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Abstract: The use of new protein-rich animal-derived 

ingredients in the diets for modern commercial poultry is an 
urgent problem for the researchers. The wastes of poultry 
slaughter and processing can be used for the production of 
concentrated feed-grade protein ingredients after the short-term 
and intense thermal treatment in the thin layer and subsequent 
enzymatic hydrolysis. These wastes contain primarily keratin and 
collagen. The aim of the study presented was the investigation of 
the effects of these hydrolyzates of keratin- and 
collagen-containing wastes in diets for broiler chicks on the cecal 
microbial community. The study was performed in the vivarium of 
All-Russian Research and Technological Institute of Poultry on 
four treatments (50 birds per treatment) of Ross-308 broilers 
reared on the floor to 38 or 49 days of age. Control treatment 1 
was fed a diet with fishmeal (67% of crude protein) as a source of 
animal protein. Treatment 2 was fed the same diet with 
keratin-derived additive (85.7% of crude protein) as a substitution 
for the fishmeal; treatment 3 was fed the same diet as treatment 2 
additionally supplemented with a probiotic containing live 
cultures of Bacillus subtilis, Lactobacillus paracasei and 
Enterococcus faecium; treatment 4 was fed the same diet as 
treatment 1 with a mixture of keratin- and collagen-derived 
additives (67.1% of crude protein) as a substitution for the 
fishmeal and the same probiotic as treatment 3. The qualitative 
and quantitative composition of cecal microbiota was determined 
via molecular genetic terminal restriction fragment length 
polymorphism (T-RFLP) technique. It was found that keratin- 
and collagen-derived feed additives rendered no negative impact 
on the intestinal microbiota. Cecal concentrations of beneficial 
(normal) species in the treatments fed experimental diets were 
higher in compare to the control treatment. 
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I. INTRODUCTION 

Commercial broiler production is presently highly 

industrialized; the chicks are usually kept in closed poultry 
houses with regulated microclimate and automation of basic 
technological processes [1, 2]. 

The genetic selection of modern meat-type chicken results 
in increasingly high rates of metabolic processes [3]; the 
biological peculiarities of avian gastrointestinal tract (GIT) 
require adequate composition of the intestinal microbiota to 
achieve the effective feed digestion [4]. 

The development of microbial GIT communities starts as 
early as at the hatch [5-7]; microbes are entering GIT of 
chicks from the air. During the first 24 hrs after the hatch the 
microbial colonies in the crop are forming with subsequent 
movement down the GIT to the cecum; this movement is 
possible due to low acidity and peptic activity in the gizzard 
of newly hatched chicks. At 3 days of age the amount of 
microbial cells in the GIT rises 10-fold; at 2 weeks of age the 
microbial community of the small intestine is fully stabilized 
in terms of species and their concentrations [8, 9]. 

Microbial GIT populations supply the host (a chick) with 
nutrients, vitamins, natural antibiotic compounds, proteins, 
hormones and other bioactive substances [10-13]. 

The composition of GIT microbiota is changing during the 
rearing of chicks depending on the microbial loads in the air 
of a poultry house, the stage of the intestinal development, 
regime of feeding, and feed quality [14]. 

Feed composition can render the drastic effects on the 
composition of GIT microbiota [15, 16]; any change in feed 
composition can alter the ratios of concentrations of normal 
microbial species in the GIT. These alterations can negatively 
impact the metabolic processes in host and eventually 
decrease livability and productivity of broilers [17]. 
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Early research of microbial communities in different 
ecosystems was related to the investigation of species which 
could be isolated and cultured on artificial nutritive mediums.  

Our knowledge of the intestinal microbiota in animals and 
poultry was further expanded by the metagenomic methods 
which do not require cultivation of the microbial species [18, 
19]. Another advantage of these techniques is related to the 
possibility of fast determination and identification of a larger 
range of species. These molecular genetic techniques are also 
allowing for the identification of interrelationships between 
the microbiota and host and the development of new feed 
additives improving the intestinal health [20, 21] due to the 
possibility of detailed analysis of the composition of the 
microbiota and its metabolites [22, 23]. 

The intestinal microbial community in chicken is presently 
known to contain bacterial, fungal, unicellular, and viral 
species, totally more than 640 species [7, 24, 25]. All these 
species can be allotted to the following three groups: normal, 
opportunistic, and pathogenic. 

Normal microbiota helps the digestive system of the 
growing chick to digest dietary nutrients and prevents 
colonization and proliferation of pathogenic species within 
the GIT. Opportunistic species (like E. coli) can prevail in the 
GIT in the cases of reduction of normal communities and can 
rapidly become pathogenic. Pathogenic species are the main 
source of the digestive disorders; their toxins can destroy the 
absorbing intestinal surface and enter the bloodstream 
resulting in different intoxications. 

The microbial species can also be divided into two groups 
according to the location and behavior within the GIT: 
resident (obligate) species and transient (facultative) species. 
Obligate species can associate with the enterocytes in small 
and large intestine via mucin and bacterial polysaccharides 
forming the specific surface biofilm. This biofilm produces 
organic acids, hydrogen peroxide, lysozyme, bactericidal 
compounds; these agents interact with the transient species 
(both opportunistic and pathogenic) preventing the mixing of 
obligate microbiota with transient species [8]. 

The defensive function is one of the most important 
functions of GIT microbiota. Intestinal microbiota prevents 
the colonization of cells and tissues by exogenous pathogenic 
species and plays an important role in the immune function in 
host. Any change in the functionality of GIT can result in 
poor digestion, absorption, and assimilation of dietary 
nutrients, increase in the secretion of the digestive enzymes, 
disbioses, decrease in resistibility to certain diseases and 
overall productivity in poultry [17, 26]. 

Every segment of the GIT in poultry (oral cavity, crop, 
gizzard, small and large intestine) has its own specific 
microbial biocoenosis. The microbial population of the oral 
cavity is the most inconsistent in composition and heavily 
influenced by the input of exogenous microbiota with feed, 
water, and air. This community is dominated by lactic 
bacteria, fungi, and cocci. 

The community in crop is dominated by lactic bacteria 
enhancing the digestion if feed and producing lactic acid 

which in turn increases the acidity of the digesta in 
proventriculus and gizzard. 

Obligate part of the population in the small intestine is 
dominated by lactic bacteria, Enterococci, and 
propionate-producing bacteria; transient part is dominated by 
the coliforms, Clostridia, Eubacters, Fusobacters. 

Obligate population of the large intestine is dominated by 
Bifidobacteria, lactic bacteria, and Bacteroides; transient 
segment is similar to that in the small intestine. However, 
total concentration of the microbiota in the large intestine is 
many times higher in compare to the small intestine [8]. 

Cecal population is the most abundant in compare to other 
GIT segments: 1010 – 1011 cells/g of digesta [27]. Cecal 
microbiota plays an important role in the digestion and 
participates in different functions related to the maintenance 
of host homeostasis  [5, 28-30]. 

Modern molecular genetic methods developed and 
advanced to the present allow for the investigation of 
bacterial communities without restrictions. One of these 
methods is polymerase chain reaction (PCR) technique, in 
particular express analysis based on the terminal restriction 
fragment length polymorphism (T-RFLP) technique. It 
involves isolation, amplification, and sequencing of bacterial 
DNA with subsequent identification of the T-RFLP-grams 
using existing databases and “Fragment Sorter” software and 

complex analysis of the data using statistic (correlative and 
cluster), taxonomic, and ecological approaches [31]. 

This method was used in a range of studies which resulted 
in a multifaceted characterization of the intestinal microbiota 
in broiler chicks detailing certain important functional 
principles of this complex microecosystem [32, 33]. The 
importance of the intestinal microbiota for the productive 
performance in broilers is understood for many years; the 
intestinal microbiota is an integral part of many physiological 
processes and key factor for the host’s metabolism affecting 

its nutrition and health [34, 35]. Modern molecular 
approaches allowed for the clarification of modes of action of 
modern bioactive feed additives via evaluation of the 
resulting alterations in the intestinal microbiota and host 
immune function. The use of these additives in commercial 
broiler nutrition is necessary for the improvement of 
intestinal health status and minimization of health-related 
risks [36]. The use of the T-RFLP technique in Russia has 
relatively brief history; in particular, in 2008 it was modified 
by “BIOTROF” Co. (Saint-Petersburg) for the studies on the 
microbiotas in poultry. This method can be used for early 
diagnostication of bacterial diseases. This technique can be 
also used for the evaluation of the effects of different dietary 
ingredients on microbial communities and elucidation of 
interrelationships between the microbiota and productive 
performance, and, therefore, can be useful for the targeted 
choice of feed additives for poultry [37]. 
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The aim of the study presented was the investigation of the 
effects of protein-rich keratin- and collagen-derived additives 
on the cecal microbiota in broiler chicks [38, 39]. 

II. MATERIALS AND METHODS 

The trial was performed in 2018 on four treatments of 
Ross-308 floor-housed broiler chicks (50 as-hatch birds per 
treatment) reared from 1 to 38 or 49 days of age under similar 
management conditions [40, 41]. Sex ratios in all treatments 
were determined in the end of rearing. The birds were allotted 
to the treatments according to live bodyweight, body 
condition, and batches of eggs for incubation. 

Control treatment 1 was fed a diet with fishmeal (67% of 
crude protein, CP) as a source of animal protein. Treatment 2 
was fed the same diet with keratin-derived additive (85.7% of 
CP) as a substitution for the fishmeal; treatment 3 was fed the 
same diet as treatment 2 additionally supplemented with a 
probiotic containing live cultures of Bacillus subtilis, 
Lactobacillus paracasei and Enterococcus faecium; treatment 
4 was fed the same diet as treatment 1 with a mixture of 
keratin- and collagen-derived additives (67.1% of CP) as a 
substitution for the fishmeal and the same probiotic as 
treatment 3. 

The cecal samples were taken from three birds per 
treatment for the analysis of cecal microbiota using T-RFLP 
technique. Total DNA was isolated from the samples using 
Genomic DNA Purification Kit (Fermentas, Inc., Lithuania) 
according to the producer’s manual; after the separate 

isolation all three samples from each treatment were 
combined for the subsequent analysis. PCR amplification 
was performed on DNA amplifier Verity (Life Technologies, 
Inc., USA) using eubacterial primers 63F 
(CAGGCCTAACACATGCAAGTC) with labeled 5’-end 
(fluorophore WellRed D4, Beckman Coulter, USA) and 
1492R (TACGGHTACCTTGTTACGACTT) allowing for 
the amplification of the fragment of 16S rRNA gene in 
positions from 63 to 1492 (numeration is given for the 16S 
rRNA gene of E. coli) in the regime as follows: 950С - 3 min 
(1 cycle); 950С - 30 s, 550С - 40 s, 720С - 60 s (35 cycles), 
720С - 5 min. Final concentration of total DNA in the 
solution was determined using fluorimeter Qubit and Qubit 
dsDNA BR Assay Kit (Invitrogen, Inc., USA) according to 
the producer’s manuals. The fluorescent labeled amplicons of 
16S rRNA gene were purified according to standard method. 
The restriction of DNA samples (30-50 ng) was performed 
using restrictases HaeIII, HhaI, and MspI (Fermentas, Inc., 
Lithuania) according to the producer’s manual (during 2 

hours at 370С). The products of the restriction were 

precipitated by ethanol; after the addition of 0.2 μL of 

molecular weight marker Size Standart-600 and 10 μL of 

formamide Sample Loading Solution (Beckman Coulter, 
USA) the samples were analyzed on genetic analyzer CEQ 
8000 (Beckman Coulter, USA) according to the producer’s 

manual. The instrumental error of this analyzer does not 
exceed 5%. Heights and areas of the peaks were calculated by 
Fragment Analysis software (Beckman Coulter, USA); 

phylotypes were identified with the error margin of 1 
nucleotide and their concentrations in the microbial 
community was determined. The attribution of the bacteria to 
certain taxonomic groups was performed with the use of 
http://mica.ibest.uidaho.edu/trflp.php database. 

The variance analysis of the results of the trial was 
performed using Microsoft Excel 2010 software with the 
significance levels as follows: * - Р<0.05; ** - Р<0.01; *** - 
Р<0.001.  

III. RESULT AND DISCUSSION 

The comparative analysis of the composition of cecal 
bacterial community in broilers (Table 1) revealed certain 
differences related to the age (38 or 49 days of age) and diet 
composition; however, concentration of normal microbiota 
was relatively high in all four treatments. 

The cellulolytic bacteria (Bacteroidetes, Ruminococcus, 
Eubacterium, etc.) dominated in the cecal microbial 
community in all four treatments, in accordance with modern 
concepts of the intestinal microbiota in poultry [42, 43]. 
According to the databases (GenBank, Ribosomal Database 
Project, Silva) phylums Firmicutes, Bacteroidetes and 
Proteobacteria are accounted for 90% of the GIT microbial 
population in chicken and turkey [44]. 

Avian GIT is characterized by the absence of endogenous 
enzymes hydrolyzing fiber and other non-starch 
polysaccharides (NSPs); the digestion of these substances in 
poultry is therefore driven exclusively by the cellulolytic 
microorganisms. The share of cellulolytic bacteria 
(Bacteroidetes, Ruminococcus, Eubacterium, etc.) in cecal 
microbial community at 38 days of broilers’ age was 

extremely high, ca. 50%. The least share of cellulolytic 
species was found in treatment 4 (47.34%), the highest in 
treatment 3 (54.8%), with 51.0 and 52.5% in tr4eatments 1 
and 2, respectively. At 49 days of age the share of cellulolytic 
bacteria grew in all treatments to ca. 60%; the increase was 
11% in treatment 1 and 20-22% in treatments 2-4. The 
interesting changes were found in the concentrations of 
certain species obligate for the avian intestine (lactic bacteria 
from Lactobacillus and Enterococcus geni, Bifidobacteria) 
and capable to the antagonistic exclusion of pathogenic 
species (including salmonellas, Protea, Staphylococci, 
coliforms, Pseudomonas, Streptococci) due to the release of 
volatile organic acids and bacteriocins [45]. 

The maximal share of lactic bacteria at 38 days of age was 
found in treatments 3 and 4 (ca. 6%). In control treatment 1 
the share of these species was the least - 1.7%), in treatment 2 
3.0%. An insignificant decrease in the concentrations of these 
species was found in all treatments at 49 days of age. 

The share of Bifidobacteria was low in treatments 1 and 2 
(without a probiotic in their diets); in treatments 3 and 4 fed 
diets supplemented with a probiotic the share of this genus in 
cecal community grew 10-fold at 38 and 49 days of age. 

The Bacilli species are known to render significant 
antimicrobial activity against pathogens and other 
advantageous properties like the hydrolysis of dietary 
carbohydrates. 
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Table 1. Relative concentrations (%) of microorganisms in cecal microbial community in broilers according to 
T-RFLP analysis 

Microorganism Functional role 38 days of age; treatments: 49 days of age; treatments: 
1 2 3 4 1 2 3 4 

Normal species 
Cellulolytic bacteria (Bacteroidetes, 
Ruminococcus, Eubacterium, etc.) 

«Beneficial» species hydrolyzing fiber,  
NSPs. and other dietary carbohydrates 

51.03 52.47 54.76 47.38  56.94 64.15 67.01 56.89 

Lactobacillaceae «Beneficial» species with antimicrobial 
activity against pathogens 

1.70 2.92 6.05 5.92 1.65 4.25 5.41 5.20 

Bacilli «Beneficial» species with antimicrobial 
activity against pathogens and other 

advantageous properties (hydrolysis of 
dietary carbohydrates, etc.) 

1.07 1.98 2.10 2.67 1.41 1.08 1.81 1.48 

Selenomonas from 
Veillonellaceae family 

Decomposition of organic acids  
10.91 14.61 14.57 10.40 2.92 12.21 22.67 16.31 

Bifidobacteriaceae «Beneficial» species with antimicrobial 
activity against pathogens 

0.08 0.09 0.79 0.74 0.01 0.04 0.77 0.78 

Opportunistic species 
Actinobacteria Certain species can cause actinomycoses 3.34 3.75 3.34 3.56 3.55 3.37 1.84 3.01 

Enterobacteriaceae Certain species can cause gastroenterites 1.72 2.06 1.45 2.78 3.36 2.27 0.21 0.69 
Pathogenic species 

Fusobacterium sp. Agents of different infectious diseases 1.67 0.00 0.88 0.42 4.08 0.41 0.75 0.00 
Peptococcus sp. 2.99 1.83 1.99 2.43 1.17 1.48 0.81 1.61 

Campylobacteraceae 0.11 0.00 0.03 0.24 2.15 0.60 0.17 0.76 
Clostridium novyi Clostridium perfringens 0.74 0.88 0.44 0.00 0.56 0.31 0.02 0.08 

Staphylococcus sp. 0.56 0.09 0.16 0.68 0.92 0.22 0.53 0.48 
Pasteurellaceae 0.04 0.53 0.04 0.05 0.03 0.35 0.00 0.05 
Mycoplasma sp. 0.49 0.45 0.43 0.00 0.68 0.20 0.67 0.87 

Transient species 
Pseudomonas sp. Food-born microorganisms 3.64 1.86 1.78 2.13 1.21 0.10 0.58 0.83 

 
Non-cultivating bacteria unclear 14.83 13.62 13.12 15.12 11.30 6.00 3.82 10.57 

 
At 38 days of age the highest bacilli percentage was found 

in treatment 4 (2.7%) the lowest in treatment 1 (1.1%); in 
treatments 2 and 3 this percentage was intermediate (ca. 2%). 
At 49 days of age the bacilli percentage in treatments 2-4 
decreased 1.2-1.8 fold in compare to 38 days while in 
treatment 1 increased 1.3-fold. 

The Selenomonas can transform organic acids to different 
beneficial compounds and actively participate in the host’s 

metabolism. The share of Selenomonas (Veillonellaceae 
family) was high in all treatments. At 38 days of age maximal 
percentage of Selenomonas was found in treatments 2 and 3 
(14.6%); in treatments 1 and 4 this share was ca. 10.5%. At 
49 days of age the percentage of Selenomonas in treatments1 
and 2 decreased 3.7- and 1.2-fold, respectively, in compare to 
38 days, while in treatments 3 and 4 in increased 1.5-fold. 

The opportunistic actinomyces (Actinobacteria phylum) 
frequently cause the distinctive inflammatory diseases (called 
actinomycoses) in animals, poultry, and human. The most 
popular actinomycosis-inducing agents are А. israelii, А. 
gerencseriae, А. naeslundii, А. viscosus, А. odontolyticus,  А. 
meyeri, etc. The percentages of actinomyces at 38 days of age 
were 3.80; 3.75; 3.34 and 3.60% respective to treatments 1-4. 
At 49 days of age these percentages in treatments 2-4 
decreased ca. 1.5-fold while in treatment 1 remained at the 
level of 38 days. Certain Enterobacters (Enterobacteriaceae 
family) can cause gastroenterites. At 38 days of age the 
percentage of Enterobacters was low in all treatments (from 
1.5 to 3.4%). At 49 days of age the percentage of 
Enterobacters in treatments 1 and 2 grew 2.0- and 1.1-fold, 
respectively, while in treatments 3 and 4 grew 7- and 4-fold, 
respectively. 

Pathogenic Clostridia (C. botulinum, C. perfringens, C. 
noviy) cause clostridial enteritis, botulism, diarrhea; these 
species produce toxins inducing necroses of certain tissues 

and organs of the host including the intestine. The 
percentages of pathogenic Clostridia in all treatments at both 
ages were lower than 0.9%. 

Peptococci (Peptococcus sp.) also can cause certain 
diseases. At 38 days of age the share of peptococci in all 
treatments was relatively high: 5% in control treatment 1 and 
2.0-2.5% in treatments 2-4. At 49 days of age this share 
decreased in all treatments: 4-fold in treatment 1, by 20; 40 
and 65% in treatments 2-4, respectively. 

Fusobacteria (Fusobacterium sp.) can cause 
necrobacterioses. In control treatment 1 percentage of 
fusobacteria was high and tended to grow with age (from 1.7 
to 4.1%, or 2.5-fold). In treatment 2 fusobacteria were not 
detected at 38 days of broilers’ age though at 49 days this 

genus presented in cecal microbiota (0.41%). In treatment 3 
there were no age-related changes in the concentration of 
fusobacteria. It’s interesting to note that in treatment 4 the 
reduction in this percentage occurred to 49 days of age – from 
0.42% at 38 days to zero. 

Pathogenic  
Campilobacteria (Campylobacteraceae family) causing 

gastroenterites were identified in almost all samples 
(excluding treatment 2 at 38 days of age); percentage of 
Campilobacteria tended to increase with age in all treatments. 
maximal percentage was found at 49 days in control 
treatment 1 (2.15%). 

Staphylococci (Staphylococcus sp.) are pathogenic for 
poultry due to the production of toxins and enzymes 
promoting the colonization of different host tissues and 
disturbing the activities of host cells which results in necrotic 
inflammations, festering, and further expansion of the 
toxicoinfection.  
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According to our data, concentrations of Staphylococci in 
all treatments and ages were low (less than 1%). 

Pasteurellas (Pasteurellaceae family) also can cause 
certain poultry diseases. The percentages of pasteurellas in all 
treatments were low (no more than 0.5%) and tended to 
decrease from 38 to 49 days of age. 

Mycoplasms (Mycoplasma sp.) are causative agents of 
avian mycoplasmoses. At 38 days of age the percentage of 
mycoplasms was low in all treatments and tended to increase 
with age. Maximal growth was found in treatment 4: from 0% 
at 38 days of age to 0.87% at 49 days, maximal 
contamination level in all four treatments. 

The Pseudomonas were found in the food-borne transient 
segment of cecal microbiota. The percentages of 
Pseudomonas in all treatments and ages were relatively low 
(from 0.1 to 3.64%). 

In all treatments and ages certain non-cultivating species 
were detected with the shares varying from 3.82 to 15.12%. 
These species could not be identified and studied via 
traditional microbiological methods (involving cultivation on 
artificial mediums) though their role in the digestion in 
poultry is not inevitably positive. 

Our data on the qualitative and quantitative composition of 
cecal microbiota are in accordance with previously published 
data [46-48]. 

IV. CONCLUSION 

It can be concluded that keratin- and collagen-derived 
protein feed additives rendered no negative impact on the 
intestinal microbiota. Cecal concentrations of beneficial 
(normal) species in the treatments fed diets supplemented 
with these additives were higher in compare to the control 
treatment. 
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