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A b s t r a c t  
 

The use of new animal-derived protein ingredients in commercial diets for poultry as a 
substitute for the expensive fishmeal is an urgent direction of the nutritional research. At present a 
range of new additives is designed based on the wastes of poultry slaughter and processing. In this 
paper, we first report the results of comparative analysis of the bacterial community in blind process-
es of the intestines of broiler chickens fed with dietary protein-rich additives derived from keratin- 
and collagen-containing waste products after short-term high-temperature enzymatic hydrolysis in a 
thin layer. These findings show possibility of using new feed additives to increase the productivity 
and quality of broiler meat. Our study was aimed at the evaluation of the effects of the feed additives 
based on keratin- and collagen-containing wastes on the intestinal microbiota counts and composi-
tion in conjunction with productive performance of broiler chicks. The chicks (Gallus gallus L.) of 
Ross 308 cross were reared at the Vivarium of All-Russian Research and Technological Institute of 
Poultry (Moscow Province) on the floor until 38 or 49 days of age. Control Treatment (Trt) 1 was 
fed standard diet with fishmeal as the main protein source. In the diet for Trt 2 the fishmeal was 
substituted by a hydrolysate of keratin-containing wastes (poultry feathers); in Trt 3 by a hydrolysate 
of collagen-containing wastes of poultry deboning; in Trt 4 by a mixture of these additives with addi-
tional supplementation with probiotic Bacell-M (containing Bacillus subtilis, Lactobacillus paracasei, 
Enterococcus faecium). The counts and composition of cecal microbiota in broilers were determined 
using Terminal Restriction Fragment Length Polymorphism (T-RFLP) technique. The live weight at 
38 and 49 days of age (individual weighing), average daily weight gain, livestock safety, feed costs per 
1 kg of live weight, grade and weight of gutted carcasses, meat yield of carcasses and meat qualities, 
digestibility and use nutrient feed were recorded. The protein additives based on the hydrolysates of 
poultry wastes do not compromise the composition of cecal microbiota in broilers, and the obligate 
species were abundant with all diets studied. Cellulolytic Clostridia class (phylum Firmicutes) includ-
ing families Ruminococcaceae, Eubacteriaceae, Lachnospiraceae, Clostridiaceae etc. dominated in the 
cecal microbial communities. The additives beneficially affected the productive performance in broil-
ers. The best productivity parameters were in broilers fed diets with the hydrolysate of keratin-
containing material (Trt 2) and a mixture of the hydrolysates of keratin- and collagen-containing 
wastes with the probiotic (Trt 4). Average live bodyweight at 38 and 49 days of age in Trt 2 was sig-
nificantly higher, by 9.2 % (p < 0.01) and 10.1 % (p < 0.001), respectively, as compared to control 
Trt 1. Mortality level in Trt 2 was 0 % while feed conversion ratio (FCR) at 38 and 49 days of age 
was 6.32 and 7.28 % better compared to control. Average live bodyweight in Trt 4 at 38 days of age 
was 5.3 % higher, and FCR was 2.87 % better compared to control; at 49 days of age these parame-
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ters were better in compare to control by 4.96 and 4.37 %, respectively, while mortality in Trt 4 
during 38 and 49 days of rearing was 0 %. 

 

Keywords: broiler chicks, Ross 308 cross, keratin- and collagen-containing materials, en-
zymatic hydrolysis, cecal microbiota, productive performance, meat quality 

 

The optimal functioning of the segments of bird digestive tract depends 
largely on the feeding system. The microflora of the gastrointestinal tract (GIT) is 
directly affected by the structure of the feed [1, 2]. Disturbances in feeding cause 
undesirable changes in the microbiocenosis, which negatively affects the produc-
tivity of poultry and leads to diseases. 

The first days of chickens after hatching are considered critical for their 
further growth and development. During this period, their organisms undergo a 
metabolic and physiological transition from feeding on the residual yolk of an egg 
to the combined feed. The intestine develops rapidly to efficiently absorb the nu-
trients of the feed. Slow formation of the intestinal microflora can be a conse-
quence of the unfavorable state of feed, water and maintenance conditions, which, 
in turn, jeopardizes the proper development of an organism [3]. 

The contents of the gastrointestinal tract of poultry represent a favorable 
environment for the growth of many bacteria [4]. Harmful groups of bacteria may 
be involved in the development of infections and the production of toxins. Popu-
lations of useful bacteria are involved in the production of vitamins and also sup-
press harmful bacterial populations [5, 6]. Microflora metabolizes several nutrients 
that an organism cannot digest and turns them into final products (for example, 
fatty acids). It not only protects the body from exogenous pathogens capable of 
colonizing cells and tissues but also plays an important role in providing immuni-
ty. Any changes in the functions of the gastrointestinal tract lead to a deterioration 
in the absorption and assimilation of nutrients, an increase in secretion, the devel-
opment of dysbacteriosis, a decrease in resistance to diseases and productivity of a 
bird as a whole [7]. 

It is known that the largest accumulation of microorganisms (1010-1011 per 
1 g of the content) as compared to other parts of the gastrointestinal tract is typi-
cal of the blind processes of the intestine [8]. The microflora, which is present 
there, plays an important role in digesting feed and performs multiple functions to 
maintain the homeostasis of the macroorganism as a whole [9-12]. The structure 
of the microbial community of the cecum is quite complex and not yet fully char-
acterized. The advantage of microbial technologies is that they can improve the 
understanding of the functions and structure of the intestinal microbiota, the rela-
tionships between the organism and the microbiota, and also help to choose alter-
native products that contribute to the health state of the intestine [13, 14]. New 
molecular technologies make it possible to conduct a detailed molecular and phys-
iological assessment, including the quantitative determination of individual types 
of microorganisms and their metabolites [15].  

The elaborated and improved molecular genetic methods allow differentia-
tion of any bacteria. One of the effective approaches to determining microflora is 
the use of a polymerase chain reaction, in particular, an express method based on 
T-RFLP analysis (terminal restriction fragment polymorphism). It includes DNA 
extraction, amplification of target fragments and sequencing, followed by a study 
of the obtained T-RFLP-grams involving databases using the Fragment Sorter 
program and comprehensive analysis, based on statistical (correlation and cluster), 
taxonomic and ecological approaches [16]. 

The use of molecular genetic methods significantly expanded the concept 
of biodiversity of microorganisms in the gastrointestinal tract of poultry. Currently, 
the gastrointestinal tract has more than 900 species of bacteria, methanogenic ar-
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chaea, and fungi. In a number of works, a multilateral characterization of the in-
testinal microbiota of broiler chickens was given, which made it possible to inves-
tigate in detail the important patterns in the functioning of this complex micro-
bio-ecosystem [17, 18]. The intestinal microbiota of broiler chickens has been 
studied for many years, since it is inherently involved in many physiological pro-
cesses and affects both feed and health of poultry [19, 20]. Using molecular tech-
nologies, the mechanisms of action of new feed additives to diets are studied, and 
the changes in the intestinal microbiome and immune function are assessed. The 
use of such products in the broiler industry is necessary to improve the health of 
broiler chickens' intestines and minimize risks [21]. 

In Russia, T-RFLP analysis has been used relatively recently; in particu-
lar, in 2008, JSC Biotrof modified this method to study GIT microflora of poultry. 
It allows assessing the effect of various components of the diet on the microbial 
background and identifying the relationship between its composition, structure, 
and indicators of bird productivity. In addition, the method is considered promis-
ing for the early diagnosis of bacterial diseases. Therefore, this helps to rationally 
choice the feed additives [22]. 

In this paper, the authors conducted for a first time a comparative analysis 
of the bacterial community of the contents of the blind processes of the intestines 
in broiler chickens with the inclusion of protein feed additives in the diet from 
keratin- and collagen-containing raw materials obtained by short-term high-
temperature hydrolysis in a thin layer. The possibility of using new feed additives 
for increasing the productivity and quality of meat in broiler chickens is shown.  

The purpose of the research was to assess the effect of protein feed addi-
tives from keratin- and collagen-containing raw materials obtained by the method 
of short-term high-temperature hydrolysis in a thin layer, on the microflora of the 
gastrointestinal tract and the productivity of broiler chickens. 

Techniques. In 2018, the experiments were performed on four groups of 
broiler chickens of the Ross 308 cross (50 birds each), reared on litter in vivarium 
conditions of the Center for Genetic Selection Zagorsk EPH (Sergiev Posad, 
Moscow Region) from the first day. Broiler chickens of group I (control) received 
combined feed, in which fishmeal was the main source of crude protein. In group 
II, instead of fishmeal, we used feed additive from a hydrolysate of keratin-
containing raw materials (feathers), in group III, an additive from a hydrolysate of 
collagen-containing raw materials (wastes of poultry deboning), in group IV, an 
additive from a mixture of hydrolysates of keratin- and collagen-containing raw 
materials with the inclusion of a probiotic preparation based on live bacteria Bacil-
lus subtilis, Lactobacillus paracasei, Enterococcus faecium (Bacell-M, Russia). 

Prior to grouping, 1-day-old chickens were individually weighed and dis-
tributed by random sampling. The sex ratio of males and females in all groups was 
determined at the end of poultry rearing. When conducting the experiment, chick-
ens were selected on the basis of analogs – identical in origin, age, general devel-
opment, and reared from the same batch of eggs. The growing conditions com-
plied with the technological standards of the Federal Science and Technology 
Center All-Russian Research and Technological Institute of Poultry RAS [23]. 

The live weight of broilers was recorded at 38 and 49 days of age by indi-
vidual weighing, average daily gain, preservation of stock, feed “costs” per 1 kg of 
live weight, grade and weight of eviscerated carcasses, slaughter meat, meat quali-
ties of carcasses, digestibility and use of nutritional substances were estimated in 
accordance with the methods of physiological (balance) experiments [24]. To 
study the gastrointestinal microflora in broiler chickens aged 38 and 49 days, the 
samples of the blind processes of the intestines were collected and examined using 
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the T-RFLP method. 
Total DNA from the samples was isolated using the Genomic DNA Pu-

rification Kit (Fermentas, Inc., Lithuania) in accordance with the recommenda-
tion of the manufacturer. The extraction was conducted simultaneously for three 
samples from each experimental group; then the samples in each group were 
combined into one sample for further analysis. PCR amplification was per-
formed on a Verity DNA amplifier (Life Technologies, Inc., USA) using eubac-
terial 63F primers (5ґ-CAGGCCTAACACATGCAAGTC-3ґ) labeled at 5ґ-end 
(WellRed D4 fluorophore, Beckman Coulter, USA) and 1492R (5ґ-TACGG-
HTACCTTGTTACGACTT-3ґ), which allow amplifying a fragment of the 16S 
rRNA gene (positions from 63 to 1492, numbering for the 16S rRNA gene Esch-
erichia coli) in the following 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 (1 cycle). The final concen-
tration of total DNA in the solution was determined with a Qubit fluorometer 
(Invitrogen, Inc., USA) using the Qubit dsDNA BR Assay Kit (Invitrogen, Inc., 
USA) according to the manufacturer's recommendations. 

Fluorescently labeled amplicons of the 16S rRNA gene fragments were 
purified according to standard procedures. 30-50 ng of DNA was treated with 
restrictases HaeIII, HhaI, and MspI, following the manufacturer's recommen-
dation (Fermentas, Lithuania), for 2 hours at 37 С. The restriction products 
were precipitated with ethanol; then 0.2 μl of Size Standart-600 molecular 
weight marker (Beckman Coulter, USA) and 10 μl of Sample Loading Solution 
formamide (Beckman Coulter, USA) were added. The analysis was performed 
using CEQ 8000 (Beckman Coulter, USA); the error of the device CEQ 8000 
is no more than 5%. The sizes of peaks and their areas were calculated using 
the Fragment Analysis program (Beckman Coulter, USA), on the basis of 
which subtypes (phylotypes) were detected with an error of 1 nucleotide, used 
in the study, and their relative content in the microbial community was evalu-
ated. The affiliation of bacteria to taxonomic groups was determined using a 
database (http://mica.ibest.uidaho.edu/trflp.php). 

The obtained results were processed by the method of variance analysis 
in Microsoft Excel 2010. The tables show the mean values (M) and standard 
errors of the mean (±SEM). The statistical significance of differences between 
the mean values of the studied parameters was evaluated using Student’s t-test 
at p  0.05, p  0.01 and p  0.001. 

Results. A comparative analysis of the bacterial community of the content 
of the blind intestinal processes in broiler chickens revealed differences in the 
composition of the microbiota associated with the period of ontogenesis and the 
diet of the poultry. The content of normal microflora in the blind processes was 
high in all groups (Table 1). Bacteria with cellulose and amylolytic properties from 
the Clostridia class of the Firmicutes phylum (including the families Ruminococca-
ceae, Eubacteriaceae, Lachnospiraceae, Clostridiaceae) and the Bacteroidetes phy-
lum were dominant, which corresponds to the modern concepts regarding the in-
testinal microbiota of poultry [25, 26]. As follows from the results available in the 
GenBank databases (https://www.ncbi.nlm.nih.gov/genbank/), Ribosomal Database 
Project (http://rdp.cme.msu.edu/) and Silva (http://www.arb-silva.de/), the taxo-
nomic composition of the gastrointestinal tract of poultry and turkey is 90% repre-
sented by microorganisms from the phyla Firmicutes, Bacteroidetes and Proteobac-
teria [27]. In the authors' experiment, in 38-day-old broiler chickens, the propor-
tion of cellulolytic bacteria was more than 59%, in the 49-day-old poultry this 
indicator decreased by 10% in groups I and III, by 30% in group II, and 2-fold in  
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1. The content of microorganisms (%) in the blind processes of the intestines in Ross 308 cross broiler chickens depending on age and diet according 
to T-RFLP analysis (M±SEM, Zagorsk EPH vivarium, Moscow Province) 

Микроорганизм 
Age, group (n = 50) 

38 days 49 days 
I (control) II III IV I (control) II III IV 

N o r m a l  f l o r a  
Cellulolytic, including: 62.49±2.89 60,05±2,37 59,25±1,41 60,28±3,08 56,82±1,36 45,85±1,89* 54,07±1,37 29,19±1,13 
   family Eubacteriaceae 13.56±0.71 13,24±0,58 24,79±0,94** 11,73±0,59 24,32±0,96 11,31±0,51** 18,32±0,48* 8,67±0,37*** 
   family Clostridiaceae 18.57±0.65 24,8±0,97* 6,96±0,27*** 12,36±0,43** 13,12±0,37 13,72±0,33 7,27±0,26*** 7,11±0,46*** 
   family Lachnospiraceae 6.08±0.28 2,99±0,14** 2,67±0,18** 2,14±0,13** 4,68±0,17 4,28±0,14 2,29±0,07*** 2,57±0,22** 
   family Ruminococcaceae 8.62±0.32 5,12±0,27** 6,58±0,19* 12,23±0,47** 0,33±0,01 2,30±0,14*** 10,19±0,55*** 1,14±0,04*** 
   phylum Bacteroidetes 15.66±0.48 13,9±0,65 18,23±0,75 21,82±0,69** 14,37±0,48 14,24±0,60 16,00±0,67 9,70±0,30** 
Lactobacillus sp., Enterococcus sp. 2.56±0.08 5,17±0,14*** 1,54±0,05** 1,24±0,01*** 1,79±0,03 5,69±0,27*** 2,57±0,09** 2,02±0,07 
Bacillus sp. 1.31±0.04 0,74±0,03** 0,79±0,01** 2,60±0,09*** 1,11±0,02 2,23±0,06*** 1,19±0,03 11,69±0,41*** 
Selenomonas sp., Veillonella sp. 8.23±0.25 10,24±0,45* 10,78±0,38* 12,27±0,44** 16,89±0,57 10,51±0,37** 13,35±0,28* 5,26±0,14*** 
Family Bifidobacteriaceae) 0 0,07±0,01 0 0 0,11±0,01 0,16±0,01 0,24±0,01 0,20±0,01 

C o n d i t i o n a l l y  p a t h o g e n i c  m i c r o f l o r a  
Actinobacteria (order Actinomycetales) 1.59±0.03 4,81±0,16*** 3,35±0,18** 2,54±0,09** 5,22±0,15 7,18±0,24** 10,68±0,32*** 3,16±0,07** 
Enterovacteria (family Enterobacteriaceae) 0.12±0.01 3,84±0,13*** 1,16±0,03*** 0,50±0,01*** 2,66±0,11 2,28±0,09 3,26±0,12* 1,92±0,08* 

P a t h o g e n i c  m i c r o f l o r a  
Staphylococcus sp. 0.23±0.01 0,06±0,01** 1,26±0,05*** 1,13±0,03*** 0 0,22±0,01 0,35±0,01 0,55±0,01 
Clostridium novyi, Clostridium perfringens 0.99±0.03 0,11±0,01*** 0,79±0,02* 1,51±0,04** 0,59±0,02 1,96±0,08*** 1,93±0,12** 0,19±0,01*** 
Family Pasterellaceae) 0.29±0.01 0 0,64±0,02*** 0,15±0,01** 0 1,43±0,06 0,75±0,02 1,81±0,06 
Fusobacterium sp. 1.48±0.06 1,76±0,04* 7,19±0,28*** 3,79±0,15*** 0,10±0,01 0,64±0,01*** 0,10±0,01 1,67±0,05*** 
Family Campylobacteriaceae) 0.38±0.01 0,41±0,01 0,77±0,03*** 0,42±0,01 0,49±0,02 0,74±0,01** 0,48±0,02 6,82±0,29*** 
Family Peptococcaceae) 0.5±0.01 1,26±0,04*** 0,89±0,03** 0,78±0,02** 0,59±0,01 1,42±0,04*** 1,57±0,07*** 4,82±0,19*** 
Mycoplasma sp. 0.5±0.01 0 0,05±0,01 0 0 0,66±0,01 0 0 

T r a n s i t  m i c r o f l o r a  
Family Pseudomonadaceae) 5.95±0.23 4,14±0,19** 2,09±0,05*** 3,92±0,13*** 1,71±0,07 0,33±0,01*** 0,63±0,02*** 4,64±0,14*** 
Uncultivated bacteria 13.38±0.41 7,34±0,28** 9,47±0,38** 8,87±0,35** 11,92±0,41 18,7±0,81** 8,83±0,32** 26,06±0,98*** 
N o t e. For the description of the groups, see the Techniques section. 
*, ** and *** The differences from the control are statistically significant at p  0.05; p  0.01 and p  0.001, respectively. 
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group IV.  
The presence of cellulolytic bacteria of the Lachnospiraceae family in 

birds, the diet of which included the hydrolysate of collagen-containing raw mate-
rials (groups III and IV), was the smallest. In addition, in these experimental 
groups, the presence of bacteria of the family Clostridiaceae, which are capable of 
fermenting starch, fiber, and some other carbohydrates, was the smallest. The pro-
portion of bacteria of the Negativicutes class, which utilize organic acids as a result 
of fermentation of carbohydrate in feed, changed depending on the age and the 
group of birds. In group I, by the age of 49 days, the relative number of seleno-
monads decreased by 2 times (p  0.001), in group II, it did not change, in 
group III it increased by 24% (p  0.01), and in group IV it decreased 2.3-fold 
(p  0.001).  

Interesting changes were noted for the obligate microflora of the poultry 
intestines, i.e. lactic acid bacteria of the genera Lactobacillus, Enterococcus and 
bifidobacteria of the genus Bifidobacterium, which, due to the synthesis of various 
organic acids and bacteriocins, are capable of antagonistically displacing represent-
atives of pathogenic and conditionally pathogenic groups from the intestine (sal-
monella, Proteus, Staphylococcus, coliform bacillus, pseudomonad, streptococcus) 
[28, 29]. The number of lactobacilli of the genus Lactobacillus, showing significant 
antagonism against pathogenic species [28], at 38 days of age in groups I, III and 
IV did not exceed 2.5%. In group II, the lactobacilli reached 5.17%. At day 49, 
the relative number of lactobacilli in group I decreased 1.5 times (p  0.01) and 
their number increased by 10% in group II, and by 65% (p  0.01) in groups III 
and IV.  

The relative number of bacilli in group I did not change with the bird age, 
abd increased 3 times (p  0.001) in group II, 1.5 times (p  0.01) in group III, 
and 4 times (p  0.001) in group IV. Bifidobacteria (Bifidobacteriaceae family) 
were practically not detected in the samples of the contents of the blind processes 
of chickens at the age of 38 days. By day 49 of age, its share increased in all 
groups to 0.10-0.24%. 

Conditionally pathogenic microorganisms were widely represented in the 
community. Most of them are traditionally associated with the development of 
gastroenteritis (Enterobacteriaceae, Pseudomonadaceae family). The proportion of 
actinomycetes from the order Actinomycetales, the representatives of which are 
capable of causing actinomycosis, was also high. The relative number of condi-
tionally pathogenic Actinobacteria increased with the age of chickens 3.3 times 
(p  0.001) in group I, and 3 times (p  0.001) in group III. The enterobacteria in 
group I increased 22 times (p  0.001), in group III 2.8 times (p  0.001), in 
group IV 3.8 times (p  0.001). In group II, the relative number of enterobacteria 
decreased 1.7 times (p  0.01). 

Among the bacteria capable of causing infectious diseases, we identified 
causative agents of clostridiosis (Clostridium novyi, Clostridium perfringens), pas-
teurellosis (family Pasteurellacea, genus Pasteurella, genus Haemophilus), myco-
plasmosis (phylum Tenericutes, genus Mycoplasma), necrotic enteritis (phylum 
Fusobacteria), and purulent-necrotic infections (genus Staphylococcus). The most of 
the above-listed microorganisms in the intestinal community of poultry was minor. 

The proportion of staphylococci was high only in 38-day-old poultry in 
groups III and IV (more than 1%); by the age of 49 days, the number of staphylo-
cocci decreased in these groups 2-2.5 times. The relative number of pathogenic 
clostridia was high, regardless of the age of the chickens. By day 49 in group I, its 
share decreased 2 times, in group IV 7.5 times. In group II and III, the number of 
these bacteria increased with age 18 times and 2.4 times, respectively. 

The portion of Pasteurella was low at the age of 38 days, but by day 49 it 
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increased in all groups except the control. Fusobacteria in a significant amount 
were present in all the studied groups of birds at the age of 38 days. By day 49, its 
relative number decreased 15-fold in group I, 2.8-fold in group II, 72-fodl in 
group III, and 2.3-fold in group IV.  

The relative number of campylobacters was low in all samples. A large 
amount of these bacteria was observed only at the age of 49 days in the group IV 
(6.82%), which was 16 times higher as compared to day 38. The number of pepto-
cocci was low both by day 38 and by day 49. In group II, the proportion of pepto-
cocci was higher (more than 1%), but did not change with the age of the poultry. 
In groups III and IV, this indicator on day 38 was less than 1%, but by day 49, it 
increased to 1.57 and 4.82%, respectively. The share of mycoplasmas in the sam-
ples was low and only in group II it increased on day 49 to 0.66%. Transit micro-
flora in all the studied groups was present in insignificant amount. 

The results of the research on the number and composition of microor-
ganisms in the blind processes of the intestines of the poultry are generally con-
sistent with the literature data [30, 31]. Cellulolytic bacteria from the class Clos-
tridia of the phylum Firmicutes (including the families Ruminococcaceae, Eubacte-
riaceae, Lachnospiraceae, Clostridiaceae, etc.) and the phylum Bacteroidetes occu-
pied a dominant position in the community. At the same time, the authors found 
that the inclusion of keratin hydrolysates and collagen-containing raw materials in 
the diet of broiler chickens did not negatively affect the microflora of poultry gas-
trointestinal tract. 

At one day of age, the live weight of chickens ranged from 45.4 to 45.9 
g. At the age of 38 days, the best group in terms of productivity was the second 
experimental group, in which chickens received fermented feather hydrolysate 
instead of fishmeal (Table 2). Thus, the average live weight of chickens in this 
group was ahead of the control indicator by 9.20%. The average weight of males 
and females was 2391 and 2183 g, respectively, which was 8.78 and 9.70% higher 
than their peers from group I (basic diet) with a significant difference (p  0.01 
and p  0.001). With 100% preservation of livestock, feed costs per 1 kg of weight 
gain were lower by 6.32%, and the average daily gain was 9.46% higher than the 
control. The use of combined feed with the inclusion of fermented feather hydrol-
ysate in it at 49 days of age contributed to an increase in the average live weight, 
average daily growth of broiler chickens and livestock preservation by 4.0%. At the 
same time, the feed costs per 1 kg of increase in live weight were 7.28% lower 
compared with the control. Thus, the average live weight of males and females was 
significantly (p  0.001) higher by 9.35 and 10.89%, respectively. 

Broiler chickens, which received a feed additive from fermented collagen 
hydrolysate (group III), did not significantly differ in productivity from the control 
poultry at 38 days of age. Both males and females practically did not differ from 
chickens in the control in terms of average live weight, average daily gain, and 
preservation of livestock, but feed costs in this group were 0.57% lower. At the age 
of 49 days, in respect of productivity indicators, with the exception of preservation, 
group III did not differ from the control. Preservation was 2.0% higher. 

The introduction of a mixture of fermented hydrolysates of feathers and 
collagen into the diet using a probiotic preparation (group IV) made it possible to 
increase the productivity indicators of broilers. So, on day 38, the average live 
weight of chickens and the average daily gain in live weight were 5.3% and 5.4% 
higher compared to the same indicators in group I. The feed “costs” fell to 2.87% 
with 100% preservation of livestock. At 49 days of age, the average live weight of 
the chickens exceeded the control by 4.96%, while the live weight of the males was 
4.79% higher, and the females 5.19% higher. The average daily gain in chickens on 
day 49 in group IV was 62.6 g, exceeding the control by 5.03%. Feed conversion    
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2. Productivity of Ross 308 cross broiler chickens depending on age and diet (Zagorsk EPH vivarium, Moscow Province) 

Indicator 
Age, group (n = 50)  

38 days 49 days 
I (control) II  III  IV I (control) II  III IV 

Average live weight, g /animal unit:         
♂ (M±SEM) 2198±49.8 2391±38.5** 2218±53.1 2296±68.8 3154±70.3 3449±54.0*** 3161±82.4 3305±92.4 
♀ (M±SEM) 1990±48.1 2183±31.7*** 1992±38.7 2114±36.5* 2773±68.5 3075±48.9*** 2789±55.8 2917±63.6 

Arithmetic mean M 2094 2287 2105 2205 2964 3262 2975 3111 
To the control, %  +9.2 +0.52 +5.3  +10.05 +0.37 +4.96 
Average daily gain, g (M±SEM) 53.9±0.72 59.0±0.51 54.2±0.65 56.8±0.53 59.6±0.79 65.6±0.61 59.8±0.73 62.6±0.63 
Preservation, % 98 100 98 100 96 100 98 100 
Feed costs per 1 kg gain, kg 1.74 1.63 1.73 1.69 2.06 1.91 2.02 1.97 
Mass of eviscerated carcasses, g (M±SEM) 1514±21.5 1692±16.9 1526±20.9 1607±22.3 2167±31.68 2443±23.6 2181±30.7 2296±25.4 
Slaughter yield, % 72.3 74.0 72.5 72.9 73.1 74.9 73.3 73.8 
Grade of carcasses, %: 

1st grade 
2nd grade 

 
65.3 
34.7 

 
72.0 
28.0 

 
67.3 
32.7 

 
68.0 
32.0 

 
68.8 
31.2 

 
76.0 
24.0 

 
69.4 
30.6 

 
72.0 
28.0 

N o t e. For the description of the groups, see the Techniques section. 
*, ** and *** The differences from the control are statistically significant at p  0.05; p  0.01 and p  0.001, respectively. 
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3. Digestibility and use of nutrients of combined feed (%) by Ross 308 cross chicken 
broilers depending on age and diet (Zagorsk EPH vivarium, Moscow Province) 

Indicator 
Age, group (n = 3) 

38 days 49 days 
I (control) II  III  IV  I (control) II  III  IV  

Digestibility of:         
dry matter 74.8 76.0 75.1 76.2 74.3 75.3 74.8 75.8 
protein 91.1 93.2 92.5 93.4 90.2 92.1 91.4 92.4 
fat 80.5 83.0 81.2 83.5 79.8 82.4 81.6 83.0 
fiber 10.0 12.8 11.9 13.1 11.4 13.5 12.5 13.1 

Use of :         
nitrogen 57.9 59.4 58.3 59.9 56.4 58.5 57.1 59.1 
calcium 46.5 47.1 46.8 47.0 44.1 46.2 45.4 46.1 
phosphorus 29.6 31.4 30.3 31.6 30.8 33.0 32.4 33.2 

N o t e. For the description of the groups, see the Techniques section/ Calculations are basedon on the average 
sample. 

 

was 4.37% higher than in group I. 
The inclusion of the hydrolysate of keratin-containing raw materials 

(group II) in the combined feed provided an increase in digestibility and use of 
nutrients of the feed compared to the control (Table 3). The digestibility of dry 
matter in chickens at the age of 38 and 49 days increased by 1.2 and 1.0%, pro-
tein by 2.1 and 1.9%, fat by 2.5 and 2.6%, fiber by 2.8 and 2.1%. The use of 
nitrogen increased by 1.5 and 2.1%, calcium by 0.6 and 2.1%, phosphorus by 1.8 
and 2.2%. 

In group IV, in poultry aged 38 and 49 days, an increase was also noted 
in the digestibility of feed dry matter by 1.4 and 1.5%, protein by 2.3 and 2.2%, 
fat by 3.0 and 3.2% and fiber by 3.1 and 1.7%. The use of nitrogen increased by 
2.0 and 2.7%, calcium by 0.5 and 2.0%, phosphorus by 2.0 and 2.4%. The indi-
cators of nutrient utilization were slightly lower in group III. So, compared to 
the control, the digestibility of dry matter of the feed here increased by 0.3 and 
1.0% protein by 1.4% and 2.0%, fat by 0.7% and 1.8%, and fiber by 1, 9 and 
1.1%. At the age of 38 days, no significant differences with the control were ob-
served in utilization of nitrogen, calcium, and phosphorus, and only on day 49, 
these indicators increased by 0.7, 1.3 and 1.6%, respectively 

In assessing the meat qualities of broiler chickens, it was found that at 
the age of 38 days, the highest value of the most valuable part, the pectoral mus-
cles (33.17% of eviscerated carcass weight), was observed in broiler chickens 
from group II, which was 1.28% higher than in the control. In general, the yield 
of all the muscles in broiler carcasses was 1.56% higher compared to group I. 
The highest yield of edible parts in chicken carcasses was in group II, 79.14% vs. 
77.47% in the control. This was mainly due to a higher (by 1.56%) muscle yield 
in broiler carcasses. As to skin with subcutaneous fat and bones, the broiler car-
casses in group II did not differ from the control. At the age of 49 days, the 
yield of the pectoral muscles was 0.55% higher, than in the control. The total 
muscle yield in broiler carcasses in group II was 1.45%, the yield of edible parts 
was 1.32% higher, and the bone weight was 1.22% lower compared to the control. 

Group III had no significant differences in meat quality of carcasses 
compared to group I. In group IV, the yield of the pectoral muscles in the car-
casses was 0.45% and 0.46% higher compared to the control at the age of 38 and 
49 days, respectively. The yield of all muscles in broiler carcasses exceeded the 
control by 0.77 and 0.97%. Moreover, in group IV, there was a greater yield of 
edible parts in carcasses at the age of 38 and 49 days, 78.09 and 79.76%, respec-
tively, or 0.62% and 0.96% higher than the control values. The differences in skin 
content with subcutaneous fat and bones in broiler carcasses were not found. 

The highest taste and aromatic advantages of broth and meat on a 5-point 
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scale were in the groups II and IV. That is, the inclusion of protein feed additives 
from keratin- and collagen-containing raw materials in the diet of broiler chickens 
contributed to an increase in the meat and taste qualities of carcasses. 

The results obtained in the study, in general, are consistent with the 
modern understanding of the microbiota of the blind processes of the intestines 
of poultry. Thus, it was previously reported on the effect of various feed compo-
nents of the bird diet on the intestinal microflora [32-34], as well as on the pos-
sible relationship between the number and species composition of intestinal mi-
croorganisms and bird productivity [35-37]. For example, there are data that an 
increase in the amount of barley, rich in non-starch polysaccharides, in the diet 
of broilers modifies the intestinal microbiocenosis by species composition and 
structure. At the same time, the species composition of both useful bacteria and 
pathogens changes, which is reflected in the main zootechnical indicators of 
poultry rearing and use of nutrients of combined feed [38]. It was also reported 
that the replacement of even one protein component in the poultry diet has a 
significant effect on the structure and abundance of the microbiocenosis of the 
intestines of broilers [39]. However, the data on the effect of protein feed addi-
tives from keratin- and collagen-containing raw materials, obtained by the 
method of short-term high-temperature hydrolysis in a thin layer, on the micro-
flora of the gastrointestinal tract and the productivity of broiler chickens were 
absent until now. 

Thus, the inclusion of a hydrolysate of keratin- and collagen-containing 
raw materials in the diet of broiler chickens does not have a negative impact on 
the microflora of the gastrointestinal tract. The content of normal microflora in 
the blind processes of the intestines remains high in all groups. Cellulolytic bac-
teria from the Clostridia class of the Firmicutes phylum (including the families 
Ruminococcaceae, Eubacteriaceae, Lachnospiraceae, Clostridiaceae) and the Bac-
teroidetes phylum dominate in the community. Feed additives from a hydrolysate 
of keratin-containing raw materials, as well as from a mixture of a hydrolysate of 
keratin- and collagen-containing raw materials with the inclusion of a probi-
otic preparation, provide higher rates of productivity and quality of poultry 
meat. Thus, in the first case, the live weight of broilers increased compared to 
the control by 9.2% (p  0.01) by day 38 and by 10.1% (p  0.001) by day 49, 
and in the second case, the corresponding values on day 38 and day 49t were 
5.30 and 4.96% with 100% of livestock preservation and lower feed costs per 1 kg 
of live weight gain. 
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