fat 
thickness in the region of rib 6-7, mm; BF2 — back fat thickness in the region of rib 10, mm; BF3 — back fat 
thickness in the region of rib 14, mm; MD — muscle depth, mm; AGE100 — age of 100 kg body weight, days.  
* Impact of the factor on variance of the indicator is statistically significant at P > 0.95. 

 

3. The contingency of estimated breeding values (EBV) for carcass and growth traits of 
Large White and Landrace pigs (Sus scrofa) depending on genotype for IGF2, CCK-
AR and MC4R genes (Selection and Hybrid Center LLC, Voronezh region, 2017-
2018) 

Marker Comparable  
genotype pair  

EBV 
BF1 BF2 BF3 MD AGE100 

IGF2 AA 0.086 0.005 0.024 0.519 +0.043 
AG +0.122 +0.137 +0.122 0.303 0.114 
GG +0.491 +0.450 +0.399 0.186 0.042 
F-criterion 33.0*** 31.3*** 33.6*** 3.2* 0.3 
R2, % 4.99 4.75 5.07 0.51 0.05 

CCKAR AA 0.245 0.010 0.038 2.276 +0.553 
AG 0.029 +0.059 +0.035 0.732 +0.155 
GG +0.172 +0.183 +0.157 0.247 0.090 
F- criterion 4.6** 2.5 3.0* 11.4*** 0.9 
R2, % 0.73 0.40 0.48 1.78 0.14 

MC4R AA 0.244 0.123 0.132 0.616 +0.327 
AG +0.191 +0.207 +0.178 0.345 0.120 
GG +0.599 +0.527 +0.480 +0.073 0.481 
F- criterion 49.0*** 46.4*** 51.6*** 8.5*** 5.6** 
R2, % 7.24 6.88 7.59 1.33 0.88 

N o t e. BF1 — back fat thickness in the region of rib 6-7, mm; BF2 — back fat thickness in the region of rib 10, 
mm; BF3 — back fat thickness in the region of rib 14, mm; MD — muscle depth, mm; AGE100 — age of 100 kg 
body weight, days. 
*, **, *** Impact of the factor on variance of the indicator is statistically significant at P > 0.95, P> 0.99 and P > 0.999.   
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In the course of the multivariate analysis of variance (MANOVA) it was 
observed that for the analyzed group of animals the following factors had signifi-
cant impact on the variance of productivity: (for BF2 and AGE100 traits P > 
0.95), gender and year of birth (for all traits P > 0.95, with the exception of 
MD), and IGF2 and MC4R market genotypes (for traits BF, P > 0.95) (Table 
2). A genotype of pigs regarding CCKAR marker had no reliable impact on man-
ifestation of productive traits in question.  

Of particular interest for the usage of DNA markers in the selection is 
the study of their impact on estimated breeding values of units (Table 3). De-
termining the criterion of significance (F-criterion) for "genotype for DNA 
marker" trait enabled identifying reliable impact of each of the genetic traits in 
question on the change of estimated breeding values for all five traits for MC4R, 
for four out of five traits for IGF2 (apart from AGE100) and for three traits for 
CCKAR (apart from BF2 and AGE100). The findings confirm the reliable breed-
ing value superiority (P > 0.95-0.999) of pigs with IGF2 AA genotype over those 
with AG and GG genotype in terms of back fat thickness. Furthermore, AA pigs 
stood out by decreased EBV values for MD and AGE100. Identical tendencies 
are identified for CCKAR and MC4R markers, for which desirable AA genotypes 
were defined for BF1, BF2 and BF3 genetic values and GG genotypes for MD 
and AGE100 traits. The highest value of interconnection linearity between the 
traits analyzed were observed for trait pairs "genotype for MC4R marker—back 
fat thickness in three points" (R2 = 6.88-7.59 %) (see Table 3). 

The identified regularities are confirmed upon comparison of the results 
received for both pig breeds (Table 4). Furthermore, for Large White pigs statisti-
cally significant variances have been determined between MC4R homozygous gen-
otype for AGE100 trait (P > 0.95-0.999), which is indirectly indicative of a rela-
tion between this trait and carcass trait (back fat thickness in three measurement 
points, BF1, BF2 and BF3). 

 

4. The weighted appraisal values for productive traits for IGF2, CCKAR and MC4R 
genotypes in pigs (Sus scrofa) of different breeds obtained by the least squares 
method (Selection and Hybrid Center LLC, Voronezh region,  2017-2018) 

DNA marker Genotype (n) 
LSM estimates for productive traits 

BF1 BF2 BF3 MD AGE100 
L a n d r a c e  

IGF2 AA (n = 42) 13.69±0.60a 10.63±0.48a 9.66±0.46a 55.18±0.99 160.12±1.40 
AG (n = 240) 14.46±0.38 11.67±0.30 10.62±0.29 53.74±0.62 159.84±0.88 
GG (n = 313) 15.22±0.39 12.34±0.31 11.20±0.30 53.12±0.65 161.19±0.91 

CCKAR AA (n = 0)      
AG (n = 7) 14.38±1.32 11.60±1.06 10.29±1.01 54.37±2.17 160.15±3.07 
GG (n = 588) 14.68±0.36 11.83±0.28 10.76±0.27 53.63±0.58 160.39±0.83 

MC4R AA (n = 165) 13.88±0.41b 11.11±0.32b 10.26±0.31b 53.39±0.68 160.44±0.97 
AG (n = 314) 14.82±0.37 11.97±0.29 10.80±0.28 53.62±0.62 160.36±0.87 
GG (n = 116) 15.84±0.45 12.82±0.36 11.63±0.35 54.19±0.76 160.42±1.07 

L a r g e  W h i t e  
IGF2 AA (n = 481) 13.68±0.38а 11.25±0.33а 10.69±0.32а 52.52±0.65 153.71±0.94 

AG (n = 165) 14.45±0.44 11.68±0.38 11.22±0.36 52.47±0.75 154.54±1.08 
GG (n = 7) 16.64±1.22 13.47±1.07 13.39±1.02 57.20±2.11 158.63±3.03 

CCKAR AA (n = 10) 13.83±1.05 11.54±0.91 10.87±0.88 51.35±1.80 154.58±2.58 
AG (n = 256) 13.85±0.41 11.27±0.36 10.77±0.35 52.45±0.71 153.82±1.02 
GG (n = 387) 13.86±0.39 11.39±0.34 10.85±0.32 52.62±0.67 153.96±0.96 

MC4R AA (n = 231) 13.12±0.42b 10.88±0.37b 10.37±0.35b 51.94±0.73 155.24±1.04b 
AG (n = 335) 13.81±0.39 11.30±0.34 10.78±0.33 52.65±0.68 153.96±0.98 
GG (n = 87) 14.73±0.46 11.97±0.40 11.39±0.39 52.99±0.80 152.43±1.14 

N o t e. BF1 — back fat thickness in the region of rib 6-7, mm; BF2 — back fat thickness in the region of rib 10, 
mm; BF3 — back fat thickness in the region of rib 14, mm; MD — muscle depth, mm; AGE100 — age of 
100 kg body weight, days. а The differences with the GG (IGF2) are statistically significant at P > 0.95-0.999. 
b The differences with the GG (MC4R) are statistically significant at P > 0.95-0.999. 

 

IGF2 and MC4R DNA markers can not only have a significant and simi-
lar impact on carcass and growth traits, but also be interconnected among each 
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other and have compensatory effect (the additive effect of genes). In order to 
test this hypothesis we analyzed evaluations of carcass and growth traits of ani-
mals depending on genotype combinations for two markers (IGF2/MC4R). The 
findings (Table 5) confirm the validity of the proposed hypothesis relative to the 
traits of fattening productivity of pigs (back fat thickness in three measurement 
points). Moreover, the pigs with the best traits are the ones with the highest fre-
quency of occurrence of desirable A alleles according to IGF2 and MC4R. The 
identified regularities confirm the availability of correlative interconnections of 
IGF2 and МС4R genotypes with carcass and growth traits, which can be used in 
practical selection. 

5. The weighted appraisal values for productive traits for genotype combinations for 
IGF2/MC4R DNA markers in large white and landrace pig groups (Sus scrofa) 
obtained by the least squares method (LSM) (Selection and Hybrid Center 
LLC, Voronezh region,  2017-2018) 

Group n  
LSM estimates for productive traits 

BF1 BF2 BF3 MD AGE100 
4А 195 12.96±0.41аbc 10.35±0.34аbc 9.61±0.33аbc 52.71±0.71 160.81±1.02 
3А 400 13.65±0.35аb 10.85±0.30аb 10.17±0.28аb 53.54±0.61 159.93±0.87 
2А 339 14.19±0.38аbeд 11.25±0.32аbe 10.60±0.31аbe 53.01±0.66 159.69±0.94 
1А 258 15.14±0.40аcde 12.05±0.34аcde 11.18±0.32аcde 52.96±0.70 160.21±0.99 
0А 64 16.43±0.53bcde 13.17±0.45bcde 12.41±0.43bcde 54.47±0.92 160.52±1.32 
N o t e. BF1 — back fat thickness in the region of rib 6-7, mm; BF2 — back fat thickness in the region of rib 10, 
mm; BF3 — back fat thickness in the region of rib 14, mm; MD — muscle depth, mm; AGE100 — age of 
100 kg body weight, days.. 
а The differences are statistically significant when comparing with the 0A group, P > 0.95-0.999. 
b The differences are statistically significant when comparing with the 1A group, P > 0.95-0.999.  
c The differences are statistically significant when comparing with the 2A group, P > 0.95-0.999.  
d The differences are statistically significant when comparing with the 3A group, P > 0.95-0.999.  
e The differences are statistically significant when comparing with the 4A group, P > 0.95-0.999. 

 

Therefore, proven impact of certain IGF2, CCKAR and MC4R genotypes 
on variability of carcass and growth traits of Large White and Landrace pigs has 
been determined. The presence of a desirable genotype for these genes can be 
used as a factor in marker selection of pigs based on back fat thickness traits (in 
three measurement points) and muscle depth for IGF2 (P > 0.95-0.999), and for 
back fat thickness traits (in three measurement points), muscle depth and age of 
live weight gain of 100 kg for MC4R (P > 0.99-0.999). Connectivity of CCKAR 
gene genotype with genetic estimates for BF1 (P > 0.99) and MD (P > 0.999) 
traits has been identified. Our findings identify the additive interconnection of 
genotypes for IGF2 and MC4R markers with fattening pig traits in question and 
prove superiority of pigs with the highest frequency of a desirable allele above 
those homozygous for an alternative genotype. 

To conclude, presence of a certain genotype for markers in question can 
conventionally characterize the genetic potential of a pig for its carcass and 
growth traits. When evaluating and allocating animals to primary selection 
groups it is expedient to take into consideration both the presence of desirable 
individual alleles for IGF2 and MC4R markers and combinations of genes dis-
playing proven correlated impact on variance of economically significant traits. 
When developing DNA biochips, the analyzed mutations associated with the 
quantitative traits of pig productivity, as reliably significant for breeding value of 
animal, should be taken into account in the array design. This will improve the 
efficiency of selection during pig breeding. 
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A b s t r a c t  
 

Cryopreservation of animal sperm is the most important way to preserve endangered breeds 
and species. This is of particular relevance in the horse breeding of Russia and Ukraine given the 
critical decrease in the livestock of pedigree animals to 1.3 million and up to 300 thousand heads, 
respectively. For example, in Ukraine only 3 out of 12 officially registered breeds have the minimum 
required number of breeding stallions and mares. Therefore, the increase in the characteristics of 
stallion sperm and the improvement of the ability to predict the effectiveness of cryopreservation are 
of great scientific and practical importance. This article presents the results of the studies on the 
associated dependence of erythrocyte antigens A, C, D and K of the blood groups of horses of 
Ukrainian selection. The associated relationship of the efficiency of cryopreservation of stallion 
sperm has been revealed depending on the antigenic characteristics of erythrocytes according to A, 
C, D, and K blood group systems. It has been shown that the obtaining of the average parameters of 
stallion spermatozoa motility and survival after cryopreservation of 2.5 points and 4 hours, respec-
tively, was accompanied by the presence of alleles of erythrocyte antigens bcm/cgm, bcm/de, bcm/dg, 
bcm/dk, cegm/cgm, cegm/d, cegm/dg, cegm/dk, cgm/cgm, cgm/d, cgm/dg, de/d, de/dk, dk/d, dk/de, 
dk/dk of the blood group D system. High semen characteristics after cryopreservation, i.e. the motili-
ty more than 4 points and survival spermatozoa more than 4 hours were obtained from the stallions 
with alleles of erythrocyte antigens bcm/d, cgm/de, dg/dk of the blood group D. The degree of the 
influence of erythrocyte antigens of the blood group D on the cryoresistance of the stallion semen is 
32.5 % (p < 0.001), on the motility of the thawed semen — 18.2 % (p < 0.01), and on the survival 
rate of the thawed spermatozoa — 25.2 % (p < 0.001). The absence of the blood group A antigens in 
the stallions was accompanied by a significant increase in the biological characteristics of the semen 
after cryopreservation. In the absence of erythrocyte antigens of the blood group A, the activity of 
the sperm in stallions was higher by 0.51 points (p < 0.05) as compared to the control, by 1.36 
points (p < 0.01) as compared to the carriers of а/, by 0.17 points as compared to the stallions with 
аd/. It has been shown that the presence of а/ of the blood group C contributed to a significant 
(p < 0.05) impairment of the activity (by 0.33 points), of the survival (by 0.78 hours) and of the semen 
durability (by 6.26 %) as compared to the stallions in which there were no alleles of this blood group 
system. If the antigens of the blood group K were not  inherited by stallions, the activity of the thawed 
sperm was 0.35 points higher (p < 0.05) than in the carriers of а/ of the K system, and by 0.40 points 
(p < 0.05) higher than in the control stallions in which the antigenic profile of erythrocytes was not 
determined. It has been found out that the degree of the influence of the alleles of the blood group K 
on the activity of spermatozoa after thawing was 1.4 % (p < 0.05), on the semen durability — 2.0 % 
(p < 0.05), on the absolute value of durability — 1.5 % (р < 0.05), on the spermatozoa preservation —  
1.2 % (р < 0.05). The generalized dispersion analysis of the obtained data has shown that the degree of 
the influence of the antigenic characteristics of erythrocytes on sperm cryoresistance in the stallions of 
Ukrainian selection was 38.7 % (p < 0.001) for blood group D, 1.7 % (p < 0.05) for blood group A, 
16.6 % (р < 0.01) for blood group С, and 12.9 % (р < 0.01) for blood group К. 

 

Keywords: erythrocyte antigens, alleles of systems of blood groups, cryopreservation of se-
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Cryopreservation of animal sperm is the most important way to preserve 
endangered breeds and species. This is of particular relevance in the horse breed-
ing of Russia and Ukraine given the critical decrease in the livestock of pedigree 
animals to 1.3 million and up to 300 thousand heads, respectively [1-3]. For ex-
ample, in Ukraine only 3 out of 12 officially registered breeds have the mini-
mum required number of breeding stallions and mares [4]. Therefore, the in-
crease in the characteristics of stallion sperm and the improvement of the ability 
to predict the effectiveness of cryopreservation are of great scientific and practi-
cal importance. 

The modern physiology focuses more on the impact of microorganisms 
on the primary characteristics of semen after cryopreservation, which is ex-
plained by the subsequent application of the preserved semen doses in the sys-
tem of artificial insemination of horses [5-7]. Many other factors are analyzed, 
which can affect the main spermogram parameters of stallions: endocrine pro-
file, breed, age, time of year, overall physiological condition, mycotoxins, overall 
chromosomal instability, etc. [8-12]. Work is underway to evaluate the efficiency 
of cryopreservation of epididymal semen of stallions [1].  

At the same time, the associated link between the erythrocyte antigens 
with ejaculate parameters after cryopreservation is almost not studied at all [13-
15] in spite of the fact that their association with fertile potential of horses was 
proven as far back as in 1940-s [16-18]; only a few researches point out the ne-
cessity of such work [19-22]. Whereas 20 blood group systems of humans have 
been officially recognized today out of 35 existing groups [23], horses have only 
9 such systems, where four are of particular practical value, А, С, D,  and К, 
the associated link of which with spermogram parameters after cryopreservation 
has not been analyzed. The ability to improve mare fertilization rate during mat-
ing is displayed based on impact of immunogenetic markers; however, the asso-
ciation of these markers with stallion spermogram parameters have not been stud-
ied [24]. The only research of biological properties of stallion native semen prop-
erties in combination with the antigenic erythrocyte profile showed that these 
properties are associated, but their association with the cryopreservation perfor-
mance was not taken into consideration [4].  

We have compared the antigenic properties of А, С, D and К erythro-
cytes of horse blood group systems with the primary semen properties after cryo-
preservation for the first time and have proven that high mobility and survival 
rate of sperm cells after cryopreservation is observed in specimen with a certain set 
of D system erythrocyte antigens, and absence of A blood group system antigens is 
accompanied with a certain increase of biological properties of semen after cryo-
preservation.  

The goal of the presented research was to identify the association links be-
tween erythrocyte antigens of А, С, D and К stallion blood group systems and 
properties of their semen after cryopreservation. 

Techniques. The research was performed on 1676 fresh ejaculates, of 
which 1413 displayed cryogenic resistance. The semen was received from 69 stal-
lions of 9 stud farm breeds (Ukrainian Saddle Horse, the Thoroughbred, the 
Trakehner, the Hanoverian, the Belgian, the Westphalian, the Arabian horse, the 
Orlov Trotter and Russian Trotter) of stud farms, pedigree breeding units, horse 
sports club of Kharkiv, Poltava, Zaporizhia, Luhansk, Kyiv, Zhitomir and 
Dnipropetrovsk region (Ukraine) during 10 years, starting with 2005. The ejacu-
lates were selected onto sterile artificial vagina with a sterile semen receiving unit 
after sanitary treatment of stallions, and Kharkiv technology was used for selec-
tion and cryopreservation of semen [4, 9]. The activity of sperm cells in the de-
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frosted semen was determined in points (1 point = 10% of sperm cells with rec-
tilinear translation) visually in Jenaval light microscope (Carl Zeiss, Germany) 
with lens magnification of ½10-20, sperm cell survival rate (in hours) in the 
thermostat at 37 С, the absolute survival rate indicator (in conventional units), 
preservation of sperm cells as percentage of the initial values in the native sea-
men using generally accepted methods [25]. The defrosted semen parameters 
were analyzed individually for alleles from blood group systems (D, А, С and К). 
The immunogenetic genotyping by erythrocyte antigens of stallion blood group 
systems was conducted in the direct agglutination immunoassay by application of 
standard monospecific serum reagents verified by international standard reagents 
and manufactured in the genetics laboratory of the Animal Breeding Institute of 
the National Academy of Agrarian Sciences of Ukraine (Aa, Ad, Ca, Da, Db, Dc, 
Dd, De, Dg, Dk, Ka) using generally accepted methodologies [13]. When de-
termining stallion genotypes by blood groups in each system both alleles were 
identified, which were inherited from parents. The genotypes were marked delin-
eated by a line: the allele before the line is inherited from a father, the allele 
after the line is inherited from the mother. 

The statistical processing was performed using generally accepted meth-
ods of variation statistics, the statistical significance of differences was evaluated 
according to Student t-criterion [26]. The tables show mean (M) and mean devi-
ations (±SEM). The dispersion analysis was performed using a specialized applica-
tion program package SPSS for Windows (nonparametric statistics) (IBM, USA). 

Results. The test data regarding identification of associative links between 
erythrocyte antigens of D blood group system with semen properties after cryo-
preservation are shown in Table 1. 

1. The association of alleles of erythrocyte antigens of D (EA D) blood group system 
with stallion semen properties after cryopreservation  (М±SEM, п = 1413) 

EA D 
Number of 
samples 

Activity of sperm 
cells, points 

Survival rate of sperm cells Preservation of 
sperm cells, % at 37 °С, h absolute, con.unit 

L o w  s e m e n  q u a l i t y  
аd/bcm 17 2.12±0.23 2.12±0.23 4.62±0.66 42.94±4.57 
ad/cgm 12 2.37±0.26 2.79±0.32 5.79±0.67 47.22±5.42 
ad/d 16 1.93±0.29 1.93±0.29 4.50±0.71 38.54±5.91 
ad/de 36 2.06±0.23 2.01±0.21 5.26±0.68 37.68±4.11 
ad/dk 14 1.39±0.27 1.50±0.31 3.32±0.71 27.65±5.42 
cgm/ceg 15 1.53±0.33 1.63±0.35 3.53±0.81 28.32±5.72 
cgm/dk 45 2.51±0.09 2.84±0.12 7.57±0.47 47.52±1.90 
de/cgm 8 2.10±0.29 2.25±0.34 5.1±0.79 40.90±6.10 
dg/cgm 14 2.11±0.29 2.46±0.35 5.11±0.75 42.90±5.45 
dg/di 16 1.47±0.31 1.50±0.32 3.63±0.85 26.14±5.10 

M e d i u m  s e m e n  q u a l i t y  
bcm/cgm 103 3.60±0.19** 3.00±0.15** 9.91±0.61** 50.13±2.47* 
bcm/de 91 3.53±0.17** 3.11±0.14** 9.59±0.48** 52.57±2.17* 
bcm/dg 65 3.38±0.13** 3.43±0.19** 10.40±0.68*** 52.84±1.43* 
bcm/dk 115 3.59±0.11** 3.70±0.11** 11.80±0.46*** 54.30±1.36* 
cegm/cgm 27 3.24±0.11** 3.68±0.16** 9.87±0.43** 54.63±1.27** 
cegm/d 20 3.25±0.11** 3.55±0.13** 10.70±0.47*** 52.60±0.84* 
cegm/dg 27 3.18±0.12** 3.67±0.15** 9.67±0.45** 55.50±1.54** 
cegm/dk 37 3.33±0.17** 3.54±0.25** 10.90±0.91*** 57.31±2.46** 
cgm/cgm 72 2.92±0.11* 3.37±0.15** 8.10±0.38** 51.87±1.79* 
cgm/d 29 3.93±0.47** 2.17±0.19* 8.27±0.99** 49.80±5.70* 
cgm/dg 58 2.98±0.17* 3.24±0.20* 9.49±0.73** 48.18±2.57* 
de/d 27 3.80±0.48*** 2.02±0.21* 7.59±0.95* 47.20±6.05 
de/dk 88 3.18±0.13** 3.47±0.15** 10.24±0.55*** 51.90±1.70* 
dk/d 67 3.37±0.11** 3.60±0.14** 10.61±0.49*** 53.30±1.54** 
dk/de 25 3.34±0.12** 3.44±0.16** 11.36±0.73*** 58.27±1.77** 
dk/dk 30 3.74±0.17*** 3.15±0.15** 12.35±0.91*** 59.23±2.08** 

H i g h  s e m e n  q u a l i t y  
bcm/d 27 4.33±0.11*** 5.03±0.12*** 14.94±2.67*** 67.12±0.87*** 
cgm/de 48 4.67±0.18*** 5.19±0.21*** 16.45±0.75*** 61.90±2.29*** 
dg/dk 19 4.34±0.33*** 4.71±0.36*** 15.90±1.32*** 56.34±4.30** 
*, **, *** Differences with low quality semen are statistically significant respectively at р < 0.05; р < 0.01 and р < 0.001. 
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Based on the obtained data (see Table 1) it is apparent that erythrocyte 
antigen alleles аd/bcm, ad/cgm, ad/d, ad/de, ad/dk, cgm/ceg, cgm/dk, de/cgm, 
dg/cgm, dg/di of D blood group system in surveyed horses was accompanied by 
manifestation of low semen quality after cryopreservation (sperm cell mobility 
after defrosting below 2.5 points and low survival rate below 2.5 h). The average 
physiological characteristics of semen (mobility of sperm cells from 2.5 points and 
survival rate below 4 h) were noted when stallions of Ukrainian selection had al-
leles of erythrocyte antigens bcm/cgm, bcm/de, bcm/dg, bcm/dk, cegm/cgm, 
cegm/d, cegm/dg, cegm/dk, cgm/cgm, cgm/d, cgm/dg, de/d, de/dk, dk/d, dk/de, 
dk/dk of D blood group system. High performance of cryopreservation semen 
(mobility above 4 points and survival rate of 4 h) was observed in stallions with 
erythrocyte antigen alleles bcm/d, cgm/de, dg/dk of D blood group system. 

It has been determined that the degree of impact of erythrocyte antigens 
of D blood group system on cryogenic resistance of semen was 32.5 % (р < 
0.001), 18.2 % for mobility of defrosted sperm cells (р < 0.01), 25.2% (р < 0.001) 
for their survival rate, 24.5 % (р < 0.01) for absolute survival rate of defrosted 
semen and 12.2 % (р < 0.05) for preservation of defrosted semen.  

2. The association of alleles of erythrocyte antigens of A (EA D) blood group system 
with stallion semen properties after cryopreservation  (М±SEM, п = 1413) 

EA А 
Number of 
samples 

Activity of sperm 
cells, points 

Survival rate of sperm cells Preservation of 
sperm cells, % at 37 °С, h absolute, con.unit 

T e s t  g r o u p  
/ 101 3.42±0.11* 3.45±0.11** 10.88±0.49* 54.97±1.38* 
а/ 8 2.06±0.29* 2.25±0.34 5.06±0.78** 40.88±6.09 
аd/ 1059 3.25±0.05 3.26±0.05* 9.72±0.17* 50.92±0.60 

C o n t r o l  g r o u p  
Not determined 245 2.91±0.09 2.71±0.08 8.09±0.31 46.21±1.27 
*, **, *** Differences with the control group are statistically significant respectively at р < 0.05; р < 0.01 and р < 0.001. 

 

The analysis of primary characteristics of cryopreserved semen of 
Ukrainian selection horses in comparison with alleles of A blood group system 
(Table 2) allows us to arrive at a conclusion that biological quality of this semen 
reliably increased when stallions did not have erythrocyte antigens of this system. 
For instance, the activity of sperm cells was 0.51 points higher (р < 0.05) than 
in the control group, 1.36 points (р < 0.01) higher as compared with the activity 
of carriers of а/-allel and 0.17 points higher compared with producers with аd/-
allels. The survival rate of defrosted semen turned out highest for stallions with 
no А system antigens, i.e. 0.74 h higher than in the control group (р < 0.05), 
1.2 h higher (р < 0.001) as compared to the carriers with а/-allel and 0.19 h 
higher for carriers of аd-allel. The inheritance by stallions of а/ erythrocyte an-
tigen of А blood group system was accompanied with the worst preservation rate 
of sperm cells (below 41 %). 

The degree of impact of erythrocyte antigens of A blood group system on 
cryogenic resistance constituted 3.4 % (р < 0.05), 1.2% (р < 0.05) on the mo-
bility of sperm cells after defrosting, 2.4 % (Р < 0.05) on survival rate of defrost-
ed sperm cells, 2.1% (р < 0.05) on absolute parameter of survival rate of defrost-
ed semen and 1.4 % (р < 0.05) on preservation rate of defrosted semen. 

The results of analysis of key physiological characteristics of stallion se-
men depending on presence of erythrocyte antigens of C blood group system 
(Table 3) are indicative of the fact that presence of а/ accompanied with cer-
tain (р < 0.05) decline of activity (by 0.33 points), survival rate (by 0.78 h), abso-
lute survival rate parameter (by 1.84 conventional units), preservation rate of 
sperm cells (by 6.26 %) as compared with similar parameters of stallions with no 
erythrocyte antigens of this blood group system. 

It has been determined that the degree of impact of erythrocyte antigens 
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of C blood group system on activity of sperm cells of stallions of Ukrainian se-
lection was 1.4 % (р < 0.05), 5.6 % (р < 0.05) on semen survival rate, 3.1 % 
(р < 0.05) on absolute survival rate parameter and 2.4 % (р < 0.05) on preserva-
tion of sperm cells. 

3. The association of alleles of erythrocyte antigens of C (EA D) blood group system 
with stallion semen properties after cryopreservation (М±SEM, п = 1413) 

EA С 
Number of 
samples 

Activity of sperm 
cells, points 

Survival rate of sperm cells Preservation of 
sperm cells, % at 37 °С, h absolute, con.unit 

T e s t  g r o u p  
/ 940 3.32±0.05* 3.42±0.05* 10.15±0.17* 52.42±0.57* 
а/ 227 2.99±0.12 2.64±0.11 8.31±0.40 46.16±1.61 

C o n t r o l  g r o u p  
Not determined 245 2.91±0.09 2.71±0.08 8.09±0.31 46.21±1.27 
*, **, *** Differences with the control group are statistically significant respectively at р < 0.05; р < 0.01 and р < 0.001. 

 

For stallions without K blood group system antigens, the activity of de-
frosted semen was 0.35 points higher (р < 0.05) than of К system antigen 
а/allel carriers, and 0.40 points (р < 0.05) higher than of the control horses 
whose antigen erythrocyte profile was not determined. The degree of impact of 
K blood group system erythrocyte antigens on the activity of sperm cells after 
defrosting was 1.4 % (р < 0,05), 2.0 % (р < 0.05) on semen survival rate, 1.5 % 
(р < 0.05) on absolute survival rate parameter and 1.2 % (р < 0.05) on preserva-
tion of sperm cells.  

The summarizing dispersion analysis of the obtained data showed that 
the degree of impact of antigen characteristics of erythrocytes on cryogenic re-
sistance of semen of stallions of Ukrainian selection constitutes 38.7 % (р < 
0.001) for D blood group system, 1.7 % (р < 0.05) for A blood group system, 
16.6% (р < 0.01) for C blood group system and 12.9 % (р < 0.01) for K blood 
group system. 

Therefore, the horses of Ukrainian selection were for the first time sur-
veyed for association link between erythrocyte antigens of А, С, D and К sys-
tems with key properties of semen after cryopreservation. It has been observed 
that presence of erythrocyte antigen alleles аd/bcm, ad/cgm, ad/d, ad/de, ad/dk, 
cgm/ceg, cgm/dk, de/cgm, dg/cgm, dg/di of D blood group system in the analyzed 
animals was accompanied with low mobility of sperm cells  (below 2.5 points) 
and low survival rate (below 2.5 h). The cryopreserved semen of mean quality 
(mobility from 2.5 points and survival rate up to 4 h) was received from stallions 
with erythrocyte antigen alleles bcm/cgm, bcm/de, bcm/dg, bcm/dk, cegm/cgm, 
cegm/d, cegm/dg, cegm/dk, cgm/cgm, cgm/d, cgm/dg, de/d, de/dk, dk/d, dk/de, 
dk/dk of D blood group system. The high semen characteristics after cryopreser-
vation (mobility of sperm cells above 4 points and survival rate above 4 h) were 
observed in stallions with erythrocyte antigen genotype for of D blood group sys-
tem bcm/d, cgm/de, dg/dk. The percentage of impact of antigen characteristics of 
D blood group system on cryogenic resistance of sperm cells of stallions was 
32.5% (р < 0.001), 18.2 % (р < 0.01) on mobility, 25.2 % (р < 0.001) on survival 
rate of defrosted semen, 24.5% (Р < 0.01) on absolute survival rate parameter and 
12.2% (р < 0.05) on preservation rate of defrosted semen. In absence of K blood 
group system antigens, the activity of defrosted semen was 0.35 points higher 
(р < 0.05) than activity of а/allel carriers of K system, and 0.40 points higher 
(р < 0.05) than activity of control group producers, whose antigen erythrocyte 
profile was not determined. The presence of а/allel (C blood group system) was 
accompanied with certain (р < 0.05) reduction of activity (by 0.33 points), sur-
vival rate (by 0.78 h), absolute survival rate parameter (by 1.84 conventional 
units), sperm cell preservation (by 6.26 %) as compared to stallion parameters 
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without erythrocyte antigen of this blood group system. The absence of A blood 
group system antigens resulted in certain increase of biological properties of se-
men after cryopreservation. 
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A b s t r a c t  
 

The role of sex steroid hormones, their physiological functions in the bull sires, and mech-
anism of action are not still completely elucidated. This paper is the first report of a large-scale sur-
vey that we carried out among bull sires under the ecological conditions of Ural region to estimate 
production of endogenous hormones estradiol and testosterone, and their precursor cholesterol, as 
depending on the bull age, origin (Denmark, Netherlands, Russia, the USA, France, and Germany), 
the milk performance of their maternal ancestors, and the titers of anti-sperm antibodies. The rela-
tionship between the endogenous hormones and the studied parameters is ascertained, and it is found 
that the synthesis of steroid sex hormones is sustainable even at low level of blood cholesterol. Our 
objective was to assay concentration of blood hormones and the titers of anti-sperm antibodies in 56 
bull sires including 49 Black-and-White Holsteins and 7 Black-and-White animals of different origin 
aged from 24 to 91 months which are exploited in the Ural Regional Information and Breeding Center 
(UralPlemCenter, Sverdlovsk Province, 2016-2017). The blood serum hormones were measured by 
ELISA with testosterone Immuna-FA-TC and Immuna-FA-Estradiol kits (Immunotech, Russia). The 
ratios of testosterone to estradiol were calculated. The cholesterol level was assayed with a ChemWell 
2902 automated analyzer (Awareness Technology, Inc., USA). The autoantibody titers were detected in 
the sperm immobilization test with blood auto serum of the bull sires and guinea pig serum comple-
ment. The obtained results were processed depending on the country of origin, the bull age, and the 
retrospective data on milk productivity of the bulls’ mothers (M), the mothers’ mothers (MM), and the 
fathers’ mothers (FM). The highest (30.7 nmol/l) and the lowest (13.4 nmol/l and 10.7 nmol/l) con-
centrations of testosterone had the Danish, Holland and French bull sires, respectively. It is found 
that the testosterone level was rising to five-year age and eventually reached 26.9 nmol/l vs. 9.6 
nmol/l in two-year old animals. The blood concentrations of testosterone and estradiol inversely corre-
lated. The testosterone to estradiol ratio significantly varied (P < 0.001). The lowest testosterone con-
centration (15.4 nmol/l) was in hyperestrogenization, and the indicator value reached 25.1 nmol/l in 
the animals with low estrogens. The testosterone to estradiol ratio (T/E) increased with the age, from 
0.4 at 28 months of age up to 19.3 at 50 months, by a statistically significant value (P < 0.001). No 
significant relationship was revealed between the endogenous hormone concentrations in the bulls 
and the milk performance of their maternal ancestors, except some effect of the father’s mothers 
with milk yield of 12000 to 16000 kg. An increase in the sperm autoantibody titer was accompanied 
by the decreases in the serum testosterone and estradiol levels by 37.9 % and 4.6 %, respectively. The 
cholesterol level increased by 13.7 %. Changes between the groups were within the normative range. 
Therefore, the concentration of the endogenous hormones (testosterone and estradiol) depends on 
the sire age and origin. The test for anti-sperm antibodies during clinical andrological examination is 
diagnostically important to indirectly characterize the hormonal status of sires.  
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The chemical composition of endogenous testosterone and androsterone 
hormones is similar to ovarian hormones estrogen and progesterone [1]. The 
bodies of males produce both androgenic hormones and estrogenic hormones 
[2]. The androgenic hormones ensure gender differentiation and determine the 
function of male reproductive organs (ovaries, testicles and prostate) [3]. The 
synthesis of steroid hormones and spermatogenesis in testicles is controlled by 
gonadotropic hormones and testosterone [4]. In turn, spermatogenesis is con-
trolled by peptide hormones and steroid hormones: the follicle-stimulating hor-
mone (FSH), luteinizing hormone (LH), testosterone and estradiol [5]. About 2-
3% of androgens are biologically active and circulate freely, the rest remain in 
blood plasma and form a complex with testosterone-estradiol-binding globulin 
(TEBG) [6, 7]. Hyperestrogenism and hyperthyrosis result in decline of the free 
testosterone function and increase of testosterone-estradiol-binding globulin con-
tent [8]. The reduced testosterone levels in blood plasma with increased levels of 
luteinizing hormone and follicle-stimulating hormone can result in primary and 
secondary testicular failure [9, 10] and changes mobility of sperm cells in ejacu-
late. The involvement of testosterone in activation of mitosis protein synthesis, 
formation of androgen-dependant enzymes, structural changes of chromatin in 
sperm cells, amplification of DNA and RNA synthesis [4, 11] has been proven. 
Testosterone affects libido, endurance, improves muscle capacity and oxygen ca-
pacity of blood [12].  

Male estrogens are represented by estrone, estriol and 17β-estradiol; 20% 
of endogenous estrogens are synthesized directly in testicles, 80% are synthesized 
in peripheral tissues on account of aromatization with predominant formation of 
17β-estradiol [13, 14]. The largest amount of estradiol in blood plasma is associat-
ed with testosterone-estradiol-binding globulin and albumins [7], where biologi-
cally active fraction constitutes 1-2%. The main purpose of functions of male 
estrogens is to enable the mechanism of negative feedback via gonadotropins (lu-
teinizing hormones and follicle-stimulating hormones) and to regulate testos-
terone synthesis in testicles [13, 14]. In most cases, the increased levels of estra-
diol are caused by various functional disorders of estradiol metabolism. The es-
trogen receptors ( and  are coded with ESR1 and ESR2 genes) are 44 % ho-
mological and contain domains characteristic for intracellular receptors. The es-
trogen receptors of -type are located in adenohypophysis, testicles, liver, kid-
neys, bones and brain, the receptors of -types are located in bones, cartilages, 
gastrointestinal tract, thyroid gland, prostate, skin and bladder, and estrogen ef-
fect manifests itself via them [15]. The luteinizing hormone causes proliferation 
of seminiferous tubules and stimulates the initial stages of spermatogenesis [16], 
and progestin is crucial for meiosis initiation [17]. The impact of estrogens on 
spermatogenesis via hypothalamus is known [8]. The impact of estradiol on be-
havior, qualitative and quantitative characteristics of semen of bull sires [18] has 
been identified. The maximum amount of ejaculate was registered at minimal 
levels of estradiol, and the lower were the levels on the day of semen extraction, 
the better were the results of cow insemination [19].  

In males, the volumes of testosterone and estradiol, as well as balance of 
their free fractions strictly correlate. The balance of sex hormones is upset in 
case of overweight: the content of estrogens increases [20] resulting in reduced 
sperm concentration [21]. Fat tissue increases [23] in case of physiological ac-
tivity increase of aromatase enzyme [14, 22] converting testosterone into estro-
gen (estradiol) during normal ageing of males. In case of insufficient body weight 
the quality of semen also deteriorates [24].  

It has been determined that for Holstein cattle the levels of testosterone 
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in blood plasma positively correlate with the quantity of sperm cells carrying Y-
chromosome [25]. In Simmental bulls a positive correlation between semen con-
centration in ejaculate and testosterone levels has been observed, and negative 
correlation has been observed between semen рН and blood plasma testosterone 
depending on season [26, 27]. It has been mentioned that for bulls at the age of 
2-4 months to 2 years the levels of blood plasma testosterone are statistically 
significantly different, and for older animals this parameter tends to increase 
[28]. We have shown the dependency of endogenous testosterone levels in the 
blood of bull sires on age and season [29]. It is presumed that seasonal fluctua-
tions of testosterone are related with seasonal factors (pesticides, exogenous es-
trogenic hormones, physical and other phenomena) that affect the survivability 
of sperm cells detrimentally by producing structural and genetic changes and 
damaging chromatin integrity [30].  

Modern industrial countries tend to accumulate synthetic endocrine-
active compounds in their biosphere (with ultimate estrogen and/or antiandro-
genic activity) such as ecological estrogens (xenoestrogens) and antiandrogens 
capable of affecting the reproductive function, nervous, immune and endocrine 
systems of animals and humans [15, 31-33].  

Similar to glucocorticoids, testosterone causes immunodepressive effect 
[34, 35]. There is a connection between endogenous hormone levels (thyroxine, 
estradiol, and testosterone) and presence of spermatic autoantibodies in blood 
plasma of bull sires [36]. In the context of autoimmune response development 
the new data about sex steroid levels in blood (androgens, gestagens, and estro-
gens) and spermatogenesis will help better understand the physiological and 
pathophysiological function of so-called female sex hormones in a male body, 
whose mechanism is still unclear.  

In the course of a wide-scale survey of bull sires first performed by us in 
the environmental conditions of the Sverdlovsk region (the region with dominating 
ferrous metal industry, nonferrous metal industry and ore dressing plants) we iden-
tified a correlation between the titres of spermatic autoantibodies with estradiol 
and testosterone levels in blood plasma, and correlation between the levels of es-
tradiol, testosterone and cholesterol in blood, as well as age and origins of ani-
mals (Denmark, the Netherlands, Russia, USA, France, Germany) and milk 
productivity of their maternal ancestors. It has been observed that sex steroid hor-
mones were synthesized in bulls even with low cholesterol levels in blood.  

Our goal was to conduct qualitative evaluation of endogenous serum 
hormones and antibodies regarding the antibodies and spermatic antigens in 
bulls depending on age, origins and productivity of maternal ancestors. 

Techbiques. The sampling included 56 bull sires of different origins at the 
age of 2-9 years (49 black-and-white Holstein animals, 7 black-and-white ani-
mals) (OJSC Uralplemcentre, Sverdlovsk region, 2016-2017). Animal breeding 
and maintenance conditions complied with the national technological require-
ments for freezing and use of semen of bull sires.  

The blood was taken from jugular vein (December of 2016). After sepa-
ration of blood plasma from formed elements the levels of endogenous hormones 
were identified using the enzyme-linked immunosorbent assay method twice us-
ing laboratory reagents (CJSC Immunotech, Russia): for testosterone Immuna-
FA-TC, for estradiol Immuna-FA-estradiol. The testosterone and estradiol ratio 
was calculated. The cholesterol levels were evaluated using an automatic analyzer 
Chem Well 2902 (Awareness Technology, Inc., USA).  

The ratio of autoantibody titres and own sperm cells was evaluated in a 
sperm immobilization test [36]. 

The obtained results were compared by taking into consideration the 



746 

country of origin and age of producers (24-91 months), as well as data about 
milk productivity of maternal ancestors, i.e. the mothers of bulls (М), mothers 
of mothers (ММ) and mothers of fathers (MF).  

Microsoft Excel was used for statistical processing of data. The tables 
display mean (M) and errors in mean (±SEM) values. The statistical significance 
of differences was evaluated according to Student t- criterion with statistical signif-
icance at р < 0.05, р < 0.01, р < 0.001.  

Results. The highest and lowest testosterone levels (30.7 and 13.4 nmol/l) 
at sampling size n > 6 were registered for producers of the Danish and Dutch se-
lection respectively (table 1). Testosterone levels directly depended on age because 
by the time of the survey the age of producers of Danish selection was 3.3 years, 
whereas bulls imported from the Netherlands were only 2 years of age. The low-
est estradiol levels were characteristic for American selection bulls (3383.3 
pmol/l), whereas for other animals this parameter was in the range of 4052-
4956 pmol/l. The bulls of different origin did not differ significantly in terms of 
cholesterol content. 

1. The levels of endogenous hormones and cholesterol in blood plasma of bull sires 
of different origins (М±m, OJSC Uralplemcenter, Sverdlovsk region, 2016-2017) 

Origin n Breed 
Testosterone, 
nmol/l  

Estradiol, 
pmol/l 

Cholesterol, 
mol/l 

T/E, units 

Denmark 11 H 30.7±7.7* 4052.0±477.6 3.2±0.4 4.0±1.3 
the Netherlands 11 H 13.4±5.2 4786.4±341.7 3.1±0.3 2.8±1.0 
Russia  13 H 15.7±4.4 4254.3±510.1 3.5±0.1 4.4±1.4 
Russia  7 BW 27.4±10.1 4593.4±324.2 3.2±0.6 6.9±2.8 
USA 6 H 21.9±8.0 3383.3±822.7 2.9±0.2 5.4±1.7 
France 3 H 10.7±6.4 4166.9±1031.8 2.8±0.4 4.3±3.4 
Germany  4 H 15.7±6.6 4956.5±444.0 4.1±0.3 2.2±1.4 

(France+ Germany) (3 + 4) H 13.5±4.4 4618.1±483.5 3.6±0.3 3.6±1.6 
Total 55      

N o t e. H — black-and-white Holstein breed, BW— black-and-white breed. Т/E — quantitative testosterone to 
estradiol ratio.  
* Differences with a group of bulls from Russia (n = 13) are statistically significant at р < 0.05. 

 

2. The levels of endogenous hormones and cholesterol in blood plasma of bull sires 
of black-and-white Holstein breed and black-and-white breed depending on age 
(М±m, OJSC Uralplemcenter, Sverdlovsk region, 2016-2017) 

Age group, 
months 

n  Testosterone, nmol/l Estradiol, pmol/l Cholesterol, mol/l T/E, units 

До 24 13 9.6±2.9 5044.2±147.1 3.0±0.3 1.7±0.5 
25-36 13 19.7±5.8 4559.5±321.6 3.4±0.3 4.8±1.6 
37-60 23 26.9±4.7* 3955.4±384.2** 3.6±0.1* 5.4±1.1* 
61 и старше 7 16.0±7.5 3426.5±549.2* 2.6±0.4* 5.7±2.4 
N o t e. Т/E — quantitative testosterone to estradiol ratio. 
*, ** Differences with a group below 24 months are statistically significant at р < 0.05 and р < 0.01, respectively. 

 

The analyzed bulls were divided into four age groups: below 2 years of 
age, 2-3 years of age, 4-5 years of age and above 5 years of age. The most nu-
merous group (n = 23) was the group of animals from 3 to 5 years of age. The 
breeding farms primarily use producers of this age. Testosterone levels in bulls 
was dynamically increasing until the age of 5 (table 2). Below 2 years of age this 
parameter was 9.6 nmol/l, by 25-36 months it increased, at the age of 37-60 
months it reached its maximum level (26.9 nmol/l). After the age of 7-8 years it 
was declining (down to 16.0 nmol/l), most probably due to commencement of 
physiological aging. Alternatively, the levels of estradiol below the age of 2 years 
were the highest, and in animals older than 5 years of age this parameter declined 
by 32 %. The levels of cholesterol in all groups corresponded to the lower limit of 
normal, and after the age of 5 it did not reach the normal level. The animal origin 
feeds served as source of cholesterol, and, consequently, a corresponding adjust-
ment of the ratios of bull sires is required: cholesterol is the precursor of more 
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than 40 hormones and its deficit can result in a lack of sex steroids. 
The bull sires at the age below 24 months and at the age of 37-60 

months displayed reliably (р < 0.01) differing levels of testosterone and estra-
diol in blood plasma. These parameters were statistically significant (р < 0.05) for 
young (below 2 years of age) bull sires and bull sires at the beginning of physiolog-
ical aging (above 5 years of age). In terms of cholesterol levels, the 37-60 month 
group, 61 month group and older (р < 0.05) groups differed reliably, and in terms 
of testosterone and estradiol levels (р < 0.01) the groups below 24 months and 
groups of 37-60 months of age differed reliably. 

We conditionally divided the animals by their testosterone levels into 
three groups: with low (below 10.0 nmol/l), average (10.1-30.0 nmol/l) and high 
(30.0 and above nmol/l) levels of this hormone. The testosterone levels reversely 
depended on the levels of estradiol in blood plasma. Depending on testosterone 
levels, the testosterone and estradiol ratio increased by a statistically reliable val-
ue (р < 0.001). The levels of cholesterol in all groups remained completely iden-
tical and within limits of normal (Table 3). 

3. The levels of estradiol and cholesterol in blood plasma of bulls sires of black-and-
white Holstein breed and black-and-white breed depending on testosterone levels 
(М±m, OJSC Uralplemcenter, Sverdlovsk region, 2016-2017) 

Groups by testosterone 
levels, nmol/l 

n  Testosterone, nmol/l Estradiol, pmol/l Cholesterol, mol/l T/E, units 

Below 10.0  28 4.8±0.5 4688.1±207.5 3.0±0.3 1.1±0.1 
10.1-30.00 15 22.2±1.5* 3837.7±470.5 3.2±0.3 6.9±0.9* 
30 and above 13 50.6±5.5* 3998.1±435.4 3.3±0.3 18.9±4.9* 
N o t e. Т/E — quantitative testosterone to estradiol ratio. 
* Differences with a group with testosterone levels below 10.0 nmol/l are statistically significant p < 0.001. 

 

The bull sires were divided into four groups by estradiol levels in blood 
plasma: from 3000 pmol/l with a difference of 1000 pmol/l (Table 4). The testos-
terone levels changed in reverse proportion in groups with estradiol levels from 
3001 to 5,001 pmol/l and higher (the difference from the group with estradiol lev-
els below 3000 pmol/l are statistically significant at р < 0.001). No significant dif-
ference was observed in cholesterol level dynamics. 

4. The levels of testosterone and cholesterol in blood plasma of bulls sires of black-
and-white Holstein breed and black-and-white breed depending on estradiol  lev-
els (М±m, OJSC Uralplemcenter, Sverdlovsk region, 2016-2017) 

Groups by estradiol 
levels, pmol/l 

n  Estradiol  
(actual), pmol/l 

Estradiol, pmol/l Cholesterol, mol/l T/E, units 

Below 3000 8 1887.3±293.0 25.1±10.0 2.8±0.4 18.8±8.8 
3001-4000 9 3588.6±104.7* 30.8±7.3 3.3±0.4 8.8±2.4 
4001-5000 11 4495.4±72.8* 16.9±6.6 3.7±0.3 2.8±1.0 
5001 and above 28 5401.2±45.8* 15.4±2.9 3.3±0.2 3.3±0.7 
N o t e. Т/E — quantitative testosterone to estradiol ratio. 
* Differences with a group with estradiol levels below 3000 pmol/l are statistically significant at р < 0.001. 

 

5. The levels of endogenous hormones and cholesterol in blood plasma of bull of black-
and-white Holstein breed and black-and-white breed depending on testosterone to 
estradiol  levels (М±m, OJSC Uralplemcenter, Sverdlovsk region, 2016-2017) 

Groups by T/E 
ratio, units  

n  
Т/E (actual), 
units Testosterone, nmol/l Estradiol, pmol/l Cholesterol, mol/l 

Below 1.0 10 0.4±0.1 2.3±0.4 4604.3±492.0 3.3±0.4 
1.1-5.0 24 2.1±0.3* 9.2±1.4* 4673.3±247.0 3.1±0.2 
5.1-10.0 9 6.3±0.3* 25.7±2.1* 4299.7±449.9 3.6±0.1 
10.1 and above 13 19.3±4.9* 43.3±6.8* 3069.8±493.7 3.1±0.4 
N o t e. Т/E — quantitative testosterone to estradiol ratio. 
* р < 0.001 as compared to the group with Т/E ratio below 1.0 units. 

 

In order to identify the impact of testosterone and estradiol ratio and as-
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sociation of this parameter with the levels of hormones analyzed, bull sires were 
divided into groups with a variance of 5 Т/E units (Table 5). Among T/E groups 
the actual value of this ratio differed by a statistically significant value (р < 
0.001). As Т/E ratio increased, so did testosterone levels in blood plasma. The 
levels of cholesterol did not depend on T/E and remained at the levels of 3.1-3.6 
mol/l. Furthermore, the T/E ratio increased depending on age. For instance, at 
the age of 28 months the actual T/E ratio constituted 0.4 units, and at the age of 
50 months and more the ratio was 19.3 units. 

Knowing that cholesterol acts as precursor of sex hormones in the bodies 
of bull sires, we analyzed the connection between testosterone and estradiol levels 
and cholesterol levels (Table 6). In 41 animals cholesterol levels remained within 
limits of normal and on the average was 3.8 mmol/l, in 14 bull sires this pa-
rameter was lower than normal (2.5 mol/l) with average age in both groups of 36 
months. The levels of testosterone and estradiol were within physiological range. 
Apparently, the synthesis of sex hormones is prioritized and is enabled even with 
low cholesterol levels.  

6. The levels of endogenous hormones in blood plasma of bull of black-and-white 
Holstein breed and black-and-white breed depending on cholesterol levels (М±m, 
OJSC Uralplemcenter, Sverdlovsk region, 2016-2017 

Groups by cholesterol 
levels, mol/l 

n  
Cholesterol 
(actual), mol/l Testosterone, nmol/l Estradiol, pmol/l T/E, units 

Normal 41 3,8±0,1 22,6±3,2 4382,3±220,6 5,3±0,8 
Below normal 14 2,5±0,2* 25,2±9,5 4025,3±463,4 2,7±1,1 
Above normal  1 5,6 2,6 4780,3 0,5 
N o t e. Т/E — quantitative testosterone to estradiol ratio. 
* Differences with the parameters in a group with normal cholesterol levels are statistically significant at р < 0.05. 
In a group with reliable reduction of cholesterol levels below normal the T/E difference with the group that had 
normal cholesterol levels was close to significant. 

 

7. The levels of endogenous hormones and cholesterol in blood plasma of bull of
black-and-white Holstein breed and black-and-white breed depending on milk 
productivity of maternal ancestors (М±m, OJSC Uralplemcenter, Sverdlovsk re-
gion, 2016-2017) 

Groups by 
productivity, kg 

n  Testosterone, nmol/l Estradiol, pmol/l Cholesterol, mol/l T/E, units 

P r o d u c t i v i t y  o f  m o t h e r s  (М) 
Below 12000 21 20.8±5.1 4687.2±204.0 3.6±0.2 4.6±1.2 
12001-14000 22 18.9±4.2 4108.9±325.2 3.4±0.1 3.4±2.8 
14001-16000 13 23.9±5.3 4537.1±381.2 3.5±0.1 8.7±3.9 

P r o d u c t i v i t y  o f  f a t h e r s ’  m o t h e r s  (МF) 
Below 12000 6 9.5±2.8 4405.4±480.1 3.2±0.3 2.3±0.8 
12001-14000 27 24.8±4.0** 4580.3±230.1 3.4±0.2 7.4±2.0** 
14001-16000 16 22.1±5.7* 4096.6±349.9 3.4±0.2 7.2±3.8 
16001 and above 5 28.3±11.1 4423.5±890.9 3.7±0.2 8.1±2.9 

P r o d u c t i v i t y  o f  m o t h e r s ’  m o t h e r s  (ММ) 
Below 12000 23 17.8±4.1 4338.6±256.1 3.6±0.1 5.1±1.2 
12001-14000 11 27.4±8.1 4114.7±454.1 3.5±0.2 10.3±5.4 
14001-16000 5 24.8±2.8 4417.2±551.3 2.7±0.3 6.0±2.8 
16001 and above 8 18.2±5.8 4720.7±406.9 3.8±0.2 4.2±1.5 
N o t e. Т/E — quantitative testosterone to estradiol ratio. М, ММ and МF — milk productivity of mothers of 
bull sires, mothers of mothers and mothers of fathers, respectively. 
*, ** Differences with the group in terms of productivity of mothers of fathers 12000 kg are statistically significant 
at р < 0.05 and р < 0.001, respectively.  

 

The milk productivity of maternal ancestors can affect sex hormone lev-
els of bull sires; therefore, we analyzed the dependency of hormone levels on 
productivity of bull sire maternal ancestors (М), mothers of mothers (ММ) and 
mothers of fathers (MF). The milk productivity М and ММ did not have a sig-
nificant impact on endogenous hormones of bill sires, whereas MF reliably af-
fected (p < 0.05 and p < 0.01) this parameter. No significant differences were 
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identified in terms of estradiol and cholesterol levels (Table 7).  
A sufficient amount of information has been accumulated about mutual 

regulation of endocrine and immune systems, because it is known that testos-
terone suppresses the immune response (34, 35). Keeping this in mind, we have 
studied the dependency between endogenous hormone levels and autoimmune 
response of bill sires to own sperm cells (Table 8). As sperm immobilization test 
titers increased, testosterone levels in blood plasma declined by 37.9%, estradi-
ol levels in blood plasma declined by 4.6%, and Т/E ratio declined by 48.9%. 
At the same time, we registered increase of cholesterol levels by 13.7%, which, 
however, remained within normal ranges. We have obtained similar results in 
previous studies where we identified the connection between the immune system 
function with endogenous hormones [36].  

8. The levels of endogenous hormones and cholesterol in blood plasma of bull of 
black-and-white Holstein breed and black-and-white breed depending on autoim-
munity titre in sperm immobilization tests (М±m, OJSC Uralplemcenter, Sverd-
lovsk region, 2016-2017) 

Titer in sperm immobilization tests  
Testosterone, 
nmol/l 

Estradiol, 
pmol/l 

Cholesterol, 
mol/l 

T/E, 
units 

Age, 
months 

Total for sampling (n = 34) 17,5±3,1 4452,2±212,3 3,5±0,1 5,217±1,6 35,1±3,1 
Including:      

in a group with the titer 0-1:2 (n = 23) 20,0±3,8 4528,9±242,6 3,270±0,2 6,338±2,3 38,1±4,1 
in a group with the titer 1:4-1:8 2 (n = 11) 12,4±4,9 4319,1±438,1 3,718±0,2 3,236±1,1 28,0±4,6 

N o t e. Т/E — quantitative testosterone to estradiol ratio. 
 

The results obtained in this study correlate with our previous data and 
medical studies of other authors. For instance, autoimmune orchitis is character-
ized with increased levels of autoantibodies compared with the steroid-producing 
testicular cells, reliable reduction of total and free testosterone in blood and dis-
ruption of spermatogenesis, which manifests itself in significant reduction of 
sperm cell levels and percentage of progressively mobile and morphologically 
normal forms of sperm cells in ejaculate [37]. 

We have analyzed the levels of female estradiol hormone in blood plas-
ma of bulls in the conditions of the Sverdlovsk region and its connection with 
the other parameters. In similar works [38, 39] producers were examined at the 
age of 16-35 months. We believe that the data received at the age below 3 years 
are insufficient for valid conclusions because during this period the physiological 
development is not complete. Therefore, we compared the analyzed parameters 
in all age groups of bull sires, from 12 to 91 months old (from young to adult 
and senior). As the immune method we used a specific sperm immobilization 
test, whereas in the aforementioned publications the authors evaluated the levels 
of globulin and neutrophil phagocytic activity.  

To summarize, testosterone levels in blood plasma of surveyed bull sires 
depended on origins and age (р < 0.05), and estradiol and cholesterol levels de-
pended on age (р < 0.05). The qualitative testosterone and estradiol ratio (Т/E) 
increases proportional to age by a reliable value. 25% animals displayed choles-
terol levels (2.5 mol/l) at the lower limit of normal; however, testosterone and 
estradiol levels did not differ significantly from those in groups with normal cho-
lesterol levels, which can be indicative of priority of synthesis of sex steroid 
hormones. The impact of milk productivity of mothers of fathers on testosterone 
synthesis and Т/E (р < 0.05, р < 0.01) value has been observed. It has been es-
tablished that upon increase of titres of spermatic autoantibodies the synthesis of 
endogenous steroid hormones is reduced: testosterone levels dropped by 37.9 %, 
estradiol levels dropped by 4.6 % and Т/E value dropped by 48.9%. These data 
validate the necessity of monitoring spermatic autoantibodies, which can act as 
indirect markers of endogenous hormones levels in blood plasma in bull sires. 
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A b s t r a c t  
 

The main problem restricting the wide use of reproductive biotechnology in animal hus-
bandry is insufficiently developed methods for selection of donor cows for embryo transfer. The ob-
jective reason is the variability of the ovarian response to gonadotropins injections. Until now, there 
is no reliable information about possibility of forecasting the embryo productivity of donor cows 
before gonadotropin stimulation, which affects substantively the economic feasibility of embryo 
transfer as a method of accelerated cattle reproduction. We have applied the post-pressing analysis of 
ovaries echograms for forecasting the embryo productivity of donor cows on the basis of comparisons 
of quantitative and qualitative indicators of ovaries after induced superovulation and its’ echographic 
characteristics. We carried out morphofunctional study of ovaries in donor cows (n = 30) on day 10 
of estrous cycle, before artificial insemination (estrus) and on day 7 of the inducted estrous cycle, 
immediately before the extraction of embryos using data on post-pressing ovarian morphometry. 
Animals were divided into three groups (I, II и III, n = 10 for each group) with yellow body length 
of 2.5 cm, 1.5-2.5 cm and 1.5 cm, respectively. Echographic visualization of the ovaries was per-
formed using endorectal ultrasonography. Polyovulatory response of ovaries was induced with FSH-
super (Russia) injected eight times, with 12 h interval, at decreasing doses. The embryos were recov-
ered on day 7 after artificial insemination. Optimal criteria for predicting the polyovulatory response 
of ovaries and the quantity of embryos were determined on the basis of the ovarian morphometry. 
Statistically significant differences with the control were assessed by the Student’s t-test. It was found 
that the average areas of the ovaries on the echograms were 7.9±0.94, 5.7±0.78 and 3.5±0.06 cm2 
for group I, group II and group III, respectively. The area of the yellow body in group I averaged 
4.5±1.21 cm2, was 2.08 cm2 higher (P  0.05) than in group II, and exceeded the corresponding 
parameter in group III by 3.43 cm2 (P  0.05). A comparative evaluation of the ratio of the yellow body 
areas to the ovaries area of each animal and on average along the groups showed that in group I with 
the ratio of 57.1±3.01 % the number of yellow bodies was 11.6±1.26 and the average yield of the 
embryos was 9.3±1.23 per animal. In group II with the ratio of the areas of yellow bodies and ova-
ries of 42.1±2.9 % the number of yellow bodies before embryos recovery was 5.7±1.24, and 4.6±1.01 
embryos were recovered per procedure. The lowest embryo recovery (less than one embryo per pro-
cedure) was observed in group III with the relative area of yellow bodies of 30.2±2.56 % and the 
average number of the yellow bodies of 1.8±0.18. Comparison of the size of the yellow bodies before 
the induction of polyovulation and data characterizing the efficiency of induction of superovulation 
and recovery of embryos showed that in animals with a ratio of the areas of the yellow body and 
ovary more than 50 %, high response can be obtained resulting in 11.6±1.26 yellow bodies and 
9.3±1.23 embryos per extraction. 
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Increase of cattle livestock severely curtailed by extremely low frequency 
of tweens and long pregnancy. Though the female generative potential in cattle 
is enormous, i.e. hundreds of thousands of ova, with only a small portion used 
before the end of the economic use of the animal [1]. 

Embryo transfer biotechnology of accelerated reproduction opens huge 
opportunities in the realization of reproductive and biological potential of the an-
imals with the given phenotypic and genotypic characteristics and for its subse-
quent reproduction in the least valuable recipient herds [2-6]. Despite the advanc-
es in technology, the search is relevant for methods to select donors and recipi-
ents, to induce superovulation with a higher output of embryos, to decrease the 
process efforts, and to lower animal stress [7-9]. 

Embryo transfer technology includes many stages [10]. The first requires 
the selection of donor cows [11] for the subsequent induction of the polyovulatory 
response of ovaries [12, 13]. The focus at this point is usually put on the breeding 
value and the gynaecological health of the animal, but not to the prediction of 
individual ovarian response  on the gonadotropins injected. At the same time, the 
donor embryos selection is critical for the effectiveness of the following stages and 
economic expediency of the transfer procedure in general [14].  

Variability of cows’ ovaries response to exogenous gonadotropins leads to 
exclusion of approximately 30% of the treated animals from the donor group 
because of lack of the polyovulatory response to gonadotropins [15]. It is the 
high variability that makes the polyovulatory response unpredictable [16, 17] and 
serves as the main limitation of the practical application of the embryo transfer 
technology. Currently, no reliable information is still present on the possibility of 
predicting embryo productivity in donor cows prior to the introduction of gon-
adotropins that significantly affects the cost-effectiveness of such an expedited 
reproduction of the cattle.  

Analysis of reported dataindicates that the effectiveness of the response 
of the ovaries of embryo donor cows to the exogenous gonadotropin is influ-
enced by many factors [18]. The major are the breed and physiological state of 
the animals [19, 20], especially metabolic [21] and hormonal status [22-25], ge-
netic predisposition [26-30], ecological and climatic conditions [31, 32]. Given 
the multiplicity of reasons, the ovaries are the most convenient object to predict 
embryo productivity of a cow [33-35].  

Ultrasonograhy (US) is considered as a promising method to evaluate 
the ovarian morphofunctional state for embryo transfer [36]. The examination is 
easy to reproduce in a production environment, it is minimally invasive, and 
allows one to get the information, complete and objective enough, in real time. 

We were the first to use the postpressing morphometry of the ovarian 
structures for prediction of superovulatory response prior to the introduction of 
gonadotropins and therefore provided a fast method of selection of cows for em-
bryos recovery. The method testing showed its perspectivity for the cows’ em-
bryo productivity estimation. 

The aim of the study was to compare the ovarian US study data, embryo 
productivity, and embryo recovery to develop ways to assess the expected super-
ovulatory reaction and identify the promising donors of embryos.  

Techniques. A study is made on the cows from breed Kazakh white-
headed (LLC Plemzavod Dimitrovskij, Ileksky region, Orenburg Province). As 
donors, clinically healthy animals were selected (n = 30) with no signs of meta-
bolic disorders (obesity, dystrophy, etc.) with data on the origin of at least three 
rows of ancestors, with a strong constitution and the exterior score no less than 8 
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points, body weighing not below the standard of the breed, aged 3-6 calvings, 
with certainty of origin (by blood groups), with the first manifestations of estrus 
within 50 days after calving, easy calving and uncomplicated postpartum period, 
insemination index of 1.2-1.5, and normal condition of the uterus and ovaries 
(according to rectogenital US as a real-time visualization, and to the endorectal 
palpation of reproductive organs). All cows have been screened for infectious 
diseases (brucellosis, tuberculosis, viral respiratory infections, leukemia, tricho-
moniasis, including foot and mouth disease, etc.). According to the results, the 
animals were divided into three groups (n = 10 each) depending on the length 
of the yellow body (I, II and III, respectively from 2.5; 1.5-2.5; and less than 
1.5 cm). 

Morphofunctional evaluation of ovaries of the cows was conducted with 
the follow-up (considering also the postpressing ovaries morphometry) on day 10 
of the sexual cycle prior to the introduction of follicular stimulators, prior to 
insemination if multiple mature dominant follicles were present, and at day 7 of 
the induced sexual cycle with the polyovulatory response of ovaries and the pres-
ence of multiple yellow bodies on the surface of the ovaries (directly before re-
moving the embryos). 

For endorektal sonogaphic ovarian visualization, the Tringa Linear (ESA 
OTES p. a., Italy) and Kaixin KX5200 (Xuzhou Kaixin Electronic Instrument 
Co., Ltd, China) ultrasound scanners were used with linear sensors (frequency 
7.5 MHz); the black and white US images of reproductive organs were recorded. 
When postpressing morphometry, the US images were treated using the ImageJ 
graphical editor (National Institute of Health, USA). The length, width, and size 
of ovaries and yellow bodies as parameters of functional activity were determined. 
The values were calculated taking into account the length of the straight line, pol-
yline, irregular circumference line, the area of geometric figure, and the angle of 
projection of the two sections. The projections of the structures at the US image 
were displayed schematically. Ovarian and yellow body areas were determined by 
the formula for the ellipsoid: S = πRr, where R and r are, respectively, the major 
and minor semiaxis. 

The sexual cycle of cows was induced by Estrofan (Bioveta, Czech Repub-
lic), a prostaglandin F2a drug, 2 ml per animal (one intramuscular injection), poly-
ovulation — by the FSH-super (Russia) injected eight times with 12 hours intervals 
(morning-evening) in decreasing doses (50 AE, 3; 3; 2.5; 2.5; 2; 2; 1.5; 1.5 ml per 
animal). 

For artificial insemination the fresh semen of outstanding bulls was used, 
tested for offspring quality and recognized as grades based on such factors as ease 
of calving and milk yield. Semen was consistent with RF Standard GOST 26030-
2015 (main indices: the percentage of sperm with straight-forward movement is 
not less than 40%, their number in a single dose is 15 mln; the amount of doses 
for artificial insemination is not less than 0.2 cm3; the viability of sperm at 38 C 
is no less than 5 hours). Selection of sires and donor cows was in accordance with 
the plan of breeding work at the farm. 

Embryos were harvested using the extrusion method (liquid injection in 
an isolated part of the uterine horn with a syringe connected to a 2-channel 
catheter previously entered in the uterus horn) on day 7 after insemination. 
Flexible cleaning catheters Neustadt/Aisch Rusch SN18 were used with four 
ports (Minitube, Germany). Fluid filtration and collection of embryos, the filters 
for cattle Em Guard (Minitube, Germany) were used.  

To define the morphological condition of the embryos, they were exam-
ined under a Biolam microscope (JSC LOMO, Russia, ½ 60-100 magnification). 
The following was considered: the compliance with stages of development, the 
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shape of the zone pellucida and its integrity, the uniformity of crushing blasto-
meres, and the general condition of the cytoplasm.  

When aggregating results, the medium (M) and their standard errors (± 
SEM) were calculated. The data was processed using Microsoft Excel 2010 and 
Statistica 6 (StatSoft, Inc., USA). Reliability of differences was assessed by t-test, 
deeming them statistically significant at p  0.05. 

Results. An example of echographic images of the cow ovarian morphome-
try is provided on Figure 1.  

 

   

   
Fig 1. An example of US image processing of the embryo donor cow ovary No. 12764 (Kazakh white-
headed breed) when assessing the polyovulatory response: a — original image; b— the height of the 
ovary, c — the width of the ovary, d — the circumference of the ovary, e — the border of the struc-
tures depicted expressed by irregular circlular polylines, f — the projection of the structures shown 
on the US image (sagittal scanning plane, b-f are image processing with graphics processing ImageJ 
editor). 

 

For the prediction of ovarian response to gonadotropin drugs, we evaluat-
ed the embryo productivity of the donor cows by analyzing the morphometric in-
dices of ovaries and yellow bodies with subsequent postpressing processing of US 
images of reproductive organs of the cows at day 10 of the sexual cycle. Measuring 
the length and width of the ovaries and yellow bodies allowed us to calculate their 
area, the ratio of the size of the yellow body and the ovary.  

The results of the morphometry of the linear dimensions and area of 
ovaries and yellow bodies in donor cows are presented in Table 1. 

1. Morphometric indices of ovaries and yellow body in embryo donor cows at day 10 
of sexual cycle without polyovulation induction (M±SEM, Kazakh white-headed 
breed, LLC Plemzavod Dimitrovskij, Orenburg Province, 2017) 

Average  
for group 

Ovaries  Yellow body 
length, cm  width, cm  area, cm2 length, cm  width, cm  area, cm2 

I (n = 10)  4.0±0.09  2.5±0.11  7.9±0.94   2.7±0.02  2.1±0.14  4.5±1.21  
II (n = 10)   3.2±0.04  2.3±0.34  5.7±0.78*  2.0±0.90  1.5±0.08  2.4±0.24* 
III (n = 10) 2.4±0.12  1.8±0.04  3.5±0.06** 1.4±0.08  1.0±0.00  1.1±0.25* 
N o t e. Groups I, II, and III are animals with the yellow body length, respectively, up to 2.5, 1.5-2.5, and less 
than 1.5 cm. 
*, * Differences in ovarian area in groups II and III as compared to group I are statistically significant at p  0.05 
and p  0.001, respectively. 

 

The largest ovarian area was in group I, the lowest was in group III. This 
rate in cows of group I exceeded that of individuals from group II (2.2 cm2, 
p  0.05 ) and group III (4.3 cm2, p  0.001). The average size of yellow bodies 
also varies by group. Thus, in the group I the value was higher than in the group 
II by 2.08 cm2 (p  0.05) and group III by 3.43 cm2 (p   0.05). 

a b  c 

d  e  f 
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We compared the ra-
tio of areas of yellow bodies 
and the ovaries of each ani-
mal and the average for the 
groups (Table 2). This esti-
mate, characterizing the size 
of the functionally active yel-
low body before induction of 
polyovulation, shows the size 
of luteal tissue being the de-
terminator of the size of the 
ovaries. In animals with the 
smallest size of yellow body 

its lutein structures amounted to 30.2% of the total area of the ovaries that is 
reliably less than the relevant indices in animals in groups II and III by 12.0 
(p   0.01) and 27.0 cm2 (p  0.001), respectively. 

Further ovarian US visualization conducted during estrus before insemi-
nation (0 day of sexual cycle) and before removing embryos at day 7 after in-
semination. The postpressing US images received were processed to determine 
the changes in the ovaries in response to FSH stimulation and exogenous luteo-
lytic drugs of the F2a prostaglandin type. In doing so, we considered also the 
ovaries morphometry and the quantitative and qualitative composition of follicles 
and yellow bodies, reflecting the polyovulatory response of ovaries (Fig. 2). 

 

   

   

Fig. 2. The US display of polyovulatory response of ovaries of embryo donor cows (Kazakh white-headed 
breed) with a length of yellow body of 1.5-2.5 cm: a — the original image; b — the height of an ovary; 
c — the width of the ovary; d — the height of the yellow body; e — the width of the yellow body; f — 
the circumference of the yellow body (sagittal plane scan, image processing with graphics processing 
ImageJ editor). 

 

The results of the rectopalpatory ovaries exam, as well as the data ob-
tained by ultrasound scanning and postpressing US processing, demonstrate that 
the polyovulatory response of ovaries and conception oocyte fertilization depend 
on the quality of the yellow body in the middle of L-phase (during the period 
prior to the beginning of the gonadotrophic stimulation of the donor cows) (Ta-
ble 3). In groups I and II the number of yellow bodies and resultant embryos 
differed nearly twice, while in the group III were almost an order of magnitude 
lower (see Table 3).  

We used the postpressing US images processing for the morphometric 
evaluation of ovaries and structures involved in folliculogenesis and luteogenesis in 

2. Areas of ovaries and yellow body in embryo donor 
cows at day 10 of sexual cycle without polyovula-
tion induction (M± SEM, Kazakh white-headed 
breed, LLC Plemzavod Dimitrovskij, Orenburg 
Province, 2017) 

Average 
for group 

Area, cm2 Area of the yellow body 
of the ovary area, % ovary yellow body 

I (n = 10)  7.9±0.94  4.5±1.21  57.1±3.01** 
II (n = 10)   5.7±0.78  2.4±0.24  42.1±2.95* 
III (n = 10) 3.5±0.06  1.1±0.25  30.2±2.56 
N o t e. Groups I, II, and III are animals with the yellow body 
length, respectively, up to 2.5, 1.5-2.5, and less than 1.5 cm. 
*, ** Differences of ratios and areas of yellow bodies and ovaries in 
groups I and II as compared to group III are statistically significant at 
p  0.01 and  p  0.001, respectively. 

a  b c  

d  e  f  
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cows. By the report of V. Kayacik et. al. [36], postpressing US images processing 
indicates high efficiency of echography method in the morphometric studies. 

The comparison of 
data on the size of yellow 
bodies before induction of po-
lyovulation and the results 
characterizing the efficiency of 
superovulation and embryos 
recovery show that cows with 
the more than 50% ratio of 
the yellow body to ovary area 
are appropriate for ovarian 
induction to get the number 

of yellow bodies 11.6±1.26 on average and embryos 9.3±1.23 per extraction. 
Note, the recovery of average 5-6 embryos per one handled animal is usually 
reported [3, 8, 15, 34]. 

Thus, the US ovarian morphometry is highly informative and allows 
breeder to objectively evaluate ovarian functional status and predict the embryo 
productivity in cattle. Processing of US images in ImageJ editor significantly 
improves the performance of US imaging. It is shown that the response to the 
FSH stimulation and embryo recovery depend on the size of the yellow body in 
the potential donors at day 10 of sexual cycle (without the induction of polyovu-
lation). This can be used as a criterion in the selection of animals to a group of 
potential donors of embryos. So, when the ratio of the yellow body and the ova-
ry area is more than 50%, the numbers of ovulated follicles and quality embryos 
are, respectively, 11.6±1.26 and 9.3±1.23 per cow. 
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A b s t r a c t  
 

Cryopreservation of male reproductive cells is an important issue of genetic biodiversity 
conservation strategy and the development of fisheries and aquaculture. The use of cryopreserved 
semen in artificial reproduction and aquaculture will provide genetically diverse progeny, reduce area 
and the cost of maintaining male fishes, and, thereby, will allow rise in female herd abundance. Cry-
opreserved sperm can be used at any time, without risk of untimely maturing or improper quality. 
The data on the low-temperature preservation indicates that the long-term storage in liquid nitrogen 
does not significantly affect the safety of cells after freezing and thawing. The viability of cryo-
preserved sperm is usually confirmed by laboratory fertilization of caviar, without further observations 
of the obtained juveniles. This paper reports for the first time the behavioral response of pre-larvae, 
larvae, and juveniles of Russian sturgeon (Acipenser gueldenstaedtii von Brandt & Ratzeburg 1833), 
obtained with the use of frozen-thawed sperm, and shows physiological fullness of the resulting prog-
eny. The aim of this work was to compare quality of Russian sturgeon offspring as influenced by 
cryopreserved and native semen. In using frozen-thawed sperm stored 2 years in liquid nitrogen, the 
conception was 50 % compared to 80 % in the control insemination with native semen. The mortali-
ty rate for the whole period was 7 and 5 % in the test and the control groups, respectively. The ob-
tained cryo-progeny was viable. One-day old pre-larvae, 8-day old larvae and 15-day old juveniles of 
the test group were superior in size and weight as compared to the control group. Behavioral re-
sponses of the offspring were evaluated in «open field» test which was carried out individually by 
placing an individual (pre-larvae, larvae, juveniles) in a special installation with coordinate grid. The 
pre-larvae activity was somewhat, but not significantly, higher in cryo-progeny. No differences were 
found between 8-day old larvae in the response to irritants, except bright light (р  0.05). In 15-day 
old juveniles, the response was adequate in both groups. Basal activity and reactivity differed signifi-
cantly (р  0.05) in both groups. So, cryopreserved sperm led to some morphometric advantage in 
the progeny compared to the individuals produced by conventional methods, and some advantages were 
found in the response to irritants, however, on the whole, the differences were not significant. A small 
alteration may be due to the difference in frozen cell subpopulations. Thus, frozen semen contributes to 
young fish vitality and may be recommended for artificial reproduction and aquaculture. 

 

Keywords: sturgeons, Russian sturgeon, Acipenser gueldenstaedtii, sperm, cryopreservation, 
cryo-progeny, pre-larvae, larvae, juveniles, behavior 

 

Today, preservation of a genetic pool of rare and endangered populations 
and species of fish, specifically those that are of practical interest for increase of 
catch in natural water bodies or for their introduction to the aquaculture as prom-
ising fish farming objects is particularly relevant [1-3[. One of the main sources of 
generation and maintenance of stock of rare and endangered and commercially 
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valuable fish species is their artificial reproduction [4, 5]. However, the approach 
of fisheries to generation of broodstocks is simplified due to deficit of producers. 
The usage of closely related pairs for breeding is fraught with inbreeding and loss 
of natural genetic polymorphism resulting in significant reduction of adaptive po-
tential of the population [6-8].  

The cryogenic technologies are deemed strategically important and anti-
crisis for preservation of biological diversity of fish species [9, 10]. The advance-
ment in cryopreservation technologies will expand the fields of application of cry-
ogenic technologies in fishery and aquaculture, will enable maintaining genetic 
diversity of production broodstocks, will stabilize their reproduction and thus will 
stimulate stable fishing, and will lay the groundwork for growth of production of 
fish and other aquatic organisms at aquaculture farms [11-13]. The usage of cry-
opreserved semen will provide genetically diverse young fish, reduce the costs and 
surface areas of male fish maintenance. Consequently, the quantities of females in 
the broodstock will be increased [14-16]. The usage of cryopreserved semen is 
possible at any season, which eliminates the risk of untimely maturing of males or 
the risk of obtaining low quality ejaculate from them [17, 18]. 

The accumulated biological object cryopreservation data point to the fact 
that protracted storage of genetic biomaterial in a cryobank does not have a signif-
icant impact on cell preservation [19-21]. Furthermore, the viability of cryo-
preserved semen is usually confirmed by fish ovum fertilization in laboratory condi-
tions [22-24], but no further observation of young fish is conducted.  

In this work we have analyzed for the first time the behavioral response 
of sac fry, fish larvae and young Russian sturgeon specimens (Acipenser guelden-
staedtii von Brandt & Ratzeburg 1833) obtained when using cryopreserved se-
men, and have proven the physiological adequacy of developing specimen.  

The goal of the work was to apply unfrozen semen in artificial reproduc-
tion of Russian sturgeon and to evaluate behavior of cryo-progeny.  

Techniques. The work was performed during spawning campaign at the 
Alexandrovskiy sturgeon fishery (Astrakhan region). The roe was obtained from 
female Russian sturgeons (Acipenser gueldenstaedtii) weighing 20 kilos and 142 
centimeters long, working fertility 229500 fish eggs. One part of the roe was fer-
tilized by defrosted semen of Russian sturgeon stored in a cryobank for 2 years, 
the other was fertilized with native semen using standard fish farm technology 
(control). The removal of mucilage from fertilized roe was performed with tannin, 
1 g per 5 liters of water [25]. The roe was incubated in an Osetr device (Russia) 
for 6 days. During incubation it was processed with organic coloring material 
(violet K) to avoid saprolegniosis [25]. The hatched sac fries were registered us-
ing item-by-item method. Sac fries were maintained in rectangular 250 l basins. 
The water in the basins was enriched with oxygen by applying a compressor. The 
young fish that was moved to active nutrition were fed with daphnia.  

The morphometric parameters (weight and length) of sac fries (day 1 af-
ter hatching), fish larvae (day 8) that were moved to active feed and young fish 
(day 15) were recorded. 

The behavior of fish reared by traditional technologies and of cryo-
progeny were evaluated using the "open field" test [26, 27]. The test was con-
ducted individually by placing the analyzed specimen (sac fry, fish larvae, and 
young fish) in a special device with an applied grid mesh. When an object is 
placed in the device for the "open sky" test, first, its approximate activity was 
defined for 3 min  (approximate activity, units/min) registering the number of 
crossings of device coordinate lines by the specimen. The motor activity from 
minutes 4 to 7 was accepted as baseline activity (baseline activity, units/min). 
Light was the first irritant (illumination intensity 20 lux), which were turned on 
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during minute 7 of testing. The illumination intensity was measured with a light 
meter. During the first 30 s after the exposure the motor activity (the number of 
crossings of the coordinate grid) was determined as Р1, units/min. Nine 
minutes after the start of the test the second irritant, a low frequency rectangular 
signal (20 hz), was used (Р2, units/min). Bright light was turned on during the 
minute 11 (100 lux) (Р3, units/min), and 13 minutes after the start of testing a 
high frequency rectangular signal was applied (300 hz) (Р4, units/min). A vi-
broacoustic irritant (Р5, units/min) was used at minute 15. Ten individuals were 
used from the test and control groups during three development phases, sac fry 
(day 1 after hatching), fish larvae transitioned to active feeding (day 8 after hatch-
ing) and young fish (day 15 after hatching). 

Mean (M) absolute errors and mean square deviations () were calculated 
in Microsoft Excel for the parameters. The statistical significance of differences was 
determined by Student t-criterion [28]. 

Results. The percentage of mobile cells in the native semen was 90%, in 
cryopreserved semen was 60%; the time of sperm cell mobility after semen de-
frosting was 14.2 min vs. 26.4 min in the native semen; the percentage of fertili-
zation in the test group was 50% vs. 80% in the control group. During the rear-
ing period the mortality rate in the test and control groups did not vary signifi-
cantly and constituted 7 and 5%, respectively. 

The dynamics of morphometric parameters of Russian sturgeon progeny (Acipenser 
gueldenstaedtii von Brandt & Ratzeburg 1833) upon fertilization with cryopreserved 
(test group) and native (control group) semen (M±) 

Development stage 
Масса, мг Длина, мм 

control test  control test  
Sac fry (day 1)  18.9±0.28 20.5±0.22* 12.3±0.21 14.2±0.2* 
Fish larvae transitioned to active feeding (day 8)  28.2±0.55 35.0±0.30* 20.7±0.21 21.4±0.34 
Young fish (day 15)  43.8±0.33 47.5±0.33* 24.0±0.15 25.2±0.13* 
N o t e. The differences with the control group are statistically significant at p  0.001. 

 

According to sac fry (day 1) measurement results, the individuals from 
the test group surpassed the control group (Table) in morphometric parame-
ters. The statistically significant differences were determined (p  0.001) both 
for weight and length of analyzed fish. Comparing fish larvae that transitioned to 
active feeding (day 8) identified significant differences (p  0.001) between test 
group weight and control group weight; however, length of larvae did not differ. 
The young fish (day 15) in the test group retained a tendency of surpassing the 
control group specimens in weight and length. 

Any organism finds itself in a new environment begins to display in-
creased motor activity and tries to get oriented. According to the literature, after 
sac fry hatch they develop a receptor complex; however, without relevant infor-
mation from the environment, the medulla cannot develop properly [29]. The key 
system analyzers are concentrated in the medulla, which are responsible for the 
interconnection of the fry with the environment (lateral line systems, auditory or-
gans, taste receptors), and centers of neuromotor response, feeding and breathing 
[30]. In this connection we evaluated the quality of fish obtained using cryo-
preserved semen and native semen by comparing their behavior. 

In the "open field" test the sac fries from the control group displayed low 
orientation activity and concealment behavior changing into slow movements in 
the test device (see Fig.). The sac fries from the test group were more active and 
displayed classical response when adapting to unfamiliar environment, which is 
characteristic of specimen of different evolution groups. No significant difference 
was observed between orientation and baseline activity either in the control 
group or in the test group. Response to various irritants by specimens in the 
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test and control groups did not differ statistically either. 
 

 

 
Activity of sac fries in "open field" test (day 1 
after hatching, А), fish larvae (day 8 after 
hatching, B) and young fish (day 15 after hatch-
ing, C) of Russian sturgeon (Acipenser guelden-
staedtii von Brandt & Rat-zeburg 1833) obtained 
from roe fertilized by native (а) and cryopreserved 
(b) semen: AA — approximate activity, BA — 
baseline activity, Р1-Р5 — motor activity during 
the first 30 days after impact of various irritators. 
The description of irritators is provided in sec-
tion Techniques. 

 
After transition to mixed feed 

(day 8), the larvae obtained with cry-
opreserved semen did not assuredly 
differ from those in the control group in 

terms of central nervous system response with the exception of response to the 
third irritant, the bright light (100 lux) (р  0.05). The specimens in the test 
group demonstrated concealment behavior, which was indicative of a faster 
formation of associative bonds in midbrain colliculus as compared to the larvae 
from the control group, which did not respond to this irritant and maintained 
activity at baseline level. On day 15 of development the specimens in both test 
groups responded properly to the irritants by displaying the classical conceal-
ment behavior. Significant differences (р  0.05) both in the control group and 
in the test group were observed during analysis of response to irritants. This is 
indicative of the commencement of connectivity formation in medulla. In gen-
eral, the groups show no significant differences.  

Identical evaluation of behavior of young sturgeons obtained from semen 
preserved in a cryobank was previously conducted on starlet (Acipenser ruthenus 
Linnaeus, 1758) [31]. Based on the results of the "open field" test, the cryo-
progeny did not differ from the young fish in the control group; however, when 
analyzing the dynamics of motor activity, the test group demonstrated a more 
active response to the proposed irritants. The authors note that this fact was im-
portant for adaptation upon release of young fish in the natural habitat.  

Therefore, the young fish of Russian sturgeon species obtained with fro-
zen and defrosted semen in terms of their morphometric parameters have an 
advantage as compared to the fish obtained by traditional technologies. The 
cryo-progeny is viable, and in terms of central nervous system reactivity and re-
ceptor complex in some cases surpass the control group. The insignificant differ-
ence between the development of sac fries, fish larvae and young fish in the test 
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and control groups can be the result of cryo-resilience of subpopulations of fro-
zen cells. However, when analyzing the responses of fish obtained traditionally 
and those derived from defrosted semen, no differences have been observed be-
tween the control and test groups. Cryopreserved semen can be recommended 
for government fisheries to be used for fish-rearing of sturgeon species and for 
private aquaculture firms. 
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A b s t r a c t  
 

Artificial reproduction of sturgeons and salmonids has shortcomings resulting in a return of 
commercially raised breeders. These disadvantages primarily are the catch of Atlantic salmon pro-
ducers in spawning beds, which causes detriment of natural reproduction, and low survival rate of 
farmed juveniles in nature. In order to increase the efficiency of commercial fish reproduction, we 
suggest the new methods which are based on fish-specific adaptations during marine feeding period, 
providing the greatest population productivity and survival. Our objective was the development of a 
biotechnology for effective farm reproduction of salmon Salmo salar (Linne, 1758) and sturgeon 
Acipenser stellatus (Pallas, 1771). First, three main effects have been experimentally established for 
commercial fish culture in brackish seawater close to critical salinity (4-8 ‰): the highest survival 
rate, prolongation of high reproductive quality of breeders, and acceleration of juvenile development 
and growth. Physio-biochemical analysis showed the minimal losses of hemoglobin and serum pro-
tein in critical salinity medium, with maximum retention of salts in the blood and in ovarian fluids, 
apparently by optimizing water-salt balance of the body. The latter is achieved through optimal os-
motic gradient between the inner and outer media close to critical salinity limits values. This energy-
saving gradient ensures water-salt metabolism and homeostasis of the internal medium and thus the 
external medium (critical salinity) provides bio-stimulating effect that increases the body resistance. 
The maintenance of fish brood stocks in the critical range of seawater salinity (3.07-8 ‰) until pu-
berty of producers is proposed by us as an effective method of reproducing populations of Sevruga 
and Baltic salmon. Then, the breeders naturally matured under specific range of the seawater salinity 
below a 3.06 ‰ threshold are used to obtain mature sex products. Fertilized eggs are incubated in 
fish-farm in river water where then larvae and juveniles grow. When recruits sign of readiness to 
migrate they are placed in seawater salinity 2.5-7 ‰ close to critical range and grow to viable 
stages. Results of comparative industrial tests of the new biotech reproduction of sturgeon and 
salmonids in sturgeon and salmon fish farms and in marine cages have shown the effectiveness 
and advantages of this method which allows preservation of high breeding quality Sevruga produc-
ers up to 100 %, and a 5-7-fold growth enhancement of young salmon. This new method can help 
solving the common problems of rare and endangered populations of commercial fish species res-
toration, which is in line with a fish farming trend of Conservation Aquaculture aimed at restoring 
natural environment.  

 

Keywords: fish artificial reproduction, Acipenser stellatus, Salmo salar, Baltic population, 
Rutilus rutilus caspicus, fish farming, factory sturgeon and salmonids tech breeding, fish farming in 
brackish sea water 

 

The populations of Atlantic salmon in the northwestern region of Russia 
and sturgeon species in the southern regions of Russia have lost their commer-
cial value, and are maintained primarily on account of artificial farm reproduc-
tion. Unlike sturgeon hatcheries isolated from spawning beds, most salmon hatch-
eries are located in their aquatic areas, where they remove adult producers at the 
expense of natural reproduction. The fishing load of salmon hatcheries on pro-
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ducers during breeding season and catching of valuable fish species during pres-
pawning migration are the reason of progressive decline of their populations [1, 2]. 
The second reason is the low return of farm-reared producers (up to 2%), espe-
cially Atlantic salmon, in relation to the total quantities of released young fish, 
which is indicative of low survival rates and the need to improve the efficiency of 
biological technologies of farms. According to calculations, only large two-year old 
smolts need to be released (40 g and more) in the amounts no less than 150 thou-
sand individuals, which is currently not being performed [2].  

The biotechnological basis to solve the current issue of deficit of adult 
sturgeon and salmon producers [3, 4] is their long-term reservation [2, 5]. The 
farm technology of breeding Atlantic salmon has become obsolete, it does not 
envision the stages of formation and maintenance of rearing female stocks, and 
does not envision release and allocation of young fish in feeding basins [6]. The 
domestic experience and examples of implemented programs of preserving the 
populations of Atlantic salmon and sturgeon species in other countries point at the 
need of a more efficient artificial reproduction (along with restoration of the scope 
of natural reproduction), and increase of survival rate and heterogeneous variety 
of farm-reared young fish [2, 7, 8]. 

In this work we for the first time demonstrate a possibility of maintaining 
rearing female stocks, wide-scale breeding and progressive multiple acceleration 
of young Atlantic salmon growth in critical salinity water in case of perennial 
maritime cage culture fishery. As a result, the producers of starred sturgeon, 
salmon and roach have been successfully reserved and efficiency of maintenance 
and use of their rearing female stocks has been proven.  

The goal of the research is to develop a complex of biotechnological 
measures for improvement of artificial reproduction of valuable commercial fish 
species. 

Technoloqies. The experiments (commenced in 1976-1983 and completed 
in 2010-2013) were conducted at sturgeon fisheries located in Lower Volga re-
gions (Aleksandrovskiy, Bertyulskiy, Ikryaninskiy and Kizyanskiy) and the Don 
River (Rogozhkinskiy, Vzmorye), and on Nevskiy salmon fishery (salmon hatch-
ery, Leningrad Province, Vsevolozhskoy Region, village of Ostrovki) and at the 
premises of maritime cage culture fish farm Alkor-Farm LLC (Vyborgskiy Re-
gions, village of Pribylovo, Klyuchevoye fishing ground). In the study starred stur-
geon Acipenser stellatus (Pallas, 1771), Atlantic salmon Salmo salar (Linne, 1758) 
of Baltic population (Baltic salmon) and roach Rutilus rutilus caspicus 
(Jakowlew, 1870) were involved.  

The data of National Research Institute of Lake and River Fish Indus-
try (Saint Petersburg) were used and direct measurements were taken at the cages 
[2] in order to characterize the primary hydrochemical parameters (salinity, pH, 
oxygen content, etc.) in the offshore areas of the Vyborg Bay near surface of the 
water and in the near bottom layer. The findings were identical and conformed 
to the standards (apart from temperature increase by 3-4 C during the years of 
thermal anomalies).  

The reservation of a valuable commercial object, the starred sturgeon (69 
females in pre-spawning condition) and roach as a large-scale laboratory object 
(above 350 specimen of both genders in pre-spawning condition) was performed 
simultaneously and in identical conditions at the aforementioned fish hatcheries 
in concrete tanks filled with sodium chloride solutions at spawning temperatures 
during the timeframe required for reproduction, for starred sturgeon it was 5‰ 
till 1 month, for roach 3, 5 and 12‰ during 55 days. The survivability rate of 
these species was evaluated in sodium chloride solutions of varying concentra-
tion at upper spawning temperatures of 17.4-25.8 C and oxygen content of 
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5.2-7.5 mg/l. In the control group the producers were maintained in river water 
with all other conditions being equal. The fish-rearing qualities of starred stur-
geon females were evaluated using conventional methods [9] at fatness coeffi-
cient, degree of use in fish-rearing (% of mature female), working fecundity, roe 
fertilization quality (%), and semen quality (using a 5-point scale).  

The levels of hematoglobulin and total protein in blood were determined 
for evaluation of overall physiological state of fish for 50 roach individuals. For 
10 starred sturgeones the osmolarity of blood plasma, chamber (ovarian) fluid 
and urine was determined using standard procedures [9, 10] with varying water 
salinity and depending on duration of reservation.   

The producers of Baltic salmon were held in river water (control group) 
in plastic tanks in the Nevskiy salmon fishery (88 females and 75 males in pre-
spawning condition) and in sea cages (test group) in the water of the Vyborg Bay 
with 2.5-4 ‰salinity (44 females and 32 males in pre-spawning condition); the 
number of mixed-age reared young fish exceeded 1.5 thousand individuals. The 
average weight, body length and fatness coefficient were determined for produc-
ers and young salmon, as well as female fecundity, percentage of mature produc-
ers, semen quality and percentage of hatched larvae. The mean morphometrical 
parameters of two-year-olds and three-year-olds (at least 30 individuals of each 
age group) were determined for all young fish groups reared in sea cages and were 
compared with their data from Nevskiy fishery and standard parameters for the 
Leningrad region.  

The novelty of our approach is due to a formalized comparative analysis 
method generally accepted in patent and invention domain.  

The results were processed using 
variation statistics methods with Mi-
crosoft Excel software package. We cal-
culated the arithmetic mean values (M), 
deviations from mean values (±SEM), 
mean-square deviations () and varia-
tion coefficients (Cv, %).  

Results. The deficit of adult pro-
ducers of sturgeon and salmon species 
brings the task of creation, maintaining 
and operating commercial rearing fe-
male stocks to the foreground [2-4]. The 
developed method of lengthy commer-
cial reservation of fish producers in 
brackish water with critical salinity at 4-
8 ‰ [5] increases their use in fish-

rearing. The critical salinity, which is the threshold salinity for maturing of gam-
etes of marine and freshwater organisms, allows us to determine the limit of 
their physiological tolerance and limits of organism interactions with the envi-
ronment [5, 11, 12]. 

We have for the first time determined the highest degree of survivability 
and delayed sexual maturation of roach producers and female starred sturgeons 
both in sea water and in industrial sodium chloride solution with the same con-
centration (Fig. 1, 2). In the control group (river water) and NaCl solution (3 
‰) all non-migratory individuals of roach with complete resorption of repro-
ductive products after 35 and 38 days respectively (see Fig. 1) perished. With 
NaCl 5 and 12 ‰ levels the survival rate of roach producers by the end of the 
test constituted more than 80 and 40% respectively. The fish-rearing parameters 

 
Fig. 1. The survival rate of roach (Rutilus ruti-
lus caspicus) producers in sodium chloride solu-
tions of different concentration: 1 — control 
group (river water), 2 — NaCl 3 ‰, 3 — NaCl 
5-7 ‰, 4 — NaCl 12 ‰ (Ikryaninskiy sturgeon 
fishery, 1979). 
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of starred sturgeon females were analyzed in river water with 5‰ sodium chlo-
ride solution levels. The perish rate of females in the control group on the 28th 
day was about 20% (see Fig. 2) with mass resorption effect of reproductive cells 
in perished fish. For females of starred sturgeon reserved in the 5‰ solution of 
NaCl during the period required for reproduction (see Fig. 2) a possibility of ob-
taining sound progeny was observed. It was determined that critical salinity and 
even salinity reduced to 2.5 ‰ was optimal for maintenance of producers and 
reproduction of populations of anadromous species, the Baltic salmon and 
starred sturgeon. 

With environment salinity at 
5‰, roach producers (50 producers of 
both genders) and starred sturgeon (10 
females) the hematoglobulin and pro-
tein levels in blood plasma reduced 
insignificantly, while salt retention in 
blood and chamber fluid was maximal. 
Apparently, this is due to the optimiza-
tion of the electrolyte balance (Table 1). 
The electrolyte balance was achieved 
on account of optimal osmotic gradi-
ent between the internal and exter-
nal environments. This energy-saving 
gradient ensures preservation of the 
metabolic and electrolytic homeostasis, 
i.e. the external environment has bi-
ostimulating effect improving body re-
sistance. It is this artificial (modified 
environment) (NaCl 4-8‰) has the 
most potential in aquaculture for appli-
cation in the conditions of close-loop 
water supply.  

1. Physiological state of roach (Rutilus rutilus caspicus) and starred sturgeon 
(Acipenser stellatus) in NaCl of varying concentration (Ikryaninskiy sturgeon fish-
ery, 1979) 

NaCl, 
‰ 

Reservation 
timeframe, 
days 

Roach  (n = 50 producers, ♀ + ♂) Starred sturgeon  (n = 10 ♀)  
levels, M±SEM osmolarity, mosM/l (salinity, ‰) 

hematoglobulin, 
g/l (min-max) 

total protein,  
g% (min-max) 

blood plasma cavitary fluid urine 

3 15 6.6±1.1 (5.7-7.95) 9.0±2.95 (7.0-12.9) – – – 
5 28 – 6.3±1.5 (4.9-7.9) 164.4 (6.2) 196.0 (7.7)  122.0 (4.5) 

45 9.0±2.95 (7.0-12.9)  6.7±0.7 (5.6-7.0) – – – 
12 45 6.3±1.5 (4.9-7.9) 9.0±2.95 (7.0-12.9) – – – 
C 34 6.7±0.7 (5.6-7.0) 6.3±1.5 (4.9-7.9) – – – 

28 – 6.7±0.7 (5.6-7.0) 153.0 (5.8) 171.0 (6.6) 155.0 (5.9) 

N o t e. C — control group (river water). Gaps mean that the parameter was not defined. The internal environ-
ment osmolarity parameters of starred sturgeon were identified and presented by Laboratory of Physiology, Central 
Research and Development Fishery Institute of the Ministry of Fishery of the USSR. 

 

The fish farm rearing uses the systems of species-specific adaptations on-
ly for the river period of life pertaining to the expenditure of financial and power 
resources and reduction of eurybiontic levels during migration and breeding [2, 
13, 14]. The ultimate goal of reproduction (maximum productivity of the popu-
lation) is achieved in the sea during the feeding period on account of increased 
survivability and growth. Apparently, fish-rearing needs to use the systems of 
species-specific phylogenetic adaptations that enable maximum survival rate, 

 
Fig. 2. Fish-rearing indicators of starred sturgeon  
females (Acipenser stellatus) in the test group (а; 
NaCl 5 ‰) and in the control group (b; river 
water) 28 days after reservation with upper values 
of spawning temperatures 17.4-25.8C and oxy-
gen content 5.2-7.5 mg/l (production test): 1 —
survivability, 2 — preserving the physiologically 
normal state (% of females in this state), 3 —female 
maturation (% of females in ovulation), 4 — per-
centage of matured sound females (% of females 
with  fertilized roe of > 50 %), 5 — roe fertilization 
(one female matured in the control group, 32% of 
roe fertilization), 6 — sac fry hatching (Ikrya-
ninskiy sturgeon fishery, 1979). 
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productivity and ecological and physiological plasticity of sexual cycles [15]. 
These systems are most fully implemented during sea feeding period within very 
narrow ranges of critical salinity [5, 13]. However, in the currently used fishery 
technology of breeding Atlantic salmon lack stages of creation and maintenance 
of rearing female stocks, release and allocation of young fish in the feeding wa-
ter body [6]. 

 

Fig. 3. Salinity patterns at various 
stages of fishery reproduction of 
Atlantic salmon (Salmo salar) of 
Baltic population by: I — reserva-
tion of female broodstocks in sea 
cages, II — progeny breeding, 
III — fishery roe incubation, rais-
ing young fish until they are 
ready to migrate, IV — preadap-
tation of young fish, V — sea cage 
breeding of smolts. Unbroken 
curve means the optimal salinity 
value, dashed ciurve declares the 

permitted values, shaded areas are their range; point indicate a curve of anticipated upper values [9]. 
  

We have developed a full-cycle salmon reproduction method that in-
cludes control of producer reproduction, young fish growth rates and young fish 
preadaptation to the marine environment [1, 13]. The technology (Fig. 3) in-
cludes a wide-scale catching of producers in the sea, maintenance of rearing fe-
male stocks in sea cages, breeding and nursing fishery smolts in brackish sea wa-
ter of critical salinity (АС No. 682197, 965409, patent of the Russian Federation 
No. 2582347). 

 

It is a known fact that during river spawning migration the producers of 
Atlantic salmon lose their edible qualities and are, therefore, removed from 
commercial use but continue to be used for artificial reproduction [2, 9]. The 
presented method allows discontinuing fishing at spawning grounds and growing 
large viable young fish adapted to the optimal feeding environment, and, ulti-
mately, combine the interests of all reproduction types.  

For the first time ripe roe was received and progeny raised to a three-
year-old age from producers that maturated naturally in sea cages during the 
spawning season (October-November) with salinity 2.51-3.06‰ and spawning 
temperature 3-7C, with all other conditions being equal with fisheries [2, 13]. 
The results of working with producers of salmon rearing female stocks using the 

2. Comparative fishery and biological parameters of Atlantic salmon (Salmo salar) of 
Baltic population under varying conditions (Leningrad region, 2010-2013) 

Parameter 

Producers 
♀ + ♂ ♀ ♂ 

sea cages 
Nevskiy 
fishery 

sea cages 
Nevskiy 
fishery 

sea cages 
Nevskiy 
fishery 

Number of individuals  82 163 44 88 32 75 
Weight, kg (М±SEM) 4.17±0.07 5.00±0.12 3.60±0.05 6.30±0.13 4.40±0.12 2.10±0.14 
Mean-square deviation of weight () 0.700 1.616 0.333 1.233 0.700 1.283 
Body length (according to Smith), cm 
(М±SEM) 71.60±0.28 74.90±0.71 74.30±0.25 82.00±0.53 63.20±0.04 66.10±0.90 
Mean-square deviation of body length () 2.600 9.166 1.683 5.000 0.250 7.833 
Fulton's condition factor (Q) 1.02 1.20 1.09 2.60 0.77 1.20 
Working fecundity, thousands 
(М±SEM) – – 2.40±0.10 4.87±0.03 – – 
Percentage of mature producers  
(% of maturation)  92.0 84.0 95.0 82.0 97.0 96.0 
N o t e. Nevskiy fishery means Nevskiy salmon fishery. The sea cages were located at Alkor-Farm LLC (the Vy-
borg Bay). Dashes mean that the parameter was not detected. 
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new technology and comparing them with the parameters received at Nevskiy 
salmon fishery enabled us to determine identical high fish-rearing and biological 
parameters (Tables 2, 3). Furthermore, the producers used by fisheries (from 
spawning offshore areas) displayed several higher fish-rearing parameters and they 
were more susceptible to the negative impact of thermal anomalies than those of 
producers in seas cages. J.M. Elliott at al. [16] reported identical findings.  

3. Comparative characterization of Atlantic salmon (Salmo salar) producers of Baltic 
population maintained in sea cages (Alkor-Farm LLC, the Vyborg Bay) at Nevskiy 
salmon fishery in terms of roe maturation quality (Leningrad region, 2010-2013) 

Parameter Sea cages Nevskiy fishery 
Roe fertilization rate, % 92.0 93.4  
Roe put for incubation from 1 batch, thousands of units  90-95 475.8 
Sperm quality (mobility), points 5 – 
Larvae hatching, % of impregnated roe 81.7  89.7 
N o t e. Dashes mean that the parameter was not detected. 

 

The young fish maintained in cages was fed Russian feeds of BimMar 
company (expenditure 1.3-1.4 kilos). The results of valuation at average water 
temperature of 3.5 С, oxygen content of 7-8 mg О2/l, pН 8-9 (Table 4) indi-
cated that at the ages 1+ and 2+ test young fish maintained in cages increased 
growth primarily on account of head growth, the length of which increased by 
170% while body length increased only by 36%. The body height parameters and 
fatness coefficient of young fish increased insignificantly, by 35-57%. In the course 
of analyzing the degree of heterogeneity of individual parameters of young fish we 
observed that two-year-olds demonstrated the highest variety (1+). Diversity of 
variation coefficients of two-year-olds reached 23%; for three-year-olds (2+), this 
parameter was lower and constituted 4.5-17%. This is indicative of declining in-
tensity of development parameters of individuals with age. At the same time, 
body weight of three-year-olds increased almost by 250%, which points at preva-
lence of growth processes. This means that upon commencement of smoltifica-
tion, young fish development is replaced with intensive growth, which corre-
sponds to natural sea feeding [17]. Apparently, the survival rate will increase 
progressively upon reaching critical salinity 4-8‰ [1, 10, 18]. It is important 
that this offered method precludes a wide-scale appearance of dwarf males [2, 
19]. We believe that the amplified growth and survival rate of young fish if he 
final fishery cycle is in the sea water are due to the fact that salmon homing is 
not genetically imprinted [20].  

4. Morphometrical parameters of two-year-olds (1+) and three-year-olds (2+) Atlantic 
salmons (Salmo salar) of Baltic population for all batches raised in sea cages 
(Alkor-Farm LLC, the Vyborg Bay, 2011-2013) 

Parameter  
M±SEM  Cv, % 

1+ 2+ 1+ 2+ 1+ 2+ 
Head length (ao), cm 4.60±0.04 7.40±0.04 0.19 0.31 4.20 4.28 
Snout length (an), cm 1.80±0.01 2.20±0.02 0.08 0.17 4.77 7.87 
Post-orbital head section (po), cm 2.88±0.03 4.20±0.01 0.14 0.09 4.99 2.36 
Body length (L), cm 28.70±0.75 39.10±0.22 3.35 1.54 11.66 3.96 
Body length (l), cm 26.20±0.43 35.06±0.21 1.93 1.50 7.37 4.29 
Maximum body height (gh), cm 6.42±0.06 8.70±0.04 0.31 0.32 4.87 3.76 
Minimum body height (ik) 2.19±0.03 3.32±0.03 0.17 0.26 7.89 7.94 
Body weight (m), g 280.10±20.08 694.90±14.08 61.34 96.58 17.22 13.91 
Fatness coefficient (Q) 1.55 1.61     
Relative growth rate (R) 0.409±0.01 0.490±0.02     

 

During commercial tests on salmon species, specifically on silver salmon 
underyearlings Oncorhynchus kisutsch (Walbaum, 1792) raised during 1 month in 
tanks with addition of N-(2-hydroxyethyl)-morpholine or phenethyl alcohol, it 
was observed that imprinting is formed as late as during the first summer of lar-
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vae and young fish raising at fisheries upon transition to active feeding [19, 21]. 
The release of test young fish and 18-month feeding in the sea resulted in ob-
taining a bright effect of controllable (obligatory) homing, with 95 and 92%, re-
spectively, of return to the "alien rivers" for each agent. The behavioral response 
with indications of olfactory imprinting has been observed in sturgeon larvae 
during transition to active feeding [22]. It is crucial to study behavioral response 
of sturgeon species for fish-rearing industry and requires a thorough experimental 
validation based on analysis of species-specific phylogenetic adaptations enabling 
migration mechanisms [2, 5].  

Our findings can be used in a system of measures aimed at preserving ra-
re and endangered fish populations. The idea of their preservation is the under-
lying idea of a new fish-rearing industry that appeared abroad, i.e. the conserva-
tion aquaculture aimed at restoring the natural environment [23]. In Russia, 
these domains and terms have not been announced or used until now. The con-
servation aquaculture projects controlled by environment institutions of the 
USA, Canada and Western Europe include three stages of high-priority action 
plans: natural reproduction recovery, genetic research and artificial reproduction 
[23, 24]. These programs are aimed at overcoming a number of negative factors 
of commercial reproduction of populations, specifically, of domestication of in-
bred fishery young fish and replacing wild producers with fish-reared with de-
creased reproductive potential [25-27]. These programs envision ongoing release 
of fishery-raised young fish when no natural replenishment of the population is 
available [28]; release of fishery-raised young fish to recover an extinct self-
reproducing population [29, 30]; release of fishery-raised young fish to increase 
the population by supplementation, which is predominant in Russia [8, 31]. This 
aquaculture domain is based on a combination of effects of natural and fishery 
reproduction with a focus on recovery of the environmental conditions ensuring 
natural reproduction of populations [4, 20]. The main objects of these programs 
in the USA, Canada and Europe are sturgeon and Atlantic salmon populations 
entered in the International Union for the Conservation of Nature and Natural 
Resources (IUCN) Red List of Threatened Species in the category "endangered 
species act" [8, 30].  

Therefore, industrial sodium chloride solution of critical salinity displays 
the same biostimulating reservation effects (long-term preservation of fish-
rearing quality of producers) as brackish water with the same salt levels. We have 
successfully reserved the producers of starred sturgeon, Atlantic salmon and 
roach in critical salinity environment of 4-8‰ with spawning temperature dur-
ing commercially necessary timeframes. We have determined a possibility to ob-
tain progeny of Atlantic salmon on a wide scale in brackish sea water with salini-
ty up to 3.06 ‰. We have observed the accelerated growth and progressive mul-
tiple growth increase of young fish of Baltic salmon population (up to 5-7 times) 
in brackish sea water of critical salinity in case of perennial sea cage raising. 
When obtaining progeny from producers in brackish sea water in the areas of 
feeding and fishing, the load from spawning grounds and commercial dependen-
cy of fisheries are released and interests of all types of reproduction and fishing 
are combined, whereas losses of maintaining broodstocks in optimal reservation 
environments are minimized. The reduction of processing stages directly at 
salmon fisheries will allow freeing up additional production capacities in order 
to improve the efficiency of reproduction. The nursing of young fish in sea-
water in feeding locations multiplies growth rates, significantly increases young 
fish survival rate in nature, almost precludes the appearance of "river" dwarf 
males. Moreover, the smoltification process of young fish shows a wide-scale 
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synchronous nature because it almost identical to natural, and reduces the costs 
of fishery products. The survival rate of smolts increases due to their preadapta-
tion for release to natural feeding sites. 
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A b s t r a c t  
 

In the summer and autumn, the food base of Rangifer tarandus consists of up to 300 
species of higher plants, of which lichens account for about 15 %. It is shown that in the tissues of 
some higher plants and in the soil under lichens there are micromycetes capable of producing mycotox-
ins. In the present work, we are the first to estimate the content of mycotoxins for the components of 
summer reindeer rations, i.e. Salix borealis, Vaccinium uliginosum, Betula nana, and B. pendula. The 
aim of the study was to analyze the distribution of mycotoxins in the components of the summer 
diet of reindeer. Samples of genera Cladonia and Nephroma lichens, higher plants of the species 
Salix borealis, Vaccinium uliginosum, Betula nana, B. pendula, and mixtures of perennial grasses 
were collected in early August 2017 in the pastures of the Harp town of the Yamalo-Nenets Auton-
omous District, the Nelmin-Nos town of Nenets Autonomous District and the Pushnoy town of the 
Murmansk region. Aflatoxins (AFLA), ochratoxin A (OTA), T-2 toxin (T-2), zearalenone (ZEN), 
deoxynivalenol (DON) were detected and measured in the samples using ELISA test. During the 
mycotoxicological evaluation of the summer food ration components of reindeer, we found multiple 
contaminations with the mycotoxins. The samples of Embryophyta representatives revealed a greater 
number of toxic metabolites compared to samples of the genera Cladonia and Nephroma lichens. 
Practically, in all samples of higher plants, the presence of mycotoxins T-2, ZEN and DON pro-
duced by Fusarium pathogens which affects plants during vegetation, as well as AFLA and OTA 
metabolites of micromycetes Aspergillus sp. and Penicillium sp. which previously were considered 
not adapted for growth and reproduction in plant tissues during the growing season. However, 
AFLA and OTA were the least represented on virtually all samples. It is of interest that OTA was 
not detected in any of the lichen samples assayed. In most of the samples, DON Fusarium tox-
ins dominated with accumulation in lichens up to 0.15 mg/kg and in Embryophyta samples up 
to 33.8 mg/kg, as well as ZEN at the amount of up to 0.1227 mg/kg and 2.543 mg/kg, respective-
ly. Mycotoxin contamination of the samples of genus Cladonia practically did not have regional 
differences, whereas in the mixture of perennial grasses and in V. uliginosum mycotoxin contami-
nation varied to a large extent depending on the place of plant growth. The mycotoxins are found 
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in concentrations that may pose a threat to animal health. 
 

Keywords: Rangifer tarandus, feed, lichens, mycotoxins, ELISA 
 

Reindeer herding as a source of food, fell, velvet antlers and endocrine-
enzyme products plays a leading role for the regions of the Arctic zone of the Rus-
sian Federation. The diet of Rangifer tarandus consists predominantly of scanty, low-
nutritious vegetable fodder. In the winter-spring period, the share of lichens in the 
diet increases to 70% and only 30% falls on the representatives of Embryophyta. In 
the summer-autumn period, the basis of the animals’ food supply is composed of up 
to 300 species of higher plants (the representatives of the Salicaceae and Poaceae 
families, Bethula nana species, perennial grasses, etc.), the lichens are not more than 
15% [1].  

It is shown that the tissues of some higher plants and soil under lichens con-
tain the micromycetes which are able to produce mycotoxins. Thus, 
T.Yu. Tolpysheva [1] discovered the presence of significant amounts of micromy-
cetes of the Penicillum genus in soils under lichens. It is known that some members 
of this genus can produce ochratoxin A [2)]. A.A. Burkin et al. [3] have found vari-
ous mycotoxins (alternariol, sterigmatocystin, mycophenolic acid, citrinin, cyclopia-
zonic acid and others) in the lichens which belong to 20 genera of the Cladoniaceae, 
Nephromataceae, Parmeliaceae, Umbilicariaceae, Peltigeraceae and Teloschistaceae 
families. The presence of micromycetes, which are the producers of mycotoxins, in 
the tissues of tree and shrub species growing in the Arctic zone of Russia has not 
been noted before. Nevertheless, the fact of occurrence of toxigenic micromycetes in 
perennial grasses which also constitute the basis of the reindeer diet is well studied. 
A.S. Orina et al. [4] have found in the tissues of perennial grasses a significant 
amount of micromycetes of the Fusarium genus. It is known that F. sporotrichioides 
and F. langsethiae species are capable of producing T-2 toxin, F. culmorum and F. 
graminearum produce zearalenone, F. culmorum and F. graminearum produce deox-
ynivalenol [5].  

The reindeer physiology (as opposed to cattle) including the state of rumen 
microflora underwent much less anthropogenic influence. According to a number of 
researchers [6, 7], the anaerobic microorganisms of reindeer rumen are able to de-
toxify usnic acid [8] and mycotoxins [1, 9] from lichens. However, the emergence of 
intoxication in reindeer due to eating lichens has been demonstrated [10].  

There are no any publications concerning the containing of toxic metabo-
lites of micromycetes in higher plants being the components of summer pasture diets 
of reindeers both in domestic and foreign literature. The study of this problem is of 
considerable scientific interest. 

In this work, we for the first time discovered the presence of mycotoxins in 
such components of summer pasture diets of reindeers as Salyx boralis, Vaccinium 
uliginosum, Betula nana and B. pendula.  

The objective of these researches was to analyze the prevalence of mycotox-
ins in the components of the summer diet reindeer of Rangifer tarandus using en-
zyme-linked immunosorbent assay.  

Techniques. The samples of reindeer summer diets were collected at the be-
ginning of August 2017 in the territory of tundra and forest-tundra pastures located 
in the Kharp township (Priuralsky district, Yamalo-Nenets Autonomous Okrug), 
Nelmin-Nos village (Nenets Autonomous Okrug) and Pushnoy township (Kola dis-
trict, Murmansk region). The lichens of the Cladonia and Nephroma genera, higher 
plants Salyx boralis (northern willow), Salyx Polaris (polar willow), Vaccinium uligi-
nosum (blueberry), Betula nana (dwarf birch) and Bеtula pendula (drooping birch) 
species as well as the mix of perennial grasses have been sampled in 3 replications. 
The samples have been cleared from the remains of other plants, soil and bark.  

The content of aflatoxins (AFLA), ochratoxin A (OTA), T-2 toxin (T-2), 
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zearalenone (ZEN) and deoxynivalenol (DON) in the samples was investigated us-
ing the of enzyme-linked immunosorbent assay (AgraQuant test system, Romer 
Labs, Inc., Austria) according to manufacturer’s recommendations. The mycotoxins, 
with the exception of DON, were extracted with 70% methanol, DON with distilled 
water. The solutions of five analyzed mycotoxins of known concentrations were used 
as the standards. In analysis for ZEN and T-2, 10% hydrochloric acid was used as 
the stopping solution, for AFLA, OTA and DON the stopping solution was 10% 
phosphoric acid. The optical density (OD) was measured at =450nm (a Stat Fax 
303+ microstrip photometer, Awareness Technology, Inc., USA).  

The calculation of sample mean (M) values) and the error probability, with 
a rejection of the null hypothesis p, and standard error of means ±SEM was made 
with Microsoft Excel 2010 software.  

Results. The multicomponent samples repeating the composition of the av-
eraged summer pasture diet of reindeers have been formed (Table 1).  

1. The composition of the multicomponent samples repeating the average summer pasture diet 
of reindeer Rangifer tarandus (Arctic zone of Russia, 2017) 

Component 
Percentage of the component in the total diet  

Kharp township  
(tundra) 

Pushnoy township  
(forest tundra) 

Nelmin-Nos village  
(tundra) 

Cladonia  5 10 10 
Nephroma  5 – – 
Sаlix borеalis  5 20 20 
Sаlix polaris 15 – – 
Vaccinium uliginosum  10 – 5 
Bеtula nаna  25 20 15 
Betula pendula  5 20 20 
Mix of perennial herbs 30 30 30 
N o t e. Dashes mean that the component has not been represented in the total diet. 

 

Almost in the all investigated samples (both lichens and higher plants) we 
have detected the presence of mycotoxins (Table 2). To date, the maximum permis-
sible concentration (MPC) of mycotoxins for reindeer feed is not established in 
Russia. In the Unified Veterinary (Veterinary and Sanitary) Requirements for the 
products subject to the veterinary control (supervision) (approved by the Decision of 
the Commission of the Eurasian Economic Community No. 137 dated June 18, 
2010) the MPC established for oats, wheat and barley cereals are 0.004 mg/kg for 
AFLA, 0.005 mg/kg for OTA, 0.06 mg/kg for T-2, 0.1 mg/kg for ZEN, and 
1 mg/kg for DON. In most investigated samples we detected the excess of aflatox-
ins, ochratoxin A, T-2 toxin, zearalenone and DON compared to the above MPC 
values. The multiple contamination of all samples with mycotoxins (at least with 
three ones) has been observed that enhanced their toxic impact on animals [4].  

The content of mycotoxins largely varied depending on the species. In the 
samples of higher plants we detected the higher content of toxic metabolites than in 
Cladonia and Nephroma lichens. Also, the higher content of mycotoxins in compari-
son with that for lichens in its pure form has also been found in the multicompo-
nent mixes similar to averaged summer diets. 

In the almost all samples of higher plants, we have detected the presence of 
T-2, ZEN, and DON produced by fusarium pathogens [11] which affects vegetating 
plants and of AFLA and OTA which are the metabolites of Aspergillus sp. and Peni-
cillium sp. [12]. Nevertheless, in our experiments, AFLA and OTA were the least 
represented almost in the all samples. The presence of ochratoxin A was not detect-
ed in any of the investigated samples of lichens. Almost in all samples, the DON 
fusariotoxins produced by F. culmorum and F. graminearum dominated and accumu-
lated in lichens up to 0.15 mg/kg and in Embryophyta up to 33.8 mg/kg, ZEN con-
tent was up to 0.1227 mg/kg and 2.543 mg/kg, respectively (p  0.05).  

The contamination of lichens of Cladonia genus by mycotoxins has no geo- 
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graphical differences. The mycotoxins content in the samples of higher plants 
V. uliginosum and perennial grasses varied greatly depending on the place of 
growing. Thus, this index was the smallest in the samples of perennial grass mix 
from the forest-tundra pastures of the Pushnoy township compared to those 
grown in the tundra pastures of the Kharp township and Nelmin-Nos village. In 
V. uliginosum grown in the pasture of the Nelmin-Nos village the presence of 
OTA and T-2 was not detected, whereas in similar samples from Kharp town-
ship their content was 0.0371 and 1.969 mg/kg, respectively (p  0.05). The con-
tent of AFLA, ZEN and DON in V. uliginosum samples from the Nelmin-Nos 
village was respectively 26.1, 5.2 and 79.2 times more than in the samples from 
the Kharp township. Summer meteorological conditions in 2017 in the Yamalo-
Nenets, Nenets Аutonomous Okrug and the Murmansk region were similar, thus 
the geographical differences in contamination by mycotoxins may be due to the 
soils dissimilarity in chemical composition and nutrients content. In addition, 
the described regional features may be related to the specificity of the structural 
organizations of epiphytic bacterial communities of higher plants. It has been 
reported that many bacteria including epiphytic perform the biodegradation of 
the secondary metabolites of micromycetes and have the antibiotic activity 
against the producers of these metabolites [13-15].  

The presence of toxigenic micromycetes (Fusarium sporotrichioides, F. lang-
sethiae, F. verticillioides, F. culmorum and F. graminearum), which are able to 
produce fusariotoxins, in higher plants is widely known [16, 17]. Before, it was 
assumed [18] that the representatives of the Aspergillus and Penicillium generam 
the producers of aflatoxins and ochratoxin A, are not adapted for growing and 
reproduction on plant during their growing. However in 2014, by quantitative 
PCR method, the micromycetes of the Fusarium, Aspergillus and Penicillium 
genera and their secondary metabolites, the aflatoxins, ochratoxin A, deoxyniva-
lenol, zearalenone and T-2 toxin, have been detected in  perennial herb mycobi-
ota [19]). The presence of toxin-producing micromycetes in the mycobiota of 
trees and shrubs which are the components of the reindeer summer diets have 
not been detected before.  

The issue about the sources of lichens contamination with mycotoxins is 
also almost unstudied. According to one of the hypotheses put forward by 
T.Yu. Tolpysheva [20], the contamination of lichens with mycotoxins occurs as 
the result of contact with the micromycetes Aspergillus sp., Penicillium sp. and 
Fusarium sp. from the soil under the lichens [21]. According to T.Yu. Tolpyshe-
va [20], lichens are able to absorb the mycotoxins from soil solution. As the au-
thor explains, lichens are the poikilohydric organisms whish passively absorb 
moisture. Lichens mostly grow on the soil as curtains in which their talli closely 
contact to keep the moisture longer. This activates the capillary rise of water 
with the dissolved substances from the soil up the lichens.  

Earlier, some Russian [22-24] and foreign [25-27] researchers pointed 
out the high frequency of the occurrence of mycotoxins and their significant 
content in the growing fodder herbage for cattle, but the issue about the content 
of toxic metabolites in the leaves of woody and shrub plants is still unstudied. In 
foreign literature there are only a few instructions concerning the detection of 
mycotoxins in the leaves of woody cultivated plants [28].  

Thus, in mycotoxicological assessment of the base components of the 
reindeer summer fodder, the lichens and higher plants growing in tundra and 
forest-tundra pastures of three regions of the Arctic zone of the Russian Fededi-
et, we have found the multiple contamination with aflatoxins, ochratoxin A, 
zearalenone, T-2 toxin and deoxynivalenol. Our findings indicate that the prob-
lem of contamination of higher plants by mycotoxins is much more acute com-
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pared to that of lichens. The mycotoxin contamination of Cladonia genus almost 
has no regional differences, whereas the content of mycotoxins in the mix of 
perennial herbs and in V. uliginosum varies greatly depending on the place of 
growing. The detected mycotoxins are present in the concentrations which may 
pose a threat to animals.  
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A b s t r a c t  
 

Enrichment of chicken eggs with ω-3 polyunsaturated fatty acids (PUFAs) is relevant 
worldwide, but scientists and practitioners face certain challenges. Effective biofortification requires 
dietary source of ω-3 PUFAs bioavailable for laying hens that will not compromise livability, health, 
and productivity of layers. Since any increase in ω-3 PUFA level in dietary lipids can deteriorate the 
oxidative stability of egg lipids causing faster quality loss and emergence of fishy odor and taste in 
stored and/or cooked eggs, dietary antioxidants should be used of which vitamin E and selenium 
(Se) are the most effective. High costs of the ω-3 PUFA-enriched diets for layers should also be 
diminished. The most popular source of dietary ω-3 PUFAs for layers is flax (seed, oil, cake); how-
ever, its dietary level should not exceed 15 % even when used with the appropriate multi-enzyme 
preparations. This paper is the first to report on comparative study of low-cost feed recipes that we 
suggest for effective concurrent enrichment of eggs with ω-3 PUFAs, vitamin E, and Se with no 
negative impacts on layers’ livability and productivity. The trials were performed in 2016-2017 at the 
Zagorskoye Center for Genetics & Selection (Moscow Province) on SP 789 cross layers from 140 to 
200 days of age. In the Trial 1 the diets for layers were supplemented with flaxseed oil (3 %) and 
cake (5 or 10 %), synthetic vitamin E (DL--tocopherol, 100 or 150 ppm), and Se preparations Sel-
Plex® (Alltech, USA), DAFS-25 (Russia), and sodium selenite (0.5 ppm of Se). These doses of the 
additives led to a 4.5-4.7-fold increase in ω-3 PUFA level, a 1.9-3.6-fold increase in vitamin E and a 
1.5-2.2-fold increase in Se content in the edible parts of eggs. Additionally, egg production was 0.6-
4.0 % higher, total egg weight was 0.3-8.4 % higher, and feed conversion ratio was improved by 4.1-
9.4 %. In Trial 2 layers were fed with optimized doses of the additives determined in the previous 
trial (flaxseed oil 3 %, flaxseed cake 5 %, vitamin E 150 ppm, Se 0.5 ppm); the comparative effi-
ciency of different Se sources (Sel-Plex®, Sel-Plex® + DAFS-25 at 1:1, Sel-Plex® + sodium sele-
nite at 1:1) and organic vitamin E vs. synthetic vitamin E preparation was studied. The combinations 
of Sel-Plex® with other Se sources and the substitution of organic vitamin E for the synthetic source 
improved egg production, egg weight, feed conversion ratio, and decreased diet cost. The best results 
were found for the mixture of Sel-Plex® and selenite and an organic source of vitamin E. In this, 
the content of total ω-3 PUFAs in eggs was 4.9 times higher compared to control (with ω-6/ω-3 
PUFAs ratio 2.3:1 vs. 14.2:1 in control), the contents of individual ω-3 PUFAs were also significant-
ly higher, i.e. 7.1-fold for -linolenic acid, 1.8-fold for eicosapentaenoic acid, 3.2-fold for docosa-
pentaenoic acid, and 3.8-fold for docosahexaenoic acid. The content of vitamin E in the eggs was 
2.8 times higher, Se level was 2.2 times higher. In this trial, the egg production improved by 10.1 % 
compared to control, egg weigh output per layer was 13.2 % higher. Feed expenses per 10 eggs low-
ered by 7.6 %, and per 1 kg of egg weight by 9.9 %. Total diet costs were 1.2 % lower.  

 

Keywords: chicken, functional eggs, ω-3 polyunsaturated fatty acids, selenium, vitamin E, 
diet cost 

 

Market of functional products increasing the supply of all necessary nu-
trients to the consumers and promoting the disease prevention has been growing 
strongly over the last few years [1-3]. Products rich in essential fatty acids, pri-
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marily ω-3 polyunsaturated fatty acids (PUFAs), i.e. -linolenic acid (ALA), 
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which cannot 
be synthesized in sufficient amounts by animals and birds, are of particular inter-
est [4]. Humans need these substances for the development of brain, visual func-
tion and for prevention of cardiovascular diseases, etc. [5]. The optimum ratio of 
ω-6/ω-3 PUFA in human diet is still debatable. Opinions vary from 1:1, plead-
ing the fact that the two PUFA groups compete with each other in metabolic 
processes [6], and to 2-3:1 [7]. In developed countries, this ratio is remarkably 
high. Estimates vary from 10:1 to 25:1 [8].  

Current diets of layers based on corn and other grains are leaning heavily 
toward ω-6 PUFA (with small contents of ALA and virtually non-existent DHA 
and EPA) [9]. Vegetable oils (corn, soy, sunflower, rape) used in the diets also 
contain considerable amounts of ω-6 PUFA (mostly linolenic acid, LA) and very 
little ω-3 PUFA [10], excluding however certain species of rape [11]. With this 
kind of diet, ω-3 PUFA content in the egg is small and the ω-6/ω-3 PUFA ratio 
is way above the optimum value [12].  

As the most available source of complete protein and fatty acids, chicken 
eggs represent a food product that is most suitable for added functional properties 
[13]. Egg white covers approx. 12% of a daily demand of a human body and, 
therefore, is considered to be a model complete protein. Egg yolk contains satu-
rated, monounsaturated and polyunsaturated fatty acids (approx. 7 % of a daily 
demand of a human body, including approx. 11% of essential fatty acids) [7]. 
Amino acid composition of a chicken egg virtually does not depend on the diet 
of the layer [13], whereas lipid composition largely depends on the lipid profile 
of the diet [4, 14]. Thanks to high-speed and adaptable metabolism, biologically 
active substances take 2-4 weeks to transit from the layer’s diet to eggs, so one 
can vary the composition of the egg yolk by modifying the diet of the layer [4, 
15, 16]. However, enriched diets may have negative impact on physiological 
condition of the birds and boost the cost of products (by 15-20 % for functional 
poultry products on retail market) [1, 17].  

Enrichment of eggs with ω-3 PUFA requires a proper source where high 
biological availability of this fatty acid would have little negative impact on the 
egg production, layers’ health and quality of eggs, including organoleptic param-
eters. One should control the ω-6/ω-3 PUFA ratio both in the diet and in the ob-
tained eggs. Increase in the share and extent of PUFA (including ω-3 variety) 
undersaturation in the diet will reduce oxidation stability [18, 19] and cause tox-
ic oxidation products to occur in the body of the layer and to carry over into the 
eggs thereby compromising their quality during storage and/or cooking [20]. In 
addition, enrichment of eggs with ω-3 PUFA often results in unpleasant fishy 
odor [21]. 

ω-3 PUFA in the layers’ diet mostly comes from flax products (seed, oil, 
cake) wherein ALA contents is higher than in any other oil crops: ALA compris-
es over 50% of lipids in flax seed [22]. Flax oil is less frequent in the diet of the 
poultry than seed or cake due to insufficient availability and relatively high cost of 
this product [23]. Flax products diet, however, causes the odor of spoiled fishy in 
the eggs (probably, due to oxidation of PUFA-enriched lipids). Whole flax seed 
contains approx. 40% of fat, 20-25% protein and 3-10% adhesive substances 
(held mostly in seed coats), which, along with lignan phytoestrogens , linatine 
(pyridoxine antagonist) and linamarin (cyanogenetic glucoside), are deemed to 
be major anti-nutritional factors of flax [24]. Generally recommended diet of a 
grown bird should contain up to 10% of flax seed [23] which should be ground, 
autoclaved, granulated, extruded, subjected to microwave thermal treatment, etc., 
to enhance availability of protein and ω-3 PUFA [25, 26]. Phytoestrogens in flax 
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seed negatively impact egg and yolk weight, and adhesive substances reduce the 
egg-laying capacity. Arabinoxylanic fraction of the adhesive substance in the seed 
vastly increases chymus viscosity, thereby reducing the effect of dietary nutrients 
[27]. The diets with rape should be enriched with ferments capable of breaking 
the non-starch polysaccharides [28, 29]. There are few similar studies known in 
the context of flax. There were reports confirming the improved egg-laying ca-
pacity and feed conversion rate if the layers were fed 15% of flax seed with mul-
tienzyme complex Superzyme®-OM (Canadian Bio-Systems, Inc., Canada) that 
helps break the non-starch polysaccharides (at the same dosage of flax seed 
without enzyme additives, egg-laying capacity and shell mass went down com-
pared to control without flax seed and enzyme additives). Enzyme application 
would increase total ω-3-PUFA (from 546 mg to 578 mg per 1 egg of 60 g) and 
DHA (from 91.8 mg to 101.9 mg) (30).  

Oxidation stability of PUFA-enriched lipids is increased by antioxidants 
added to the feed, e.g. vitamins Е, А and С, carotenoids, Se, I, etc., which also 
are valuable bioactive agents. It would partially solve the problem of fishy odor in 
eggs. One should also use fresh feed with minimum-oxidation lipids [20, 31, 32]. 
At current prices on quality feed sources of ω-3-fatty acids, Western producers of 
FA-enriched eggs spend almost twice as much as on non-enriched eggs [7], so 
antioxidants without ω-3-fatty acids appear to be a feasible alternative. 

We are the first to study the potential of biofortification of edible eggs by 
vitamin Е, selenium and ω-3 PUFA in Russian cross breed chickens. This paper 
gives the dosages we established for flax cake, oil, fatty acids, organic source of 
vitamin E, Sel-Plex® and sodium selenite, which increase egg-laying capacity 
and egg weigh output per layer without negative physiological effect, while cut-
ting the feed consumption per unit of product and the costs for compound feed. 

This paper is dedicated to the study of efficiency of simultaneous enrich-
ment of edible chicken eggs with ω-3 polyunsaturated fatty acids, vitamin Е and 
selenium with the help of feed additives, and to assessment of impact of the latter 
on health and productivity of poultry. 

Methods. Trials were held in the animal facility Zagorskoye Center for 
Genetics and Selection (Sergiev Posad, Moscow Region) in 2016-2017 on SP 
789 cross layers (Gallus gallus L.) aged 140 to 200 days and held in poultry cages 
(5 layers in each cage) at intermittent lighting 2С:5Т:3С:2Т:3С:9Т.  

Six gropus, each comprising of 30 layers, were formed for determination 
of necessary dosage of ω-3 PUFA, vitamin E and selenium by the analogue 
method. Group I (control) was given standard diet (basic diet, BD) comprising of 
wheat (56.1%), bran (11.1 %), soy bean meal (9.3 %), sunflower cake (9.3 %), 
sunflower oil (3.0 %); ω-6 and ω-3 PUFA content is 3.62% and 0.14% respec-
tively, their ratio is 25.9:1; synthetic vitamin E (DL--tocopherol) content is 10 
g, pure selenium (sodium selenite as a source) makes 0.2 g/t of compound feed. 
In test groups II and III, sunflower oil in BD was totally replaced by flaxseed oil 
(3 %), cutting the share of wheat, soy bean meal, sunflower cake and wheat bran 
down to 55.7; 7.0; 8.2 and 9.9 respectively, with adding 5% of flaxseed cake. In 
test group II, selenium came from preparation Sel-Plex® (Alltech, USA), in test 
group III the Se source was DAFS-25 (LLC Sulfat, Russia). In the diet of test 
groups II and III, the amount of ω-6 and ω-3 PUFA was 2.09% and 1.97% re-
spectively, at 1.06:1; vitamin E (DL--tocopherol) was 100 g/t, pure selenium 
was 0.5 g/t of compound feed. In test groups IV-VI, sunflower oil was also re-
placed with flaxseed oil, with reducing the content of soy bean meal, sunflower 
cake and wheat bran to 4.7%. 7.1% and 8.9% respectively, and adding 10% flax-
seed cake to the diet. Test groups IV, V and VI were was fed Sel-Plex®, DAFS-
25, and sodium selenite, respectively. In these diets, ω-6 and ω-3 PUFA content 
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was 1.82% and 2.35% respectively (at 0.77:1) with 150 g vitamin E (DL--
tocopherol) and 0.5 g pure selenium per ton of compound feed. Diets of all 
groups were supplemented with 0.01% enzyme preparations Feedbest W (xy-
lanase and β-glucanase) and Feedbest Р (3-phytase) (LLC Sibbiofarm, Russia).  

Seven groups, each comprising of 30 layers, were formed for determina-
tion of complex enrichment of edible chicken eggs with ω-3 PUFA, non-organic 
and organic forms of vitamin E and selenium by analogue method. Group I 
(control, BD) was fed wheat (57.2%), bran (5.5%), soy bean meal (10.4%), sun-
flower cake (8.6%), corn gluten (3.0%), sunflower oil (4.0%). Content of ω-6 
and ω-3 PUFA was 3.69% and 0.12% respectively (at 30.8:1), vitamin E (DL--
tocopherol) is 10 g/t, pure selenium (source: sodium selenite) is 0.2 g/t com-
pound feed. In test groups II-IV, 3% sunflower oil was replaced with flaxseed 
oil, content of wheat, bran and soy bean meal was reduced to 56.8%; 4.3% and 
6.5% respectively; sunflower cake increased to 9.1% and 5% of flaxseed cake add-
ed. In test groups II, III and IV selenium came from Sel-Plex®, Sel-Plex® and 
DAFS-25 (1:1), and Sel-Plex® and sodium selenite (1:1). Content of ω-6 and ω-3 
PUFA in the diets is 2.49% and 2.16% respectively (at 1.15:1), with 150 g/t vita-
min E (DL--tocopherol) and 0.5 g/t pure selenium. In test groups V-VII, sun-
flower oil (4%) in BD was replaced with flaxseed oil (3%) in combination with fat 
production waste (a substrate containing over 90% fats, 280 µg/g natural carote-
noids and over 11300 µg/g -tocopherolа, the organic form of vitamin E) (1.5%), 
with adding flaxseed cake (5%), reducing bran and soy bean meal (down to 2.64% 
and 6.53% respectively) and increasing sunflower cake contents (up to 9.63%). Se-
source in test groups V, VI and VII was Sel-Plex®; Sel-Plex® and DAFS-25 
(1:1); and Sel-Plex® and sodium selenite (1:1). Content of ω-6 и ω-3 PUFA was 
2.50% and 2.23% (at 1.12:1), with 150 g/t organic vitamin E (D--tocopherol) 
and 0.5 g/t pure selenium. Diets of all groups were supplemented with enzyme 
preparation Record (100 g/t feed; CJSC Ferment, Belarus). 

Livability of population was controlled on a daily basis, live weight con-
trol involved individual weighing of the entire population aged 140 and 200 days. 
Egg production per laying hen was estimated by the number of eggs laid by each 
group; egg weight by individual weighing of each egg the hens laid within 3 con-
secutive days in the middle of each month; output per hen (weight) — by the 
number of eggs laid and average weight of the eggs for each group; output per hen 
for category — by weighing and visual inspection of the eggs laid by the hens with-
in 3 consecutive days in the middle of each month (national standard of the Rus-
sian Federation GOST 31654-2012 “Edible Chicken Eggs. Specifications”). Feed 
consumption was estimated by daily control of the feed served and feed stock 
available at the end of each week; feed consumption per 10 eggs and per 1 kg of 
egg weight was calculated on the basis of data on feed consumption, egg produc-
tion and egg output (by weight). Weight of the egg white, egg yolk and egg shell 
was determined by generally accepted methods in the middle of each month; con-
tents of ω-3 PUFA, vitamin E and selenium in the yolk and in the egg white were 
quantified on days 30 and 60 days of examination.  

Se weight fraction was measured by electrothermal atomic absorption 
spectrometry (spectrometer Duo 240 FS/240Z, Varian, USA). Samples were 
decomposed by microwave sample preparation system Milestone START D 
(Milestone Systems, Italy). Weight fraction of vitamin E was measured by high-
performance liquid chromatography (chromatographic system Knauer, Knauer 
Engineering GmbH Industrieanlagen & Co., Germany). Samples were prepared 
by the commonly accepted alkaline saponification method followed by extraction 
with diethyl ether. Weight fraction of crude fat was measured using the Randall 
method and extractor VELP Ser148 (VELP, Italy); fatty acids composition was 
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studied by capillary gas-liquid chromatography using gas chromatograph Kristall-
2000М (Chromatech, Russia). Methyl ethers of fatty acids were separated in capil-
lary column Stabilwax®-DE (Restek, USA) (l = 60 m, internal Ø 0.32 mm, film 
thickness 0.5 mm) and registered by flame-ionization detector Kristall-2000М 
(CJSC SBC Chromatech, Russia). 

Data processing proceeded by variation statistics in Microsoft Excel. Mean 
values (M) and standard error of mean (±SEM) are set forth in the tables. Relia-
bility was estimated by the Student t-test. Variations were considered statistically 
significant at р < 0.05. 

Results. The purpose of Test 1 was to estimate the dose of sources of ω-3 
PUFA, vitamin E and selenium in the diet of layers. Over the 60-day period, 
livability of the flock in every trial group was 100% (Table 1). Live weight of 
layers aged 140 days was virtually the same in groups I-VI. However, the biggest 
live weight among the layers aged 200 days was in group II (1.4%-3.6% higher 
than in the remaining groups). Group III yielded the worst results, 0.9% below 
the control group. In terms of egg-laying capacity, groups II, III, V and VI were 
way ahead of the others with the negligible difference between them. Group I 
demonstrated the lowest egg-laying capacity, 0.6%-3.9% behind the others. 
Group II had the highest mean weight of the egg, mean egg weight output per 
layer, as well as the output of super and grade 1 eggs (respectively 4.5%-6.7%; 
5.0%-8.4%; 3.7%-9.7% and 11.0%-23.8% higher than in the remaining groups). 
Group V yielded the smallest egg weight, while the control group yielded the 
smallest egg weight output. Tendency toward the drop in the egg weight was in 
the poultry receiving diet with 10% of flaxseed cake and pure selenium (0.5 g/t) 
in DAFS-25. The difference in weight of eggs was significant between group II 
and groups I, III-VI (р < 0.001). In recent studies [33], addition of 10% flaxseed 
cake to the diet increased egg production by 4% (р < 0.05), with the egg weight 
considerably lower than in control group. According to another report [34], in-
crease in vitamin E content from 100 to 200 g/t boosted egg laying (р < 0.01) 
while the egg weight dropped (р < 0.01). 

1. Body weight, egg production, egg quality and feed consumption in SP 789 cross lay-
ers fed with varying diets including ω-3 polyunsaturated fatty acids, vitamin E and se-
lenium (M±SEM, Zagorskoye CGS, Sergiev Posad, Moscow Region, 2016-2017) 

Indicator 
Group (n = 30) 

I (control) II III IV V VI 
Live weight, g:        
   age 140 days 1307±16.42 1308±17.93 1312±11.31 1309±15.31 1308±13.60 1318±16.01 
   age 200 days 1616±26.29 1658±26.28 1601±27.72 1620±38.28 1613±22.16 1635±24.95 
Egg production per layer, pcs. 47.5 49.2 49.0 47.8 49.3 49.4 
Egg laying intensity, % 79.2 82.0 81.7 79.7 82.2 82.3 
Mean weight of an egg, g 56.2±0.50 58.7±0.43* 55.4±0.49* 55.8±0.48 55.0±0.46 55.9±0.48* 
Egg output by grade, %:       

Premium 2.04 1.94 1.97 1.32 1.35 1.97 
Super (0) 3.40 10.97 5.92 7.24 1.35 1.32 
1 50.34 61.29 37.50 43.42 45.95 48.03 
2 40.14 21.94 49.34 44.08 48.97 45.39 
3 0.68 0.64 1.32 1.31 0.67 0.66 
breakage and cracks 3.40 3.22 3.95 2.63 2.70 2.63 

Egg weight output per layer, kg 2.675 2.900 2.722 2.683 2.717 2.761 
Feed consumption:       

per 1 hen/day, g 109.2 107.0 106.7 103.1 104.5 106.5 
per 10 eggs, kg 1.38 1.31 1.31 1.29 1.27 1.29 
per 1 kg of egg weight, kg 2.45 2.22 2.35 2.31 2.31 2.31 

Cost per 1 t compound feed, RUB 14098 14504 14282 14374 14151 14104 
N o t e. Groups and accounting methods (Test 1) are described in section Techniques.  
* Difference with control group is statistically significant at р < 0.001. 

  

The lowest feed consumption per hen for day was in group IV (1.3%-
5.6% below the other groups), while group I (control) kept the maximum feed 



792 

consumption. The cost of feed per 10 eggs was the lowest in group V, and in 
terms of 1 kg of egg weight in group II (respectively 1.6%-8.0% and 3.9%-
9.4% smaller than in the remaining groups). These indicators were the highest 
in control group where minimum egg production and maximum feed consump-
tion per hen for day were recorded. 

2. Morphological and chemical characterization of eggs laid by SP 789 cross layers 
fed various diets including ω-3 polyunsaturated fatty acids (PUFA), vitamin E 
and selenium (M±SEM, Zagorskoye CGS, Sergiev Posad, Moscow Region, 
2016-2017) 

Indicator 
Group (n = 30) 

I (control) II III IV V VI 
Egg yolk weight:       

absolute, g 14.27±0.44 14.23±0.32 13.99±0.31 13.69±0.34 14.20±0.30 14.49±0.34 
relative, % 23.95 23.63 24.44 23.38 24.70 24.18 

Egg while weight:       
absolute, g 39.00±0.56 39.62±0.66 37.1±0.57* 38.54±0.46 37.08±0.49* 38.94±0.60 
relative, % 65.45 65.79 64.80 65.80 64.51 65.00 

Egg shell weight:       
absolute, g 6.32±0.10 6.37±0.13 6.16±0.08 6.34±0.10 6.20±0.09 6.48±0.08 
relative, % 10.60 10.58 10.76 10.82 10.79 10.82 

Contents per 100 g of the edible part  
of egg (bulk samples): 

     

Se, µg 28.3 61.6 58.2 61.8 58.9 43.1 
vitamin E, mg 2.31 4.47 5.04 6.40 8.35 5.50 
ω-6 PUFA, mg 2181 1630 1504 1535 1321 1410 
ω-3 PUFA, mg 172 767 767 807 767 796 

including       
-linolenic, mg 69 539 537 547 577 515 
ω-3-eicosapentaenoic, mg  12 22 26 25 28 29 
ω-3-docosapentaenoic, mg  8.5 29 30 31 31 29 
ω-3-docosahexaenoic, mg  64 148 146 174 152 144 

ω-6/ω-3 PUFA ratio 12.7:1 2.1:1 2.0:1 1.9:1 1.7:1 1.8:1 
N o t e. Groups and accounting methods (Test 1) are described in section Techniques.  
* Difference with control group is statistically significant at р < 0.05. 

 

According to morphological and chemical study of the eggs (Table 2), 
the groups did not differ too much in terms of the absolute and relative weight 
of the egg yolk over the trial period (60 days). Maximum absolute weight of the 
egg white was in group II (1.5%-6.9% above the other groups). The difference in 
this value proved to be significant between groups I and III, V (р < 0.05); II 
and III, V (р < 0.01); VI and III, V (р < 0.05); IV and V (р < 0.05). In terms 
of the relative weight of egg white, the leading groups were group II and IV 
where Se source was Sel-Plex®, i.e. the weight of eggs in these groups grew due 
to egg white. There were no considerable differences between the groups for ab-
solute and relative weight of the egg shell. 

In groups II-VI, vitamin E content in 100 g of the edible part of egg was 
1.9-3.6 times higher than in the control. Increasing the dose of vitamin from 100 
g/t to 150 g/t compound feed naturally increased its content in the egg itself. 
Similar correlation was observed in other studies [34, 35], i.e. vitamin E content 
in the egg directly depended on the dose thereof in the diet. 

Selene content in 100 g of the edible part of egg in the test groups was 
1.5-2.2 higher than in the control. Of all test groups, this value was the lowest in 
group VI where sodium selenite was used. Our data correlate with the findings of 
other authors [36] who report that selenium content in egg white and egg yolk 
depends on the dosage and the form of selenium in the layers’ diet.  

Deposition of ω-3 PUFA per 100 g of the edible part of egg in test 
groups was 4.5-4.7 times higher compared to control, with 7.5-8.4-fold -
linolenic acid, 1.8-2.4-fold eicosapentaenoic acid, 3.2-3.4-fold docosapentae-
noic acid, and 2.3-2.7-fold docosahexaenoic acid. The ω-6/ω-3 PUFA ratio in 
groups II and VI was 1.7-2.1:1 vs. 12.7:1 in control. It should be noted that add-
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ing 5% flaxseed cake (groups II and III) and 10% flaxseed cake (groups IV-VI) 
in combination with 3% flaxseed oil have very little impact on ω-3 PUFA in 
eggs, whereas decrease in ω-6 to ω-3 PUFA ratio occurs due to decreasing ac-
cumulation of ω-6 PUFA. The test groups where DAFS-25 was the Se source 
(III and V) and sodium selenite (VI) show a tendency toward decrease of ω-
6/ω-3 PUFA ratio. These data correlate with the findings of N. Gjorgovska et 
al. [34] who reported an increase in the content of these fatty acids in the eggs 
of chickens fed with a higher dose of ω-3 PUFA (DHA and EPA). Fresh eggs 
and the eggs from control hens and groups II-III stored for 25 days at room 
temperature had no foreign odor or flavor. Fresh eggs from groups IV-VI had no 
foreign odor or flavor, too, but when these eggs were stored, a slight fishy odor 
and flavor emerged before and after cooking.  

Complex enrichment of chicken eggs with ω-3 PUFA, selenium and vit-
amin E during the first test increased the cost of feed in groups II-VI by 0.04%-
2.88% compared to the control group. That is why in the next experiment we 
endeavored to obtain similar results for biofortification of edible eggs without 
causing the increase in cost of the compound feeds. 

In Test 2 (Table 3), livability in each group was also 100%. No signifi-
cant difference in live weight of hens aged 200 days was detected. The highest 
productivity and egg weight output per layer was in group VII (2.4%-10.1% and 
3.0%-13.2% higher than in other groups). Control group yielded the lowest val-
ues. Following the replacement of synthetic source of vitamin E with organic 
(fatty acids), mean egg weight increased in groups V-VII by 0.6-0.8 g or by 
1.1%-1.4%, with group VII dominance. The lowest egg weight was in the control 
group, 0.6-1.6 g (or 1.1%-2.8%) lower than in other groups. Difference in these 
values between groups V-VII and group I was significant (р < 0.05). Available 
literature provides no data regarding the impact of any such fatty acid prepara-
tions on the effective accumulation of vitamin E in eggs.  

3. Body weight, egg productivity, egg quality and feed consumption with SP 789 cross 
layers following optimization of diet by inclusion of ω-3 polyunsaturated fatty acids, 
non-organic and organic forms of vitamin E and selenium (M±SEM, Zagorskoye 
CGS, Sergiev Posad, Moscow Region, 2016-2017) 

Indicator 
Group (n = 30) 

I (control) II III IV V VI VII 
Live weight, g:         
   age 140 days 1372±19.87 1370±22.68 1392±21.24 1396±23.51 1379±20.08 1366±22.37 1390±34.89 
   age 200 days 1543±22.87 1592±27.18 1615±32.28 1597±34.90 1602±30.08 1577±27.47 1566±29.76 
Egg production per layer, pcs. 46.5 48.6 49.0 49.2 49.6 50.0 51.2 
Egg laying intensity, % 77.6 81.0 81.7 82.1 82.7 83.3 85.4 
Mean weight of an egg, g 54.9±0.48 55.5±0.44 55.6±0.40 55.7±0.36 56.1±0.34* 56.2±0.40 56.5±0.43* 
Egg weight output per layer, kg 2.555 2.691 2.725 2.757 2.784 2.808 2.893 
Feed consumption:        

per 1 hen/day, g 111.7 111.9 111.7 112.5 114.8 114.1 113.6 
per 10 eggs, kg 1.44 1.38 1.37 1.37 1.39 1.37 1.33 
per 1 kg of egg weight, kg 2.62 2.50 2.46 2.45 2.47 2.44 2.36 

Cost per 1 t compound feed, RUB 14863 14965 14878 14855 14827 14711 14688 
N o t e. Groups and accounting methods (Test 1) are described in section Techniques.  
* Difference with control group is statistically significant at р < 0.05. 

 

The lowest feed consumption rates (per 1vhen/day) were in groups I, II 
and III. Group V had the highest consumption (2.8% higher than control 
group). The lowest feed consumption per 10 eggs and 1 kg of egg weight (re-
spectively 2.9-7.6 and 3.3%-9.9% smaller than in other groups) was in group VII 
where the maximum productivity and egg weight output per layer were observed.  

Cutting the content of Sel-Plex® by half and balancing the diet with 
DAFS-25 in groups III and VI reduced the costs per 1 t compound feed by 
RUB 87 and RUB 116 (or 0.58% and 0.78%) respectively; and replacement of 
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50% of Sel-Plex® with sodium selenite in groups IV and VII reduced the costs 
per 1 t feed by RUB 110 and RUB 139 (or by 0.74% and 0.94%), respectively, as 
compared to groups and V. Replacement of the synthetic source of vitamin E with 
organic one (fatty acids from oil and fat production waste) in groups V-VII re-
duced the costs per 1 t compound feed by RUB 138-167 (or by 0.92%-1.12%) vs. 
groups II-IV. Group VII showed the lowest results, by RUB 175 (or 1.18%) lower 
than in control group and by RUB 23-277 (0.16%-1.85%) below groups II-VI. 

The groups do not differ significantly in absolute and relative weight of 
the egg yolk, white and shell (Table 4). Se concentration in 100 g of the edible 
part of the egg in groups II-VII was 2.2-2.3 times, and vitamin E — 2.0-2.8 
times higher than in the control group. Test groups show virtually similar Se 
content. A higher vitamin E concentration per 100 g of the edible part of egg 
was in group IV with its synthetic source and in group VII with its organic 
source. Accumulation of ω-3 PUFA per 100 g of the edible part of egg in groups 
II-IV was 3.4-5.0 times higher than in the control group, with 5.2-8.0-fold -
linolenic acid, 1.4-2.4-fold eicosapentaenoic acid, 1.5-3.2-fold docosapentaenoic 
acid, and 2.3-3.8-fold docosahexaenoic acid levels. Ratio ω-6 ω-3 PUFA in 
groups II-IV was 2.3-2.9:1 against 14.2:1 in control group. It should be noted 
that introduction of either synthetic or organic vitamin E in the feed caused the 
highest content of ω-3 and ω-6 PUFA per 100 g of the edible part of egg in 
groups where selenium sources were Sel-Plex® with sodium selenite in propor-
tion 1:1 (groups IV and VII). 

4. Morphological and chemical characterization of eggs laid by SP 789 cross layers 
fed optimized diets including ω-3 polyunsaturated fatty acids, non-organic and 
organic forms of vitamin E and selenium (M±SEM, Zagorskoye CGS, Sergiev 
Posad, Moscow Region, 2016-2017) 

Indicator 
Group (n = 30) 

I (control) II III IV V VI VII 
Egg yolk weight:        

absolute, g 12.38±0.31 12,58±0,32 12,56±0,28 12,64±0,34 12,72±0,39 12,80±0,32 12,89±0,43 
relative, % 22.55 22,67 22,59 22,69 22,68 22,78 22,81 

Egg while weight:        
absolute, g 36.32±1.15 36,77±1,18 36,81±1,04 36,89±0,97 37,16±0,97 37,15±0,95 37,34±1,02 
relative, % 66.16 66,26 66,20 66,24 66,23 66,10 66,09 

Egg shell weight:        
absolute, g 6.20±0.21 6,14±0,17 6,23±0,21 6,17±0,17 6,22±0,20 6,25±0,22 6,27±0,16 
relative, % 11.29 11,07 11,21 11,07 11,09 11,12 11,10 

Contents per 100 g of the edible part  
of egg (bulk samples): 

    

Se, µg 27.1 61,1 61,2 60,3 61,5 59,3 60,9 
vitamin E, mg 3.10 6,16 7,04 7,95 8,19 8,59 8,82 
ω-6 PUFA, mg 2717 2385 2312 2445 1915 2035 2148 
ω-3 PUFA, mg 192 881 790 960 655 778 949 

including        
-linolenic, mg 77 618 502 581 400 490 544 
ω-3-eicosapentaenoic, mg  11 25 19 26 15 19 20 
ω-3-docosapentaenoic, mg 17 36 26 45 34 33 55 
ω-3-docosahexaenoic, mg  87 202 243 308 206 236 330 

ω-6/ω-3 PUFA ratio 14.2:1 2,7:1 2,9:1 2,5:1 2,9:1 2,6:1 2,3:1 
N o t e. Groups and accounting methods (Test 1) are described in section Techniques.  

 

According to Р. Weill et al. [37], the use of 5% dietary extruded flax-
seed, as compared to standard feed, results in 3.8 times higher content of n-3 
PUFA in edible eggs, including 2.4 times higher DHA. Findings of I.D. Bean et 
al. [38] also indicate a significantly (at р < 0.001) increased content of linolenic 
acid, DHA and total ω-3 fatty acids in the eggs of layers fed with flaxseed. 

Therefore, simultaneous use of dietary ω-3 polyunsaturated fatty acids 
(PUFA), selenium and vitamin E in tested doses will boost content of these sub-
stances in edible eggs without negative impact on livability and productivity of 
hens. For complex enrichment of edible eggs with ω-3 PUFA, vitamin E and 
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selenium, one needs to use dietary flaxseed oil and cake (3% and 5% respective-
ly, with adding enzyme preparation), 150 g/t vitamin E and 0,5 g/t selenium. 
Replacement of half-dose of Sel-Plex® with DAFS-25 and sodium selenite and 
synthetic vitamin E (DL--tocopherol) with its organic source (D--tocopherol) 
enhances productivity and total egg weight per layer, while cutting the feed con-
sumption per unit of product and the costs. Best results are achieved when Se 
sources are Sel-Plex® and sodium selenite (1:1) and the organic source of vita-
min E are fatty acids of fat production waste. This group 4.9 times exceeded the 
control group for ω-3 PUFA content per 100 g of the edible part of egg (with ω-
6/ω-3 PUFA ratio 2.3:1 against 14.2:1 in control group), including 7.1-fold in-
crease in -linolenic acid, 1.8-fold increase in eicosapentaenoic acid, 3.2-fold 
increase in docosapentaenoic acid, 3.8-fold increase in docosahexaenoic acid, 
2.8-fold increase in vitamin E, and 2.2-fold increase in selenium. Layers’ 
productivity is 10.1% higher, egg weight output per layer is 13.2% higher, 
whereas feed consumption per 10 eggs and 1 kg of egg weight reduces by 7.6% 
and 9.9% respectively, and feed consumption reduces by 1.2%. 
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A b s t r a c t  
 

Following world trends in feeding farm animals, it should be noted an increasing interest in 
polyphenolic substances derived from plant extracts. Recent studies indicate the ability of these sub-
stances to stimulate growth of animals and poultry, to reduce the risk of diseases and to improve 
consumer properties of products. This paper is the first our report to show that dietary Quercus cor-
tex extract, when used separately or in combination with amylolytic and cellulolytic enzymes, pro-
motes slaughter indices of Smena 8 cross broilers and can change meat composition on fatty acids 
and some microelements. For the experiment, 7-day chicken broilers were divided by analogs’ meth-
od into 4 groups (n = 30, a total of 120 birds). Control group received main diet, Quercus cortex 
extract was added to the diets of groups I and II (2.5 ml/kg LW), group II and group III were also 
fed with an enzymatic preparation containing glucoamylase and concomitant cellulolytic enzymes 
(5 g/10 kg of feed). Dietary Quercus cortex extract led to an increase in pre-slaughter weight by 4.4-
16.6 % over the entire experiment as compared to the control broilers, and caused changes in small 
intestine microbiota. The counts of Bacteroidetes and Firmicutes phyla were 5.1 % and 4.0 % higher, 
respectively, while Proteobacteria counts decreased by 3.2 %. Enzyme supplement increased the 
abundance of Bacteroidetes, Firmicutes and Proteobacteria phyla by 7.3 %, 6.5 % and 5.8 %, and 
combination of the enzyme preparation with the extract of oak bark increased the counts of Actino-
bacteria phyla by 9.0 %. In group II, the dry matter content in pectoral muscle was 1.29 % higher 
(p  0.05) and crude fat was 1.35 % higher (p  0.05), in group I and group III these values in-
creased by 0.76 and 0.87 %, and by 0.08 and 0.33 %, respectively. The total concentration of unsatu-
rated fatty acids was almost at the same level, and some peculiarities have been identified for only 
certain acids. The most obvious one was a deсline in monounsaturated myristoleinic acid level in 
the experimental groups (p  0.05) while the level of palmitoleic acid was rising (p  0.05). In 
group I, the concentration of linolenic acid was higher (p  0.05) compared to that in all test 
groups and the control group. The total concentration of saturated fatty acids in muscle samples 
of control and test groups also remained practically unchanged and leveled due to long-chain fatty 
acids which content in the test groups increased vs. a decrease in myristic acid level (p  0.05). As 
a result of Quercus cortex extract supplement, a significant increase in magnesium level (p  0.05) 
was found in group I. In all test groups, we observed a decrease in the level of calcium (p  0.05) 
and iron, zinc, copper, cobalt and iodine, the trace elements (p  0.05), in the broilers’ muscle 
tissue as compared to the control group. Thus, the dietary Quercus cortex extract contributes to 
the increase in slaughter indices of broilers, can change fatty acid and elemental profile of muscle 
tissue and influences the microbiome of small intestine. 
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The development of resistance to antimicrobial drugs and discussed pos-
sibility of transferring the resistance genes from animals to humans causes the 
growing concern that leads to the refusal of using feed antibiotics. However, the 
exclusion of them from diets decreases the efficiency of technologies in livestock 
and poultry farming [1].   

One of the global trends in the practice of feeding farm animals and 
poultry is the growing interest to the perspectives of using plant extracts, includ-
ing those containing tannins. Thus, the performed studies point out to the 
growth-promoting effect of these compounds to various animals and birds spe-
cies [2, 3], while medicinal plants and tannins can reduce the risk of emergence 
of animal diseases [4-6] and change the consumer properties of a product [7-9]. 
The positive effect of the tannin derivatives of Emblica officinalis (Emblica, Indi-
an Gooseberry) on the baby chickens’ humoral immune responses against the 
coccidiosis infection [10] has been noted. The ability of garlic and pennywort to 
improve the growth of broiler chickens and to cause the positive changes the 
intestinal microbial communities and the fatty acid composition of the pectoral 
muscles has been studied; also these plants exhibit the immunomodulating effect 
and control the intestinal enteropathogens that influence on the results of feed 
conversion [11]. It is known that some medicinal and edible plants have a posi-
tive effect on the growth and economic effectiveness when growing poultry, for 
example, the positive effect of certain medicinal herbal mixtures on the lipid 
metabolism in the liver and on the organism’s antioxidant status has been re-
ported [12-15].  

Poultry meat has a lot of beneficial nutritional properties, the important 
one of which is low content of lipids and relatively high content of polyunsatu-
rated fatty acids [16-18].   

The application of multienzyme complexes causes the active growth of 
intestinal microflora and the loss of a part of the substances reduced by enzymes. 
The suppression of microflora enables an increase in productive effect of en-
zymes significantly (by 30-35%). The combined use of an antibiotic and an en-
zyme preparation was discussed as a promising approach [19, 20]. It was report-
ed that nitrogen digestibility increased by 37.0% and the pronounced synergism 
of these substances has been noted [19].  

In the present paper, it was shown for the first time that the inclusion of 
the extract of Quercus cortex in the enzyme-containing diet of broilers contrib-
utes to the improvement of the slaughter qualities of poultry, changes in the fatty 
acid and elemental profile of muscle tissue and in the structure of the intestinal 
microbiome. 

Our objective was to study the effect of Quercus cortex extract on the 
productive and quality parameters of poultry with enzyme containing diet.  

Techniques. The researches were conducted in vivarium conditions 
(Orenburg region, 2017) on the chickens of the Smena 8 cross (n = 120). The 7-
day-old broiler chickens selected for the experiment were divided into 4 groups 
using the analog method (n = 30). During the experiment, all the birds were in 
the same living conditions. The basal diets (BD) have been composed with taking 
into account the recommendations of the All-Russian Research and Technological 
Institute of Poultry (V.I. Fisinin, I.A. Egorov, T.N. Lenkova and others Guide-
lines for Optimizing the Recipes of Combined Feeds for Poultry. Moscow, 2009).   

According to the scheme of experiment, the control group had been re-
ceiving the BD, the experimental group I — BD + extract of Quercus cortex 
(2.5 ml per 1 kg of body weight), experimental group II — BD + extract of 
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Quercus cortex (2.5 ml/kg of body weight) + enzyme preparation (5 g per 10 kg 
of feed), experimental group III — BD + enzyme preparation (5 g per 10 kg of 
feed). The enzyme preparation (GlucoLux-F, Sibbiopharm, Russia) containing 
glucoamylase and accompanying cellulolytic enzymes (xylanase, -glucanase, 
cellulase) has been applied according to the manufacturer’s standards. The birds 
were fed twice a day; the feed intake was accounted daily. The birds’ living con-
ditions and the procedures when conducting the experiments met the require-
ments of the instructions and recommendations of the Russian Specifications 
(Order of the Ministry of Health of the USSR No. 755 dated August 12, 1977) 
and of The Guide for Care and Use of Laboratory Animals (National Academy 
Press, Washington, D.C., 1996). Every effort to minimize the birds’ suffering 
and to reduce the number of used samples has been made. The birds’ decapita-
tion under the Nembutal ether has been made on the 42nd day.   

To prepare extract of Quercus cortex, 50 g of crushed bark (dosage 
form) were poured with 500 ml of hot (70 С) distilled water, heated in a boil-
ing water bath for 30 min, percolated and filtered (White Ribbon ashless filters, 
d 70 mm, ApexLab, Russia). The filtered extract was analyzed by the chromatog-
raphy-mass spectrometry using a GQCMS 2010 Plus gas chromatograph with 
the mass-selective detector (Shimadzu, Japan) on the HP-5MS column. For 
the results interpreting the GCMS Solutions and GCMS PostRun Analysis (Shi-
madzu, Japan) software was used; for the compound identification the set of CAS 
spectra libraries (https://www.cas.org), NIST08 (https://www.nist.gov), Mainlib 
(http://catalog.mainlib.org), Wiley9 (http://www.sisweb.com) has been used. The 
number of identified components was evaluated by the relative value (%) corre-
lating the peak area of a component with the total peak area of the extract.  

The chemical composition of the broiler tissues after the slaughter was 
determined by standard methods (State Standards GOST 13496.15-97, GOST 
51479-99, GOST 23042-86, GOST 25011-81, GOST R 53642-2009), for analy-
sis of fatty-acid composition of the muscle tissue a Crystal-4000 Lux gas chro-
matograph (NPF Meta-Chrom LLC, Russia) and the Lyumakhrom liquid 
chromatograph (Lyumeks, Russia) (GOST 51486-99) were used.  

In analyzing the elemental composition of the tissues, the biosubstrates 
were ashed in the MD-2000 microwave decomposition system (PerkinElmer, Inc., 
USA). The element content in ash was determined (Elan 9000 mass-spectrometer, 
Optima 2000 V atomic emission spectrometer, PerkinElmer, Inc., USA).   

The samples content of the broiler small intestine were placed into the 
sterile Eppendorf microtubes with the snap-on lid (Nuova Aptaca S.R.L., Italy); 
DNA was extracted and purified according to the modified method [21]. DNA 
purity (according to OD260/OD280) was assessed with a NanoDrop spectropho-
tometer (Thermo Scientific, USA), for measuring concentration (ng/μl) a Qubit 
2.0 fluorimeter (Invitrogen/Life Technologies, USA) was used. DNA concentra-
tion was measured 3 times: after extraction, after the first polymerase chain reac-
tion (PCR) with the specific 16S prokaryotic primers, and after the second PCR 
with the adapters and indices of Nextera XT protocols. The analysis of microflora 
was made by metagenomic sequencing (Illumina MiSeq, Illumina, USA) with the 
MiSeq® Reagent Kit v3 (600 cycles). The bioinformatic processing of the results 
was performed with PEAR software (Pair-End AssembeR, PEAR v0.9.8) [22].  

Filtering, dereplicating, removing chimeric sequences, clustering, sorting 
(single-tons cutoff) and removing the contamination were performed in the 
USEARCH program (usearch v8.0.1623_i86linux32, http://drive5.com/usearch).   

We used -fastq_filter algorithm for filtering, -derep_prefix algorithm for 
replication, and -cluster_otus algorithm for clustering and deleting chimeric se-
quences [23-26]. The VAMPS resource (Visualization and Analysis of Microbial 
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Population Structures, https://vamps.mbl.edu/) [27] was used for visualization. 
The sequencing results were processed with Microsoft Excel software package.  

The experiment was completed with the balance experiments for deter-
mining the feed digestibility and nutrients utilization by the birds [28]. Ammonia 
in the average sample of the bird manure was fixed with the 0.1 N oxalic acid 
(4 ml per 100 g of manure). Upon the completion of a balance experiment, the 
samples were dried at 60-70 С and kept in airtight container. The loss of sub-
stances and the amount of assimilated feed were calculated from daily account-
ing of the manure weight and composition.   

The statistical processing was performed using SPSS Statistics 20 soft-
ware (IBM, USA). The mean (M) and root-mean-square deviations (±) as well 
as the standard deviation errors (±SEM) were calculated. Nonparametric Wil-
coxon test was used for comparison of the variants. The differences were consid-
ered statistically significant at p < 0.05.  

Results. In the prepared oak bark extract, we have identified 35 com-
pounds (Table 1) among which we detected the substances (10%) exhibiting the 
activity against the first-type Quorum Sensing system. The data on the investiga-
tion of the biological properties of these substances are partly presented by us 
earlier [29, 30]. 

1. Chemical compounds identified in the prepared extract of the Quercus cortex oak’s 
bark 

Name of the identified compound (under IUPAC)) 
Peak area, 
% 

Propantriol-1,2,3* 3.56 
Decane*  0.30 
2-furancarboxylic acid* 0.30 
1,3,5-triazin-2,4,6-triamine* 0.59 
Pentadecane* 0.25 
2,3-dihydroxypropanal* 0.35 
Butanedioic acid* 0.30 
2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one* 1.19 
2-amino-9-[3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-3H-purin-6-one* 0.59 
Cyclopentane-1,2-diol** 0.30 
1,2:5,6-dinghydrogalaccitol** 0.89 
5-hydroxymethylfurfurol*  1.98 
Acetylcysteine, (R)-2-acetamido-3-mercaptopropanoic acid* 0.89 
1-methylundecyl ester of 2-propenoic acid** 1.39 
2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one** 0.79 
1-(2-hydroxyethyl)-4-methylpiperazine** 1.33 
6-(4-hydroxy-6-methoxy-2-methyl-tetrahydro-pyran-3-yloxy)-2-methyl-dihydro-pyran-3-one** 0.79 
1,2,3-trihydroxybenzene* 0.99 
2-methyl-5-nitropyrimidine-4,6-diol** 0.99 
4-hydroxy-3-methoxybenzaldehyde* 0.53 
2-amino-9-[3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-3H-purin-6-one* 25.6 
1,6-anhydro-β-D-glucopyranose* 6.14 
1-(β-D-arabinofuranosyl)-4-O-trifluoromethyluracil** 0.99 
4-hydroxy-3-methoxybenzoic acid** 0.69 
1,6-anhydro-β-D-glucofuranose* 0.89 
4-propyl-1,3-benzenediol* 1.38 
1,2,3,4,5-cyclohexanpentol* 36.38 
4-(hydroxymethyl)-2,6-dimethoxyphenol* 0.37 
4-(3-hydroxy-1-propenyl)-2-methoxyphenol* 4.45 
9 -[(2R, 3R, 4S, 5R)-3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-3H-purin-2,6-dione* 0.30 
7-hydroxy-6-methoxy-2H-1-benzopyran-2-one* 0.48 
methyl--D-glucopyranoside* 1.19 
2H-1-benzopyranone-2* 0.30 
2-ethoxy-6-(methoxymethyl)-phenol** 0.75 
3,4,5-trimethoxyphenol** 1.79 
* The components identified with the probability > 90%  
** The components identified with the probability < 90%  

 

The dietary Quercus cortex extract in group I led to the increase in pre-
slaughter weight by 4.4% compared to the control, and in the weight of the 
semi-eviscerated carcass by 4.7% (by the end of the experiment). In the experi-
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mental group II, with enzyme containing diet, the pre-slaughter weight increased 
by 16.6% (р  0.05) and the weight of the semi-eviscerated carcass by 21.5%. In 
the groups, the share of muscle tissue in the weight of the semi-eviscerated car-
cass amounted to 55.5-57.3%. The positive effect of tannin containing prepara-
tions on the slaughter parameters of broiler chickens is known [31]; in particular, 
it has been noted upon the inclusion in the diet of the chestnut-based additives 
with 77%tannin content. These data have been confirmed in our research, and 
when comparing the obtained results, it is necessary to take into account that 
the concentration of tannins in the Quercus cortex extract is less than 20%.   

The investigation of the muscle tissue chemical composition (Table 2) 
revealed the increase in the content of dry matter by 1.29% (p  0.05) and of 
crude fat by 1.35% (p  0.05) compared to the control in test group II, and by 
0.76 and 0.87%, 0.08 and 0.33%, respectively, in test groups I and III. In tes 
groups there was a tendency to increase the protein content in pectoral muscles. 
This is consistent with the data of the previously performed assessment of the 
influence of polyphenolic substances on the chemical composition of meat and 
the results of feeding broilers with exogenous amylase in combination with xy-
lanase [32, 33].   

2. Chemical composition (%) of pectoral muscle tissue of 42-day-old broiler chick-
ens of Smena 8 cross fed with dietary oak bark extract and biopreparation with 
amylolitic and cellulolytic activity (M±SEM, n = 11, the experiment in vivarium 
conditions) 

Parameter 
Group  

control I  II  III  
Mass fraction of dry matter 25.19±0.17 25.61±0.27 26.48±0.42* 25.72±0.89 
Mass fraction of crude fat 4.54±0.64 5.56±1.02 5.89±0.40* 5.81±0.85 
Mass fraction of protein 20.10±0.51 20.57±0.50 20.77±0.11 20.63±0.71 
Mass fraction of ash  0.96±0.01 0.96±0.01 0.97±0.01 0.97±0.02 
N o t e. Control group was fed with basal diet (BD); test group I received BD + extract of Quercus corte; test 
group II received BD + extract of Quercus cortex + enzyme preparation; test group III received BD + enzyme 
preparation.   
* Differences with the control group are statistically significant at p  0.05 

 

3. Fatty-acid profile (%) of the pectoral muscle tissue of 42-day-old broiler chickens 
of Smena 8 cross fed with dietary oak bark extract and biopreparation with amy-
lolitic and cellulolytic activity (M±SEM, n = 11, the experiment in vivarium 
conditions) 

Fatty acids 
Group 

control I  II  III  
Unsaturated fatty acids in total  69.78 70.09 69.49 70.18 
of which the monounsaturated fatty acids 36.52 36.09 37.23 36.99 
Saturated fatty acids in total 29.36 30.69 30.09 30.17 
Myristic С14:0 0.63±0.23 0.53±0.15* 0.50±0.10* 0.59±0.17 
Myristolein С14:1 0.13±0.13 0.10±0.13 0.10±0.12* 0.12±0.15 
Palmitic С16:0 19.03±1.69 20.13±0.35 20.76±0.73 19.81±0.98 
Palmitoleic С16:1 2.46±0.61 3.53±0.51* 4.10±0.54* 3.77±0.71 
Stearic С18:0 9.70±1.02 10.03±0.58 8.83±0.97 9.77±0.83 
Oleic С18:1 33.93±0.89 32.46±0.27 33.03±0.69 33.10±0.77 
Linoleic С18:2 1.50±0.15 1.50±0.21 1.56±0.19 1.49±0.18 
Linolenic С18:3 31.76±1.43 32.50±0.32** 30.70±0.79 31.70±0.97 
N o t e. See the groups’ description in Table 1. 
* Differences with the control group are statistically significant at p  0.05 
** Differences with the experimental group II are statistically significant at p  0.05 

 

The energy content in the diet and feed intake are the most important 
factors influencing the accumulation of lipids in the muscle tissue. The addition-
al energy in the diets of the experimental groups contributed to the increase of 
the feed utilization efficiency and could be deposited as fat in the muscles. The 
analysis of the fatty-acid profile of the broiler muscle tissue (Table 3) showed 
that in the control and test groups the sum of unsaturated fatty acids was almost 
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the same. At the same time, the peculiarities of accumulation of some fatty acids 
have been revealed. In particular, the decrease in the content of monounsaturat-
ed myristoleic acid by 23.1% both in the test group I (p  0.05) and in II (p  
0.05) upon the increase of the share of palmitoleic acid (p  0.05) by 43.5 and 
66.7% respectively was the most obvious. The content of polyunsaturated long-
chain fatty acids has not being changing significantly. Previously, the reduction 
of the share of monounsaturated fatty acids in the bird muscle tissue upon the 
inclusion in the diet of phenolic compounds (tannin, gallic acid, thymol) has 
been noted by other authors [34]. There is the data on the increasing of the con-
tent of polyunsaturated fatty acids in the broiler chicken muscle after the addi-
tion of thymol, carvacol and other polyphenols to the feed [11, 35]. Our data are 
consistent with this, i.e. the content of linolenic acid in test group I was 2.3-
5.8% higher (р  0.05) compared to control and other test groups. The content 
of saturated fatty acids in muscle tissues of the control and test groups also re-
mained almost unchanged. It should be noted that such leveling of the content 
occurred mostly owing to the long-chain fatty acids vs. a 15.8-20.6% reduction 
of myristic acid in test groups (p  0.05). The metabolites of phenolic com-
pounds (tannins and other substances) including those contained in the extract 
of Quercus cortex have antioxidant properties [36-38] that could influence the 
fatty-acid profile of the muscle tissue.  

It is quite probably that some of the biologically active substances con-
tained in the plant extracts and performing protective functions in the plant tis-
sues may ambiguously influence birds [39, 40], in particular, assimilation of mi-
croelements, therefore we investigated the elemental status of the broiler muscle 
tissue (Table 4). 

4. Content (µg/g) of essential elements in pectoral muscle tissue of 42-day-old 
broiler chickens of Smena 8 cross fed with dietary oak bark extract and bio-
preparation with amylolitic and cellulolytic activity (M±SEM, n = 11, the exper-
iment in vivarium conditions) 

Element 
Group 

control I  II  III  
Ca 202±20 151±15* 156±16* 172±15 
P 2608±261 2741±274 2515±251 2687±270 
K 4231±423 4556±456 4600±460* 4495±431 
Mg 315±31 375±37* 344±34 361±29 
Na 775±78 638±64 539±54* 597±65 
Zn 17.1±1.71 9.54±0.95 7.26±0.73* 8.93±0.98 
Mn 0.207±0.025 0.135±0.016* 0.138±0.017* 0.143±0.020 
Cu 0.694±0.083 0.309±0.037* 0.317±0.038* 0.433±0.044 
Fe 13.76±1.38 6.25±0.62* 6.85±0.68* 7.55±0.95 
Co 0.0019±0.00037 0.0008±0.00023* 0.0007±0.00022* 0.0010±0.00033* 
Se 0.181±0.022 0.148±0.018 0.134±0.016* 0.157±0.020 
I 0.116±0.014 0.039±0.006* 0.011±0.002* 0.088±0.007 
N o t e. See the groups’ description in Table 1. 
* Differences with the control group are statistically significant at p  0.05.  

 

After the inclusion of the Quercus cortex extract in the diet, the accu-
mulation of magnesium in test group I increased significantly (р  0.05). This is 
probably related to its high concentration in the extract itself (1628 µg/g), as well 
as to the ability to form the weak complexes with chemical elements in the gas-
trointestinal tract and to more efficient reabsorption [41]. 

In test groups the calcium content in muscle tissue decreased (p  0.05) 
compared to control. This can be explained by the formation of tannin-calcium 
complexes in the gastrointestinal tract of chickens that is implicitly confirmed by 
the literature data [42]. The calcium oxalate formation was found to be inhibited 
in laboratory animals fed with the extract of Sargassum wightii Greville ex J. 
Agardh, which also contains phenolic metabolites and tannins. 
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Magnesium and calcium are antagonists, and the increase in consump-
tion of one of them causes the increased excretion of another one; moreover, a 
lot of researches have shown that as the calcium consumption increases, its ab-
sorption decreases [41]. In our experiment, the calcium concentration in the 
extract of Quercus cortex was the highest, 0.012 mg/g.  

In test groups, the accumulation of three microelements, iron, zinc and 
copper, decreases (p  0.05) that coincides with the data about decreasing of the 
zinc and copper content in the liver of monogastric animals fed with vegetable 
products (extract of grape marc) containing polyphenolic substances [43]. In 
other research [44], the authors suggested that the absorption of Ca, P, Mg, Na, 
K, Fe, and Co decreases when a high tannin content in the diet (1.36% of the 
dry matter of the diet). The results of our experiment agree with this. In addi-
tion, it is known that tannin fixes iron in the intestinal lumen that, in turn, af-
fects the growth of microorganisms [45]. The fact of interaction with each other 
of the microelements contained in the broiler diets is no less important [46, 47].   

Exogenous enzymes in the broiler diet had no apparent effect on the 
muscle tissue’s chemical composition.  

In the starting period, the digestibility of crude protein in test group I 
was 4.0% lower than in the control, but in the second growing period, this pa-
rameter, on the contrary, increased by 4.2%. The highest digestibility in both 
periods was noted in group II, i.e. in the first period, the difference with control 
was in raw protein 3.6%, in crude fiber 0.7%, in crude fat 5.7% (p  0.05 ), in 
the second period these were 1.7; 7.7 and 3.8%, respectively. The tannin ability 
to bind with enzymes is known, and differences in the chemical structure of 
these polyphenols can influence on such interactions [48] and, as a result, on 
metabolic processes which are being changing during different periods of poultry 
growing. At a certain dose, tannins have a positive effect on productivity [49]. A 
similar effect (fluctuations in the digestibility of substances during growth) is ob-
served in our experiment.  

The use of the oak bark extract in the diet led to the changes in the 
quantitative composition of microorganisms in the small intestine of broiler 
chickens. The increase in the number of the gram-negative, non-sporeforming 
anaerobic rod-shaped bacteria of the Bacteroidetes phylum (by 5.1%) and of the 
bacteria of Firmicutes phylum, which have mostly gram-positive cell wall type 
(by 4.0%) and decrease in the number of the Proteobacteria group (by 3.2%) 
were noted. The changes were mainly related with the increase in the number of 
microorganisms of Bacteroidia (by 5.2%) and Bacilli (by 6.5%) classes and with 
the decrease in the representation of the Gammaproteobacteria (by 3.3%) and 
Clostridia (by 4.3%) classes. The investigation of the species composition showed 
the increase in the number of bacteria of the Bacteroides (by 4.9%), Clostridium 
(by 8.4%) and Lactobacillus (by 7%) genera as compared to control.  

The enzyme additive caused the increase in the number of microorgan-
isms of the Bacteroidetes (by 7.3%), Firmicutes (by 6.5%) and Proteobacteria (by 
5.8%) phyla. The changes were mainly related with the increase in the number 
of representatives of the Bacteroidia (by 6.1%), Bacilli (by 14.4%) and Clostridia 
(by 17.1%) classes. The counts of bacteria of Bacteroides and Clostridium genera 
increased by 9.5% and 7.8%, respectively. 

The combination of the enzyme additive with the oak bark extract in-
creases the number of the Actinobacteria phylum bacteria (by 9.0%) and reduces 
Bacteroidetes phylum microorganisms (by 6.7%) that is natural when changing of 
the population of Actinobacteria and Bacteroidia classes. In the Firmicutes taxon, 
the increase in the number of the Bacilli bacteria (by 35.5%) and the decrease in 
the number of Clostridia microorganisms (by 36.8%) were observed. The number 
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of bacteria of Lactobacillus genus increased by 34.7%, of Corynebacterium in-
creased by 9.0% and of Clostridium genus increased by 5.7%. The other investi-
gations have also demonstrated the inhibition of the clostridia growth by the 
tannin containing substances [31] and the large changeability of the microbiome 
of the broiler’ small intestine influenced by tannins [7[.   

5. Representation of bacterial taxa in the small intestine of 42-day-old broiler 
chickens of Smena 8 cross fed with dietary oak bark extract and biopreparation 
with amylolitic and cellulolytic activity (M±SEM, n = 5, the experiment in vi-
varium conditions) 

Phylum, class Family Genus  
C o n t r o l  

Phylum Bacteroidetes (8.8±0.12 %):   
Bacteroidia (8.8±0.06 %) Bacteroidaceae (7.95±0.11 %) Bacteroides (7.95±0.09 %) 

Phylum Actinobacteria (7.89±0.22 %):   
Actinobacteria (7.89±0.12 %) Microbacteriaceae (2.86±0.08 %) No data 

Nitriliruptoraceae (4.6±0.13 %) Nitriliruptor (4.6±0.10 %) 
Phylum Firmicutes (76.1±0.13 %):   

Clostridia (56.0±1.02 %) Lachnospiraceae (16.3±0.23 %) No data 
Ruminococcaceae (21.1±0.17 %) Ruminococcus (15.8±0.14 %) 
Clostridiaceae (17.5±0.17 %) Clostridium (3.2±0.12 %) 

Faecalibacterium (4.2±0.44 %) 
Bacilli (19.6±0.3 %) Lactobacillaceae (18.7±0.08 %) Lactobacillus (18.7±0.13 %) 

Phylum Proteobacteria (6.13±0.56 %):   
Gammaproteobacteria (5.7±0.87 %) Moraxellaceae (5.64±0.01 %) Acinetobacter (5.6±0.12  %) 

G r o u p  I  
Phylum Firmicutes (80.1±0.23 %):   

Bacilli (26.1±0.14 %) Lactobacillaceae (25.7±0.18 %) Lactobacillus (25.7±0.13 %) 
Clostridia (51.7±0.12 %) Clostridiaceae (25.7±0.81 %)* Faecalibacterium (4.54±0.13 %) 

Clostridium (8.7±0.33 %) 
Ruminococcaceae (14.6±0.11 %) Pseudoflavonifractor (5.03±0.10 %) 

Ruminococcus (3.02±0.08 %) 
Lachnospiraceae (11.1±0.14 %) Blautia (2.06±0.06 %) 

Phylum Proteobacteria (2.95±0.09 %)*:   
Gammaproteobacteria (2.35±0.14 %)* No data No data 

Phylum Bacteroidetes (14±0.12 %):   
Bacteroidia (14.0±0.02 %) Bacteroidaceae (12.9±0.11 %) Bacteroides (12.9±0.19 %) 

Phylum Actinobacteria (2.73±0.17 %)*:   
Actinobacteria (2.23±0.05 %)* No data No data 

G r o u p  II   
Phylum Firmicutes (74.3±0.25 %):   

Bacilli (55.1±0.42 %)* Lactobacillaceae (53.4±1.21 %) Lactobacillus (53.4±0.98 %) 

Clostridia (19.2±0.09 %)* 
Aerococcaceae (2.34±0.12 %) No data 
Clostridiaceae (13.1±0.18 %) Clostridium (8.9±0.35 %)* 
Lachnospiraceae (2.28±0.13 %) No data 

Phylum Actinobacteria (16.9±0.12 %)*:   
Actinobacteria (16.9±0.44 %) Corynebacteriacea (17.9±0.11 %) Corynebacterium (16.8±0.22 %) 

Phylum Proteobacteria (5.2±0.23 %):   
Gammaproteobacteria (5.2±0.75 %) Peptostreptococcaceae (5.4±0.12 %) Romboutsia (2.63±0.51 %) 

Phylum Bacteroidetes (2.18±0.78 %)*:   
Bacteroidia  (2.18±0.41 %)* Bacteroidaceae (2.18±0.19 %) Bacteroides (2.18±0.74 %) 

G r o u p  III   
Phylum Bacteroidetes (16.1±0.05 %)*:   

Bacteroidia  (14.9±0.12 %) Bacteroidaceae (9.9±0.31 %) Bacteroides (17.4±0.09 %) 
Phylum Actinobacteria (8.9±0.16 %):   

Actinobacteria (7.8±0.18 %) Microbacteriaceae (3.8±0.12 %) No data 
Nitriliruptoraceae (4.8±0.77 %) Nitriliruptor (2.3±0.04 %) 

Phylum Firmicutes (82.6±0.12 %):   
Clostridia (73.1±0.17 %) Lachnospiraceae (14.1±0.09 %) No data 

Ruminococcaceae (21.1±0.08 %) Ruminococcus (11.6±0.12 %) 
Clostridiaceae (29.5±0.07 %)* Clostridium (11±0.06 %)* 

Faecalibacterium (5.0±0.10 %) 
Bacilli (34.0±0.11 %)* Lactobacillaceae (28.3±0.08 %) Lactobacillus (19.9±0.22 %) 

Phylum Proteobacteria (11.9±0.08 %)*:   
Gammaproteobacteria (5.7±0.07 %) No data No data 

N o t e. See the groups’ description in Table 1. 
* Differences with the control group are statistically significant at p  0.05. 

 

Thus, the slaughter parameters of broilers improve both upon the addi-
tion of the Quercus cortex extract to the diet and when using it with enzyme 
containing diet. The content of some saturated and unsaturated fatty acids (pal-
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mitoleic and linolenic) in the muscle tissue increases when feeding the birds with 
the said extract, but the fatty acid profile remains almost the same. Also, in the 
test groups, the content of dry matter and fats in the pectoral muscle increases, 
and the feed digestibility changes depending on the growing period. The detected 
decrease in the amount of certain macro- and microelements (Ca, Fe, Zn, Cu, 
Co and I) in the muscle tissue is conditioned by the peculiarities of the extract 
composition and dosage as well as by the synergistic interactions of chemical 
elements. After the inclusion of the Quercus cortex extract in the diet, the num-
ber of Bacteroidetes and Firmicutes phyla microorganisms in the thin intestine 
increases, and the count Proteobacteria decreases. Combination of the extract 
and enzyme containing diet increases the abundance of Actinobacteria phylum, 
and the enzyme containing diet without adding the extract increases abundance 
of Bacteroidetes, Firmicutes and Proteobacteria phyla. 
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A b s t r a c t  
 

The ability of animal pancreas to adjust its exocrine function to the composition of a diet is 
still a controversial concept and open question. A bulk of experimental data is published to the pre-
sent evidencing the ability of the pancreas to modify the composition of its secretion in accordance 
with the composition of the digested feed both in mammals (I.P. Pavlov, 1950; A.D. Sineshchokov, 
1965) and poultry (P.P. Berdnikov, 1990; Ts.Zh. Batoev, 2001; V.G. Vertiprakhov, 2012). The sup-
porters of the theory of non-parallel enzyme secretion argue that the pancreas can rapidly change 
enzymatic profile of the secretion in response to a change in the ingested feed composition (i.e., the 
ratio of protein, carbohydrates, and lipids). The problem of the pancreatic adaptation to feed compo-
sition for more effective digestion is especially urgent for intense commercial poultry production and 
highly productive commercial poultry crosses. The productive potential of these crosses cannot be ef-
fectively realized without detailed and comprehensive knowledge of the digestive function in poultry. 
There were the attempts of sampling of pure pancreatic juice by U.S. scientists (T.F. Degolier et al., 1999); 
however, their approach (cannulation of pancreatic ducts) did not find broad acceptance. The intestinal 
activity of the digestive enzymes is extensively studied in China (L.Q. Ren et al., 2012; H. Sun et al., 
2013); however, their research did not elucidate the exact mechanism(s) of the adaptation of pancre-
atic secretion to feed quality. This paper was aimed at the investigation of exocrine pancreatic func-
tion in Hisex White chicken fed diets with different composition. The unique technique of transplan-
tation of the pancreatic duct into the isolated duodenal section (allowing the collection of pancreatic 
juice during sampling periods and redirection of the juice into the duodenum at other times) enabled 
the sampling of pure pancreatic juice from live and healthy birds and the studying of its composition 
and changes induced by diet shifts. This technique of chronic fistulation provides new knowledge on 
the responses of enzymatic activity and chemical composition of the juice to the changes in diets. It 
was found that the pancreas can precisely adjust the enzyme-secreting activity to the composition 
of feed digested: large increase in dietary crude fat (by 20.8 %) resulted in a 33.8 % increase in 
the pancreatic lipase activity as compared to the basal level in starved birds. A moderate increase 
in dietary crude protein (by 3.3 %) and amino acids (by 2.1 %) resulted in substantial increase in 
proteolytic activity in the juice (by 28.1 %). The long-term adaptation of exocrine pancreas to a 
diet shift is related mostly to the basal levels of secretion, e.g. the basal level of lipase activity in 
pancreatic juice increases by 37.7 % after the increase in dietary crude fat. The short-term adapta-
tion occurs in postprandial periods and involves both complex-reflex and neurochemical phases of 
the regulation of enzyme-secreting activity, e.g. the increases in lipase secretion at these phases af-
ter the shift to higher dietary crude fat level were 46.6 and 93.7 %, respectively. The concentration 
of total protein in pancreatic juice tended to increase in fed birds, in parallel to the increases in 
the secretion of individual enzymes. 

 

Keywords: exocrine pancreatic function, chicken, Hisex White, adaptation of pancreas, 
feed composition, pancreatic enzymes, non-parallel secretion 

 

Until now, the issue of animal pancreas ability to adapt to the diet com-
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position is still controversial. There is a popular opinion about the identical 
changes in the activity of pancreatic juice enzymes. It is based mainly on find-
ings for dogs which are being losing the pancreatic juice. In such animals, the 
pancreas ability to adapt the enzymatic composition of the secretion to the diet 
composition is largely impaired (1). In diseases of the digestive tract, as well as 
in overfeeding with certain food substances, in particular with fats, the pancreas 
ability to adapt its enzymes is also impaired [2-4].   

There is a hypothesis that the pancreas responds to any food, regardless 
of its components, by releasing enzymes in the same proportions [5]. At the 
same time, there are a large experimental data pointing out the pancreas ability 
to change the composition of its secret according to the composition of con-
sumed food [6-9], including data concerning poultry [10-14]. The supporters of 
such concepts postulate the possibility of an urgent change in the enzymes spec-
trum of the secret, depending on the type of consumed food. That is, carbohy-
drate food causes a predominant increase in exogenous amylase, protein food 
in proteases, and fatty food in lipase. In terms of morphology and physiology, 
the pancreas adaptation is ensured by changing the percent ratio of the en-
zymes in the course of synthesis, transportation and release of zymogenic 
granules in both individual acinar cells and in acini of topographically different 
areas of the gland [15]. The peculiarities of the induction of pancreatic secre-
tion in birds as compared to mammals are discussed [16, 17]. Thus, basing on 
the analysis of the dose-dependent induction of amylase in vitro on isolated 
acini, the authors [17] have made the conclusion on the importance of the 
neuronal regulation, while the contribution of intestinal hormones, in their 
opinion, is not physiologically significant.  

The studying of the adaptation of pancreas’s secretion to the diet com-
position shall be based on the function of the nervous system and the humoral 
factors involved in the regulation of digestion. Thence, the optimal approach is 
to study the pancreatic secretion in a chronic experiment, conducted on a 
healthy animal pre-operated in a manner to exclude permanent loss of pancreat-
ic juice. Due to the methodological difficulty of obtaining pure pancreatic juice 
in birds, the data on the adaptation of the pancreas secretory function in the sci-
entific literature are scarce [18]. The studying of the digestive function basing on 
the activity of digestive enzymes is performed in the intestinal contents of fistu-
lated bird [19-22], in pancreas tissue homogenates [23, 24] or by investigation of 
the digestibility of nutrients using the ileal availability method [25, 26], but such 
data do not allow studying mechanisms of complex reflex and neurohumoral 
phases of pancreas adaptation to the quality of food consumed. 

Owing to the unique surgical transplantation of the pancreatic duct into 
the isolated piece of intestine, we have the possibility to obtain the pure pancre-
atic juice from the healthy chickens in the chronic experiment (Fig.) and to 
compare its properties as the diet changes.  

The mechanisms of regulation of such process have not been studied ful-
ly, and further researches open up the perspectives for targeted enzymatic cor-
rection of the disorders of adaptability of the pancreas exocrine function in case 
of various diseases [27].  

Our paper presents the first data on the chemical composition of the 
chicken pancreatic juice when using the diets with the different set of amino 
acids and other ingredients and on the indicators to character pancreatic en-
zyme activity. 

The objective of the work was to study the exocrine function of the 
chicken pancreas under different dietary ingredients.   

Techniques. The experiments were conducted on two 1-year old Hisex 
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White hens (Gallus gallus L.) which have been operated according to the method 
of Ts.Zh. Batoev and S.Ts. Batoeva [28]. For this, the 4-5 cm long piece was 
cut out from the duodenum and the main pancreatic duct was transplanted into 
it with the implantation of two L-shaped fistulas and formation of the external 
anastomosis which makes it possible to return the pancreatic juice to the duode-
num in the period between the experiments.  

The physiological tests were started in the morning when the hens were 
on an empty stomach after the 14-hour starvation. The birds were placed into 
the stall where they were kept for 3 hours. The microtube for collecting the pan-
creatic juice was attached to the fistula made of the isolated piece using the spe-
cial rubber adapter. During the first 30 min, the juice was collected after the star-
vation, then the birds were given the portion of food (30 g) after that the secret 
was collected every 30 min during 180 min.   

 

 

The hen with the chronic fistula of pancreatic 
duct during the experiment.  
 

 In biochemical analysis of 
the secret performed in 2 replications 
amylase was determined according to 
the Smith-Rhoy method in the mod-
ification for a high enzyme activity 
[29], proteases was determined ac-
cording to Hammersten basing on 
the hydrolysis of purified casein un-
der colorimetric control( = 450nm, 
KFK-3, Zagorsk Optic-Mechanical 
Plant OJSC, Russia) [11], and lipase 

was quantitated using a BS-3000P semi-automatic biochemical analyzer (SIN-
NOWA Medical Science & Technology Co., Ltd., China) with a kit of veterinary 
diagnostic reagents for determining the lipase concentration in the blood of ani-
mals (DIACON-VET company, Russia). 

The amount of amino acids 
in the combined feed was deter-
mined by ion-exchange chromatog-
raphy using postcolumn derivatiza-
tion with the ninhydrin reagent and 
subsequent detection at  = 570nm 
( = 440 nm for proline). A YL 
9100 HPLC System for high-
performance liquid chromatography 
(Young Lin Instrument Co., Ltd., 
Korea) which consists of  YL9110 
quaternary gradient pump, YL9101 
vacuum degasser, YL9120 UV/VIS 
detector and YL9150 auto-sampler 
(Pinnacle PCX postcolumn deriva-
tor, ion-exchange column Na+ 
4.0½150 mm, 5 μm, precolumn 
Na+ 3.0½20 mm, 5 μm) (Pickering 

Laboratories, Inc., USA) was used. 
The statistical processing was performed with MS Excel software package; 

the mean values (M) and standard errors of the mean (±SEM) were cakculated. 
The significance of differences was evaluated by Student’s t-test. The differences 

1. Composition (%) and quality of used com-
bined feeds   

Ingredient, parameter Control Test 
Wheat 58.224 55.781 
Sunflower oilcake  5.000 21.026 
Extracted soybean  19.784 8.912 
Limestone (36%) 9.137 9.045 
Soybean oil 1.936 3.026 
Wheat bran 3.847 Not used 
Monocalcium phosphate 1.149 1.233 
Sodium salt 0.250 0.250 
Lysine 98 0.073 0.214 
Sodium sulfate 0.205 0.183 
Fodder methionine 98 0.214 0.151 
Mineral blend (0.08%) 0.080 0.080 
Choline chloride 0.080 0.080 
Vitamin blend (0.02%) 0.020 0.020 
Nutritional value of 100 g of feed:  

metabolic energy, kcal 
 

270.00 
 

270.00 
crude fat, g 6.72 8.12 
crude fiber, g 4.89 5.92 
crude protein, g 16.70 17.25 
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were considered statistically significant at p < 0.05.  
Results. The combined 

feed in the diets of hens (Table 
1) differed in the content of 
crude fat and fiber, in test it was 
respectively 20.8 and 21.1% high-
er than in the control. The 
amount of crude protein in test 
differed from that in control in-
significantly, but for protein quali-
ty the combined feed was select-
ed to provide prevailing extracted 
soybean in the control, and sun-
flower oilcake in the test.  

Total amino acids in the 
experiment were 2.1% more than 
in the control (Table 2). At the 
same time, the limiting methio-
nine and lysine amino acids re-

duced by 17.3 and 0.9%, respectively, compared to the control but remained with-
in the limits of relevant demands [30]. 

Table 3 presents the results of investigations of the pancreas secretory 
function. The obtained data show that upon the replacement of the control feed 
with the test sample, the lipase activity increased by 33.8% compared to control. 
This was due to a 20.8% increase in the amount of crude fat in the diet. The 
content of proteases increased by 28.1% as resulted from respectively 3.3% and 
2.1% increase in crude protein and total amino acids in the feed. That is to say 
that the secretory function of the pancreas accurately adapts to the quality of 
the consumed food.. 

3. Secretory function of the pancreas of Hisex White chickens (Gallus gallus L.) 
under different compositions of feeds in the control and test periods of chronic 
experiment (M±SEM, n = 20) 

Index Control period Test period Change as to control,%  
Amount of pancreatic juice during the experiment, ml   8.4±0.32 7.6±0.24 9.5 
Activity per 1 ml of pancreatic juice:  

amylase, mg/(mlŁmin) 4620±253.1 4855±290.0 +5.1 
lipase, µmol/(mlŁmin) 6.5±0.51 8.7±0.62* +33.8 
proteases, mg/(mlŁmin) 267±17.9 342±61.3* +28.1 

Total protein, g/l 31.4±0.83 33.0±1.70 +5.1 
Calcium, mmol/l 2.7±0.03 2.8±0.03 +3.7 
Phosphorus, mmol/l  0.9±0.06 0.9±0.05 Not changed 
* Differences with the control are statistically significant at p < 0.05. 
 

To understand the mechanism of adaptation to the new feed, it is neces-
sary to consider the time-course of the pancreatic juice secretion and of the en-
zyme activity after feeding (Table 4). The experimental data demonstrated that the 
time-course of the pancreatic juice secretion when using different feeds in the diet 
is different in the first (0-30th minute) and fourth (90-120th minute) periods of 
the chronic experiment. This corresponds to the concepts of the complex-reflex 
and neurochemical phases of regulation of the pancreas’s exocrine function [11]. 
The matters of interaction of nerve and humoral mechanisms including those with 
the participation of trypsin in combination with nitrosyl iron complexes are still 
studied little and are the subject of our researches [31]. 

The obtained data show that the changes of lipase activity is most pro-
nounced (see Table 4), There was a 37.7% increase before feeding, 46.6% in-

2. Amino acids content (%) in the used com-
bined feeds 

Amino acids Control Test 
Change relative to 
control, % 

Asparaginic acid 1.10 1.14 +3.6 
Threonine 0.53 0.59 +11.3 
Serine 0.67 0.69 +2.9 
Glutamine 3.63 3.64 +0.3 
Proline 1.09 0.98 10.1 
Glycine 0.69 0.81 +17.4 
Alanine 0.63 0.69 +9.5 
Cystine 0.28 0.28 Not changed 
Valine 0.72 0.77 +6.9 
Methionine 0.59 0.50 17.3 
Isoleucine 0.62 0.65 +4.8 
Leucine 1.10 1.12 +1.8 
Tyrosine 0.49 0.45 8.2 
Phenylalanine 0.74 0.75 +1.3 
Lysine 1.15 1.14 0.9 
Histidine 0.41 0.43 +4.9 
Arginine 1.06 1.10 +3.8 

Total 15.50 15.83  



 

815 

crease during the third period that was conditioned by the complex reflex phase 
of regulation of the pancreatic secretion, and 93.7% increase during minutes 
120-150 which is related with the neurochemical phase of the regulation of se-
cretion. This points out to the long-term adaptation to the second feed which 
causes the increase of lipolytic activity mainly in the phase of neurochemical 
regulation, i.e. in the period when the food masses digested in the stomach enter 
the duodenum thereby stimulating the release of secretin and cholecystokinin. 
When using the second feed, the proteolytic activity increased in the second, 
third and fourth periods of the experiment which correspond to the complex-
reflex phase of the regulation of pancreatic secretion. During these periods, a 
stronger secretory response of the pancreas to the feed was observed (proteolytic 
activity increased 3.8 times compared to tthe basal level) that is apparently due 
to better taste of the second feed.  

4. Release of pancreatic juice and enzyme activity in Hisex White chickens (Gallus 
gallus L.) under different compositions of feeds in the control and test periods of 
chronic experiment (M±SEM, n = 20) 

Stage of the experi-
ment in minutes 

Pancreatic juice, ml 
Activity 

amylase,  
mg/(mlŁmin) 

lipase,  
µmol/(mlŁmin) 

proteases, 
mg/(mlŁmin) 

0-30 (before feeding) 1.0±0.07 
0.6±0.06* 

2570±434.0 
3070±441.7 

5.3±0.65 
7.3±0.58* 

108±17.5 
92±20.8 

30-60 (feeding) 1.4±0.13 
1.3±0.09 

4600±266.7 
4880±372.3 

8.1±1.24 
8.8±0.57 

240±16.5 
347±25.3* 

60-90   
1.5±0.07 
1.6±0.09 

5101±216.5 
5240±494.3 

7.3±0.95 
10.7±0.92* 

291±20.2 
416±37.7* 

90-120   
1.6±0.06 
1.3±0.08* 

4954±398.5 
4880±377.0 

6.6±1.35 
9.7±1.16 

308±22.7 
417±31.5* 

120-150   
1.5±0.08 
1.5±0.08 

5018±453.2 
5181±353.3 

4.8±1.60 
9.3±0.69* 

308±24.5 
394±32.5 

150-180    
1.4±0.07 
1.3±0.07 

5479±246.0 
6300±363.7 

6.7±1.32 
10.2±1.08 

344±25.2 
422±28.3 

N o t e. Indices in the control and test periods are shown above and below the line, respectively.  
* Differences with the control are statistically significant at p < 0.05. 

 

S.S. Rothman [32] for the first time morphologically described the phe-
nomenon of differences in secretion after the effect of nervous, humoral or food 
stimuli and called it non-parallel secretion, however many researchers did not 
agree with his findings. Meanwhile, as pointed out by S.S. Rothman [33, 34], the 
studying of this problem would not only contribute to the disclosure of the regula-
tion mechanisms, but also would made it possible to manage the specific secretion 
of enzymes in various states of the organism. Later, in a number of studies per-
formed on animals, such type of enzyme secretion in response to the endogenous-
ly released or exogenous stimulating or inhibiting substances has been confirmed 
[35-37]. Currently, the concept of “non-parallel” postprandial secretion of pan-
creatic enzymes has been recognized by most scientists [38-40]. Our experimental 
data are also in line with the hypothesis of such type of pancreatic enzyme secre-
tion by. It should be noted that bulls showed the decrease of proteolytic activity of 
the pancreatic juice upon the increase of dietary protein has been discovered and 
described [41].   

In our research, the pure pancreatic juice of chickens has been obtained 
owing to the unique operation for transplantation of the pancreatic duct to anoth-
er place of the intestine; therefore, in the scientific literature similar data on the 
physicochemical properties of pancreatic juice are few [42]. In this work, we esti-
mated several indices of pancreatic secretion. The analysis of total protein, calci-
um and phosphorus in the pancreatic juice has not revealed any differences be-
tween the effect of the control and the test feed (see Table 3), but studying dy-
namics of these indices after the feeding has made it possible to disclose some reg-
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ularities of the secretion (Table 5). It is clear from the presented data that the total 
protein of the pancreatic juice tends to increase after the food intake (by 15.2-
19.2%, p < 0.05). Similar changes occur in the activity of pancreas’s enzymes. 
Cognate pattern of the content of organic matters in chicken pancreatic juice has 
been detected by S.G. Smolin [42]. In our test, the phosphorus content, on the 
contrary, slightly decreased (p > 0.05) 30 min after the feeding. 

5. Changes in the content of total proteins, calcium and phosphorus in pancreatic 
juice of Hisex White chickens (Gallus gallus L.) under different compositions of 
feeds in the control and test periods of chronic experiment (M±SEM, n = 20)   

Stage of the exper-
iment in minutes 

Control period Test periods 
total protein, 
g/l 

calcium,  
mmol/l 

phosphorus, 
mmol/l 

total protein,  
g/l 

calcium, 
mmol/l 

phosphorus, 
mmol/l 

0-30 (before feeding) 25.9±0.93 2.7±0.08 1.0±0.17 28.3±2.73 2.9±0.03 1.0±0.15 
30-60 (feeding) 30.8±1.50* 2.6±0.06 0.7±0.06 32.6±1.57 2.8±0.03 0.8±0.09 
60-90   31.3±0.87* 2.7±0.03 0.7±0.08 36.1±2.24* 2.8±0.03 0.9±0.21 
90-120   32.3±1.22* 2.8±0.08 0.7±0.11 34.4±1.97* 2.8±0.04 1.0±0.19 
120-150   33.7±1.02* 2.7±0.04 0.8±0.08 33.1±1.87 2.9±0.03 0.9±0.09 
150-180    34.3±1.91* 2.7±0.03 1.4±0.19 33.7±1.56* 2.9±0.04 0.9±0.10 
* Differences with the value prior feeding are statistically significant at p < 0.05. 

 

Thus, basing on the obtained experimental data, we can conclude the fol-
lowing. The secretory function of chicken pancreas accurately adapts to the quality 
of the consumed food. Upon the increase of the crude fat content in the diet by 
20.8%, the activity of the pancreatic juice lipase increases by 33.8%; a slight in-
crease in crude protein (by 3.3%) and in the amino acids (by 2.1%) in the feed 
causes the 28.1% increase in proteolytic activity vs. the background level. The 
long-term adaptation of the pancreatic secretion to a new feed is mainly reflected 
in the basal secretion which increases by 37.7% upon the increase of the crude fat 
content in the feed. The urgent adaptation is well expressed in the postprandial 
period (complex reflex and neurochemical phases of the regulation of pancreatic 
secretory activity) when the lipase activity increases by 46.6 and 93.7%, respective-
ly. The tendency to the increase in the total protein content in the pancreatic juice 
after feeding are noted that occurs simultaneously with the increase in the activity 
of pancreatic enzymes in the juice.  
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A b s t r a c t  
 

Biochemical blood indices are important characteristics of physiological and health status 
of agricultural animals and poultry. In the past decades, the advanced measuring methodology and 
equipment including the development of automatic biochemical analyzers with standardized reagent 
kits have led to the significantly faster procedures and higher accuracy of analysis. The reference 
values of the biochemical indices determined by classic methods should therefore be redefined. In 
this study we report for the first time the revised reference values of biochemical blood indices in-
cluding circulatory activity of blood digestive enzymes in growing broiler chicks (Gallus gallus L.) 
during early ontogenesis (1 to 35 days of age). In the study, the hybrid chicks of an experimental 
broiler cross Smena 8 (line B59) were compared to their parental lines (Cornish line B5 and Plym-
outh Rock line B9) selected at the Smena Center for Genetic Selection (60 birds per genotype).The 
hybrids were fed ad libitum; parental lines were restricted in feed since day 15 of age. Mortality and 
live bodyweight were determined at 1, 7, 14, 21, 28, and 35 days of age. Two replicates of 10 birds 
per genotype were randomly taken for biochemical blood analyses. Blood was sampled from the 
jugular vein of decapitated chicks. Biochemical blood indices were measured by a flow semi-
automatic biochemical analyzer Sinnowa BS3000P (Sinnowa Medical Science & Technology Co., 
Ltd., China) using reagent kits DIACON-VET (Russia). At 1 day of age in all studied genotypes 
concentrations of total protein, triglycerides, and calcium in blood serum were lower while concen-
trations of total phosphorus and total cholesterol were higher as compared to all subsequent ages. 
The most substantial increase in biochemical blood indices occurred during the first 7 days of age. 
This was due, among other factors, to the intensive growth of the body and the functional formation 
of the digestive system for this age period. The total protein concentration in blood serum increased 
with age in all genotypes because of proceeded body growth and the enhanced ability of protein syn-
thesis. Concentration of total cholesterol tended to decrease with age, especially after 21 days of age. 
Concentration of triglycerides in serum increased to 14 days of age by 41.6-57.1 % as compared to 
the previous ages. There were no significant differences between the genotypes in total blood protein 
until 35 days of age. The hybrid chicks and their parental lines differed in the blood concentration of 
calcium, total phosphorus, and total cholesterol at 14 and 28 days of age, and triglycerides at 7 days 
of age. The blood digestive enzyme activities per live bodyweight decreased from day 1 to day 35 of 
age, most notably for trypsin (501-fold in hybrids, 453-fold in the Cornish line, and 442-fold in the 
Plymouth Rock line). Blood amylase activity decreased 100-, 52-, 50-fold, and lipase activity de-
creased 31-fold, 33-fold, and 35-fold, respectively. 

 

Keywords: broiler chicken, total protein in blood serum, lipid exchange, calcium and phos-
phorus in serum, digestive enzymes in serum 
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Transportation and regulatory function of blood ensures multiway inter-
action between the digestive system and metabolism. It manifests itself not only 
in fine coordination of digestion and metabolism attributable to neural and hor-
monal regulation, but also to existence of specific functions of gastro-intestinal 
tract that facilitate chemical processes in tissues. Our experimental data prove 
the scientific hypothesis [1, 2] about the cycle of digestive enzymes and their 
existence in blood serum [3-5]. Our prior papers demonstrated the age-related 
dynamics of pancreatic enzymes in the pancreatic tissue and blood serum of 
broiler chicks [6]. 

Blood composition in mammals and birds is stable, since stability of in-
ner environment of the body alone may ensure smooth and precise operation of 
its systems. Biochemical blood indices are important characteristics of physiolog-
ical and health status of agricultural animals and poultry. Biochemical indices of 
chicken blood are known to change with age [7, 8]. 

Over the past few decades, scientific laboratories have considerably up-
graded their equipment. Classical methods made way for semi- and fully-
automatic biochemical analyzers with commercial reagent kits, which have lead 
to much faster and higher accuracy of the studies. Consequently, reference val-
ues of the studied indices needed to be redefined. Professional literature offers 
expansive albeit rather contradictory data on biochemical properties of blood in 
broiler chicks [9-11], including application of various additives [12-14] and cor-
relation with the age [15]. However, comparative data obtained from reference 
broiler lines and hybrids are virtually non-existent in freely available publica-
tions. Details concerning the changes in biochemical blood indices and digestive 
enzymes will help trace the evolving metabolic processes in broilers of diverse 
lines and hybrids during their postembryonic life. This is particularly important 
in light of new cross lines breeding, as it helps define periods of the effective 
growth and make sure that the bird is getting adequate diet so as to increase 
conversion of feed stock into marketable product. 

This study reports for the first time reference values of biochemical blood 
indices, including circulatory activity of blood digestive enzymes in experimental 
broiler cross and their parental lines during the ontogenesis. Activity of blood 
digestive enzymes against the live body weight has been found to go down be-
tween day 1 and day 35 of life, with biggest changes established for trypsin (501-
fold in hybrids, 453-fold in chicks of parental line and 442-fold in chicks of ma-
ternal line). Activity of amylase decreased 100, 52 and 50-fold respectively, and 
lipase decreased 31, 33 and 35-fold. 

This paper aimed to study biochemical blood indices in broilers (Gallus 
gallus L.) cross Smena 8 in post-embryogenesis and to compare the same with 
the birds of reference lines.  

Techniques. Studies were carried out in 2017 on reference lines (Cornish 
Line B5 and Plymouth Rock Line B9) and their hybrids (cross Smena 8 B59) 
bred at the Smena Center for Genetic Breeding. During the trial period, chicks 
were kept at the animal facility of the All-Russia Research and Technological 
Institute of Poultry Farming (60 chicks in each group) in conditions of feeding 
and upkeep recommended for the relevant cross and parental lines. Ten chicks 
were taken out of each group for testing, and the tests were run in two repli-
cates. The hybrids were fed ad libitum; parental lines were restricted in feed since 
day 15 of age. Mortality and live bodyweight were determined at day 1, day 7, 
day 14, day 21, day 28, and day 35 of age. 

Blood was sampled from the jugular vein of decapitated chicks. Freshly 
made sodium citrate solution was added to the test tubes, blood samples were 
given a centrifuge ride at 5000 rev/min for 5 minutes at a time; the resulting se-



822 

rum was then studied on the flow semi-automatic analyzer Sinnowa BS3000P 
(SINNOWA Medical Science & Technology Co., Ltd, China) using biochemical 
reagent kits (DIACON-VET, Russia) to measure total protein, total cholesterol, 
triglycerides, calcium and phosphorus.  

Blood serum was tested for amylase and lipase activity on Chem well 
2900 (T) (Awareness Technology, USA) using the appropriate reagent kits (Hu-
man GmbH, Germany). During the measurement of pancreatic amylase and 
lipase activity, 200 µl of buffered solution (Goods buffer, NaCl, MgCl2, -
Glucosidase, monoclonal antibodies against salivary amylase, sodium azide, рН 
7.15 for amylase, and Goods buffer, aurodesoxycholate, Desoxycholate, Calci-
um ions, colipase sodium azide, рН 8.0 for lipase) were mixed with 4.0 µl of 
blood serum and incubated at 37 С for 3 and 5 min, respectively. Thereafter, 
50 µl of substrate (Goods buffer, EPS-G7, sodium azide, рН 7.15 for amylase, 
and Tartrate buffer, lipase substrate, propan-1-ol, рН 4.0 for lipase) were added 
and incubated for 2 min, whereupon  = 405 nm and  = 580 nm filters were 
used respectively to measure absorbance (А) within 1, 2 and 3 min (for amylase) 
and 1 and 2 minutes (for lipase), followed by calculation of mean values for 
∆A/min. Trypsin activity was measured by semi-automatic biochemical analyzer 
Sinnowa BS-3000P (SINNOWA Medical Science & Technology Co., Ltd, Chi-
na) [15]. 

Two trials covering each age group involved at least 20 studies by each 
indicator. Statistical processing of the findings included calculation of the mean 
value (M) and the standard error of mean (±SEM) in Microsoft Excel 2010. 
Reliability was estimated by the Student’s t-test. Differences are considered statis-
tically significant at р < 0.05. 

Results. Broiler lines and crosses are improved and created at the Smena 
Center for Genetic Breeding using the latest methods and selection techniques 
and study aids for evaluation and selection of the young and grown birds [16, 
17]. Birds selected for trials were kept on the relevant diets (see composition in 
Table 1 below). 

1. Composition (%) and feed quality indices for broiler chicks (gallus gallus l.) cross 
Smena 8 and parental lines in various ages 

Ingredient, indicator 
Broiler chicks Parental line chicks 

days 1-14  days 15-21 days 22-41 days 1-49 сут 
Corn 22.000 20.566 17.000 10.000 
Wheat 27.806 36.292 40.355 49.480 
Soy bean meal 20.107 8.526 2.950 – 
Sunflower cake 15.000 20.000 25.000 18.580 
Wheat bran – – – 17.310 
Corn gluten 7.171 5.709 4.064 – 
Soy bean oil 4.000 5.000 6.977 – 
Kitchen salt 0.216 0.219 0.217 0.250 
Monocalcium phosphate 0.864 0.780 0.617 1.040 
Limestone 1.536 1.508 1.470 2.500 
Lysine 0.300 0.400 0.350 0.350 
Premix 1.000 1.000 1.000 1.000 
In 100 g of compound feed: 

metabolizable energy, kcal 305.000 311.000 320.000 255.000 
crude protein, g 24.840 21.378 19.786 15.590 
crude fiber, g 5.029 4.996 5.211 6.730 
calcium, g 0.938 0.889 0.809 1.000 
phosphorus, total, g 0.773 0.728 0.683 0.800 
phosphorus. digestible, g 0.499 0.469 0.429 – 

N o t e. Dashes mean that component does not exist in the diet. 
 

Proteins comprise a most important part of blood serum [18]. Approx. 
60% of blood proteins are represented by albumin that plays crucial role in 
maintaining the oncotic blood pressure and performs transport and nutritional 
functions. The balance is represented by - and -globulins and other serum 
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proteins, including enzymes (trypsin, amylase, lipase). Concentration of protein 
in blood serum of chicks 1 day of age was much smaller than in all other periods 
of their life (Table 2), which can be explained by low protein biosynthesis func-
tion [18]. 

2. Biochemical blood indices and live bodyweight for broiler chicks (Gallus gallus L.) 
of parental lines and their hybrids broken down by age (n = 20, M±SEM) 

Original 
lines and 
hybrid 

Index 
live  
bodyweight, g 

total protein,  
g/l 

cholesterol, 
mmol/l 

triglycerides, 
mmol/l 

calcium, 
mmol/l 

phosphorus, 
mmol/l 

D a y  1 o f  l i f e   
Line 5 44.8±0.25 27.2±0.36 5.3±0.04 2.3±0.05 3.0±0.10 3.5±0.13 
Line B9 43.2±0.23 27.6±0.70 5.2±0.06 2.4±0.03 3.1±0.01 3.7±0.25 
Hybrid B59 44.7±0.14 28.9±0.68 5.2±0.09 2.4±0.08 3.1±0.01 4.1±0.27 

D a y  7  o f  l i f e  
Line 5 136.1±1.67 38.9±0.92 5.3±0.05 2.1±0.02  4.3±0.11 2.1±0.03 
Line B9 121.8±1.36* 41.0±0.84 5.3±0.02 2.2±0.04 4.3±0.05 2.2±0.04 
Hybrid B59 136.1±1.55 38.7±0.81 5.2±0.05 2.4±0.03 4.3±0.05 2.4±0.23 

D a y  14  o f  l i f e   
Line 5 278.0±4.91 33.8±1.18 5.2±0.03 3.3±0.07 4.3±0.15 2.6±0.07** 
Line B9 252.3±4.32** 33.1±1.27 5.2±0.04 3.3±0.04 5.5±0.12* 2.6±0.11** 
Hybrid B59 313.4±7.62 34.1±0.48 5.9±0.10 3.4±0.10 4.6±0.06 2.1±0.09 

D a y  21 o f  l i f e  
Line 5 578.1±13.93** 35.2±0.67 3.7±0.03 3.2±0.04 3.8±0.11 1.8±0.09 
Line B9 499.0±11.41** 34.8±1.14 3.8±0.04 3.1±0.04 4.1±0.13 1.8±0.05 
Hybrid B59 677.5±19.50 33.7±0.49 3.8±0.02 3.2±0.06 4.0±0.09 1.7±0.12 

D a y  28 o f  l i f e  
Line 5 967.1±24.31** 38.7±1.04 3.8±0.04 3.1±0.02 3.5±0.19** 1.9±0.07* 
Line B9 796.0±2.62** 40.6±0.82 3.8±0.04 3.1±0.02 4.5±0.13 1.9±0.05* 
Hybrid B59 1146.1±38.43 39.8±1.27 4.2±0.12 3.2±0.06 4.3±0.06 2.4±0.21 

D a y  35 o f  l i f e  
Line 5 1609.2±26.91** 41.4±1.31 4.6±0.12 3.3±0.11 2.8±0.05 2.3±0.04 
Line B9 1394.0±30.62** 41.7±0.81 4.4±0.05 2.9±0.02 3.0±0.03 2.2±0.05 
Hybrid B59 1996.3±98.31 40.7±2.04 4.5±0.07 3.2±0.18 3.1±0.22 2.3±0.04 
*, ** Differences with hybrid birds are statistically significant at p  0.05 and p  0.001 respectively. 

 

By day 7, total blood protein 
would increase sharply (by 33.9%-
48.5%) and reach the peak value. 
In chicks of parental line B9, con-
centration of protein in blood se-
rum positively exceeded the same 
index in hybrids and chicks of pa-
rental line B5 by 5.4% (p < 0.1). 
By day 14, protein content would 
drop to approx. 33.1 g/l in each 
group and then keep stable for the 
next week of life. By day 28, it 

would grow up to 40.6-41.7 g/l (p < 0.05) and then stabilize until day 35 (Fig. 1). 
Lipid metabolism in birds is an important issue, since lipids serve as en-

ergy-intensive substrate: oxidation of 1.0 g of fat generates 2.2-fold more energy 
than proteins and carbohydrates. Fats mobilize calcium out of the intracellular 
depot, regulate many biological processes in blood, stimulate digestive function 
of pancreatic gland and increase the lipase content in pancreatic fluid. Neutral 
fats occur in the body in the form of storage and protoplasmic fat that includes 
phospholipids and lipoproteids. Cholesterol is cyclic mono alcohol that occurs in 
the outer cell membranes [19]. It serves for the synthesis of pregnenolon — pre-
cursor of all steroids (aldosterone, cortisol, corticosterone, progesterone, estradi-
ol, testosterone, choleric and other bile acids, a D vitamins). Triglycerides (true 
fats) are the derivatives of tri-alcohol glycerin and higher fatty acids [19]. 

Cholesterol and triglycerides content in one-day-old chicks did not differ 

 
Fig. 1. Total protein content in blood serum of broiler 
chicks (Gallus gallus L.) of cross Smena 8 birds and 
parental lines depending on age (mean indices by the 
three groups, n = 30). 
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from adult birds (see Table 2). On day 21, cholesterol content would drop by 
30.2% in chicks of parental line and by 27.0% in chicks of maternal line and 
broiler chicks compared to 1 day of age. This index would remain unchanged 
until day 35 when the indices would grow by 21.0%, 15.8% and 7.1% respective-
ly against prior period. Triglycerides content in blood would stay virtually un-
changed until day 14 of age, after which it would grow by 43.5% in chicks of 
parental line, 37.5% in chicks of maternal line and 41.7% in broiler chicks. This 
index would stay until day 35. 

Minerals take part in keeping the body properly hydrated and maintain-
ing normal pH balance, distributing fluids in the body, triggering the nerves and 
muscles, promoting conductivity of nerve impulses in nerve fibers, etc. [20]. 
They occur in supporting tissues (calcium) and compounds rich in energy (sul-
fur, phosphorus), affecting the enzyme activity and functions of a live body. 
Considerable role here belongs to calcium, phosphorus, magnesium and a num-
ber of microelements [20]. What makes mineral metabolism in chicks particular-
ly unique is that intake and elimination of minerals are not balanced, which in-
fluences productivity indices [20].  

About 50% of blood serum calcium is ionized, 45% is tied with albumins 
and approx. 5% with phosphates and citrates. Calcium content in blood is de-
fined by the balance between the intestinal absorption, distribution between cel-
lular spaces in the body, bone metabolism and renal elimination. These process-
es are controlled by parathyroid hormone (parathormone), thyrocalcitonin and 
the active form of vitamin D [21]. All metabolic processes in the body are inextri-
cably intertwined with phosphoric acid transformation. Phosphorus mostly occurs 
in the form of anion PO4

3+. Its involvement includes the energy supply to the 
body and participation in metabolic processes [21]. 

Newly hatched chicks had considerably low calcium content in their 
blood serum, but within a single week of their postembryonic life it would grow 
by 38.7% and stay on that level (with slight fluctuations) until day 35. on day 14, 
one would detect differences in blood serum calcium content in hybrids and line 
B9 chicks: in the latter, calcium content was considerably higher than in hybrids 
(by 19.6%, p < 0.001) and line B5 chicks (21.8%, p < 0.01). By day 28, this in-
dex would grow in hybrids compared to line B5 chicks by 18.6%. On day 35, 
calcium content would drop down to 2.8±0.05 and 3.0±0.03 mmol/l in chicks of 
parental lines and 3.1±0.22 mmol/l in hybrids. 

Phosphorus content was 
high in chicks 1 day of age, but by 
day 7 it would go down 1.7-fold 
(Fig. 2). Slight decline was ob-
served until day 21, followed by an 
upward trend on day 28, which 
continued up to day 35. Differences 
in concentration of phosphorus in 
blood serum were observed in 14 
days of age (in chicks of parental 
lines higher by 23.8% than in hy-
brids) and 28 days of age (20.8% 
higher in hybrids than in chicks of 
parental lines). 

In chicks 1 day of age, the 
calcium/phosphorus ratio was 1:0.8-

1:0.7 due to fetal life and the appropriate mineral metabolism. By day 7, the ratio 
shifted toward the increased calcium, up to 1.9:1, and by day 14 it would grow 

 
Fig. 2. Calcium (1) and phosphorus (2) content in blood 
serum of broiler chicks (Gallus gallus L.) of cross 
Smena 8 and birds of parental lines, depending on their 
age (mean index for three groups, n = 30). 
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up to 2.2:1 in hybrids and 2.1:1 in chicks of parental line B9, and would go 
down to 1.6:1 in chicks of parental line B5. At the age of 28 days, calci-
um/phosphorus ratio would shift upwards for chicks of line B9 (2.4:1), and at the 
age of 35 days it would go down in hybrids (1.3:1), chicks of line B9 (1.4:1) and 
line B5 (1.2:1).  

In addition to transportation, blood also performs regulatory function 
due to availability of hormones, peptides, minerals and enzymes. Digestive en-
zymes are known to come to the blood stream and perform regulatory function 
[1, 2, 22]. Therefore, biochemical analysis of blood would be incomplete without 
data on age-related changes in digestive enzymes in broiler chickens’ blood se-
rum. By day 21 of life of the chicks of parental and maternal lines, the amylase 
activity would go down by 53.8% and 52.1% respectively. By day 35 of life, 
however, it would grow by 15.5% and 17.2% respectively against the indices for 
day 1 of life (Table 3). The amylase activity per unit (g) of live bodyweight 
would go down steadily with age: between day 1 and day 35 – 58-fold in chicks 
of parental line, and 50-fold in chicks of maternal line. The amylase activity 
would grow in hybrids between day 1 and day 14 by 93.1%, followed by the ab-
rupt decline in blood serum enzyme activity, by 55.6% compared to chicks on 
their day 1 of life. Over 35 days of growing, the amylase activity per unit of live 
bodyweight of broilers would drop 100-fold, i.e. much harder (almost twice) 
than in the species of parental lines. 

Between day 1 and day 7 of life, the lipase activity would grow by 66.7% 
(parental line, p < 0.001), 53.3% (maternal line, p < 0.001) and 64.3% (hybrids, 
p < 0.001). By day 28 of life, these indices would drop 2.5-2.3-fold in all three 
groups, however bouncing back by day 35 of life to the indices recorded for 
chicks 7 days of age. The lipase activity per unit of the bird’s weight between day 
1 and day 35 of life would go down in chicks of parental line 33-fold, in mater-
nal line 35-fold, and in hybrids 31-fold. 

3. Activity of digestive enzymes in blood serum and their ratio per unit of live bodyweight 
of broiler chicks of parental lines and hybrids depending on their age (n = 20, 
M±SEM) 

Original 
lines and 
hybrid 

Amylase activity Lipase activity Trypsin activity 
in blood  
serum, U/l 

relative to bird’s 
weight (g)  

in blood  
serum, U/l 

relative to bird’s 
weight (g)  

in blood  
serum, U/l 

relative to bird’s 
weight (g)  

D a y  1 o f  l i f e  
Line 5 827±132.9 18.45 15±0.8 0.33 203±12.7 4.53 
Line B9 929±92.9 21.50 15±0.9 0.35 191±11.2 4.42 
Hybrid B59 671±50.5 15.00 14±0.3 0.31 224±12.1 5.01 

D a y  7  o f  l i f e  
Line 5 704±66.3 5.17 25±1.7  0.18 29±5.2 0.21 
Line B9 926±107.9 7.60 23±1.5 0.19 21±1.9 0.17 
Hybrid B59 1001±21.4 7.35 23±1.5 0.17 19±4.3 0.14 

D a y  14  o f  l i f e  
Line 5 583±56.6 2.10 20±3.7 0.07 30±3.7 0.11 
Line B9 832±136.3 3.29 21±2.3 0.08 30±1.4 0.12 
Hybrid B59 1296±358.3 4.13 16±1.7 0.05 29±3.5 0.09 

D a y  21  o f  l i f e  
Line 5 382±39.0 0.66 15±0.5 0.02 29±3.6 0.05 
Line B9 445±103.7 0.89 14±1.3 0.03 23±3.2 0.05 
Hybrid B59 525±95.0 0.77 18±2.2 0.03 23±2.1 0.03 

D a y  28  o f  l i f e  
Line 5 564±124.0 0.58 10±1.4 0.01 18±1.2 0.02 
Line B9 642±82.3 0.81 11±0.6 0.01 20±1.4 0.02 
Hybrid B59 516±86.7 0.45 10±1.4 0.01 19±1.4 0.02 

D a y  35 o f  l i f e  
Line 5 510±71.3 0.32 22±2.2 0.01 16±1.1 0.01 
Line B9 605±86.3 0.43 18±1.1 0.01 12±2.5 0.01 
Hybrid B59 298±28.2 0.15 20±2.8 0.01 23±3.6 0.01 

 

High trypsin activity was observed in blood serum of one-day-old chicks, 
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which could be attributed to production of sufficient amounts of substances in-
hibiting the enzyme activity over the period of embryogenesis. By day 7 of life, 
trypsin activity dropped in chicks of parental line 7.0-fold; maternal line — 9.1-
fold; and in hybrids — 11.8-fold. Consequently, this index would go down stead-
ily both in terms of absolute values and relative to live bodyweight. Over 35 days 
of trial, relative trypsin activity index per unit of live bodyweight went down in 
chicks of parental line 453-fold; maternal line — 442-fold; and in hybrids — 
501-fold. This may be attributed to inhibition of proteolytic activity of embryo in 
the egg by the existence of high absorption proteins that are used for building of 
body tissues [23]. Therefore, relative decrease in activity of digestive enzymes in 
blood serum with age is indicative of decreasing intensity of metabolic processes 
in the body and likewise is indicative of regulatory functions of enzymes, espe-
cially trypsin. 

In our trial, blood serum protein content in one-day-old chicks was 
much smaller than in any subsequent period of their life. Similar phenomenon is 
observed in children and is attributed to low protein production on this stage of 
ontogenesis [18]. Total protein growth index in broilers is observed between day 
14 and day 42 [24]. Total protein content in the blood of birds is contingent on 
such factors as fatty deposits [25] and stress [26]. The identified dynamics of to-
tal protein concentration in blood serum of chicks appear to be consistent with 
age-related trypsin activity modulations [23], changing in the course of formation 
of digestive function in early ontogenesis оand depending on the quantity and 
quality of protein in feed [27]. 

The observed fluctuations in concentration of cholesterol and triglycer-
ides were consistent with age-related fluctuations in activity of lipase in broilers 
and chicks of parental lines: we have earlier detected the decreasing enzyme ac-
tivity in pancreatic gland tissue and in blood serum after day 21 of life [23]. One 
should keep in mind certain ambiguity of academic papers regarding the content 
of cholesterol and triglycerides in blood serum of the birds. For example, ac-
cording to S.Y. Gulyushin et al. [28], cholesterol content in the blood of broiler 
chicks cross Cobb Avian 48 on day 36 of life was 2.8 mmol/l. According to S.A. 
Yermolina et al. [29], concentration of cholesterol in broiler chicks cross Smena 7 
went as high up as 5.8±0.10 mmol/l. According to O.S. Kotlyarova [9], concen-
tration of cholesterol in blood serum of broilers cross ISA Hubbard F15 depends 
on the age: for chicks on day 12-day 14 of life 2.1-3.8, day 18-day 20 4.5-4.6, 
day 24-day 26  2.7-4.9, and day 34-day 36 3.2-3.6 mmol/l. A.G. Koshchayev 
[30] mentions cholesterol index of 0.25 mmol/l. It is common knowledge [31] 
that intensity of lipid metabolism is affected by controlled feeding of broiler 
chickens in the early period of ontogenesis. 

According to Y.N. Nazarova [9], content of triglycerides in broilers cross 
Smena 7 would vary with age (in one-day-old chicks 0.69 mmol/l; on day 7 0.77 
mmol/l; on day 14 0.66 mmol/l; on day 21 0.68 mmol/l; on day 28 0.59 
mmol/l; on day 35 0.61 mmol/l). Based on the obtained data, the author con-
cludes that bile acids inhibit lipids absorption in gastrointestinal tract, thereby 
causing fat transit through the digestive system, which results in decreasing con-
centration of lipids in blood serum. According to A.G. Koshchayev [30], triglyc-
erides content in the blood of broiler chicks was 0.02 mmol/l. In cross Hubbard 
broilers, concentration of triglycerides in blood serum would vary between 0.28 
and 0.51 mmol/l [20]. 

Therefore, our findings in the context of the patterns of protein, lipid 
and mineral metabolism in broiler chickens in ontogenesis and in comparative 
aspect (parental lines and their hybrids) expand the concept of biological peculi-
arities of formation of digestive function in birds. The obtained results help iden-
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tify critical growth periods of functional genesis and adaptation of all systems of 
the body. On these stages birds need more favorable feeding and treatment, 
which will have considerable impact on livability and productivity of the species. 
Our data further expand the available information on digestive enzymes in blood 
serum of the birds. It should be noted, studies like this are quite sparse [32] and 
data on the age-related dynamics of enzyme activity in broiler lines and hybrids 
are virtually non-existent. 

To sum up, total protein, triglycerides and calcium content in blood se-
rum of one-day-old broiler chicks of parental lines Cornish, Plymouth Rock and 
their hybrids cross Smena 8 is low, while phosphorus and cholesterol content is 
rather high. The key blood-related indices are likely to peak by day 7 of life due 
to intensive growth and functional formation of the digestive system. Total pro-
tein in hybrids and chick of parental lines keeps growing with age due to the de-
velopment of body and improvement of protein production function. Lipid 
metabolism indices go down as the bird grows older especially after day 21. 
Triglyceride content dynamics are characterized by the reverse tendency: by 
day 14 the content grows by 41.6%-57.1% compared to prior indices. Until 
day 35, hybrids and chicks of parental lines do not considerably differ in terms 
of total protein. However, there are differences in concentrations of calcium 
(14 and 28 days of age), phosphorus (14 and 28 days of age), cholesterol (14 
and 28 days of age) and triglycerides (7 days of age). Indices of activity of di-
gestive enzymes in blood in relation to live bodyweight of broilers go down 
with age, with most considerable changes occurring to the content of trypsin: 
501-fold in hybrids, 453-fold in chicks of parental line, and 442-fold in chicks 
of maternal line (from day 1 to day 35). Amylase activity in terms of the live 
bodyweight of the bird goes down 100-fold, 52-fold and 50-fold respectively, 
and lipase goes down 31-fold, 33-fold and 35-fold. 

 
R E F E R E N C E S  

 
1. Rothman S., Liebow C., Isenman L. Conservation of digestive enzymes. Phys. Rev., 2002, 82: 

1-18 (doi: 10.1152/physrev.00022.2001). 
2. Korot'ko G.F. Fizicheskaya kul'tura, sport — nauka i praktika, 2013, 1: 51-57 (in Russ.). 
3. Vertiprakhov V.G., Grozina A.A., Dolgorukova A.M. The activity of pancreatic enzymes on 

different stages of metabolism in broiler chicks. Sel’skokhozyaistvennaya Biologiya [Agricultural 
Biology], 2016, 51(4): 509-515 (doi: 10.15389/agrobiology.2016.4.509eng). 

4. Fisinin V.I., Osmonyan A.K., Mahdavi R., Egorov I.A. Nutrient density of prestarter diets from 
1 to 10 days of age affects intestinal morphometry, enzyme activity, serum indices and performance 
of broiler chickens. Animal Nutrition, 2017, 3(3): 258-265 (doi: 10.1016/j.aninu.2017.06.005). 

5. Egorov I.A., Vertiprakhov V.G., Lenkova T.N., Manukyan V.A., Grozina A.A., Egorova T.A.. 
Ptitsevodstvo, 2017, 2: 23-29 (in Russ.). 

6. Gerasimenko V.V., Katkova T.V., Nazarova E.A. Fundamental'nye issledovaniya, 2011, 8-1: 88-
90 (in Russ.). 

7. Cherkasova V.V., Zelenskii K.S. Izvestiya Orenburgskogo gosudarstvennogo agrarnogo universiteta, 
2009, 4(24-1): 60-63 (in Russ.). 

8. Ponomarev V.A., Pronin V.V., Kletikova L.V., Malovichko L.V., Yakimenko N.N. Klinicheskie 
i biokhimicheskie pokazateli krovi ptits [Clinical and biochemical parameters of blood of birds]. 
Ivanovo, 2014: 69-132 (in Russ.). 

9. Alagawany M., Attia A.I., Ibrahim Z.A., Mahmoud R.A., El-Sayed S.A. The effectiveness of 
dietary sunflower meal and exogenous enzyme on growth, digestive enzymes, carcass traits, 
and blood chemistry of broilers. Environ. Sci. Pollut. R., 2017, 24(13): 12319-12327 (doi:  
10.1007/s11356-017-8934-4). 

10. Lala A.O., Ajayi O.L., Okwelum N., Oso A.O., Fakorede T.V., Adebayo T.A., Jagbojo J.E. 
Haematological, biochemical and organ changes in broiler chickens fed varying levels of Morin-
da lucida (brimstone) leaf meal supplementation in the diets. Trop. Anim. Health Pro., 2018, 
50(5): 1005-1010 (doi: 10.1007/s11250-018-1524-8). 

11. Dong X.Y., Yin Z.Z., Ma Y.Z., Cao H.Y., Dong D.J. Effects of rearing systems on laying per-
formance, egg quality, and serum biochemistry of Xianju chickens in summer. Poultry Sci., 
2017, 96(11): 3896-3900 (doi: 10.3382/ps/pex155).  



828 

12. Kamely M., Karimi Torshizi M.A., Rahimi S. Blood biochemistry, thyroid hormones, and per-
formance in broilers with ascites caused by caffeine. Poultry Sci., 2016, 95(11): 2673-2678 (doi: 
10.3382/ps/pew227).  

13. Toghyani M., Mosavi S.K., Modaresi M., Landy N. Evaluation of kefir as a potential probiotic 
on growth performance, serum biochemistry and immune responses in broiler chicks. Animal 
Nutrition, 2015, 1(4): 305-309 (doi: 10.1016/j.aninu.2015.11.010). 

14. Mikhailova A.G., Khairullin R.F., Demidyuk I.V., Kostrov S.V., Grinberg N.V., Burova T.V. , 
Grinberg V.Y., Rumsh L.D. Cloning, sequencing, expression, and characterization of thermo-
stability of oligopeptidase B from Serratia proteamaculans, a novel psychrophilic protease. Pro-
tein Expres. Purif., 2014, 93: 63-76 (doi: 10.1016/j.pep.2013.10.011). 

15. Kierończyk B., Sassek M., Pruszyńska-Oszmałek E., Kołodziejski P., Rawski M., Świątkiewicz S., 
Józefiak D. The physiological response of broiler chickens to the dietary supplementation of the 
bacteriocin nisin and ionophore coccidiostats. Poultry Sci., 2017, 96(11): 4026-4037 (doi: 
10.3382/ps/pex234). 

16. Egorova A. Ptitsevodstvo, 2012, 12: 8-10 (in Russ.). 
17. Emanuilova Zh.V., Efimov D.N., Tuchemskii L.I., Egorova A.V. Rossiiskaya sel'skokho-

zyaistvennaya nauka, 2014, 2: 48-51 (in Russ.). 
18. Kuznik B.I. Fiziologiya i patologiya sistemy krovi [Physiology and pathology of blood]. Chita, 

2002 (in Russ.). 
19. Metreveli T.V. Biokhimiya zhivotnykh /Pod redaktsiei N.S. Sheveleva [Animal biochemistry. 

N.S. Shevelev (ed.)]. St. Petersburg, 2005 (in Russ.). 
20. Azarnova T.O., Naidenskii M., Bobyl'kova A. Zhivotnovodstvo Rossii, 2012, 7: 13-15 (in Russ.). 
21. Bessarabov B.F., Alekseeva S.A., Kletikova L.V. Laboratornaya diagnostika klinicheskogo i im-

munobiologicheskogo statusa u sel'skokhozyaistvennoi ptitsy [Laboratory diagnostics of clinical and 
immunobiological status of poultry]. Moscow, 2008 (in Russ.). 

22. Laporte J.C., Tremolieres J. Regulation hormonale de la sécrétion enzymatique du pancréas 
exocrine. Comptes rendus de l'Académie des Sciences, ser. D, 1971, 273: 1205-1207. 

23. Egorov I.A., Vertiprakhov V.G., Grozina A.A., Laptev G.Yu., Nikonov I.N., Novikova N.I., 
Il'ina L.A., Iyldyrym E.A., Filippova V.A., Dubrovin A.V., Manukyan V.A., Lenkova T.N. 
Age dynamics of pancreas secretory function and intestinal microbiota in meat broiler chicks 
and theier parental lines. Sel’skokhozyaistvennaya Biologiya [Agricultural Biology], 2017, 52(4): 
757-766 (doi: 10.15389/agrobiology.2017.4.757rus).  

24. Piotrowsska A., Burlikowska K., Szymeczko R. Changes in blood chemistry in broiler chickens 
during the fattening period. Folia biologica (Kraków), 2011, 59(3-4): 183-187 (doi: 10.3409/fb59). 

25. Dong J.Q., Zhang H., Jiang X.F., Wang S.Z., Du Z.Q., Wang Z.P., Leng L., Cao Z.P., Li Y.M., 
Luan P., Li H. Comparison of serum biochemical parameters between two broiler chicken lines 
divergently selected for abdominal fat content. J. Anim. Sci., 2015, 93(7): 3278-3286 (doi: 
10.2527/jas.2015-8871).  

26. Hu H., Bai X., Shah A.A., Wen A.Y., Hua J.L., Che C.Y., He S.J., Jiang J.P., Cai Z.H., Dai S.F. 
Dietary supplementation with glutamine and γ-aminobutyric acid improves growth performance 
and serum parameters in 22- to 35-day-old broilers exposed to hot environment. J. Anim. Phys-
iol. An. N., 2016, 100(2): 361-370 (doi: 10.1111/jpn.12346).  

27. Somova O.V. Uchenye zapiski UO VGAVM, 2012, 1(48): 142-145 (in Russ.).  
28. Gulyushin S.Yu., Zernov R.A. Methyl group donors — promising means for prevention of chronic 

mycotoxicosis. Sel’skokhozyaistvennaya Biologiya [Agricultural Biology], 2011, 2: 21-31. 
29. Ermolina S.A., Buldakova K.V., Sozinov V.A. Uspekhi sovremennogo estestvoznaniya, 2014(9): 34-

37 (in Russ.). 
30. Koshchaev A.G. Biotekhnologiya proizvodstva i primeneniya funktsional'nykh kormovykh dobavok 

dlya ptitsy. Avtoreferat doktorskoi dissertatsii [Biotechnology of production and application of 
functional feed additives for poultry. DSc Thesis]. Krasnodar, 2008 (in Russ.). 

31. Yang X., Zhuang J., Rao K., Li X., Zhao R. Effect of early feed restriction on hepatic lipid 
metabolism and expression of lipogenic genes in broiler chickens. Res. Vet. Sci., 2010, 89(3): 
438-444 (doi: 10.1016/j.rvsc.2010.04.003).  

32. Amann O., Visschers M.J.M., Dorrestein G.M., Westerhof I., Lumeij J.T. Exocrine pancreatic 
insufficiency in pigeons. Avian Pathol., 2006, 35(1): 58-62 (doi: 10.1080/03079450500465791).  



 

831 

AGRICULTURAL BIOLOGY, ISSN 2412-0324 (English ed. Online) 

2018, V. 53, ¹ 4, pp. 831-841 
(SEL’SKOKHOZYAISTVENNAYA BIOLOGIYA) ISSN 0131-6397 (Russian ed. Print) 

ISSN 2313-4836 (Russian ed. Online) 
 
 
UDC 636.2:619:618.3:577.1 doi: 10.15389/agrobiology.2018.4.831eng 

doi: 10.15389/agrobiology.2018.4.831rus 
 

ANTIOXIDANT STATUS AND FUNCTIONAL CONDITION  
OF RESPIRATORY SYSTEM OF NEWBORN CALVES  

WITH INTRAUTERINE GROWTH RETARDATION  
 

V.A. SAFONOV1, V.I. MIKHALEV2, A.E. CHERNITSKIY2 
 

1Vernadskii Institute of Geochemistry and Analytical Chemistry RAS, Federal Agency of Scientific Organizations, 19, 
ul. Kosygina, Moscow, 119991 Russia, e-mail safonovbio@gmail.com; 
2All-Russian Research Veterinary Institute of Pathology, Pharmacology and Therapy RAAS, Federal Agency of Scien-
tific Organizations, 114-b, ul. Lomonosova, Voronezh, 394087 Russia, e-mail vnivipat@mail.ru, cherae@mail.ru 
( corresponding author) 
ORCID:  
Safonov V.A. orcid.org/0000-0002-5040-6178  Chernitskiy A.E. orcid.org/0000-0001-8953-687X   
Mikhalev V.I. orcid.org/0000-0001-9684-4045    
The authors declare no conflict of interests 
Received March 21, 2018   

 

A b s t r a c t  
 

Intrauterine fetal and embryo growth retardation (IUGR), defined as a discrepancy of em-
bryo forming and fetus size and their gestation terms, is a common pathology among farm animals. 
Respiratory dysfunctions in newborns with IUGR are among the factors leading to animal death 
from birth to weaning. The immature antioxidant defense system (AOS) of newborns with IUGR 
predisposes to oxidative stress progression and associated pathologies. We show in this paper the lack 
of enzymatic and non-enzymatic links of antioxidant protection, an increased concentration of ma-
lonic dialdehyde in blood and in exhaled air, and higher expiration of enzymes of different subcellu-
lar localization, i.e. alanine aminotransferase, -glutamyl transferase, aspartate aminotransferase, indi-
cating damage to the respiratory tract cells. These data contribute to elucidating mechanisms of res-
piratory dysfunctions as influenced by IUGR. A comparative study of AOS indicators, functional 
state of respiratory organs of newborn calves and the respiratory disease progression in the neonatal 
period was carried out at a large dairy complex (Agrotech-Garant Nashchekino Co. Ltd, Anninsky 
Region, Voronezh Province) in 2013. A total of 53 red-motley calves were examined, including 28 
calves with IUGR in history and 25 ones whose mothers had physiological course of pregnancy 
(control group). In 24 hours after the calves’ birth, switch tail hair samples, blood and exhaled breath 
condensate (EBC) were collected for biochemical studies, the heart rate (HR) and frequency of res-
piratory rate (RR) per minute, the ratio of HR/RR (Hildebrandt index), tidal volume (TV) and res-
piratory minute volume (RMV), the volume of EBC produced per minute (V1) and from 100 liter of 
exhaled air (V2) were determined. The hair concentrations of iron, copper, zinc, manganese, seleni-
um and cobalt were determined by atomic absorption spectrophotometry (Shimadzu AA6300, Ja-
pan); the activity of catalase, selenium-dependent glutathione peroxidase (GPO), superoxide dis-
mutase (SOD) in blood, the blood concentration of malonic dialdehyde (MDA), the serum (plasma) 
content of vitamin A, -tocopherol, L-ascorbic acid and total antioxidant activity (AOA) were stud-
ied spectrophotometrically (Shimadzu UV-1700, Japan). The MDA concentration (Shimadzu UV-
1700, Japan), intensity of iron-induced chemiluminescence (BHL-07, Russia), the activity of alanine 
aminotransferase (ALAT), γ-glutamyltransferase (GGT) and aspartate aminotransferase (ASAT) (Hita-
chi-902, Japan) were examined in EBC of calves. In the calves with IUGR, as compared to the control 
group, blood catalase activity reduced by 14.4 % (P < 0.001), GPO by 14.0 % (P < 0.001) and SOD by 
33.8 % (P < 0.001), blood serum content of vitamin A decreased by 36.7 % (P < 0.05) and -
tocopherol by 38.3 % (P < 0.001), while blood plasma AOA was higher by 18.6 % (P < 0.01), hair 
concentration of copper decreased by 28.3 % (P < 0.001), zinc by 10.7 % (P < 0.001), manganese by 
9.4 % (P < 0.001), selenium by 26.4 % (P < 0.001) and cobalt by 36.8 % (P < 0.001), the MDA 
level in blood and EBC increased by 26.8 % (P < 0.001) and 119.5 % (P < 0.001), respectively, also, 
intensity of chemiluminescence outbreak Imax and the light sum of chemiluminescence S of EBC 
were higher by 36.2 % (P < 0.01) and 40.6 % (P < 0.01), respectively. An increase in the ratio of 
S/tg2 in EBC of calves with IUGR (by 35.5 % compared to the control group, P < 0.01) indicated 
imbalance of oxidative and antioxidant activity of EBC and oxidative stress progression. Structural 
and functional damage of respiratory tract under oxidative stress of IUGR calves was accompanied 
by an increase in ALAT expiration by 105.9 % (P < 0.001), GGT by 416.1 % (P < 0.001), ASAT by 
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62.5 % (P < 0.001), and respiratory moisture release (V2) by 67.3 % (P < 0.001) compared to the 
control group. An increase in Hildebrandt index of calves with IUGR (by 7.9 % compared to the con-
trol group, P < 0.05) indicates the autonomic regulation disorder and the cardiorespiratory functional 
system overstrain. A statistically significant relationship was found between the risk of bronchopneumo-
nia development and the S/tg2 ratio which reflects the balance of EBC oxidative and antioxidant ac-
tivity (r-K = +0.58, P < 0.01), and also the blood activity of catalase (r-K = 0.68, P < 0.01), GPO 
(r-K = 0.36, P < 0.05) and SOD (rr-K = 0.62, P < 0.01). 

 

Keywords: intrauterine fetal and embryo growth retardation, newborn calves, antioxi-
dant defense system, oxidative stress, exhaled breath condensate, respiratory diseases, broncho-
pneumonia 

 

Intrauterine fetal and embryo growth retardation (IUGR), defined as 
discrepancy of embryo forming a fetus size and their gestation terms is still a 
serious problem of animal farming [1-3]. Academic interest toward IUGR is 
caused not only by the fact that it is a common syndrome affecting pregnant 
animals [1, 4], but also by its negative impact on postnatal growth and health of 
the offspring [1, 5-7]. Postnatal hypoglycemia, hypoxemia [1, 8], hypersensitivity 
to hypothermia resulting from dysfunctional thermoregulatory functions and low 
energy stores of the body [8-10] are common in newborns with IUGR. Respira-
tory dysfunctions in newborns with IUGR are among the factors leading to ani-
mal death in the period between the birth and weaning [1, 5, 11].  

Although clinical condition of such animals may appear normal, their 
internal organs are morphologically and functionally immature [12-14]. Accord-
ing to the study on swine [15], immature antioxidant defense system in new-
borns with IUGR predisposes to oxidative stress progression and postnatal meta-
bolic disorders. 

We have first conducted comparative studies of the antioxidant protec-
tion system indicators and functional state of respiratory organs of newborn 
calves during physiological pregnancy and the IUGR. Newborn calves with 
IUGR appeared to have deficient enzymatic and non-enzymatic links of the an-
tioxidant protection system, as well as increased concentration of malonic dial-
dehyde in blood and in exhaled breath condensate, and higher expiration of en-
zymes of various sub-cellular localization (alanine aminotransferase, -glutamyl-
transferase, aspartate aminotransferase), indicative of damage to respiratory tract 
cells in conditions of oxidative stress. 

The study aims to get an insight into antioxidant status indicators and 
functional state of respiratory system of the newborn calves with intrauterine 
growth retardation and the impact of these dysfunctions on the respiratory dis-
ease progression over the neonatal period. 

Techniques. A total of 53 red-motley calves were examined, including 28 
calves with IUGR in history and 25 calves whose mothers had physiological 
course of pregnancy (control group); the studies were carried out in 2013 at 
Agrotech-Garant Nashchekino Co. Ltd. (Anninsky Region, Voronezh Province). 
The cows were diagnosed for IUGR by way of transrectal palpation and ultra-
sonic scanning with the help of Easi-Scan-3 (BCF Technology Ltd., U.K.) with 
4.5-8.5 MHz linear array probe. Embryo and fetus growth retardation criteria in-
cluded the crown-rump length and body diameter on day 38-day 45 following in-
semination and conception — less than 16 mm and 9 mm respectively; on day 60-
day 65 — less than 45 mm and 16 mm respectively; on day 110-day 115 — horn-
uterus diameter less than 15 cm and placentoma less than 17 mm [2, 4].  

Biochemical studies were conducted on samples of hair, blood and ex-
haled breath condensate (EBC) collected from calves 24 hours after their birth. 
Hair samples were taken from switch tails, blood samples were drawn from the 
jugular vein using commercial vacuum blood sampling systems (with EDTA as 
anticoagulant). EBC samples were collected from calves using our proprietary de-
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vice [16]. Blood serum samples were obtained through centrifugal process that 
took 10 minutes at room temperature and without addition of anticoagulant (4000 
rpm, UC-1612, ULAB, China). Immediately upon collection, the serum and EBC 
samples would be frozen and stored in liquid nitrogen at 196 С until biochemi-
cal studies. 

Hair samples were prepared by wet ashing technique and the content of 
minor elements (selenium, copper, zinc, iron, cobalt and manganese) was de-
termined using the atomic absorption spectrophotometry (Shimadzu AA6300, 
Japan). 

Assessment of the state of enzymatic link of the antioxidant protection 
system in blood involved measurement of catalase activity (EC 1.11.1.6) and se-
lenium-dependent glutathione peroxidase (GPO, EC 1.11.1.9) using the relevant 
methods described by M.I. Retsky et al. (17); and activity of superoxide dis-
mutase (SOD, EC 1.15.1.1) in blood was measured by the rate of inhibition of 
adrenaline autoxidation [18]. The state of non-enzymatic link of the antioxidant 
protection system was measured by the content of vitamin А [19], -tocopherol 
[17], L-ascorbic acid [20] in blood serum and by total antioxidant activity 
(АОА) of blood serum [21]. Concentration of malonic dialdehyde (MDA) in 
blood and EBC was measured spectrophotometrically (Shimadzu UV-1700, Ja-
pan) by reaction with thiobarbituric acid [17]. 

Intensity of iron-induced chemiluminescence in EBC was studied with 
the help of biochemiluminometer BHL-07 (Medozones, Ltd., Russia) by the 
methods described by Y.G. Voronkova et al. [22], with slight modifications. 
EBC (0.2 ml), 0.4 ml of 0.02 М potassium-phosphate buffer (рН 7.5) and 0.4 
ml of 0.01 М iron (II) sulfate solution were added into the measuring cell suc-
cessively. The cell with the resulting blend was then placed in the measuring slot 
of the device, quickly adding 0.2 ml of 2% of hydrogen peroxide, and moving 
the cell into the measuring position. Free radical process was registered for 30 
seconds, chemiluminescence was measured on the basis of the kinetic curve by 
the following indicators: maximum intensity of the outbreak (that characterizes 
the intensity of free radical oxidation) — Imax, mV; chemiluminescence light 
sum (representing the oxidative activity) — S, mV ½ sec; kinetic curve slope ra-
tio against the time axis (characterizing the antioxidant activity) — tg2. To de-
termine the balance between oxidative and antioxidant activity, we calculated the 
ratio of S/tg2 [23]. Activity of alanine aminotransferase (ALAT), γ-glutamyl 
transferase (GGT) and aspartate aminotransferase (ASAT) in EBC were studied 
on biochemical analyzer Hitachi-902 (Roche Diagnostics, Japan). 

The heart rate (HR) and frequency of respiratory rate (RR) per minute 
were measured in calves; external respiration functions (tidal volume and res-
piratory minute volume) were studied with the help of SSP lung tester (KPO 
Medapparatura, Ukraine) and a mask with valves; Hildebrandt index was calcu-
lated as the HR/RR ratio. Animals were under continuous clinical supervision 
from their birth to day 30 inclusively: their condition in the course of respiratory 
disease was rated under WI system [24], recording the time of first clinical indi-
cations and the height of bronchitis, morbidity (0 — no pathology, 1 — mild, 2 
— moderately severe and 3 — severe disease), complication in the form of bron-
chial pneumonia.  

Statistical data processing was done in Statistica 8.0 (StatSoft, Inc., 
USA) and IBM SPSS Statistics 20.0 (IBM Corp., USA) software. The results 
represent mean arithmetic and standard deviation (M±SD), minimum (min), 
maximum (max) and median values (Me). The significance of difference between 
median values of the samples was measured by means of nonparametric Wilcoxon 
test. Correlations between the values were identified by means of Spearman rank 
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correlation coefficient (rS) and Kendall’s  (r-K). Zero hypothesis was disregard-
ed in all statistical processing methods at р < 0.05. 

Results. According to the study of blood of claves with IUGR, activity of 
catalase was found to be down by 14.4% (р < 0.001), GPO by 14,0% (р < 
0.001) and SOD by 33.8% (р < 0.001); vitamin A content in blood serum was 
down by 36.7% (р < 0.05) and -tocopherol down by 38.3% (р < 0.001); blood 
serum AOA was up by 18.6% (р < 0.01) compared to control group (Table 1). 
No statistically significant differences in L-ascorbic acid concentrations in blood 
serum of various groups of calves were observed. 

1. Indicators of antioxidant system in blood (serum) of newborn red-motley calves — 
normal and with intrauterine fetal growth retardation (Agrotech-Garant Nash-
chekino Co. Ltd., Anninsky Region, Voronezh Province, 2013 

Indicator M±SD min-max Me 

Catalase, µmol H2O2/(lŁmin) 
26.7±1.4 
31.2±3.0 

23.6-28.7 
27.3-35.3 

26.9*** 
30.6 

GPO, µmol GSH/(lŁmin) 
6.84±0.70 
7.95±0.71 

5.56-7.84 
6.71-8.72 

6.90*** 
8.31 

SOD, conventional units  
0.53±0.07 
0.80±0.09 

0.43-0.65 
0.62-0.92 

0.53*** 
0.81 

Vitamin А, µmol/l  
0.57±0.22 
0.90±0.35 

0.27-0.87 
0.60-1.60 

0.54* 
0.73 

Α-tocopherol, µmol/l 
5.0±2.2 
8.1±1.6 

2.8-8.4 
5.5-9.9 

4.0*** 
8.7 

L-ascorbic acid, µmol/l 
17.8±6.8 
23.4±5.1 

10.9-30.6 
17.3-36.6 

17.3 
22.8 

АОА,% 
42.5±7.7 
52.2±4.2 

27.9-48.0 
47.6-61.0 

44.4** 

51.7 
N o t e. GSH — reduced glutathione, GPO — glutathione peroxidase, SOD — superoxide dismutase, АОА — 
total antioxidant activity in blood serum. Above the line — group of calves with intrauterine growth retardation 
(n = 28), below the line — group of calves whose mothers had physiological course of pregnancy (n = 25).  
*, **, *** Differences between the groups are statistically significant at p < 0.05, p < 0.01 and p < 0.001 respectively. 

 

Concentration of virtually every microelement (excluding iron) covered 
by this study was found to be down in the hair of newborn calves with IUGR: 
copper by 28.3% (p < 0.001), zinc by 10.7% (p < 0.001), manganese by 9.4% 
(p < 0.001), selenium by 26.4% (p < 0.001) and cobalt by 36.8% (p < 0.001) 
compared to control group (Table 2). 

Correlation analysis detected statistically significant correlation between 
copper content in calves’ hair and SOD activity in blood (rS = +0.55 at p < 
0.05), as well as selenium content in hair and GPO activity in blood (rS = +0.84 
at p < 0.01).   

2. Microelements content in tail hair of newborn red-motley calves — normal and 
with intrauterine fetal growth retardation (Agrotech-Garant Nashchekino Co. 
Ltd., Anninsky Region, Voronezh Province, 2013) 

Indicator M±SD min-max Me 

Iron, mg/kg 
31.7±8.6 
37.5±13.0 

20.3-47.0 
20.3-65.0 

30.4 
34.4 

Copper, mg/kg 
6.52±1.30 
9.09±1.01 

3.15-8.0 
7.4-10.6 

7.01* 
9.35 

Zinc, mg/kg 
105.6±14.2 
118.2±15.8 

88.7-127.3 
91.3-138.1 

98.8* 
121.6 

Manganese, mg/kg  
8.55±0.27 
9.44±1.22 

8.11-9.01 
8.11-12.8 

8.50* 
9.19 

Selenium, µg/kg 
345.0±67.4 
468.5±69.4 

261.0-447.0 
398.0-595.0 

317.5* 
457.5 

Cobalt, µg/kg 
42.5±10.1 
67.3±15.2 

25.4-56.0 
51.2-96.8 

42.9* 
62.7 

N o t e. Above the line — group of calves with intrauterine growth retardation (n = 28), under the line — group of 
calves whose mothers had physiological course of pregnancy (n = 25). 
* Differences between the groups are statistically significant at p < 0.001. 

 

Increase of MDA concentration in blood and EBC of calves with IUGR 
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by 26.8% (p < 0.001) and 119.5% (p < 0.001) respectively compared to control 
group (Fig. 1) was indicative of the increasing systemic and local (lungs) intensi-
ty of lipids peroxidation associated with functional deficiency of enzymatic and 
non-enzymatic links of the antioxidant protection system.    

 

 

Fig. 1. Malonic dialdehyde (MDA) content in 
blood (А) and in exhaled breath condensate (B) 
of newborn red-motley calves with intrauterine 
fetal growth retardation (а) and physiological 
course of pregnancy of cows (b) (M±SD, Agro-
tech-Garant Nashchekino Co. Ltd., Anninsky 
Region, Voronezh Province, 2013). 
 

Studies of the iron-induced 
chemiluminescence EBC (Table 3) in 
newborn calves with IUGR registered 
the chemiluminescence outbreak Imax 
and the light sum S EBC by 36.2% 
(p < 0.01) and 40.6% (p < 0.01) re-
spectively compared to control group, 

which was indicative of the increased oxidative activity in EBC. The Imax and 
S/tg2 indicators correlated with MDA and EBC concentrations: rS = +0.78 
(p < 0.01) and rS = +0.48 (p < 0.01) respectively. No significant differences be-
tween the groups of calves in terms of tg2 have been detected. The increasing 
ratio S/tg2 in EBC of calves with IUGR (by 35.5% compared to control group, 
p < 0.01) is indicative of imbalanced oxidative and antioxidant activity of EBC 
the development of oxidative stress. Statistically significant correlations were 
found between S/tg2 in EBC and the activity of antioxidant enzymes in 
blood, i.e. catalase (rS = 0.54 at p < 0.01), GPO (rS = 0.49 at p < 0.01) and 
SOD (rS = 0.85 at p < 0.01). 

3. Indicators of iron-induced chemiluminescence in exhaled breath condensate of 
newborn red-motley calves — normal and with intrauterine fetal growth retarda-
tion (Agrotech-Garant Nashchekino Co. Ltd., Anninsky Region, Voronezh Prov-
ince, 2013) 

Indicator M±SD min-max Me 

S, mV ½ sec 
417.3±37.6 
296.9±49.1 

374.0-472.0 
248.0-422.0 

411.5* 
282.0 

Imax, mV 
65.8±4.7 
48.3±10.0 

61.0-73.0 
40.0-73.0 

64.5* 
43.0 

tg2 
20.3±1.7 
19.5±2.4 

18.0-22.5 
18.0-25.5 

20.3 
18.0 

S/tg2 
20.6±1.1 
15.2±1.0 

19.2-22.1 
13.4-16.5 

20.6* 
15.7 

N o t e. Above the line — group of calves with intrauterine growth retardation (n = 28), under the line — group of 
calves whose mothers had physiological course of pregnancy (n = 25). 
* Differences between the groups are statistically significant at p < 0.01.  
 

In EBC of calves IUGR, there was an increase in activity of ALAT 
by 105.9% (p < 0.001), GGT by 416.1% (p < 0.001), and ASAT by 62.5% 
(p < 0.001) compared to control group (Fig. 2). Increased activity of enzymes 
of various subcellular localization (cytoplasmic ALAT, membrane-bound 
GGT, mitochondrial ASAT) in EBC of calves with intrauterine growth retar-
dation reflects the extent of structural and functional damage to the respiratory 
tract cells (from disruption of biomembrane permeability to cytolysis) and is 
caused by the occurrence of these components in epithelial lining fluid [26, 
27]. We have established statistically significant correlation between the GGT 
activity in EBC and the intensity of free radical oxidation Imax (rS = +0.51 at 
p < 0.01), ratio S/tg2 reflecting the balance between the oxidative and anti-
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oxidant activity EBC (rS = +0.74 at p < 0.01), as well as GPO (rS = 0.55 at 
p < 0.01) and SOD (rS = 0.53 at p < 0.01) activity in blood. Similar correla-
tions have been found between the ASAT activity in EBC and the S/tg2 ratio 
(rS = +0.41 at p < 0.05), GPO (rS = 0.52 at p < 0.01) and SOD (rS = 0.38 at 
p < 0.05) activity in blood, and between the ALAT activity in EBC and the value 
of antioxidant activity EBC tg2 (rS = 0.39 at p < 0.05). 

Increased intensity of res-
piratory moisture was detected in 
calves with IUGR against the 
background of the respiratory 
minute volume decrease by 34.0% 
(p < 0.001) and the breathing ca-
pacity by 20.9% (p < 0.001): the 
amount of EBC produced over 
the period of 1 minute out of 100 
liters of the exhaled air would in-
crease compared to control group 
by 28.6% (p < 0.01) и 67.3% 
(p < 0.001) respectively (Table 4). 
We have detected inverse rela-
tionship between the amount of 
condensate produced out of 100 
liters of the exhaled air and the 
depth of breathing (rS = 0.61 at 

p < 0.01). The increase in Hildebrandt index in calves with IUGR (by 7.9% 
against the control group, p < 0.05) was indicative of the autonomic imbalance 
and cardio-respiratory system overload [25]. 

4. Respiratory and moisture producing function of the lungs of red-motley calves — 
normal and with intrauterine fetal growth retardation (Agrotech-Garant Nash-
chekino Co. Ltd., Anninsky Region, Voronezh Province, 2013) 

Indicator M±SD min-max Me 

RR, min1 
46.3±8.1 
57.7±15.7 

23.6-28.7 
27.3-35.3 

44.0* 
52.0 

RMV, l 
9.5±2.2 

14.4±2.8 
7.4-12.5 

10.6-19.1 
8.7** 

13.4 

TV, ml 
210.7±55.8 
266.3±88.3 

153-284 
156-445 

195.0** 
254.0 

V1, ml 
0.09±0.03 
0.07±0.02 

0.06-0.12 
0.05-0.09 

0.10* 
0.07 

V2, ml 
0.92±0.31 
0.55±0.09 

0.59-1.42 
0.39-0.72 

0.84** 
0.53 

N o t e. RR — respiratory rate, RMV — respiratory minute volume, TV — tidal volume; V1 and V2 — volume of 
exhaled breath condensate produced over the period of 1 minute out of 100 liters of exhaled air. Above the line — 
group of calves with intrauterine growth retardation (n = 28), below the line — group of calves whose mothers had 
physiological course of pregnancy (n = 25). 
 *, ** Difference between the groups is statistically significant at p < 0.01 and p < 0.001 respectively. 
 

Respiratory diseases were registered in 48.0% of calves whose mothers 
had physiological course of pregnancy and in 100% calves with IUGR; severe 
bronchitis developing into bronchial pneumonia occurred in 12.0% and 85.7% of 
animals respectively. We have identified statistically significant relationship be-
tween the potential development of bronchial pneumonia in calves and the 
S/tg2 ratio that reflects the balance of pro- and antioxidant activity of EBC (r-
K = +0.58 at p < 0.01), and the activity of catalase in blood (r-K = 0.68 at p < 
0.01), GPO (r-K = 0.36 at p < 0.05) and SOD (r-K = 0.62 at p < 0.01). 

Rapid evolution of fetus from intrauterine hypoxic environment to 
normoxia and pulmonary respiration at the time of birth is accompanied by con-

Fig. 2. Enzyme activity in the breath condensate exhaled 
by newborn red-motley calves: а — with intrauterine fetal 
growth retardation, b — physiological course of pregnan-
cy; ALAT — alanine aminotransferase, GGT — -glut-
amyl transferase, ASAT — aspartate aminotransferaseа 
(M±SD, Agrotech-Garant Nashchekino Co. Ltd., An-
ninsky Region, Voronezh Province, 2013). 
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siderable stress on every functional system of the body [28-30]. Beginning of 
pulmonary respiration is associated with the increased generation of reactive ox-
ygen intermediates (ROI) and oxidative stress development [28, 31]. In turn, the 
oxidative stress is associated with a number of pathological conditions in the 
newborn animals — cardiovascular and pulmonary disorders, lactic acidosis, re-
duced absorption and passive passage of nutrients and immunoglobulins in the 
intestinal tract [15, 28, 31]. Excess ROI generation is compensated by the adap-
tive changes in the antioxidant protection system [32-35], mostly enzymatic part 
thereof [31, 32, 35]. 

As the cattle tail switch hair begins to grow on month 7 of pregnancy 
[36, 37], concentration of chemicals in the hair samples collected from this part 
of the body (entire length of the hair stem) on day 1 after the birth may be con-
sidered as the integral indicator of minerals supply in the calves over the last 3 
months of intrauterine development. In the period of 10%-15% of the term pre-
ceding the completion of gestation, the activity of antioxidant enzymes in fetal 
tissues is known to increase by 150%-200% [33, 38]. According to the findings 
of our studies, unlike the calves whose mothers had physiological course of preg-
nancy, calves with intrauterine growth retardation had copper concentration in 
their tail hair smaller by 28.3% (p < 0.001), zinc by 10.7% (p < 0.001), manga-
nese by 9.4% (p < 0.001), selenium by 26.4% (p < 0.001), and cobalt by 36.8% 
(p < 0.001). According to the obtained data, in the event of IUGR, the enzy-
matic part of the antioxidant protection system in fetus develops in conditions of 
deficient amount of copper, zinc, manganese, selenium and cobalt. In calves 
with IUGR, the catalase activity in blood was down by 14.4% (p < 0.001), GPO 
by 14.0% (р < 0.001), and SOD by 33.8% (р < 0.001) compared to the control 
group. Strong relationship between the deficient microelements and functional 
disorder of enzymatic part of the antioxidant protection system in newborn 
calves was confirmed by correlation between copper concentration in the hair 
and the SOD activity in blood (rS = +0.55 at p < 0.05), and selenium concen-
tration in the hair and GPO activity in blood (rS = +0.84 at P < 0.01). D. 
Shukla et al. [39] prove the importance of cobalt in antioxidant protection of the 
lungs, so deficit of cobalt in calves with IUGR takes on particular significance. 

Considerable drop in concentration of vitamin A in blood serum, -
tocopherol and overall antioxidant activity of blood serum has been detected in 
calves with IUGR (see Table 1). Oxidative stress development in the lungs, 
however, appeared to be mostly tied to deficient enzymatic part of the antioxi-
dant protection system, which has been confirmed by statistically significant re-
lationship between S/tg2 in EBC and the catalase activity (rS = 0.54 at p < 
0.01), GPO (rS = 0.49 at p < 0.01) и SOD (rS = 0.85 at p < 0.01) in blood, 
as well as by the findings of the studies conducted by other authors [33, 40, 41]. 

In calves with IUGR, we have observed the increase in MDA concentration 
in blood and EBC (by 26.8% at p < 0.001 and 119.5% at p < 0.001 respectively, 
compared to control group), indicative of the increasing systemic and local 
(lungs) intensity of peroxidation of lipids against the deficient enzymatic and 
non-enzymatic links of the antioxidant protection system. Our data correlate 
with the findings of Z. Hracsko et al. [42], which demonstrated significant in-
crease in blood MDA against the decreased activity of catalase, GPO, SOD and 
the reduced glutathione concentration in the newborns with IUGR compared to 
children born by mothers who had physiological course of pregnancy. 

Structural and functional damage to respiratory tract cells in conditions 
of oxidative stress in calves with IUGR was accompanied by the increased exha-
lation of enzymes of various subcellular localization (cytoplasmic ALAT, mem-
brane-bound GGT, mitochondrial ASAT) and intensified release of respiratory 
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moisture. According to prior studies [29], the increase of respiratory moisture 
release occurs in newborn calves in the event of hypoxia and acidosis and is 
caused by metabolic and respiratory adaptation disorder. The increased Hilde-
brandt index in calves with IUGR (by 7.9% compared to control group, p < 
0.05) is indicative of the autonomic regulation disorder and cardiorespiratory 
functional system overstrain [25]. A statistically significant relationship was 
found between the risk of development of bronchial pneumonia in calves and the 
S/tg2 ratio which reflects the balance of EBC oxidative and antioxidant activity 
(r-K = +0.58 at p < 0.01), and also the blood activity of catalase (r-K = 0.68 
at p < 0.01), GPO (r-K = 0.36 at p < 0.05) and SOD (r-K = 0.62 at p < 
0.01). Severe course of bronchitis evolving into bronchial pneumonia in calves 
with IUGR within neonatal period was registered 7.14 times more frequently (p 
< 0.001) than in calves born by mothers with physiological course of pregnancy.  

Therefore, according to the findings of this study, the lack of enzymatic 
and non-enzymatic links of the antioxidant protection in newborn calves with 
intrauterine growth retardation causes the oxidative stress, accumulation of toxic 
products of peroxidation of lipids in blood and epithelial lining fluid, structural 
and functional damage to respiratory tract cells, and considerably increases the 
risk of bronchial pneumonia in neonatal period. 
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A b s t r a c t  
 

The Avian leukemia virus (ALV) belongs to the genus Alpharetrovirus (Retroviridae). The 
genome of the virus is a single-stranded RNA of more than 7,000 nucleotides in length. The ALV 
subgroups A, B, C, D, J, K and E are specific viruses of chicken. ALV classification is based on the 
type-specific envelope protein antigens, GP85. ALV is widely spread all over the world, causes vari-
ous diseases, reduces productivity and leads to huge damage to poultry industry. The viruses of sub-
group K were first discovered in Asian countries. Studies of the prevalence of ALV of subgroup K are 
few and have not been conducted in Russia before. Our goal was to study the spread of the ALV of 
this subgroup to the chickens of Russian poultry farms using a test system designed to identify the 
genome of the ALV subgroup K by real-time PCR and analysis of the properties of the ALV of sub-
group K. The test of the real-time PCR test system was carried out on 5292 DNA samples of chick-
ens of domestic broiler meat type of one of the farms in the Moscow Province and in chickens of 
meat and egg breeds from various regions of Russia. The ALV-K-specific gene gp85 sequences were 
found in 177 (3.3 %) broilers of one of the farms in the Moscow Province. Sequencing of gp85 gene 
fragments revealed the presence of two groups of different ALV subgroup K in the chickens of this 
farm: one had 96 % similarity to the ALV subgroup K strains Oki 009, GDFX0601, GDFX0602, 
GDFX0603, Km_5845 etc., and the other - up to 100 % similar to ALV subgroup K strain TW-
3593. Using the reference sequence of the ALV subgroup K strain GD14LZ (KU605774), 22 full-
length genomic sequences, belonging to ALV subgroup K, with 95 to 100 % similarity to the 
GD14LZ gp85 gene sequences were detected in GenBank. The construction of phylogenetic trees 
based on the gp85 gene sequences showed that subgroup K viruses form a separate group, distinct 
from the rest of the viruses, which can be divided into four clusters based on differences in long ter-
minal repeats. The subgroup K viruses have a set of four different 3´UTR sequences belonging to 
both the pathogenic ALV subgroup J and the less pathogenic ALV subgroup E, and there are also 
ALV K and Oki, the ALV-K-specific 3´UTRs. In addition to the Moscow region, ALV subgroup K 
was found in the Kaliningrad, Leningrad, Sverdlovsk, and Novgorod regions of Russia. Thus, the 
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distribution of ALV subgroup K is not limited to the countries of Asia. Scientific publications show 
that ALV subgroup K can cause gliomas and myocarditis. Literature data allows us to say that ALV 
subgroup K can be pathogenic and theses viruses need a control program, because even the subclini-
cal form of exogenous and endogenous ALV can lead to large economic losses. 

 

Keywords: avian leukosis virus subgroup K, real time PCR, ALV subgroup K detection 
 

Avian leukosis virus (ALV) belongs to the Alpharetrovirus genus of the 
Retroviridae family. The virus genome has the form of a single-stranded RNA of 
more than 7000 nucleotides in length. The A, B, C, D, J, K and E subgroups of 
ALV are specific for chickens. These subgroups differ with their antigenic regions 
of the GP85 coat protein [1-3]. ALV can cause not only lymphoid and myeloid 
leukosis, but also neoplasms of other tissues [4-6] including gliomas and neurofi-
brosarcomas [7, 8]. The virus subgroup can be identified basing on the analysis 
of the nucleotide sequence of the GP85 coat protein gene [3, 9, 10]. Depending 
on the way of infecting the host cells, ALV is divided into exogenous [1, 4] and 
endogenous viruses. The viruses of A, B, C, D, J and K subgroups belong to ex-
ogenous ones and are more pathogenic than the endogenous virus of E subgroup 
which has no or weak pathogenicity. The genome of endogenous viruses is inte-
grated into the host’s genome and is transmitted vertically like the rest genes of 
the host. Exogenous viruses are able to spread congenitally by infecting hens and 
the embryos form infected hens (a form of vertical transmission). Endogenous 
ALV can sometimes behave as exogenous ones infecting chickens horizontally. 
Usually, the chicken mortality caused by ALV infection does not exceed a few 
percent, but for active form of infection, the mortality rate may amount to more 
than 20% [9]. ALV is widely spread all over the world and can cause various pa-
thologies, reducing bids’ performance and leading to huge damage to commer-
cial poultry. 

The ALV of K subgroup was recently found in Asia, i.e. in China [3, 10, 
11], Japan [8], and Taiwan [12]. The pathogenicity of these isolates is unclear. 
There is a danger of recombination of the K subgroup ALVs with the viruses of 
other subgroups, in particular with ALV-J that may lead to the emergence of a 
new subgroup of ALV with higher pathogenicity [10, 11]. The studies focusing 
the prevalence of the K subgroup of ALV are few and have not been conducted 
in Russia before [13].  

This article reports the first identification of the K subtype of ALV in 
Russian industrial populations of chickens and presents the results of its molecu-
lar-genetic studies.  

Our goal was to detect the K subgroup of ALV in poultry farms in Rus-
sia with using the developed testing system based on the real-time PCR (q-PCR) 
and the subsequent analysis of the properties of the K subgroup of ALV.  

Techniques. The primers and probe for the RT-PCR and Sanger se-
quencing were synthesized in the Syntol LLC. They were selected so as to am-
plify the DNA of K subgroup ALVs without amplifying the known endoviruses. 
The сarboxyfluorescein (6FAM) was used as a fluorescent tag, BHQ-1 dye was a 
fluorescence quencher, and phosphate (p) was used for the 3´ terminal modifi-
cation of the probe. 

The following primers and probe were used to identify the K subtype of 
ALV by the RT-PCR method: 

ALVKF (5´3´) — CGGAGCATTGACACGCTTTCAGA,  
ALVKR (5´3´) — GTGGTTGCGGCGGAGGAGGA,  
KPL (5´3´) — (6FAM)CCACCTCGTGAG(dT-BHQ-1)TGCGGCC-р.  

The length of the synthesized amplicon is 72 bp, the fragment is a part of the 
gp85 gene encoding the GP85 coat protein. 

The primers which have been used for PCR and sequencing the DNA of 
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the K subtype of ALV:  
ALVKF (5´3´) — CGGAGCATTGACAAGCTTTCAGA, 
SEQA-KR (5´3´) — CGCGATCCCCACAAATGAGGAAA. 

The length of the amplification product (part of the gp85 gene encoding the 
GP85 coat protein) is 466 bp. 

Typing of 3´ terminal fragments of gp85 genes and of the variants of long 
terminal repeats (LTRs) has been performed using three reverse primers and 
SEQKF universal primer: 

SEQKF (5´3´) — GGCCGTTCATTTGCTGAAAGGA, 
SEQKRKm (5´3´) — CAGGCTAGGCACTTAAGTACAACA, 
SEQKRJ (5´3´) — GGGCACTTAAATACAGTATCTCTG, 
SEQKROKI (5´3´) — CAATCAGCATGCGCCACGATGAA. 
To amplify the 3´ terminal fragments of the gp85 gene and of the LTRs 

similar to those of the endovirus, we used the special pair of primers which pre-
clude the amplification of the sequences of DNA of the E subgroup of ALV: 

SEQKF12 (5´3´) — GTGGCTCCTCCTCCGCCGCAA,   
SEQKREV (5´3´) — GCAGCTTATATAATCGTGCATAGC.  
The tryout of the testing system was performed on 5292 DNA samples of 

chickens of broiler-type meat cross from a farm of the Moscow region.  
DNA was extracted from feathers using M-Sorb kit (Syntol LLC, Russia,  

a Savraska-02 robotized complex for molecular-genetic researches, Syntol LLC, 
Russia). A 0.3-0.5 cm fragment of feather was put in a 1.5 ml test tube, then 400 
μl of the lysing solution was added and incubated at 60 С for 20 min with mix-
ing. The lysate was precipitated in the high-speed Cyclotemp-902 microcentri-
fuge (Cyclotemp CJSC, Russia) for 3 min at 13000 rpm. The supernatant was 
transferred to a 1.5 ml test tube and the extraction was continued according to 
the standard protocol for the M-Sorb kit.   

The mode for the PCR performing was universal, 1.5 μl of the extract-
ed DNA was taken for the reaction. The primers concentration in the reaction 
mixture was 450 nM, the probe concentration was 150 nM. RT-PCR (detec-
tion channel FAM) was performed (an ANK-48 device, Analytical Instrumen-
tation Institute RAS, Russia) according to the following program (45 cycles): 
denaturation at 93 С for 10 s, annealing at 60 С for 30 s. To amplify DNA, 
the reaction mixture (10 µl) for the RT-PCR was used (Cat. No. M-428, Syn-
thol LLC, Russia).  

The specificity of RT-PCR was confirmed by sequencing of the amplifi-
cation products obtained with ALVKF and SEQA-KR primers (Nanofor 05 ge-
netic analyzer, Analytical Instrumentation Institute RAS, Russia). 

In phylogenetic analysis and selection of the specific DNA regions for 
typing the K subgroup of ALV and sequencing, the genomic sequences of ALV 
strains of different subgroups were used: А subgroup — MQNCSU-A 
(DQ365814); В subgroup — Schmidt-Ruppin B (AF052428); С subgroup — 
Prague C (J02342.1); D subgroup — Schmidt-Ruppin D (D10652); Е subgroup — 
ev-1 (AY013303); J subgroup — HPRS103 J (Z46390); К subgroup — Km_6222 
(AB764103), Km_5943 (AB669897), Km_5845 (AB670314), Km_5844 
(AB670312), Km_6202 (AB764101), Km_5892 (AB682778), Km_6181 
(AB764100), Km_6349 (AB764106), Km_6249 (AB764104), Km_6343 
(AB764105), Sp-53 (AB617820), SD110503R (KF738251), Sp-40 (AB617819), 
JS14CZ02 (KY490696), GDFX0601 (KP686142), GDFX0602 (KP686143), TW-
3593 (HM582658), GD14LZ (KU605774), JS11C1 (KF746200), GDFX0603 
(KP686144), JS14CZ01 (KY490695), Oki 009 (AB669433) (in the parenthe-
ses are the numbers of the GenBank). The conservative regions of the ALV ge-
nome, which are specific for the K subgroup, were detected (ClustallW and BLAST 
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http://www.genome.jp/tools-bin/clustalw and http://www.ncbi.nlm.nih.gov/BLAST 
software was used). The phylogenetic trees for the ALVs of different subgroups were 
constructed with ClustallW by Rooted phylogenetic tree (UPGMA) algorithm.   

Results. The selected regions of the ALV genome, which are specific for 
the K subgroup, have been used for the amplifying and sequencing the DNA. 
When designing of the system, the synthetic fragment of DNA corresponding 
to the estimated amplicon for the ALV of K subgroup was the positive control. 
The analytical sensitivity of the system was evaluated in the test with dilutions 
of the positive control. It amounted to 100 copies of the ALV genome of K 
subgroup or approximately 70 genome equivalents per 1 μl of the initial sam-
ple. The solution not containing the dilutions of the synthetic amplicon was 
the negative control.   

Using the developed testing system, 5292 DNA samples from broilers of 
a farm in the Moscow region have been examined. The specific sequences of the 
gp85 gene of the K subgroup ALVs were found in 177 birds that amounted to 
3.3% of the total number. The samples collected in other regions of Russia have 
been also analyzed. As the result, the genomic sequences of the K subgroup 
ALVs were also found in Kaliningrad region (3 samples), Leningrad region (2 
samples), Sverdlovsk region (5 samples) and Novgorod region (3 samples). Con-
sidering the fact that the poultry of one of the poultry farms of the Kaliningrad 
region, where the ALVs of K subgroups have been detected, has been supplied 
from Germany, the geography of distribution of this ALV type in Europe is 
probably not limited to Russia.  

To confirm the specificity of the testing system, the fragments of gp85 
gene were sequenced using the ALVKF and SEQA-KR primers and DNA of 12 
chickens from a farm of the Moscow region. The analysis revealed two variants 
of genomic sequences of the K subgroup ALV. In the first group, the virus had 
96% similarity with the Oki 009, GDFX0601, GDFX0602, GDFX0603, 
Km_5845 and other ALV strains, in the second group the similarity was up to 
100% with the TW-3593 strain. The sequencing showed that both variants of ex-
amined ALV have the LTRs similar to those of the E subgroup of ALV.  

In analysis of geographic prevalence and relation of K subgroup ALV 
with the chicken diseases, we used the KU605774 sequence of the GD14LZ iso-
late genome of the K subgroup ALV as the reference sequence based on the 
GenBank data [3]. The presence of sequences similar to the GD14LZ genome 
has revealed the countries in which the ALV of K subgroup is widespread. A 
number of full-length genomic sequences of ALV with 95-100% similarity of the 
gp85 gene sequences with the gp85 gene sequence of the GD14LZ isolate has 
been found in the GenBank database. The variability of the viral genome of the 
J subgroup ALV is very high and may reach 94.9% within one organism [14[. 
The pool consisting of 22 full-length genomic sequences of ALV, which presum-
ably belong to the K subgroup, was formed and analyzed (Table, Fig.).  

The construction of phylogenetic trees based on the nucleotide sequenc-
es of gp85 gene fragments showed that the ALV K subgroup forms a separate 
group which is different from the rest viruses (see Fig., A). The analysis of the 
3´-UTR sequences of ALV K subgroup demonstrates viral heterogeneity and the 
fact that the K subgroup can be divided into four clusters (see Fig., B). The ALV 
K subgroup has four different 3´-UTR regions (see Table) similar to 3´-UTR of 
both the pathogenic strains of ALV J subgroup and less pathogenic E subgroup. 
There are also 3´-UTRs specific for the K subgroup (ALV K and Oki).  

Different 3´-UTRs could be obtained as the result of recombination with 
other viruses, for example, the virus carrying gp85 gene from the ALV A sub-
group and the LTR from ALV J subgroup is known [15]. The ALV J subgroup 
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presumably results from recombination between endogenous and exogenous 
forms of the virus [16].. 

Pathogenic properties and prevalence of K subgroup avian leukosis virus isolates de-
scribed in the literature and represented in the GenBank (NCBI) 

Isolate (area) No. in GenBank Author (reference) Type of 3´-UTR Pathology 
SD110503R (China) KF738251 Chen J. n.p.  ALV J Unknown  
Sp-40 (Japan)  AB617819 Nakamura S. et al. [8] ALV J  Glioma 
Sp-53 (Japan) AB617820 Nakamura S. et al. [8] ALV J  Glioma 
Km_6222 (Japan)  AB764103 Nakamura S. n.p. ALV К Unknown  
Km_6343 (Japan) AB764105 Nakamura S. n.p. ALV К Unknown  
Km_6181 (Japan) AB764100 Nakamura S. n.p. ALV К Unknown  
Km_5892 (Japan) AB682778 Nakamura S. et al. [17] ALV К Myocarditis 
Km_6249 (Japan) AB764104 Nakamura S. n.p. ALV К Unknown  
Km_6349 (Japan) AB764106 Nakamura S. n.p. ALV К Unknown  
Km_6222 (Japan) AB764103 Nakamura S. n.p. ALV К Unknown  
Km_5844 (Japan) AB670312 Ochi A. et al. [18] ALV К Glioma 
Km_5845 (Japan) AB670314 Ochi A. et al. [18] ALV К Astrocyte proliferation
Km_5943 (Japan) AB669897 Ochi A. et al. [18] ALV К Unknown  
JS11C1 (China) KF746200 Cui N. et al.  [10]          ALV К Unknown  
JS14CZ01 (China) KY490695 Shao H. et al. [11] ALV Е  Unknown  
TW-3593 (Taiwan) HM582658 Chang S.W. et al. [12] ALV Е  Unknown  
GDFX0601 (China) KP686142 Jianyong H. n.p. ALV Е  Unknown  
GDFX0602 (China) KP686143 Jianyong H. n.p. ALV Е  Unknown  
GDFX0603 (China) KP686144 Jianyong H. n.p. ALV Е  Unknown  
JS14CZ02 (China) KY490696 Shao H. et al. [11] ALV Е  Unknown  
GD14LZ (China) KU605774 Li X. et al. [3] ALV Е  Unknown  
Oki 009 (Japan) AB669433 Ochi A. et al. [18] Oki Unknown  
N o t e. “n.p.” means the unpublished data (deposited in the GenBank). 
 

The analysis of the literature shows that the ALV K subgroup can cause 
gliomas and myocarditis [8, 17, 18] which are atypical for the ALV pathology. 
In the case of avian leukosis virus, the mechanism of pathogenesis is not fully 
studied. It is assumed that the high variability of retroviruses may contribute to 
their virulence and pathogenesis [19]. In the LTR areas of some ALV strains, 
there is the E element which is not an oncogene but increases the pathogenicity 
of the viruses [20]. Some of the studied sequences of the ALV K subgroup have 
a similarity to the E element. The example is SD110503R (KF738251) strain 
from China (nothing is known about the pathogenicity of this strain because on-
ly the genomic sequence in the GenBank has been published). Two ALV strains 
causing glioma are described in Japan, these are Sp-40 (AB617819) and Sp-53 
(AB617820). Their genomes contain a small fragment of 27 nucleotides in length 
which is similar to the E element [8] (see Table). Insertional mutagenesis is a 
mechanism in infection by avian leukosis virus [21, 22]. Also, the expression of 
the host cell genes may change due to additional transcription of ALV LTR [23, 
24]. Much in the infection expression mechanism is still unclear because the 
spectrum of diseases caused by ALV is quite wide. For example, it is assumed 
that in the hemangiomas progression the leading role belongs to the insertion 
mutagenesis with changing of the met gene expression [21], other authors point 
out the importance of the participation of GP85 coat protein in the disease pro-
gression [24]. There is the evidence that the coat protein is the main determi-
nant when lymphoid and myeloid leukosis [25]. It may be assumed that the 
presence of ALVK subgroup reduces the productive performance of poultry. 
Thus, it is believed that the ALVs having the LTRs similar to the LTRs of the 
ALV E subgroup do not have any noticeable pathogenicity. However, the meta-
genomic analysis of the possible infectious agent which has caused up to 20% 
loss of the chicken population [26] showed that the nucleotide sequences of this 
virus express 100% similarity with the gp85 gene and the LTR of the ALV strain 
TW-3593 which has the LTR of the ALV E subgroup. 
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А B 

Phylogenetic trees constructed for the sequences of gp85 gene of coat protein (A) and 3´-UTRs (B) of 
strains of different avian leukosis virus subtypes from the GenBank. See the description of these 
strains in the Techniques section 

 

The exogenous and endogenous avian leukosis viruses may cause large eco-
nomic losses even in subclinical infection [6, 27]. To study the pathogenic properties 
of the ALV K subgroup which we have found in the broiler-type meat cross, 123 in-
fected birds at the age of 58 days were isolated from the main herd. We have not 
detected any neoplastic processes in 6 birds died at the age of 156 days.  

So, the real-time PCR testing system has been developed for detecting 
the avian leucosis virus of K subgroup. Using this test we have detected the virus 
of this subgroup in Russia. Thus, the prevalence of the ALV K subgroup is not 
limited to Asian countries. The analysis of the literature data indicates possible 
pathogenicity of the K subgroup ALV, therefore, the program for its monitoring 
and control is needed. 
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A b s t r a c t  
 

Immunodeficiency of pigs resulting from the effect of various infectious and invasive path-
ogens, mycotoxins, heavy metals, wide usage of chemotherapeutic agents and other xenobiotics, 
nutritional deficiencies, deficiency of some vitamins and microelements, stresses of various etiology is 
one of the main causes of high morbidity in breeder herds and the offspring. In this paper, the im-
mune status of sows and safety of suckling piglets under the effect of recombinant alpha- and gam-
ma-interferons, the main active substances of Biferon-C preparation (the Republic of Belarus), ap-
plied in combination with conventional measures for prophylaxis with antibiotics and chemoprophy-
laxis are studied for the first time. It is found that the treatment of sows improves their immune sta-
tus with a 2-fold increase in safety of their piglets while the offspring of untreated sows shows only a 
4 % increase in viability after injections of Biferon-C. For the experiment, two groups of 10 farrow 
sows each were formed (Zolotaya Niva, Znamenskii Region, Tambov Province, 2017). The animals 
of basic variant (group I) were treated after farrowing according to the scheme accepted in the farm: 
during the first 24 hours after farrowing and on day 3 and day 5, one time a day, sows were intra-
mascularly injected with Metramag and treated intrauterinely with Iodopen. Sows of test group II 
were additionally injected intramuscularly with Biferon-C (10 ml per sow) 24 hours before farrowing 
and 2 days post farrowing. Newborn piglets of group I born from mother sows not treated with Bif-
eron-C (basic variant, n = 332) were treated according to the scheme accepted in the farm, and the 
animals of test group II (n = 333) additionally received two intramascular injections of Biferon-C 
(0.1 ml/kg of body weight) at 24-hour intervals. Experimental sows and piglets were clinically ob-
served till weaning (24-26 day), considering the percent of morbidity, mortality and growth dynamics 
of piglets. Blood samples were tested for morphological and immunological indices before the applica-
tion of the preparations and at the end of the experiment. The basic level of immune indices showed 
that immune status of sows of all the groups practically did not differ and corresponded to their physio-
logical state. Receiving recombinant proteins by sows led to a significant increase in relevant and abso-
lute blood levels of monocytes, lymphocytes, T- and B-lymphocytes, complementary and lysozyme 
blood serum activity, phagocytosis. Higher immune status of sows promoted the prophylaxis of their 
postpartum pathologies and a 2-fold increase in viability of their litters. The injectionы of Biferon-C to 
piglets led to the decrease in intestinal infection frequency, increasing the safety of the herd. 

 

Keywords: Biferon-C, recombinant proteins, immune status, sows, piglets, postpartum pa-
thology, intestinal infections 

 

One of the main reasons for the high incidence of pig breeding stock and 
their offspring is immunodeficiency caused by exposure to the various infectious 
and invasive pathogens [1, 2], mycotoxins [3, 4], heavy metals [5], widespread 
use of chemotherapeutic agents and other xenobiotics, deficiencies of certain 
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vitamins, nutrients and microelements [6, 7], stresses of various etiologies (8). 
Industrial pig farms often face postnatal pathology (acute postnatal purulent ca-
tarrhal endometritis, mastitis-metritis-agalactia, MMA) in breeding stock and 
diarrhoeal and respiratory disease in pigs caused by a variety of infectious agents 
on the background of reduced immune reactivity [9-13]. Different measures and 
methods have been offered for their prevention and therapy [14, 15].  

In view of the etiology and pathogenesis of postpartum diseases in 
sows, a complex of prevention measures is promising with the immunostimula-
tory substances including recombinant interferon with a complex action result-
ing from the activation of the immune system. Interferons act against the re-
production of many viruses, express tissue specificity, and are insensitive to 
antiviral antibodies [16, 17]. Interferons possess antibacterial features. The bac-
teriostatic effect is due to the significant violation of bioenergetic processes in 
microorganisms by depleting tryptophan and a secondary bactericidal effect is 
due to the generation of nitric oxide and reactive oxygen species in macro-
phages [18-21]. The protective role of interferons in the body during bacterial 
infections is also associated with the activation of T-lymphocytes, macrophag-
es, and natural killer cells, performing a protective function [22]. In the light 
of detected and investigated properties of interferons indicating their participa-
tion in maintaining homeostasis, the preparations are developed with antiviral 
and immunomodulatory properties [23-26]. 

Biferon-C is a marketed product with anti-viral and immune stimulatory 
activity, which is a mixture of porcine species-specific recombinant  and  -
interferons with the total antiviral activity not less than 1.0½104 TCD50/cm3. 
According to the pharmacological properties of the preparation, it affects the 
natural resistance (as an inductor bactericidal and lysozyme activity) and im-
mune status (induction of cellular and humoral immunity of a system of endog-
enous cytokines) of sows and piglets. It should be noted that the literature con-
tain limited data on the impact of Biferon-C. We know one work with the data 
on a study of the influence of recombinant bovine - and -interferons of a bio-
logical product Biferon-B on pregnancy completion and the status of cows and 
calves after birth [27]. 

The accumulation of information on the use and effectiveness evaluation 
of recombinant proteins with species specificity is of obvious scientific interest 
and of practical importance. We were first to examine the change in the immune 
status of sows and the safety of suckling piglets influenced by recombinant - 
and -interferons, the principal active ingredients of Biferon-C (Republic of Bel-
arus) used with the accepted antibiotics and chemoprophylaxis. It was found that 
the treatment of pregnant sows twice increases the safety of pigs whereas the 
safety of pigs from non-treated sows is increased by Biferon-C by only 4%. 

Objective was to evaluate the effect of Biferon-C using as an additive to 
the standard scheme of medical prophylaxis of postnatal pathologies of sows and 
to improve the immune status of suckling piglets in an industrial complex. 

Techniques. For the study (Zolotaya Niva LLC, Znamensky district, Tam-
bov Prvince, 2017), two groups were formed (n = 10 each) of crossbred sows (large 
white + landrace + Duroc breeds) at later stages of pregnancy. On day 107 of ges-
tation after sanitizing the pigs were placed in individual pens in disinfected isolated 
box of the farrowing area. Microclimatic indices were optimal for the physiological 
condition of the animals (average temperature in box was 20-23 C, relative hu-
midity 65-71%). During the experiment, sows were fed with SC-2 feed (Russia), 
balanced for all the declared nutrients, according to the manufacturer.  

Animals from group I (control) after the farrowing were treated accord-
ing to the guidelines adopted at the farm: in day 1 after farrowing and next at 
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day 3 and day 5, Metramag (Mosagrogen, Russia), containing 4 IU/ml of oxyto-
cin and 100 mg/ml of ciprofloxacin, was injected intramuscularly once a day 
and Iodopen (NITA-FARM, Russia), suppositories, each containing 1.5 g of 
Povidone-Iodine, were used. For sows from group II (experimental) the adopt-
ed basic scheme of veterinary processing was supplemented by 10 ml of Bifer-
on-C intramuscularly (Scientific and production center ProBioTeh, LLC, Re-
public of Belarus; the preparation is a mixture of porcine species-specific recom-
binant - and -interferons with the total antiviral activity not less than 1.0½104 
TCD50/cm3) 24 h before and 2 days after the farrowing. Clinical observation 
(percentage of incidence, thermometry in the first 4 days after farrowing) of the 
sows was conducted prior to weaning piglets (days 24-26). Prior to the use of the 
preparations and at the end of the observation period (days 24-26), the blood 
was sampled from the animals in blanching Green Vac-Tube tubes (Green 
Cross, South Korea) to study the morphological and immunological parameters 
(whole blood and blood serum clinical study). 

Newborn piglets from untreated sows also formed the two groups: group 
I (control; n = 332), and group II (experimental; n = 333). The control piglets 
day 1 after birth were docked with tusks removed, and on day 3 got Ursoferran-
200 (VIC-Animal Health, Republic of Belarus) containing 200 mg of iron per 
1 ml in the form of iron (III)-dextran-heptonic acid, and boar pigs were castrated. 
The experimental group was injected with Biferon-C intramuscularly at a dose of 
0.1 ml/kg Bw on days 1 and 2. Clinical observation of the pigs performed for the 
weaning from sows (days 24-26) included a selective body temperature measure-
ment, accounting percent of ill and dead animals, and the growth indices (by 
group weighing). 

Blood morphology was studied on a hematologic analyzer AVH Micros 
60 (ABX Diagnostics, France) with the determination of leukocyte formula ac-
cording to recommendations (M.I. Reckij, A.G. Shakhov, V.I. Shushlebin, etc. 
Methodical Instructions. Voronezh, 2005).  

Immune parameters, including complement (SCA) and lysozyme (SLA) 
activity, total immunoglobulins (Ig), circulating immune complexes (CIC) in 
blood serum (humoral serum factors of natural nonspecific resistance), phago-
cytic activity of leukocytes (PAL), phagocytic number (PN), phagocytic index 
(PI), Т- and В-cells count (cell-mediated immunity), were determined using 
standardized and harmonized methods in accordance with the recommendations 
(A.G. Shakhov, Yu.V. Masjanov, M.I. Reckij, etc. Methodical recommendations 
on the evaluation and correction of the immune status of animals. Voronezh, 
2005). Reserve function of oxygen-dependent bactericidal system of phagocytes 
(spontaneous and stimulating nitroblue tetrazolium test, spNBT and stNBT), re-
serve index (RI) and neutrophil activation index (NAI) were assessed by cyto-
chemical reaction with the calculation of intracellular diformazane, an insoluble 
form of reduced nitroblue tetrazolium, deposits in accordance with the recom-
mendations (Technique of human neutrophils functional activity assessment by 
nitroblue tetrazolium recovery test. Kazan, 1979) and description [28].  

The data obtained were statistically processed using the Statistica 6.1 
software (StatSoft, Inc., USA). The study results are presented as the arithmetic 
mean (M) and the arithmetic mean error (±SEM). The significance of the dif-
ferences between the test and control groups was assessed by Student's t-test. 
Differences were considered statistically significant at p < 0.05. 

Results. The background blood immunological research of sows in both 
groups showed that the majority of indices tested was consistent with the opti-
mal values for the end of gestation, without no significant differences between 
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the groups. 
Sows treated with Biferon-C showed at the end of the experiment (days 

24-26) the increase of relative and absolute number of monocytes, causing an in-
tensification of phagocytosis compared to the base case by 54.8% (p < 0.001) and 
51.9% (p < 0.01), respectively. Such changes under the influence of interferons 
have occurred also in the lymphocytes content although to a lesser degree. The 
animals in the group II showed a tendency to increased relative and absolute 
lymphocyte count compared to the similar values in group I by 6.9% and 
6.7%, respectively, while increasing of Т-and В-lymphocytes numbers was sig-
nificant: 57.5% (p < 0.0001) and 34.6% (p < 0.01), and 100% (p < 0.001) and 
58.1% (p < 0.01), respectively, indicating the positive effect of Biferon-C on cells 
responsible for all the specific immune response (see Table 1).  

1. Morphological blood indices and lymphocyte profile in crossbred sows influenced 
by Biferon-C on days 24-26 (M±SEM, Zolotaya Niva LLC, Tambov Province, 
2017) 

Indices  Group I (control, n = 10) Group II (test, n = 10) 
Erythrocytes, ½1012/L 4.82±0.30  5.17±0.08 
Leucocytes, ½109/L 12.70±0.66 12.70±0.56 
Hemoglobin, g/L 122.20±2.17  125.20±3.54 
Hematocrit, % 31.70±1.61 32.80±0.48 
White blood cell differential count:    

bands % of 4.10±0.16  2.20±0.31*** 
overall 0.53±0.05 0.28±0.05*** 

segmented neutrophils % of 45.3±1.63  47.50±2.79 
overall 5.97±0.49  6.00±0.42 

eosinophils % of 4.70±0.52  3.07±0.31* 
overall 0.60±0.07  0.39±0.06* 

monocytes % of 2.10±0.17  3.25±0.09** 
overall 0.27±0.04  0.41±0.03* 

lymphocytes % of 42.0±2.13  44.90±1.77 
overall 5.34±0.36 5.70±0.10 

T lymphocytes, 92 % of 29.2±1.86 46.00±2.71*** 
overall 1.82±0.17 2.45±0.19* 

B-cells % of 12.0±1.34 24.00±2.70** 
overall 0.74±0.09 1.17±0.11* 

N o t e. Description of the groups is given in the Techniques section. 
*, **, *** Differences with control are statistically significant at p < 0.01, p < 0.001, and p < 0.0001, respectively. 
 

Use of Biferon-C en-
hanced the natural non-specific 
resistance against any infectious 
and non-infectious agents. So, 
the animals in the experimental 
group showed a steady tendency 
to increased activity (8.1% com-
pared to control; Table 2) of 
complement system, the compo-
nents of which bind bacteria, 
playing an important role in in-
flammation and in the develop-
ment of resistance to infectious 
agents [29]. The serum content 
of lysozyme, antimicrobial pro-
tection factor (see Table 2), in 
sows of group II compared to 
those in group I increased by 
8.5% (p < 0.05), indicating a 
higher lysozyme-synthesizing gra-

nulocytes, monocytes, and macrophages proliferative activity influenced by Bif-

2. Immune status in crossbred sows on days 24-
26 influenced by Biferon-C (M±SEM, Zolo-
taya Niva LLC, Tambov Province, 2017)  

Parameter 
Group I 
(control, n = 10) 

Group II  
(test, n = 10) 

SCA, hemolysis in % 30.70±0.65 33.20±1.83 
SLA, µg/mL 3.53±0.08 3.83±0.10* 
PAL, % 83.80±1.91 85.40±1.29 
PN 3.58±0.21 4.61±0.36* 
PI 7.34±0.54 7.51±0.48 
IG, g/L 25.10±0.83 25.20±1.08 
CIC, g/l 0.26±0.01 0.17±0.01*** 
spNBT, % 33.20±2.08 43.20±1.93**  
stNBT, % 47.60±3.04 67.80±2.96** 
RI, units. 1.43±0.03 1.57±0.05* 
IAN, units 0.30±0.01 0.36±0.01** 
N o t e. Description of the groups is given in the Techniques 
section. SCA — serum complement activity; SLA — serum lyso-
zyme activity; PAL — phagocytic activity of leukocytes; PN —  
phagocytic number; PI — phagocytic index; CIC — circulating 
immune complexes; spNBT — spontaneous NBT test; stNBT — 
stimulated NBT test; RI — reserve index; and NAI — neutrophils 
activation index. 
*, **, *** Differences with control are significant at p < 0.05, 
p < 0.01, and p < 0.0005, respectively. 
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eron-C comprising interferons.  
Animals in the experimental group showed the neutrophils absorbency 

more significantly compared to the control, with the 18.8% higher phagocytic index 
(p < 0.05) (Table 2). The positive effect of interferon on phagocytosis system is 
shown by indices characterizing the cells digestive function. The spNBT test as-
sessing the oxygen-dependent bactericidal properties of blood phagocytes in vitro 
[30] in group II was 30.1% (p < 0.01) higher than in the control, indicating the 
strengthening of phagocytes cytotoxicity under the influence of interferons inject-
ed (see Table 2). Under the influence of Biferon-C, stNBT test characterizing 
the phagocytic cells activity in the presence of an antigen and indicating their 
ability to the completed phagocytosis [30] was in the sows 42.4% higher 
(p < 0.01). Functional reserve of the cells (the difference between the number of 
activated and spontaneous diformazane-positive phagocytes) in animals from the 
experimental group increased by 9.8%, and NAI by 20.0% (p < 0.01). The re-
sults obtained allow us to postulate an increase of phagocytes metabolic reserve 
and digestive function under the influence of interferons from Biferon-C. 

CIC (antigen-antibody reaction products involved in the homeostasis) in 
sows from both groups corresponded to the physiological value (less than 0.5 g/l). 
However, animals in the experimental group showed the CIC number 34.6% 
(p < 0.0005) less than in group I, apparently in association with declining impact 
of technological immunosuppressive factors and antigenic burden on the body 
influenced by interferons (see Table 2). 

The positive effect of Biferon-C on the immune status of sows is caused 
by the presence of recombinant proteins [23]. -Interferon, possessing mainly 
the anti-virus and antiproliferative effects, enhances the natural killer cells and 
T-helper cells activity, phagocytosis, B-cells differentiation, and the elimination 
of circulating immune complexes [31-33]. γ-Interferon synthesized by activated 
T-cells and NK cells is one link connecting the factors of innate and adaptive 
immunity [34, 35]. The stimulating effect of γ-interferon is associated with acti-
vation of phagocytic function of macrophages, the production of reactive oxygen 
and nitrogen species and prostaglandins. It can also activate T-helpers and T-
cytotoxic lymphocytes, stimulate the differentiation of B-cells to immunoglobu-
lin G production, and migration of lymphocytes in tissue due to adhesion to the 
endothelium, thus strengthening the immune cell reaction, and improve the 
functional activity of antigen-presenting cells [36-38]. 

3. Indicators of offspring preservation derived from crossbred sows treated with Bif-
eron-C (M ±SEM, Zolotaya Niva LLC, Tambov Province, 2017) 

Indicator Group I (control, n = 10) Group II (test, n = 10) 
The number of sows, n 10 10 
Piglets per sow 13.50±0.67 13.90±0.78 
Piglet weight at birth, kg 1.26±0.03 1.24±0.04 
Piglets weight at weaning, kg 7.68±0.56 7.95±0.49 
Average daily weight gain, g/day 247.00±7.54 258.00±7.33 
Death rate of piglets, % 4.20 2.15 
N o t e. Description of the groups is given in the Techniques section. 

 

The use of Biferon-C, increasing the immune status, had a positive effect 
on the clinical condition of sows and their piglets (Table 3), contributing to the 
prevention of postnatal diseases in breeding stock and improving the offspring 
safety. Sows from both groups showed no signs of postnatal pathology, and only 
some (10% less in experimental group than in control) showed a 0.1-0.3 C in-
crease in body temperature in the first days after farrowing. The increase of alive 
weight and safety of piglets obtained from sows of the experimental group also 
exceed those in control by 4.5% and almost 2-fold, respectively (see Table 3). 

The use of Biferon-C in sicker piglets whose mothers did not receive this 
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preparation showed a generally positive impact on the animals’ condition: their 
safety was 95.2% compared to 93.1% in those without using the preparation 
(control). Meanwhile, the incidence of gastrointestinal infections in the experi-
mental group decreased by 4.0% and the death rate 1.4 times (Table 4). 

4. Prophylactic efficacy of Biferon-C in pigs received from crossbred sows not treated 
with the preparation (M ±SEM, Zolotaya Niva LLC, Tambov Province, 2017) 

Indicator Group I (control, n = 10) Group II (test, n = 10) 
The number of piglets 332 333 
Piglet weight at birth, kg 1.38±0.98 1.28±0.64 
Piglets weight at weaning, kg 7.46±0.48 7.39±0.52 
Average daily weight gain, g/day 243.30±8.19 244.50±9.32 
Gastrointestinal infections, total/% 48/14.5 35/10.5 
Deaths rate of pigs, total/% 23/6.9 16/4.8 
N o t e. Description of the groups is given in the Techniques section. 

 

Therefore, the study results presented in general confirm the characteris-
tics of Biferon-C, claimed by the developers. We first studied the effect of this 
preparation in commercial farming conditions in combination with traditional 
medicamentous prevention schemes. Biferon-C use in sows 24 h prior to farrow-
ing and 2 days after it is shown (on the background of Metramag intramuscular 
and of Iodopen intrauterine injection) to significantly change the quantitative 
ratio in several blood cells populations (bands, eosinophils, and monocytes con-
tent) and significantly increased the immune status indices: serum lysozyme ac-
tivity, intensity of phagocytosis, absolute and relative content of T- and B-cells 
with a trend of increasing activity of the complement system. The death rate of 
piglets from such sows decreased twice, with practically the same other piglets’ 
output and development indices (number of piglets per sow, weight at birth and 
at weaning, daily BW gain). The use of the preparation in sucking pigs from 
mothers not treated with Biferon-C also showed a downward trend in the inci-
dence of gastro-intestinal infections and deaths (4%) with minor differences in 
the characteristics of growth and development. 
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A b s t r a c t  
 

African swine fever (ASF) is a viral, contagious and septic disease affecting wild and do-
mestic pigs of all breeds and age groups. In both domestic pigs and wild European boars affected, 
some hyperacute or acute forms of the infection are observed which are characterized by fever, signs 
of toxicosis, hemorrhagic diathesis with mortality rates of up to 100 %. In endemic regions (e.g., 
some countries of East Africa), a subacute form of the disease with a mortality of 30 to 70 %, as well 
as a chronic one with very low mortality levels are reported (S. Blome et al., 2013; C. Gabriel et al., 
2011; JM Sánchez -Vizcaíno et al., 2015). No vaccine against African swine fever is currently availa-
ble, and the research works aimed at the development of live, inactivated and subunit vaccines have 
not achieved the intended result yet (P.J. Sánchez-Cordón et al., 2017; V. O’Donnell et al., 2016; 
S. Blome et al., 2014). Nevertheless, the opportunity of obtaining a DNA vaccine using the genes of 
potentially protective ASFV proteins p30, p54 and/or CD2v is considered to be a promising option 
in a number of laboratories worldwide. The proteins p30 and p54 are functionally important in at-
taching the ASF virus to the target cell. The antibody to p54 blocks the virion binding to the macro-
phage, whereas the antibody to p30 inhibits the virion penetration into the cell. The protein CD2v 
determines the hemadsorbing properties of the virus (S.D. Kollnberger et al., 2002; M.G. Barderas et 
al., 2001; J.G. Neilan et al., 2004). This work has been performed to study effects of the translation 
products of recombinant plasmids pCI-neo/ASFV/p30, pCI-neo/ASFV/p54 and pCI-neo/ASFV/CD2v 
induced in adhesive cells (A-cells) after transfection. The antigenic activity of the recombinant pro-
teins produced with these DNA constructs was compared in permanent cell line HEK-293T and 
swine leukocyte (SL) autologous primary cultures using a direct fluorescence technique. The highest 
expression of the antigen-active translation products in HEK-293T and SL cells transfected with 
pCI-neo/ASFV/p30, pCI-neo/ASFV/p54 or pCI-neo/ASFV/CD2v was observed on day 2. The 
peculiarity of the pig immunization schedule applied was that the animals were thrice immunized at 
a 14-day interval with autologous LS A cells transfected in vitro with the above recombinant 
plasmids. For this, as much as 90 cm3 of LC cell culture was produced using blood samples from 
each of the animals No.No. 1-4. On day 2 of the culturing, 90 μg of pCI-neo/ASFV/p30 (No. 1), 
pCI-neo/ASFV/p54 (No. 2) or pCI-neo/ASFV/CD2v (No. 3) was added thereto. The LS culture 
obtained from the pig No. 4 in a volume of 90 cm3 was divided into three portions of 30 cm3, and 
each one was transfected with one of the three constructs (i.e., pCI-neo/ASFV/p30, pCI-
neo/ASFV/p54 or pCI-neo/ASFV/CD2v) by adding 30 μg of the plasmid DNA. Two days later, the 
pigs No. 1 to No. 4 were inoculated into the central auricular vein with about 107 autologous trans-
fected A-cells of LS cultures. On days 14, 28 and 42, no antibody against ASFV proteins was de-
tected in the blood of the immunized pigs using indirect solid-phase ELISA and immunoblotting. 
After the pigs were infected into the neck with 102 HAU50 of an ASFV strain Mozambique-78 on 
day 42, the four pre-immunized pigs (No.No. 1-4) died on day 6 to 8 and the control one died 
(No. 5) on day 13. Thus, the immunization of pigs with the autologous and antigenically active 
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LS cells transfected with the recombinant plasmids pCI-neo/ASFV/p30, pCI-neo/ASFV/p54 or 
pCI-neo/ASFV/CD2v failed to provide antibody response or protection against the challenge. 

 

Keywords: African swine fever, ASFV, recombinant plasmids, ASFV proteins р30, р54 and 
CD2v, antigenicity, immunogenicity 

 

African swine fever (ASF) is a viral contagious septic disease affecting 
wild and domestic pigs of all breeds and age groups. In domestic pigs and wild 
European boars affected, hyperacute or acute course of disease with fever, toxi-
cosis, hemorrhagic diathesis and mortality rates of up to 100% are observed. In 
endemic regions (some countries of East Africa), a subacute form of the disease 
with the mortality from 30 to 70%, as well as a chronic form with very low mor-
tality [1-3] are registered. The researches on the development of live inactivated 
and subunit vaccines have not yet yielded the desired results (4-6). Certain hopes 
are placed on the construction of recombinant DNA vaccines (7, 8). 

It is likely that in case of ASF infection the formation of specific protec-
tion is ensured by the set of proteins inducing the immunological protection 
which is ensured by both cytotoxic T-lymphocytes and antibody-dependent cel-
lular cytotoxicity [9-11]. Based on the data on the localization, structure and 
functional properties of viral proteins, polypeptide specificity of antibodies in the 
pigs’ blood serum of after the administration of attenuated or virulent strains of 
ASF virus (ASFV), and on the effects of pigs immunization with the proteins 
extracted from infected cells or with recombinant proteins, р30, р54 and CD2v 
proteins are considered as potentially protective ones. The p30 and p54 proteins 
are functionally important for attaching ASFV to the target cell. The antibodies 
to p54 block the binding of the virion to the macrophage, while the antibodies to 
p30 inhibit the virion’s penetration into the cell. CD2v protein ensures hemad-
sorbing activity of the virus [12-14].  

Study of the immunogenic and protective properties of DNA constructs 
containing the genes of the viral proteins p30, p54 and CD2v confirmed the im-
portant role of cellular immunity in the formation of specific protection against 
ASF that opens up the prospects for developing new-generation drugs [15-17].  

We previously reported on the obtaining of pCI-neo/ASFV/p30, pCI-
neo/ASFV/p54 and pCI-neo/ASFV/CD2v recombinant plasmids. The calculat-
ed molecular weights of unmodified recombinant proteins amounted to 21.6 kDa 
(rp30), 18.7 kDa (rp54) and 28.6 kDa (rCD2v). According to the results of im-
munoblotting, in the continuous cell culture HEK-293T the molecular weight of 
the antigenically active products of translation of pCI-neo/ASFV/p30 amounted 
to 21.6 kDa, pCI-neo/ASFV/p54 – 20.9 kDa and 36.3 kDa [18]. According to 
the data of P. Gómez-Puertas et al. [19] and F. Rodriguez et al. [20], the weight 
of monomer of full-size p54 is 24-28 kDa. In the HEK-293T cells transfected by 
pCI-neo/ASFV/CD2v the translated virus-specific polypeptides had a molecular 
weight of 28.8; 39.8; 63.1 and 104.7 kDa. The first of them by its size corre-
sponded to the calculated unmodified molecule of rCD2v. The others, apparent-
ly, were the forms modified at different degrees in the process of glycosylation 
and trimming. These results mainly correspond to the data of L.C. Goatley and 
L.K. Dixon [21], who identified in Vero cells transfected by the SV5CD2vHA 
plasmid the polypeptides of recombinant CD2v with the molecular weights of 
26; 63; 89 and 104 kDa.  

In the presented work, we immunized the animals with the A-cells of 
autologous LC culture transfected in vitro by recombinant plasmids for increas-
ing the efficiency of induction of anti-cellular mechanisms of protection against 
ASF, however, as it turned out, we couldn’t achieve the protective effect.    

The objective of our researches is to determine the antigenicity, immu-
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nogenicity and protectivity of the products of translation of pCI-neo/ASFV/p30, 
pCI-neo/ASFV/p54 and pCI-neo/ASFV/CD2v recombinant plasmids.   

Techniques. The domestic pigs of the Large White breed with the weight 
of 20-25 kg were from the experimental sector of the Federal Research Center of 
Virology and Microbiology (FRCVM). We used the continuous cell line NEK-
293T (Human Embryonic Kidney 293) from the Museum of Cells Culture of the 
FRCVM and the obtained primary culture of pig leukocytes. The virulent strain 
ASFV Mozambique-78 (M-78) and its attenuated derivative MK-200 strain were 
taken from the State Collection of Microorganisms of the FRCVM [22]. 

In order to prepare the LC culture, the blood sample (30-40 ml) was 
taken from the vena cava cranialis of each animal; heparin (20 units/cm3) was 
used to stabilize the blood. The blood was kept for 50-60 min at 37 С and then 
the upper fraction consisting of plasma and leukocytes was collected and centri-
fuged at 2000 g for 15 min, the supernatant was removed, and the sediment was 
resuspended to obtain the inoculum of leukocytes (4 million per cm3) in Eagle’s 
MEM medium with 10% homologous blood serum inactivated for 30 min at 
56 С, penicillin (100-200 U/cm3) and streptomycin (100-200 mg/cm3). The 
cells were cultured in 6-well plates in CO2-incubator at 37 С. One hour prior to 
the transfection, 2-day LC cell culture was transferred to serum-free medium.  

The cells were transfected with DNA constructs for 6-8 hours with the 
use of Lipofectamine® (Thermo Fisher Scientific, United States) according to 
the standard protocol. Then, the culture medium was replaced with the Eagle’s 
MEM medium with 10% homologous swine serum and incubated for 2-3 days. 

The anti-ASFV positive sera were obtained according to the following 
scheme. The ASFV strain MK-200 at a dose of 6.5 lg HAU50 (day 0) was inject-
ed intramuscularly to domestic pigs. On day 17, these pigs were infected intra-
muscularly with ASFV strain M-78 at a dose of 103 HAU50. During the periods 
of clinical signs of disease (hyperthermia, refusal of food, hemorrhages on the 
ears and belly) the sick animals were treated with daily intramuscular injection of 
phosphonoacetic acid (100 mg/kg) until the restoration of normal body tempera-
ture (3-5 days). The total exsanguination of pigs was performed on day 38 after 
the start of the experiment.  

The obtaining of the immunoglobulins marked with fluorescein isothio-
cyanate (FITC) from the sera of ASF-resistant pigs (anti-ASFV FITC immuno-
globulins) and conducting the reaction of direct immunofluorescence were per-
formed according to State Standard of the Russian Federation GOST 28573-90 
“Pigs. Methods of Laboratory Diagnosis of African Swine Fever”. The results 
were documented by fluorescence microscopy (Eclipse E200 fluorescence micro-
scope, Nikon Corp., Japan). The pig blood sera were examined for the presence 
of antibodies to ASFV proteins using indirect enzyme-linked immunosorbent 
assay (ELISA) and immunoblotting [23, 24] methods. 

Results. In our work, we used previously obtained expressing DNA con-
structs (pCI-neo/ASFV/p30, pCI-neo/ASFV/p54, pCI-neo/ASFV/CD2v) with 
fragments of the CP204L, E183L and EP402R ASFV genes of the MK-200 
strain of seroimmunotype III [18].  

The antigenic activity of recombinant proteins produced by these DNA 
constructs was studied in HEK-293T and LC cell cultures. The coverslips with 
transfected cells were taken daily and the production of antigenically active re-
combinant proteins was determined by direct immunofluorescence method. The 
maximum expression in HEK-293T and LC cells transfected by pCI-
neo/ASFV/p30, pCI-neo/ASFV/p54 or pCI-neo/ASFV/CD2v was observed on 
days 2-3 (Fig. 1).  



 

863 

А 

B 

Fig. 1. Expression of antigenically active products in HEK-293T continuous cell line (A) and in pri-
mary culture of pig leukocytes (B) transfected by pCI-neo/ASFV/p30 recombinant plasmid: a, b, c, d — 
respectively 0, 1, 2, 3 days after the transfection (fluorescent microscopy, Eclipse E200, Nikon 
Corp., Japan, magnification ½100). 
 

The peculiarity of the pig immunization scheme was that it was per-
formed on days 0, 14 and 28 with using A cells of the autologous LC culture 
transfected in vitro with the recombinant plasmids. It was supposed that the im-
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munization with antigen-presenting cells (macrophages) will ensure the effective 
induction of anti-cellular mechanisms of protection against ASF. For this, 4 
days prior the immunization, LC cell cultures (90 cm3) of pigs No. 1-4 was ob-
tained. On day 2 of culture, 90 μg of pCI-neo/ASFV/p30 (No. 1), pCI-
neo/ASFV/p54 (No. 2) or pCI-neo/ASFV/CD2v (No. 3) were introduced; 
90 cm3 LC culture of pig No. 4 was divided into three parts by 30 cm3 and each 
portion was transfected with one of three constructs (30 μg pCI-neo/ASFV/p30, 
pCI-neo/ASFV/p54 or pCI-neo/ASFV/CD2v). After 2 days, the  culture media 
with non-attached LC cells were removed, and the monolayer of transfected 
cells (about 107 A-cells) was mechanically taken off the substrate, washed at 
2000 g for 10 min, resuspended in 3 ml phosphate buffer (pH 7.2) and injected 
into central ear vein to the relevant autologous pigs. The animals were clinically 
observed with daily measurement of body temperature. Using indirect ELISA and 
immunoblotting, we have not detected in the blood of immunized pigs the anti-
bodies to ASFV proteins on days 0, 14, 28 and 42. After the control infection with 
M-78 ASFV strain (102 HAU50) in the neck on day 42, four immunized pigs died 
in 6-8 days, and non-immunized (control) pig died in 13 days (Fig. 2).   

The pig which was immunized with A-cells of LC culture transfected 
with the pCI-neo/ASFV/p30 construct (No. 1) died after 6 days without any 
clinical and pathoanatomical signs. Other immunized animals showed the in-
crease in body temperature and died on days 7-8 with the characteristic patho-
anatomical signs of ASF [25]. The control animal (No. 5) showed loss of appe-
tite, depressed state, fever (body temperature up to 41.2-41.3 С), paresis and 
paralysis of the hind limbs. Cyanosis occurred on skin of ears, belly, limbs and 
perineum. The pathoanatomical presentation was typical for ASF. 

The significant short-
coming of candidate DNA 
vaccines is the relatively low 
induction of immune re-
sponses, especially in large 
mammals. In order to over-
come this problem for ASF, 
several approaches have been 
tested: targeting, ubiquitina-
tion, immunization with ex-
pression libraries, s well as 
BacMam viruses [26]. The 
first attempts to induce the 
protective immune response 
against ASFV using the DNA 
construct encoding two vi-

ral proteins p54 and p30 as a chimeric protein (PQ) were unsuccessful. The 
DNA constructs encoding only PQ ensured high production of antibodies in 
immunized mice, but not in pigs [8].  

The immunization with the pCMV-sHAPQ DNA construct supplement-
ed with the gene for CD2v protein (HA) induced in pigs the humoral immune 
response, but the pigs were not protected from the control introduction of infec-
tion and showed the clinical signs of ASF and viremia kinetics which were indis-
tinguishable from those in control animals. In order to avoid the unwanted in-
duction of antibodies and to enhance the specific CD8+-Т-cell responses, the 
pCMV-UbsHAPQ construct encoding p30, p54 and CD2v antigenic determi-
nants joined with cell ubiquitin (Ubs) has been developed. The twice done im-
munization with pCMV-UbsHAPQ has not induced the humoral response in 

Fig. 2. Body temperature of pigs immunized with various recom-
binant ASFV proteins (1-4) for the period from infection to 
death, and of the control animal (5) after the experimental in-
fection with the virulent ASFV Mozambique-78 strain: 1 — p30, 
2 — p54, 3 — CD2v, 4 — p30, p54 and CD2v.  
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pigs, but ensured the partial protection against control infection with ASFV, 
thereby confirming the importance of the T-cell response in protection against 
this virus. The four-time immunization with pCMV-UbsHAPQ stimulated the 
formation of antibodies to p30 and p54 that apparently resulted in the decrease 
of the protective effect of CD8+-Т-cells [16]. It is possible that the earlier, as 
compared to the control animal, death of the immunized pigs in our experiment 
was due to the induction of virus-specific antibodies in titers insufficient for de-
tection by indirect ELISA and immunoblotting methods.  

Thus, expression of ASFV-specific products in HEK-293T cells and leu-
kocytes of pigs transfected with the pCI-neo/ASFV/p30, pCI-neo/ASFV/p5 and 
pCI-neo/ASFV/CD2v recombinant plasmids has been proved by immunofluo-
rescence method. The immunization of pigs with the autologous porcine leuko-
cytes transfected with the pCI-neo/ASFV/p30, pCI-neo/ASFV/p54 or pCI-
neo/ASFV/CD2v constructs has not induced the virus-specific antibodies and 
protection against the control infection. 
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A b s t r a c t  
 

Sarcoptes scabiei/mange is a small, roundish, pale gray mite that lives in the epidermis of 
mammalian skin and causes scabies. Despite the fact that the mite biology is well studied and its 
interaction with the host is intensively investigated, the data analysis demonstrates the absence of a 
cell culture on which the Sarcoptes scabiei/mange could multiply in vitro. This hinders the develop-
ment of modern effective methods of diagnosis of this disease, the study of the immune response 
after infection in order to create vaccines and evaluate the effectiveness of the use of drugs for the 
clinical treatment of mite-borne disease. In this regard, the search for a cellular system that would 
maintain the viability of Sarcoptes scabiei/mange in vitro is particularly relevant. We describe cellular 
systems represented by multipotent mesenchymal stromal cells (MMSCs) that can be used for these 
purposes. MMSCs were isolated from subcutaneous adipose tissue (SAT) of cattle and humans. Bi-
opsies were taken from healthy donors without clinical form of scabies. In MMSC of cattle and hu-
man, isolated from SAT scabies mite (Sarcoptes scabiei/mange) was found. The MMSCs isolated 
from cattle were the most contaminated by mites: of 13 MMSC cultures on the 2nd passage 9 cul-
tures (or 69 %) were contaminated. For human MMSCs, contamination with mites was only found 
in one culture among 6 cultures obtained (16 %). The mite was found in the form of small dark 
spherical extracellular components, not characteristic for MMSCs, the number of which increased 
during culture. A characteristic feature of scabies mite reproduction in MMSC culture isolated from 
both cattle and human SAT was the formation of nests in the form of clusters. In the culture, we 
identified presumably larvae and nymphs of the mite. During subculturing within 3 passages, the 
contaminated cattle and human MMSCs retained the same vitality as not contaminated, but the 
monolayer formed more slowly, i.e. on days 9-10 vs. day 7 in the control groups. After freezing the 
samples in which the mite was found, and storage in a Dewar vessel in liquid nitrogen for a week, 
followed by defrosting, it was found that the mite retained viability in all samples and well tolerated 
freezing-thawing. After thawing, the mite was detected on the 2nd passage in 7 of 7 analyzed MMSC 
cultures from cattle SAT and in the only MSCS culture derived from human SAT in which the mite 
contamination was found (100 %). Thus, it is shown that the MMSCs isolated by us from cattle and 
humans SAT, may represent a promising cellular system for studying in vitro Scabiei scabieis/mange. 
Possible contamination of MMSCs from SAT with scabies makes testing of these cultures mandatory 
in case of their use in cellular technologies. 
 

Keywords: multipotent mesenchymal stromal cells, subcutaneous adipose tissue, cell culture, Sar-
coptes scabiei/mange, culturing, freezing 
 

Itch mite (human itch mite Sarcoptes scabiei/animals itch mite S. mange) 
is an intradermal parasite of many mammals including domestic and farm ani-
mals. Sarcoptes scabiei/mange is an obligate ectoparasite which lives and repro-
duces itself inside the host epidermis [1, 2]. The mite destroys the host’s cells 
both mechanically and by secreting the cytolytic components. These cytolytic 
components and the antigenic substances, feces or eggs of mites cause the im-
munopathogenic reactions [3]. The primary clinical sign is intense itching; later, 
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the cellular lesions in the skin may appear. Depending on the host immuno-
pathological status, the symptoms, as well as the intensity, dissemination and 
course of the disease can vary greatly. The mange is widespread throughout the 
world and causes the significant decline of animals’ life and in some cases leads 
to their death [4]. S. mange of farm animals causes the significant economic 
damage to the livestock sector, especially in pig breeding.   

Despite the significant progress in understanding the mite biology and its 
interaction with the host, much is still unknown [5, 6]. For a long time, there 
was a discussion whether S. scabiei is a single species or it should be divided into 
several species specific for each host organism, but there are still no genetic evi-
dences of the existence of several species or subspecies of this mite.  

The analysis of literature data indicates the lack of in vitro studies of the 
mite. Saliva, molting enzymes and hormones, feces and nitrogenous substrates 
secreted by the mite into the extracellular fluid surrounding the epidermis and 
dermis cells can influence these cells including keratinocytes, fibroblasts, macro-
phages, mast cells, lymphocytes, Langerhans cells, dendritic cells and endothelial 
cells. The  results of the series of studies carried out, in particular, on mononu-
clear and dendritic cells [7, 8], keratinocytes and fibroblasts [9, 10], and endo-
thelial cells [11, 12] showed that the extract made of the bodies of the S. scabiei 
mites modulates the secretion of cytokines by human keratinocytes and fibro-
blasts in cell culture. Thus, the addition of the extract when cultivation of hu-
man epidermal keratinocytes leads to the significant intensification of the secre-
tion of interleukin-6 (IL-6) and vascular endothelial growth factor (VEGF). In 
addition, the substances contained in this extract stimulated the increase in the 
secretion of interleukins 6 and 8, as well as of VEGF in culture of human skin 
fibroblasts. The attempts to study the influence of cellular interactions between 
keratinocytes and fibroblasts when the cells are affected by scabies mites and 
their extracts in vitro with using a three-dimensional model equivalent to the 
skin are being made [13, 14]. The results show that cellular interactions play an 
important role in the host’s response to the mites.  

The non-existence of the cell culture in which the mite could reproduce 
itself in vitro restrains many studies including those on the development of mod-
ern effective methods for diagnosing this disease, studying the immune response 
after the contamination by the parasite and creation of vaccines [15-18]. Cur-
rently, acaricides are used [19] to treat the S. mange infection but these are ex-
pensive drugs, and besides they may pose the risk to the environment, food 
products, animal trainers, etc. The systematic use of acaricides leads to gaining 
by the mites of high resistance to them. The mite is considered to be resistant to 
a range of drugs [20-24]. In this regard, the particularly pressing matter is to find 
the cellular system which would make it possible to assess the effectiveness of 
anti-mange drugs in vitro.  

In our study, for the first time ever, we discovered the fact of contami-
nation by the itch mite of the multipotent mesenchymal stromal cells (MMSCs) 
extracted from the subcutaneous adipose tissue of mammals and described the 
cellular systems of MMSCs which can be used for maintaining the viability of 
Sarcoptes scabiei/mange in vitro. 

The aim of the work is to show the possibility of using multipotent 
mesenchymal stromal cells for maintaining Sarcoptes scabiei/mange in vitro. 

Techniques. The MMSCs were extracted from subcutaneous adipose tis-
sue of bovine cattle (beef cattle) and humans. The biopsy samples were taken 
from healthy donors (without any clinical form of mange) from the accidentally 
found contamination by mite. 

The cells were extracted according to the methods described by us previ-
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ously [25)] and cultured in DMEM (Dulbecco modified Eagle’s medium) with 
low (1 g/l) content of glucose (PanEco, Russia), 10% fetal bovine serum (FBS) 
(HyClone, Perbio Scientific, Belgium) and solutions (1½) of nonessential amino 
acids and antibiotics (PanEco, Russia). The final concentration of streptomycin 
in the medium was 50 μg/ml, penicillin concentration was 50 U/ml. The medi-
um was changed every 4 days; upon reaching 90% of the monolayer, it was 
treated with 0.25% trypsin solution (PanEco, Russia) and the subculturing was 
continued at the cells density of 5½103/cm2.  

The morphology of cells and mites in culture was assessed visually using 
the inverted phase-contrast microscope (Carl Zeiss, Germany) with AxioVision 
Rel. 4.8 software (Carl Zeiss, Germany) for measurements.  

The mite impact on the MMSCs contaminated by them was evaluated 
by the viability of cells and their rate of monolayer formation when subculturing 
(3 passages). The cell cultures of the same density relevant to each group but not 
contaminated with the mites were control samples. The cells viability was as-
sessed by trypan blue staining (0.1% solution, PanEco, Russia). 

The MMSCs was frozen according to the standard method in the cryo-
protective medium with 10% dimethyl sulfoxide (DMSO) in gradual mode of 
cooling up to –70 С at the rate of 1 С per minute; then the ampoules were 
transferred into liquid nitrogen (–196 С) and stored for 1 week. The cells were 
quickly defrozen in a water bath (37 С) and the DMSO was immediately sepa-
rated by low-speed centrifugation (1000 rpm, 5 min). The presence of mites in 
the samples subjected to freezing and defreezing procedures was evaluated after 
the formation of the cells monolayer.  

Results. It is difficult to visualize S. scabiei in primary culture just after 
the extraction of cells from the tissue. We accidentally found a mite in the 
MMSCs extracted from subcutaneous adipose tissue (SAT) of cattle after the 
first subculturing. It was noted that in some samples of cell cultures extracted 
from SAT there are visible presence of extracellular components in the form of 
small dark spherical structures, which are not characteristic for MMSCs (Fig. 1, 
A) and the number of which had been increasing as time passes (see Fig. 1, B). 
When more detail viewing, both mites themselves (see Fig. 1, D) and their ni-
duses formed by them in culture (see Fig. 1, C), with the accumulation of cells 
in these places have been found.   

When subculturing, the MMSCs which have been contaminated by 
mites, for 3 passages maintained the same viability just like non-contaminated 
ones, but the monolayer was formed more slowly. Thus, in the control groups of 
cattle and human MMSCs, the monolayer was formed on day 7, and in the 
contaminated groups on day 9-day 10.  

The cells extracted from cattle SAT samples turned out to be most con-
taminated by mites: altogether, 13 cattle MMSCs cultures were analyzed at the 
2nd passage, of which 9 cultures (69%) were contaminated.  

When analyzing the MMSCs from human SAT, only one culture of 6 
obtained (16%) was found to be contaminated by mites. The finding out of 
S. scabiei in the culture of multipotent mesenchymal stromal cells extracted from 
human subcutaneous fat tissue is illustrated in Figure 2. The features we ob-
served during the cultivation of mites in MMSCs of cattle SAT were noted also 
in the MMSCs of human SAT. The presence of mites was indicated by dark 
formations of spherical shape, which are not characteristic for MMSCs (see 
Fig. 2, A), which number had been increasing as time passes (see Fig. 2, B). 
When cultivation, the niduses (conglomerations) formed by mites in culture 
were seen (see Fig. 2, C, D). Separate mites have been found in the culture’s 
medium (see Fig. 2, D). 
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Fig. 1. Sarcoptes mange in the culture of the 
multipotent mesenchymal stromal cells (MMSC) 
extracted from the subcutaneous fatty tissue of 
cattle: A — contamination detected (arrows 
point to mites); B — increase in the number of 
mites during the cultivation of MMSCs; C — 
formation of niduses in the form of clusters in 
the cell culture; D — composition of the nidus 
where the mites at different stages of 
development are visualized; E — individual mite 
(presumably a nymph) (native samples, phase-
contrast microscopy, Carl Zeiss, Germany, 
magnification for A, C ½200, for B, D, E 
½400); AxioVision Rel. 4.8 software, Carl Zeiss, 
Germany has been used for the measurements). 

 

When subculturing the MMSCs contaminated by mites, for 3 passages 
the cells maintained the same viability like non-contaminated ones, but they had 
been forming the monolayer more slowly. Thus, in the control groups of cattle 
and human MMSCs the monolayer was formed on day 7, and in the contami-
nated groups on day 9-day 10. 

The causative agent of sarcoptosis (scabies), well known in veterinary 
medicine, are small, round-shaped mites of pale gray color. It is known that a 
male mite (length 0.23 mm, width 0.19 mm) is smaller than female mite (length 
0.45 mm, width 0.35 mm). The eggs are large, oval, length 0.15-0.25 mm, have 
a two-layer shell. The mite ontogenesis includes the larvae and nymph stages[1-
3]. In all investigated samples we have not find any eggs and adult mites. It can 
be assumed that they do not attach to the cells, but are in suspension. In the 
culture, presumably larvae and nymph of mites have been found (see Fig. 1, D). 

The analysis of data presented in the scientific literature earlier demon-
strates the absence of the fact of contamination of cell cultures by mites in vitro. 
The multipotent mesenchymal stromal cells (MMSCs) extracted from the stro-
mal-vascularized fraction of subcutaneous fat of mammals have the properties 
similar to the properties of the MMSCs extracted from bone marrow. They are 
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considered to exhibit immunomodulatory properties and produce a number of 
key cytokines for maintaining the hematopoiesis in vitro [26, 27] that may influ-
ence on the maintenance of the mite viability in MMSCs culture. In this re-
spect, the work [28] in which the reaction of S. scabiei var. canis to the fats 
(mixture of 21 lipids) being typical for the human skin epidermis has been as-
sessed and 13 fatty acids and their derivatives attracting this mites at all stages of 
their development have been identified, is of interest. MMSCs in culture can be 
subjected to the spontaneous differentiation toward the adipogenesis [25] that 
also can explain our data.  

 

 
Fig. 2. Sarcoptes scabiei in the culture of the 
multipotent mesenchymal stromal cells (MMSC) 
extracted from the subcutaneous fatty tissue of 
human: A — contamination detected (arrows 
point to mites); B — increase in the number of 
mite units during the cultivation of MMSCs; C, 
D — formation of niduses in the form of clusters 
in the cell culture, in which the mites at different 
stages of development are visualized; E — 
individual mite detected out of cells focus 
(native samples, phase-contrast microscopy, 
Carl Zeiss, Germany, magnification for A, B, C 
½200, for D, E ½400; AxioVision Rel. 4.8 
software, Carl Zeiss, Germany has been used for 
the measurements). 

 

It was of interest to assess whether mites retain their viability after the 
cryo-freezing of the cells culture. After freezing the samples in which mites have 
been detected, and storing them in a Dewar vessel in liquid nitrogen for 1 week 
followed by defreezing, the cells were cultured until the monolayer formation 
and the culture was assessed for the presence of S. scabiei/mange. After the de-
freezing, mites have been found in 7 of 7 MMSC cultures extracted from cattle 
SAT analyzed at the 2nd passage and in the single found MMSC culture from 
human SAT contaminated by mites (100%). Consequently, the mites retained 
the viability in all samples and tolerated freezing-defreezing well.   
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Due to the possibility to use the MMSC cultures extracted from human 
SAT in cell technologies, specialists should pay attention to the fact that, ac-
cording to our data, such cultures can be contaminated by subcutaneous mites 
which are able to retain the viability while freezing and defreezing that indicates 
to the necessity of mandatory checking them for the presence of S. scabiei. The 
cultures contaminated by mites shall be discarded at the early stages after the 
extraction.  

Thus, it has been shown that the multipotent mammalian mesenchymal 
stromal cells (MMSCs) extracted from the subcutaneous adipose tissue (SAT) of 
cattle and humans, can be the promising cellular system for studying Sarcoptes 
scabieis/mange in vitro. The discovery of the fact that MMSCs extracted from 
human SAT may be contaminated by mites makes the testing of such cultures 
mandatory in case of using in cell technologies. 
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