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A b s t r a c t  
 

Recent trend of rejection of the in-feed antibiotics in animal and poultry production 
launched the search for reliable alternative growth stimulators, primarily probiotics, or phytobiotics 
(most commonly essential oils) rendering antimicrobial and antioxidant properties to improve the 
digestibility of dietary nutrients, suppress the growth of pathogens, etc. Another important problem is 
the contamination of feeds with mycotoxins which can negatively impact the productive performance 
in poultry. The growth efficiency and composition of intestinal microbiota were studied in growing 
broiler (Gallus gallus L.) breeders of preparental lines B5 and B9 (selected at the Center for Genetic 
Selection “Smena”, Moscow Province) fed vegetable diets supplemented with complex preparation 
Zaslon 2+ (JSC Biotrof+, Russia), containing an intestinal adsorbent, a mixture of essential oils, and 
a strain of Bacillus sp. (105 CFU/g). Zootechnical and physiological experiments were carried out in 
in 2017 (Smena Center, Zagorsk EPH, Sergiev Posad, Moscow Province). Control poultry fed the 
same vegetable diets with dietary antibiotics Bacitracin 30 (42 IU/mg, a dosage of 100 g/t). Test and 
control groups contained 50 birds each. There were no significant differences between the control 
and experimental treatments in live bodyweight at 21 weeks of age: 3168 g in males and 2317 g in 
females in B5 line (vs. 3171 and 2307 g in control), 2592 and 1930 g in B9 line (vs. 2574 and 1924 g 
in control), in the development of the reproductive organs (testicles in males, ovary and oviduct in 
females), and in the digestibility of dietary nutrients. In the duodenal microbiota from 18 to 110 
bacterial phylotypes, with statistically significant differences from control for several taxonomic 
groups (p < 0.05), were found using terminal restriction fragment length polymorphism (T-RFLP) 
analysis. The calculated indices revealed taxonomic diversity and complexity of the intestinal bacteri-
al communities in both control treatments (B5 and B9); in both experimental treatments more uni-
dentified bacterial phylotypes were found in compare to the respective control treatments. An in-
crease in the number of bacteria of the Bacillaceae and cellulolytic bacteria of the Clostridiaceae in 
the duodenum of the B9 line birds and an increase in the number of bacteria of the genus Bifidobac-
terium and the order Bacteroidales, along with a decrease in genus Campylobacter counts, in the duo-
denum of the B5 line birds occurred as a result of administration of the Zaslon 2+ preparation. 
Therefore, an increase in the number of bacteria in these groups and a decrease in the proportion of 
pathogenic microorganisms may indicate correction of dysbiotic disorders in the intestines of birds. 

 

Keywords: preparental lines, broiler chicken, phytobiotics, intestinal adsorbent, live body-
weight, intestinal microbiota. 

 

Providing food, in particular, high-value dietary meat is based on use of 



 

281 

high-productive poultry crosses. The genetic potential of broiler productivity is 
quite high and corresponds to average daily gain of 60-70 g, feed consumption 
of 1.4-1.8 kg per 1 kg of live weight, and 97-98% safety of livestock during the 
growing. The maximum realization of genetic potential under the production 
conditions depends on the norms and modes of feeding, management of broilers, 
as well as on the quality of the breeding bird and the initial lines [1, 2].  

 A macroorganism and its microflora represent a single ecological system 
in a dynamic equilibrium. Microorganisms are involved in metabolic processes, 
so the composition of the organism’s microbiome is relatively constant. Mean-
while, the microbiota colonizing the digestive tract of poultry is influenced by 
such factors as age, feed composition, antibiotics, mycotoxins, and other sub-
stances [3, 4]. Mycotoxins are the most dangerous ones, which are secondary 
metabolites of mold fungi Aspergillus sp., Fusarium sp., and Penicillium sp. (afla-
toxins, ochratoxins, zearalenone, fumonisins, and deoxynivalenol). Potential 
threats to poultry from mycotoxins include the high probability of contamination 
of grain with mycotoxins, the absence of standards for maximum permissible 
concentrations (MPCs) for most of them, and synergies of action [5]. To prevent 
mycotoxicosis in poultry, specialized feed additives are used (mycotoxin 
sorbents, probiotics, immunomodulators, enzymes, etc.) [6]. 

At present, the method of enterosorption is used to reduce the concen-
tration of mycotoxins in animal and poultry feeds. However, the used sorbents 
(activated carbon, hydrated sodium-calcium aluminosilicate) have significant 
drawbacks. New sorbents with high and irreversible sorption capacity are sought, 
which lack a binding capacity with respect to essential micro- and macroele-
ments, vitamins, and other nutrients. The modification of sorbent carriers with 
biologically active substances is used to correct the immune reactivity of animals, 
as well as to introduce probiotic properties [7, 8]. 

It was established that the natural resistance of birds to mycotoxins al-
ways depends on the state of the microbiota of the gastrointestinal tract. With its 
maximum stabilization and high resistance, the pathological effect of the toxins 
of the fungal microflora can be significantly decreased and practically reduced to 
zero. Also, the competing normal microflora produces a set of its own enzymes 
acting at pH characteristic of the host organism. These enzymes can biotrans-
form groups of mycotoxins of different mycotoxin producers [9]. 

Because of the prohibition of antibiotics inclusion in feed in most Euro-
pean countries, feed additives that could replace antibiotics are studied [10]. It 
was proved that essential oils and probiotic strains of bacteria can be a worthy 
alternative to antibiotics [11, 12]. Essential oils are a variety of biologically active 
substances, i.e. terpenes and terpenoids, aromatic compounds, saturated and un-
saturated hydrocarbons, aldehydes, organic acids and alcohols, their esters, as 
well as heterocyclic compounds, amines, ketones, flavones, phenols, quinones, 
organic sulfides, and oxides [13-15]. The potential therapeutic use of essential 
oils in poultry is due to their immunomodulatory properties, antimicrobial ac-
tivity against pathogens, the ability to enhance the production of nutritional 
secretion, stimulate blood circulation, exert an antioxidant effect, and increase 
nutrient absorption of feed [16-18]. In this case, the microflora of the digestive 
tract acts as a highly sensitive indicator system that responds to occurring 
changes [19]. Using molecular genetic methods, up to 140 genera of bacteria 
are found in the intestinal microbiome of poultry, of which only 10% are iden-
tified by the 16S rRNA gene, and the rest belong to new species and even gen-
era [20-22]. 

Due to the success of genetic selection, metabolic processes in modern 
meat poultry crosses intensifies, so that the ability of the poultry digestive system 
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to ensure the physiological efficiency of nutrient metabolism of diets becomes 
the limiting factor for the development of poultry farming. Over the past 50 
years, significant progress has been made in the world in terms of the growth 
rate of broilers and their effective use of feed [23]. Moreover, genetic progress 
has led to changes in the physiology of nutrition of modern meat birds and the 
composition of the microflora of its gastrointestinal tract (GIT) [24]. To realize 
the genetic potential of poultry productivity, adequate functional support of the 
digestive tract is required, in particular, regulation of microflora composition. 

The role of gastrointestinal microorganisms in the digestion and metabo-
lism is of increased interest in the context of substantiating more rational and 
complete feeding, increasing productivity and improving the health status of 
poultry as a whole [25-28]. The intestinal microbiome of poultry is one of the 
first barriers to pathogens, coming with feed [29], and plays a huge role in the 
functioning of the macroorganism. 

A significant part of the research on the intestinal microflora of poultry 
was conducted by sowing cultured strains on artificial nutrient media, which 
made it possible to study less than 20% of the actual number of microorganisms. 
Since the 1990s, the understanding of the composition of cicatricial microbiota 
has significantly expanded, molecular and biological methods for studying mi-
croorganisms have evolved, based on information about their genome [30-32]. 

In the present work, for the first time, the data are presented comparing 
the productivity of young females of the initial lines B9, B5 of a new domestic 
meat cross, as well as the effectiveness of their use of feed nutrients in connec-
tion with the composition of the intestinal microbiota when using the in-feed 
antibiotics and the complex preparation Zaslon 2+, consisting of sorbent, a mix-
ture of essential oils and probiotic bacteria. 

The goal of the paper was to assess the effect of the complex preparation 
of enterosorbent, containing bioactive substances and probiotic bacteria, on live 
weight, the development of reproductive organs, digestibility and the use of nu-
trient components of feed, as well as the composition of the microbiome in the 
intestines of meat chickens. 

Techniques. The studies were conducted on two initial lines of meat 
chickens (Gallus gallus L.) (obtained at the Smena Center for Genetic Selection, 
Moscow Province) [33]. B5, the paternal line of paternal parental breed of Cor-
nish form, is quick-growing with feed conversion, higher growth rate, and meat 
quality as the main selectable traits. B9 is the maternal line of maternal parental 
breed of Plymouth Rock form selected for egg production, hatchability, growth 
rate, feed conversion, and viability. 

During the period of zootechnical and physiological experiments (Centre 
for Genetic Selection Zagorsk Experimental Breeding Economy, Sergiev Posad, 
Moscow Province, 2017), 1-day old to 21-weeks old birds were kept in special 
cages of 50 birds each in a group. The light, temperature and humidity regimes, 
the front of the feed and watering corresponded to the recommendations of the 
All-Russian Research and Technological Institute of Poultry [34]. 

Up to 1 week of age, the poultry of all groups consumed combined feed 
from vegetable components ad lib; from week 2, the daily amount of feed was 
limited. The control group received combined feeds of the vegetable type, bal-
anced in all nutrients in accordance with age periods, with the addition of the 
in-feed antibiotics Bacitracin-30 (activity 42 IU/mg) in the amount of 100 g/t 
throughout the raising. The poultry of the experimental group instead of the in-
feed antibiotics received 1000 g/t feed of complex enterosorbent Zaslon 2+ 
(Technical Specifications 9291-028-50932298-2016 of November 18, 2016, JSC 
Biotrof +, St. Petersburg). 
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The poultry of the initial lines were fed with crumbled combined feed as 
follows: during days 1-21 of raising the 280 kcal/100 g exchange energy, 20% 
crude protein, 1.0% calcium, 0.7% phosphorus, 1.15% total lysine, 0.95% avail-
able lysine, 0.45% total methionine, and 0.39% available methionine; during 
days 22-35 — 275 kcal/100 g, 18, 1.0, 0.7, 0.9, 0.76, 0.38, and 0.32%, respec-
tively; during days 36-105 — 265 kcal/100 g, 14, 1.0, 0.65, 0.65, 0.58, 0.30, and 
0.26%, respectively; and during days 106-147 — 270 kcal/100 g; 15, 1.5, 0.7, 
0.64, 0.57, 0.30, and 0.26%. 

The poultry of all groups were weighed weekly. At 4 and 7 weeks of age, 
balance experiments were conducted, for which 3 birds from each group with an 
average live weight were placed in special balance cages. The preliminary period 
of the experiment lasted 5 days, the test period lasted 3 days. The consumption 
of feed, and during the test period also the amount of poultry manure were rec-
orded. The live weight of the bird at the beginning and the end of the experi-
ment was recorded. Ammonia in the average sample of the manure was fixed by 
0.1 N oxalic acid solution (4 ml per 100 g manure). At the end of the balance 
experiment, the samples were dried at 60-70 С and stored in a container with a 
ground lid in a refrigerator. According to the data of daily accounting of the feed 
and manure weight and composition, the number of released and assimilated 
substances was counted. 

After the birds were slaughtered at 21 weeks of age, the testicles of males, 
ovaries, and oviducts of females were weighed (n = 3 from each group). The com-
position of the microbiome in the intestines of these birds was also studied.  

The composition of the microflora of the blind processes of the intestine 
was investigated by the T-RFLP method (terminal restriction fragment length pol-
ymorphism). Total DNA from the samples was isolated using the DNA Purifica-
tion Kit (Fermentas, Inc., Lithuania), following the manufacturer’s recommenda-
tions. PCR was performed with 63F 5ґ-CAGGCCTAACACATGCAAGTC-3ґ 
eubacterial primers labeled at the 5ґ-terminus (D4 WellRED fluorophore, Sig-
ma-Aldrich, Inc., USA) and 1492R 5ґ-TACGGHTACCTTGTTACGACTT-3ґ 
(Verity DNA Amplifier; Life Technologies, Inc., USA). These primers allow 
amplifying a 63 to 1492 fragment of the 16S rRNA gene (the positions are num-
bered according to 16S rRNA Escherichia coli gene) in the mode: 3 min at 
95 С (1 cycle); 30 s at 95 С, 40 s at 55 С, 60 s at 72 С (35 cycles); 5 min at 
72 С. Fluorescently labeled amplicons were purified by standard methods [35]. 
Concentration of purified 16S rRNA gene fragments was determined on a Qubit 
2.0 fluorometer (Invitrogen, Germany). The amplicons (30-50 ng) were restrict-
ed with HaeIII, HhaI, and MspI endonucleases (Fermentas, Lithuania). The ob-
tained fragments were analyzed (a CEQ 8000 sequencer, Beckman Coulter, USA). 
The phylogenetic groups of bacteria were determined using Fragment Sorter soft-
ware and a database (http://www.oardc.ohiostate.edu/trflpfragsort/index.php). 

The results were statistically processed in the Microsoft Excel program. 
The mean values (M) and standard errors of the mean (±SEM) were deter-
mined. The significance of differences was assessed by Student’s t-test. The dif-
ferences were considered statistically significant at p < 0.05. When estimating 
taxonomic diversity, Shannon, Simpson, Margalef and Berger-Parker indices 
were calculated. 

Results. The preparation Zaslon 2+ has multifunctional properties that 
are caused by the adsorption characteristics of diatomite and the biologically ac-
tive properties of the essential oils of thyme, lemon, garlic, and sage. In addi-
tion, its composition includes a modifier – the strain of the bacterium Bacillus 
sp. in the amount of 105 CFU/g. 
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1. Live weight (g) of males and females, feed intake (gŁbird-1Łday-1) in two lines of 
poultry of different age in using dietary antibiotics or a complex enterosorbent 
(M±SEM; Centre for Genetic Selection Zagorsk EPH, Sergiev Posad, Moscow 
Province, 2017) 

Возраст, 
нед 

Line 
B5 B9 

♂ ♀ 
CF 

♂ ♀ 
CF 

C T C T C T C T 
1 230±4.8  234±5.3 225±5.0 231±4.2 272 214±2.6 220±2.8 210±4.2 207±3.8 251 
2 337±5.6 342±6.2 328±5.5 337±4.7 294 290±4.4 280±5.2 277±6.0 280±4.9 280 
3 621±7.5 630±8.6 600±7.0 610±7.5 350 522±6.2 501±5.8 490±7.2 494±6.8 336 
4 784±9.6 777±10.3 710±11.3 687±10.8 434 677±10.3 650±9.5 599±8.8 600±9.0 420 
5 941±15.3 939±14.6 801±17.9 815±16.5 469 835±14.6 840±13.3 715±12.4 720±11.6 455 
6 1107±18.6 1118±20.0 975±17.6 990±16.9 476 990±17.3 989±15.9 845±14.6 849±14.0 462 
7 1255±21.3 1269±20.5 1015±18.3 1009±19.2 504 1225±20.4 1218±18.6 1042±17.1 1034±16.8 490 
8 1447±24.8 1427±22.6 1165±20.0 1148±18.4 511 1384±22.6 1370±20.4 1130±18.6 1125±16.2 497 
9 1599±22.4 1560±20.1 1233±20.2 1240±21.3 518 1445±24.5 1482±22.7 1162±20.8 1217±20.0 504 
10 1784±26.6 1782±25.4 1435±23.3 1437±22.7 525 1581±25.0 1590±26.2 1290±24.1 1280±23.6 511 
11 1893±28.0 1919±27.2 1544±26.6 1566±25.1 546 1610±25.3 1609±24.4 1381±25.5 1374±22.4 532 
12 2011±30.4 2010±28.2 1710±25.4 1710±27.0 553 1803±28.1 1810±26.6 1464±26.8 1459±25.5 539 
13 2107±32.2 2118±30.8 1735±28.7 1736±29.0 560 1881±30.4 1884±28.5 1527±28.1 1510±26.8 546 
14 2270±34.3 2269±33.7 1864±32.4 1868±31.6 574 1935±32.6 1937±33.3 1590±30.4 1613±28.3 560 
15 2490±36.6 2490±36.0 1907±34.5 1910±33.3 602 1981±34.8 1980±35.5 1680±33.6 1671±33.2 588 
16 2525±34.2 2537±32.6 1936±28.6 1949±28.0 623 2133±35.3 2141±34.9 1708±30.7 1715±32.2 609 
17 2647±36.4 2650±35.8 2001±34.3 2014±35.2 630 2270±36.8 2271±35.6 1761±32.2 1772±31.8 616 
18 2688±35.0 2778±34.3 2187±36.8 2190±34.6 658 2361±37.7 2361±37.1 1802±34.6 1804±35.5 644 
19 2933±34.3 2945±35.7 2209±38.4 2217±35.8 714 2484±38.5 2482±38.8 1840±35.2 1850±34.8 672 
20 3066±36.5 3082±37.8 2230±36.5 2234±36.8 728 2510±40.2 2509±40.0 1890±37.6 1887±38.2 682 
21 3171±38.8 3168±40.1 2307±40.6 2317±38.4 770 2574±44.6 2592±42.8 1924±38.6 1930±39.8 730 
N o t e. C and T are, control and test, respectively, CF means consumption of feed per week. For the description 
of the groups, see the Techniques section. 

  

The conducted experiments showed that the live weight of males and 
females of B5 and B9 lines from the control and experimental groups practically 
did not differ (Table 1). At 21 weeks of age, the males and females of the B5 
line of the experimental group had a live weight of 3172 and 2318 g, the control 
group – 3169 and 2316 g; for the B9 line, these figures were 2590 and 1917, 
respectively (experimental), 2589 and 1920 g (control). The preservation of the 
birds in all groups was high and amounted to 100%. Over the entire period of 
growth, feed consumption per bird for the B5 line was 11.311 kg, for the B9 line 
10.924 kg. The feed conversion in the experimental groups when using the prep-
aration Zaslon 2+ was not significantly different from the control. 

The results of the physiological (balance) experiment, conducted at 4 
and 7 weeks of age, are consistent with the data on live weight of the young 
chickens. Significant differences in digestibility of dry matter of feed, fat, and the 
use of nitrogen between the birds of the control and experimental groups were 
not found. However, the males and females of the B5 line digested better by 
4.14% the dry matter of the feed with a greater (by 3.04%) use of nitrogen. At 
the same time, fat digestibility was also higher (by 3.12%). 

The weight of testicles in males at 21 weeks of age in the control and 
experimental group had no significant differences and was in the range of 8.3-
9.4 g (B5 line) and 7.5-8.8 g (B9 line) in the control group, 8.1-9.3 g (B5 line) 
and 7.6-9.4 g (B9 line) in the test group. There are no significant differences in 
the mass of ovaries and ovaries with oviducts as well. The weight of the ovaries 
was 1.82-1.89 g (B5 line) and 1.71-1.88 g (B9 line) in the control, and 1.82-
1.99 g (B5 line) and 1.788- 1.97 g (B9 line) in the test group; the weight of the 
ovaries with oviduct was 5.44-5.72 g (B5 line) and 5.68-5.67 g (B9 line) in the 
control, and 5.67-5.80 g (B5 line) and 5.63-5.77 g (B9 line) in the test group. 
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2. Microbial community in the duodenum of meat chickens of two lines under the 
use of dietary antibiotics or a complex enterosorbent (M±SEM; Centre for Ge-
netic Selection Zagorsk EPH, Sergiev Posad, Moscow Province, 2017) 

Микроорганизм, индекс  
доминирования 

Line B5 Line B9 
control test conttrol test 

Number of phylotypes 110.0±5.4 49.0±2.5* 57.0±2.5 18.0±0.8* 
Simpson index 0.91±0.36 0.87±0.03 0.82±0.03 0.72±0.03 
Shannon index 3.39±0.23 2.62±0.12*** 2.53±0.13 1.70±0.07*** 
Margalef index 22.55±1.10 9.76±0.47* 11.19±0.51 3.33±0.15* 
Berger-Parker index 0.21±0.01 0.27±0.01 0.34±0.02 0.39±0.01 

P h y l u m  Firmicutes 
Family Lactobacillaceae, % 89.05±5.30 39.19±2.30* 74.26±3.60 64.53±3.36** 
Family. Veillonellaceae, % B.l.r.d. 3.82±0.23* B.l.r.d.  B.l.r.d.  
Family. Bacillaceae, % B.l.r.d. 12.50±0.58* 3.59±0.15 4.32±0.23*** 
Staphylococcus sp., % B.l.r.d. 0.83±0.03 0 B.l.r.d. 
Family. Clostridiaceae, % 0.31±0.02 0.38±0.02 B.l.r.d. 0.97±0.04 
Clostridium novyi and/or Cl. perfringens, % 0.48±0.04 B.l.r.d.  B.l.r.d.  B.l.r.d.  

P h y l u m  Bacteroidetes 
Order Bacteroidales, % B.l.r.d. 4.02±0.25 0.48±0.03 1.43±0.07** 

P h y l u m  Actinobacteria 
Order Actinomycetales, % B.l.r.d.  0.82±0.03 0.69±0.02 B.l.r.d.  
Bifidobacterium sp., % B.l.r.d.  0.56±0.03* B.l.r.d. B.l.r.d.  

P h y l u m  Proteobacteria 
Campylobacter sp., % 1.04±0.06 0.26±0.01* 0.51±0.01 B.l.r.d. 
Family Pseudomonadaceae, % B.l.r.d. 1.66±0.07 B.l.r.d.  B.l.r.d.  

P h y l u m  Fusobacteria 
Fusobacterium sp. , % 0.40±0.02 1.01±0.04* B.l.r.d. B.l.r.d. 

P h y l u m  Tenetricutes 
Mycoplasma sp., % B.l.r.d.  B.l.r.d.  0.53±0.01 B.l.r.d.. 

U n c u l t i v a t e d  b a c t e r i a  
 3.98±0.28 27.94±1.50* 4.06±0.26 9.22±0.36** 
N o t e. For the description of the groups, see the "Techniques" section. 
*, ** and *** Differences from control are statistically significant at p  0.001, p  0.01 and p  0.05, respectively; 
B.l.r.d. means below the limit of reliable T-RFLP determination. 

 

T-RFLP method revealed from 18.0±0.8 to 110.0±5.4 bacterial phylo-
types in the duodenum of B5 and B9 poultry (Table 2). Shannon, Simpson and 
Margalef indices showed a more pronounced taxonomic diversity and complexity 
of the structure of the microbial communities of the duodenum in the control 
variants of both lines. This indicates the uncertainty and heterogeneity of the 
compositions of the microbiocenosis, the accumulation of entropy and some 
disorganization compared to the test groups. 

A significant proportion of microorganisms detected in the blind pro-
cesses of the intestine of chickens in all the studied groups could not be at-
tributed to any existing taxon. In chickens of both lines, the number of uni-
dentified bacteria in the experimental groups was significantly higher (p  0.01) 
than in the control. 

The composition of the intestine microorganisms of meat chickens in 
both lines was similar. In the majority of the studied samples, the bacteria in 
the structure of the intestinal microbiota were assigned to 5 phyla: Firmicutes, 
Bacteroidetes, Actinobacteria, Proteobacteria, and Fusobacteria. In the control 
variant, the representatives of the phylum Tenericutes (genus Mycoplasma) were 
found in chickens of the B9 line. Bacteria belonging to the Firmicutes phylum 
were dominant in all the examined variants. These results are partially con-
sistent with the data previously obtained by other authors [30, 31, 36]. Thus, of 
the 13 bacterial phyla, identified in the intestines of chickens and turkeys, Fir-
micutes, Bacteroidetes and Proteobacteria dominated, with more than 90% of all 
analyzed sequences [37]. 

Despite the general similarity in the composition of the intestinal micro-
biocenosis of meat chickens of two lines, some differences were observed in the 
structure of the microflora. For example, in the intestine of chickens in the con-
trol group of the B5 line, there were bacteria of the family Clostridiaceae, genera 
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Fusobacterium, Clostridium novyi/Cl. perfringens, whereas in the B9 line these 
microorganisms were not identified. It is known that representatives of the Clos-
tridiaceae family can play a positive role in the digestion of birds, since they are 
able to form a number of digestive enzymes, including cellulases, which allow 
the macroorganism to effectively use the energy of feeds, rich in fiber. In con-
trast, species of Clostridium novyi and Clostridium perfringens are often associated 
with gastroenteritis and claudication in chickens [38, 39], and pathogenic forms 
are also found among bacteria of the genus Fusobacterium. 

The administration of complex enterosorbent with phytobiotic properties 
in the diet of the poultry of both lines contributed to the change in the qualita-
tive composition of the duodenal microbiome. As a result of the use of the prep-
aration Zaslon 2+ in the duodenum of the poultry of the B5 line, there was an 
increase in the number of bacteria of the genus Bifidobacterium and an order 
Bacteroidales, as well as a decrease in the content of bacteria of the genus Cam-
pylobacter. This indicates a normalization of the microflora balance in the gas-
trointestinal tract, since bacteria of the genus Bifidobacterium, living in the intes-
tinal lumen, have antimicrobial and immunomodulatory activity, synthesize vit-
amins and some essential amino acids, and microorganisms of the order Bac-
teroidales are capable of synthesizing enzymes that break down complex polysac-
charides and starch of feed. Among the representatives of the genus Campylobac-
ter, pathogenic forms are often found, such as Campylobacter jejuni [40]. Proba-
bly, positive changes in the composition of the microflora under the influence of 
Zaslon 2+ were associated with the antimicrobial activity of essential oils and 
the probiotic bacterial strain in the composition of the preparation. On the one 
hand, the mechanism of action of probiotic bacterial strains was to synthesize 
biologically active substances with antimicrobial activity, on the other, bacterial 
strains could colonize the gastrointestinal tract through adhesion, forming a pro-
tective layer, covering the surface of the mucous epithelium, which simultane-
ously mechanically and functionally blocked colonization of the intestine by 
pathogenic microorganisms [41].  

The data of the studies are consistent with the results obtained earlier. 
So, Wang et al. [42] showed that in the microbiome of the blind processes of the 
intestine of chickens, in the diet of which probiotic strains of bacteria were in-
troduced, bacteria of the genus Bacteroides, belonging to the order Bacteroidales, 
dominated. Despite the positive changes in the composition of the microflora 
under the influence of the preparation in the experimental group of the authors' 
study, in the duodenum of the poultry of the B5 line, in the diet of which 
Zaslon 2+ was included, the number of bacteria of the Lactobacillaceae family 
decreased. Lactic acid bacteria of the Lactobacillaceae family play an important 
role in the intestines of birds, because they synthesize lactate as the main prod-
uct of metabolism, which reduces the pH of chyme, leading to the suppression 
of pathogenic forms. 

With the administration of the preparation Zaslon 2+ of the B9 line, the 
number of bacteria of the Bacillaceae family and cellulolytic bacteria of the Clos-
tridiaceae family increased in the duodenum of poultry. The representatives of 
the Bacillaceae family are able to synthesize a wide range of bacteriocins [43] 
that effectively inhibit the development of pathogenic bacteria [44]. Therefore, 
an increase in the number of bacteria in these groups may indicate the correc-
tion of dysbiotic disorders in the intestine.  

Thus, the use of the feed additive Zaslon 2+ in combined feeds for 
young chickens of the domestic initial lines B5 (Cornish breed) and B9 (Plym-
outh Rock breed) instead of dietary antibiotics does not significantly change the 
live weight of poultry. The development of the reproductive organs of males (tes-
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ticles) and females (ovaries and oviducts) in both groups remaines within the 
normal range without statistically significant differences. The digestibility and the 
use of nutrient substances of feed do not differ significantly between groups of 
young chickens. The T-RFLP method reveales some differences in the composi-
tion of the microbiocenosis of the duodenum in the test groups. The number of 
unidentified bacteria in the test groups exceeded that in the control. Zaslon 2+ 
administering results in an increase in the number of Bacillaceae family and cel-
lulolytic Clostridiaceae bacteria in the duodenum of the B9 birds, and in the B5 
line the number of bacteria of the genus Bifidobacterium and the order Bacteroi-
dales increase, and the counts of the genus Campylobacter bacteria decrease. An 
increase in the bacteria in these groups and a decrease in the portion of patho-
genic microorganisms may indicate a correction of dysbiotic disorders in the in-
testines of poultry. 

 
R E F E R E N C E S  

 
1. Fisinin V. Zhivotnovodstvo Rossii, 2019, 3: 8-11 (in Russ.). 
2. Egorova A.V. Ptitsevodstvo, 2012, 12: 8-10 (in Russ.). 
3. Biggs P., Parsons C.M., Fahey G.C. The effects of several oligosaccharides on growth perfor-

mance, nutrient digestibilities, and cecal microbial populations in young chicks. Poultry Science, 
2007, 86(11): 2327-2336 (doi: 10.3382/ps.2007-00427). 

4. Chichlowski M., Croom J., McBride B.W., Daniel L., Davis G., Kaci M.D. Direct-fed micro-
bial PrimaLac and Salinomycin modulate whole-body and intestinal oxygen consumption and 
intestinal mucosal cytokine production in the broiler chick. Poultry Science, 2007, 86(6): 1100-
1106 (doi: 10.1093/ps/86.6.1100). 

5. Murugesan G.R., Ledoux D.R., Naehrer K., Berthiller F., Applegate T.J., Grenier B., Phil-
lips T.D., Schatzmayr G. Prevalence and effects of mycotoxins on poultry health and perfor-
mance, and recent development in mycotoxin counteracting strategies. Poultry Science, 2015, 
94(6): 1298-1315 (doi: 10.3382/ps/pev075). 

6. Peng W.-X., Marchal J.L.M., van der Poel A.F.B. Strategies to prevent and reduce mycotoxins 
for compound feed manufacturing. Animal Feed Science and Technology, 2018, 237: 129-153 
(doi: 10.1016/j.anifeedsci.2018.01.017). 

7. Stanley D., Hughes R.G., Moore R. Microbiota of chicken gastrointestinal tract: influence on 
health. productivity and disease. Applied Microbiology and Biotechnology, 2014, 98(10): 4301-
4310 (doi: 10.1007/s00253-014-5646-2). 

8. Surai P.F. Polyphenol compounds in the chicken/animal diet: from the past to the future. Jour-
nal of Animal Physiology and Animal Nutrition, 2014, 98(1): 19-31 (doi: 10.1111/jpn.12070). 

9. Loi M., Fanelli F., Liucci V.C., Logrieco A.F., Mulи G. Mycotoxin biotransformation by na-
tive and commercial enzymes: Present and future perspectives. Toxins, 2017, 9(4): 111 (doi: 
10.3390/toxins9040111). 

10. Smith J.A. The future of poultry production in the USA without antibiotics. Poultry Internation-
al, 2002, 9: 68-69. 

11. Kryukov V.S., Glebova I.V. Problemy biologii produktivnykh zhivotnykh, 2017, 3: 5-25 (in Russ.). 
12. Yang Ch., Chowdhury M.A.K., Hou Y., Gong J. Phytogenic compounds as alternatives to in-

feed antibiotics: Potentials and challenges in application. Pathogens, 2015, 4(1): 137-156 (doi: 
10.3390/pathogens4010137). 

13. Jamroz D., Wiliczkiewicz A., Wertelecki T., Orda J., Skorupińska J. Use of active substances of 
plant origin in chicken diets based on maize and locally grown cereals. British Poultry Science, 
2005, 46(4): 485-493 (doi: 10.1080/00071660500191056). 

14. Jang I.S., Ko Y.H., Kang S.Y., Lee C.Y. Effect of a commercial essential oil on growth perfor-
mance, digestive enzyme activity and intestinal microflora population in broiler chickens. Animal 
Feed Science and Technology, 2007, 134(3-4): 304-315 (doi: 10.1016/j.anifeedsci.2006.06.009). 

15. Adil S., Magray S.N. Impact and manipulation of gut microflora in poultry: a review. Journal of 
Animal and Veterinary Advances, 2012, 11(6): 873-877 (doi: 10.3923/javaa.2012.873.877). 

16. Windisch W., Schedle K., Plitzner C., Kroismayr A. Use of phytogenic products as feed additives 
for swine and poultry. Journal of Animal Science, 2008, 86: E140-E148 (doi: 10.2527/jas.2007-
0459). 

17. Brenes A., Roura E. Essential oils in poultry nutrition: Main effects and modes of action. Ani-
mal Feed Science and Technology, 2010, 158(1-2): 1-14 (doi: 10.1016/j.anifeedsci.2010.03.007). 

18. Zeng Z., Zhang S., Wang H., Piao X. Essential oil and aromatic plants as feed additives in 
non-ruminant nutrition: a review. Journal of Animal Science and Biotechnology, 2015, 6(1): 7-18 
(doi: 10.1186/s40104-015-0004-5). 



288 

19. Borda-Molina D., Seifert J., Camarinha-Silva A. Current perspectives of the chicken gastroin-
testinal tract and its microbiome. Computational and Structural Biotechnology Journal, 2018, 16: 
131-139 (doi: 10.1016/j.csbj.2018.03.002). 

20. Amit-Romach E., Sklan D., Uni Z. Microflora ecology of the chicken intestine using 16S ribo-
somal DNA primers. Poultry Science, 2004, 83(7): 1093-1098 (doi: 10.1093/ps/83.7.1093). 

21. Apajalahti J., Kettunen A., Graham H. Characteristics of the gastrointestinal microbial commu-
nities, with special reference to the chicken. World’s Poultry Science Journal, 2004, 60(2): 223-
232 (doi: 10.1079/WPS200415). 

22. Fisinin V.I., Egorov I.A., Manukyan V.A., Laptev G.Yu., Nikonov I.N., Il'ina L.A., Novikova 
N.I. Ptitsa i ptitseprodukty, 2014, 6: 37-39 (in Russ.). 

23. Havenstein G.B., Ferket P.R., Qureshi M.A. Growth, livability, and feed conversion of 1957 
versus 2001 broilers when fed representative 1957 and 2001 broiler diets. Poultry Science, 2003, 
82(10): 1500-1508 (doi: 10.1093/ps/82.10.1500). 

24. Lumpkins B.S., Batal A.B., Lee M.D. Evaluation of the bacterial community and intestinal 
development of different genetic lines of chickens. Poultry Science, 2010, 89(8): 1614-1621 (doi: 
10.3382/ps.2010-00747). 

25. Lenkova T., Egorova T., Men'shenin I. Kombikorma, 2013, 10: 79-81 (in Russ.). 
26. Lenkova T.N., Egorova T.A., Sysoeva I.G., Kartashov M.I. Ptitsevodstvo, 2015, 5: 7-10 (in Russ.). 
27. Il'ina L.A., Iyldyrym E.A., Nikonov I.N., Filippova V.A., Laptev G.Yu., Novikova N.I., 

Grozina A.A., Lenkova T.N., Manukyan V.A., Fisinin V.I., Egorov I.A. Taxons of chicken 
cecum microbiom are abundant, and influenced by the combined feed composition and de-
creased metabolizable energy. Sel’skokhozyaistvennaya Biologiya [Agricultural Biology], 2015, 
50(6): 817-824 (doi: 10.15389/agrobiology.2015.6.817eng). 

28. Fisinin V.I., Il'ina L.A., Iyldyrym E.A., Nikonov I.N., Filippova V.A., Laptev G.YU., Novikova 
N.I., Grozina A.A., Lenkova T.N., Manukyan V.A., Egorov I.A. Mikrobiologiya, 2016, 85(4): 
472-480 (doi:  10.7868/S0026365616040054) (in Russ.). 

29. Van Dijk A., Veldhuizen E.J.A., Kalkhove S.I.C., Tjeerdsma-van Bokhoven J.L.M., Ro-
mijn R.A., Haagsman H.P. The β-defensin gallinacin-6 is expressed in the chicken digestive 
tract and has antimicrobial activity against food-borne pathogens. Antimicrobial Agents and 
Chemotherapy, 2007, 51(3): 912-922 (doi: 10.1128/AAC.00568-06). 

30. Lu J., Idris U., Harmon B., Hofacre C., Maurer J.J., Lee M.D. Diversity and succession of the 
intestinal bacterial community of the maturing broiler chicken. Applied and Environmental Mi-
crobiology, 2003, 69(11): 6816-6824 (doi: 10.1128/AEM.69.11.6816-6824.2003). 

31. Jozefiak D., Rutkowski A., Kaczmarek S., Jensen B.B., Engberg R.M., Hojberg O. Effect of 
beta-glucanase and xylanase supplementation of barley- and rye-based diets on caecal mi-
crobiota of broiler chickens. British Poultry Science, 2010, 51(4): 546-557 (doi:  
10.1080/00071668.2010.507243). 

32. Li J., Hao H., Cheng G., Liu Ch., Ahmed S., Shabbir M.A.B., Hussain H.I., Dai M., Yuan Z. 
Microbial shifts in the intestinal microbiota of Salmonella infected chickens in response to en-
rofloxacin. Frontiers in Microbiology, 2017, 8: 1711 (doi: 10.3389/fmicb.2017.01711). 

33. Egorova A.V., Tuchemskii L.I., Emanuilova Zh.V., Efimov D.N. Zootekhniya, 2015, 6: 2-4 (in 
Russ.). 

34. Egorov I.A., Manukyan V.A., Lenkova T.N., Okolelova T.M., Lukashenko V.S., 
Shevyakov A.N., Ignatova G.V., Egorova T.V., Andrianova E.N., Rozanov B.L., Lysenko M.A., 
Egorova T.A., Grozina A.A., Laptev G.Yu., Nikonov I.N., Aleksandrova I.L., Il'ina L.A., 
Novikova N.I., Fisinin V.I. Metodika provedeniya nauchnykh i proizvodstvennykh issledovanii po 
kormleniyu sel'skokhozyaistvennoi ptitsy. Molekulyarno-geneticheskie metody opredeleniya 
mikroflory kishechnika [Methods of original research and farm trials of poultry feeding. Molecu-
lar genetic methods for intestinal microflora survey]. Sergiev Posad, 2013 (in Russ.). 

35. Printsipy i metody biokhimii i molekulyarnoi biologii. Perevod s angliiskogo /Pod redaktsiei K. 
Uilsona, Dzh. Uolkera [Principles and techniques of biochemistry and molecular biology. K. 
Wilson, J. Wolker (eds.)]. Moscow, 2013 (in Russ.). 

36. Singh K.M., Shah T., Deshpande S., Jakhesara S.J., Koringa P.G., Rank D.N., Joshi C.G. 
High through put 16S rRNA gene-based pyrosequencing analysis of the fecal microbiota of high 
FCR and low FCR broiler growers. Molecular Biology Reports, 2012, 39(12): 10595-10602 (doi:  
10.1007/s11033-012-1947-7). 

37. Wei S., Morrison M., Yu Z. Bacterial census of poultry intestinal microbiome. Poultry Science, 
2013, 92(3): 671-683 (doi: 10.3382/ps.2012-02822). 

38. Peterson E.H. Clostridium novyi isolated from chickens. Poultry Science, 1964, 43(4): 1062-1063 
(doi: 10.3382/ps.0431062). 

39. Cooper K.K., Theoret J.R., Stewart B.A., Trinh H.T., Glock R.D., Songer J.G. Virulence for 
chickens of Clostridium perfringens isolated from poultry and other sources. Anaerobe, 2010, 
16(3): 289-292 (doi: 10.1016/j.anaerobe.2010.02.006). 

40. Pielsticker C., Glünder G., Rautenschlein S. Colonization properties of Campylobacter jejuni in 
chickens. European Journal of Microbiology and Immunology, 2012, 2(1): 61-65 (doi:  
10.1556/EuJMI.2.2012.1.9). 



 

289 

41. Lan Y., Verstegen M., Tamminga S., Williams B. The role of the commensal gut microbial 
community in broiler chickens. World’s Poultry Science Journal, 2005, 61: 95-104 (doi:  
10.1079/WPS200445). 

42. Wang Y., Sun J., Zhong H., Li N., Xu H., Zhu Q., Liu Y. Effect of probiotics on the meat 
flavour and gut microbiota of chicken. Scientific Reports, 2017, 7: 6400 (doi: 10.1038/s41598-
017-06677-z). 

43. Smirnov V.V., Reznik S.R., Vasilevskaya I.A. Sporoobrazuyushchie aerobnye bakterii, proizvod-
yashchie biologicheski aktivnye veshchestva [Spore-forming aerobic bacteria able to produce bio-
logically active substances]. Kiev, 1982 (in Russ.). 

44. Guo X., Li D., Lu W., Piao X., Chen X. Screening of Bacillus strains as potential probiotics 
and subsequent confirmation of the in vivo effectiveness of Bacillus subtilis MA139 in pigs. An-
tonie Van Leeuwenhoek, 2006, 90(2): 139-146 (doi: 10.1007/s10482-006-9067-9). 


