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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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