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Abstract: Feeds, feed preparations and high-protein feed supplements are complex multicomponent compositions that, 
when stored, used, processed and transported, can change their physicochemical properties, microbiological indicators 
and toxicological properties. In this regard, it is very important to study the above properties and quality indicators. The 
paper describes a study of the peptide profile, physico-chemical and toxicological properties of the enzymatic 
hydrolysates of feather-down raw materials obtained during a multifactorial experiment to optimize the conditions for 
enzymatic hydrolysis of feather-down raw materials. The raw materials were previously subjected to a short-term 
hydrothermal treatment to improve the course of enzymatic hydrolysis. The enzymes obtained from bacterial organisms 
were used for the enzymatic hydrolysis of raw materials: Protolade B and Protease 2630#2256. The following results 
were obtained for the physicochemical properties of enzymatic hydrolysates: the content of protein and solids in the 
enzymatic hydrolysates of feather-down raw materials varied in the range of 1.80–3.00% and 2.6–4.4%, respectively. In 
this case, the mass fraction of protein was 67.7–70.6% in terms of the mass fraction of moisture. The mass fraction of 
ash, in terms of the mass fraction of moisture, did not exceed 0.43% in all the samples of enzymatic hydrolysates, the 
mass fraction of fat was 0.74%, the mass fraction of crude fiber was 1.28%, the mass fraction of sodium chloride was 
1.92% the mass fraction of the impurities insoluble in hydrochloric acid was 0.77%. It has been shown that enzymatic 
hydrolysates corresponded to TU 9219-094-23476484-09 “Hydrolyzed feed flour. Feather protein concentrate” for their 
microbiological properties (QMAFAnM, coliforms, pathogenic microorganisms, toxin-forming anaerobic bacteria and 
bacteria of the genus Proteus) and chemical safety parameters. 
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INTRODUCTION 

The main condition at the present stage of society is 
the development of technological progress by 
introducing energy and resource-saving processing 
lines into production and industry that allow to supply 
to the production of high-quality products and reduce 
the negative environmental consequences of 
production. This trend can be referred to the production 
of feed supplements [3, 11, 15]. 

Feeds, feed preparations and high-protein feed 
supplements are complex multicomponent 
compositions that, when stored, used, processed and 
transported, can change their physicochemical 
properties, microbiological indicators and toxicological 
properties. In this regard, it is very important to study 
the above properties and quality indicators [6, 11, 12]. 

The production of poultry products is the leading 
branch of agriculture for today and has a significant 

effect on the production of food products of other 
industries. Much attention is paid to the safety of feeds 
for poultry [10, 11]. 

The creation of an extensive fodder base is one of 
the main factors in the production of animal products. 
An important task that scientists have in the 
development of new feed supplements or feeds is the 
development of maximum quality control and safety of 
feed supplements and feeds [2, 12, 13]. 

The present stage of the studies aims at studying the 
physico-chemical properties of the enzymatic 
hydrolysates of feather-down raw materials obtained 
during a multifactorial experiment on optimizing the 
conditions of the enzymatic hydrolysis of feather-down 
raw materials at a laboratory level.  

Feather-down raw materials were used after a short-
term hydrothermal treatment as feather raw materials 
for enzymatic hydrolysates. The use of a preliminary 
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short-term hydrothermal treatment allows for grinding 
feather raw materials simultaneously with reducing the 
density of a keratin pack partially breaking hydrogen 
bonds and reducing hydrophobic interactions. The 
resulting substrate is more easily subjected to an 
enzymatic attack.  

The sanitary quality of such products has an 
enormous effect on the reproductive ability, 
productivity and health of animals, as well as a direct 
effect on their biological value. The sanitary quality of 
feeds is determined by the amount of the pathogenic 
microorganisms contained therein [5, 16]. Most 
attention in the sanitary evaluation of feed supplements 
and feeds is paid to such indicators as the total bacterial 
content, the presence of pathogenic microorganisms 
and toxins. The high amount of such pathogenic 
microorganisms in feeds as salmonella, clostridia, etc., 
leads to an infection and the development of diseases in 
animals and birds, their early death, and, consequently, 
to high economic losses [7, 16, 14]. 

Microbiological studies of animal and vegetable 
feeds are carried out in the department of veterinary 
and sanitary examination for the presence of: the total 
bacterial content, Salmonella, Escherichia coli, 
Proteus and toxin-forming anaerobic bacteria [8, 19]. 
The presence of salmonella in feeds and feed 
supplements is the cause of infectious salmonellosis. 
Salmonellosis affects young stock, including poultry, 
animals and humans. Salmonellosis is followed by a 
fever and profuse diarrhea, and may also cause lung 
diseases. In pregnancy, salmonellosis can be a cause 
of spontaneous abortion [9, 14]. Intestinal bacillus 
(lat. Escherichia coli) is a species of gram-negative 
rod-shaped bacteria, widely distributed in the lower 
intestine of warm-blooded animals. Most strains of  
E. coli are harmless, but the serotype O157:H7 can be 
a cause of severe food poisoning in humans and 
animals [4, 15, 17]. 

The content of microorganisms in poultry feeds is 
the main cause of poisoning and the emergence of 
infectious agents. 

Equally important is the observance of the 
conditions of storage of feeds and also their 
transportation. Mixed feeds must be transported in 
compliance with sanitary standards, in dry, clean, 
uninfected vehicles without foreign odors. When 
loading, transporting and unloading mixed feeds should 
be protected from atmospheric precipitation. Mixed 
feeds are stored in dry, clean, uninfected, well-
ventilated warehouses. If mixed feed was stored 
incorrectly in an unprepared and unadapted room, it is 
highly likely to be very dangerous to the life and health 
of animals [1, 12, 19]. 

 
STUDY OBJECTS AND METHODS 

The following was used as the study object: the 
enzymatic hydrolysates from the poultry feather-down 
raw materials of Kuzbass Broiler, LLC (Kemerovo 
region, Russia). 

When analyzing the obtained enzymatic 
hydrolysates of feather-down raw materials using a 
multienzyme composition, the following methods were 
used: 

The mass fraction of crude protein was determined 
by ashing with sulfuric acid in the presence of a 
catalyst, followed by the alkalinization of the reaction 
product, the distillation and titration of the released 
ammonia according to GOST 32044.1–2012 “Feeds, 
mixed feeds and raw material. Determination of mass 
fraction of nitrogen and calculation of mass fraction of 
crude protein”. 

The mass fraction of the ash insoluble in 
hydrochloric acid was determined in accordance with 
GOST 13496.14–87 “Mixed fodder, raw mixed 
fodder, fodder. Method for determination of ash 
insoluble in hydrochloric acid”. 

The mass fraction of moisture was determined 
according to GOST 17681–82 “Flour of animal origin. 
Test methods”. 

The mass fraction of whole protein was studied 
using the Dumas method with the use of a RAPID N 
Cube protein nitrogen analyzer. 

The mass fraction of fat was determined in 
accordance with GOST 32905–2014 “Feeds, mixed 
feeds and raw material. Method for determination of fat 
content”. 

The mass fraction of crude fiber in enzymatic 
hydrolysates was determined in accordance with the 
requirements of GOST 13496.2–91 “Fodders, mixed 
fodders and mixed fodder raw material. Method for 
determination of raw cellular tissue”. 

The mass fraction of sodium chloride in enzymatic 
hydrolysates was determined using an ionometric 
method in accordance with the requirements of  
GOST 13496.1–98 “Mixed fodder and raw mixed 
fodder. Methods for sodium and sodium chloride 
determination”. 

The mass fraction of calcium in enzymatic 
hydrolysates was determined using a complexometric 
method in accordance with GOST 26570–85 “Fodder, 
mixed fodder and mixed fodder raw material. Methods 
for determination of calcium”. 

The mass fraction of the mineral impurities 
insoluble in hydrochloric acid in enzymatic 
hydrolysates was determined using a water flotation 
method in accordance with GOST 25555.3–82 “Fruit 
and vegetable products. Methods for determination of 
mineral impurities”. 

The mass fraction of phosphorus in enzymatic 
hydrolysates was determined in accordance with GOST 
26657–97 “Fodders, mixed fodders, mixed fodder raw 
materials. Methods for determination of phosphorus 
content”. 

The number of mesophilic aerobic and facultative 
anaerobic microorganisms (QMAFAnM) was 
determined in accordance with GOST 10444.15–94 
"Food products. Methods for determination of quantity 
of mesophilic aerobes and facultative anaerobes" and 
GOST 25311–82 “Feeding flour of animal origin. 
Methods of bacteriological analysis”. 

The number of coliforms (coliform bacteria) was 
determined in accordance with GOST 30518–97  
“Food products. Methods for detection and quantity 
determination of coliforms” and GOST 26670–91 
“Food products. Methods for cultivation of 
microorganisms”. 
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The presence of pathogenic and toxin-forming 
microorganisms was determined in accordance with 
GOST 25311–82 “Feeding flour of animal origin. 
Methods of bacteriological analysis”, the presence of 
salmonella was determined in accordance with  
GOST 30519–97 “Food products. Method for 
detection of Salmonella”. 

The presence of bacteria of the genus Proteus was 
determined according to GOST 28560–90 “Food 
products. Method for detection of bacteria of Proteus, 
Morganella, Providencia genera”. 

The content of arsenic in the samples studied was 
determined in accordance with GOST 26930–86 “Raw 
material and food-stuffs. Method for determination of 
arsenic”. 

The content of toxic elements was determined: 
– for lead - according to GOST 26932–86 “Raw 
material and food-stuffs. Methods for determination of 
lead”, cadmium - in accordance with GOST 26933–86 
“Raw material and food-stuffs. Methods for 
determination of cadmium”, 
– strontium-90 - in accordance with 32163-2013 
“Foodstuffs. Method for strontium Sr-90 content 
determination”, 
– pesticides - according to GOST 32194–2013 “Feeds, 
compound feeds. Determination of organochlorine 
pesticides residues by gas chromatographic method”, 

mercury - in accordance with GOST R 53183–2008 
“Foodstuffs. Determination of trace elements. 
Determination of mercury by cold-vapour atomic 
absorption spectrometry (CVAAS) method after 
pressure digestion”. 
– copper - in accordance with GOST 26931–86 “Raw 
material and food-stuffs. Methods for determination of 
copper”, 
– zinc - in accordance with GOST 26934–86 “Raw 
material and food-stuffs. Method for determination of 
zinc”, 
– aflatoxin B1 - according to GOST 31653–2012 
“Feedstuffs. Method of immunoenzyme mycotoxin 
determination”, 
– cesium-137 in accordance with GOST 32161–2013 
“Foodstuffs. Method for cesium Cs-137 content 
determination”. 

The molecular weight distribution of enzymatic 
hydrolysates of keratin-containing raw materials was 
estimated using the method of exclusion 
chromatography. The chromatographic system included 
a Varian ProStar HPLC chromatograph (USA), a 
PS210 SDM pump, a PS410 Autosampler and a 
BioSep-SEC-S 2000 (7.8 x 300 mm) column from 
Phenomenex (USA). This kind of column is used for 
the analytical separation of low molecular weight 
proteins and peptides by gel filtration. The column was 
calibrated for standard water-soluble proteins and 
peptides from GE Healthcare (USA), Serva (Germany) 
and Sigma (USA) in the range of molecular weights 
from 451 to 440,000 Da covering its operating range. 
The optical density was registered using a streaming 
current detector with a photodiode array (Varian  
335 PDA) in the range of 190–330 nm with a base 
wavelength of 214 nm. A 50 mM Na-phosphate 0.15 M 
NaCl buffer, pH 6.8, was used as an aluent. The elution 

rate was 1 ml/min. The volume of the sample applied 
to the column was 20 μl. The sample preparation 
included double centrifugation at 60000 g for 40 min. 
The chromatograms obtained were integrated with the 
calculation of the relative content of the high molecular 
weight protein fraction (MW > 10 kDa), the mid-
molecular oligopeptide fraction (MW is 3–10 kDa) and 
the low molecular weight fraction (MW < 3 kDa) 
containing peptides and free amino acids.  

 
RESULTS AND DISCUSSION 

Enzymatic treatment involves the hydrolysis of the 
protein that splits into smaller fragments, including 
peptides and free amino acids. The functional and 
technological characteristics of protein hydrolysates, 
such as the dissolubility capacity, the moisture-
retaining capacity, emulsification and others, and the 
biological activity of hydrolysates are determined by 
the depth of the hydrolysis of the initial substrate.  

To increase the degree of enzymatic conversion, the 
source feather raw materials were subjected to a short-
term hydrothermal treatment. The samples of the 
hydrothermally treated keratin-containing raw 
materials were obtained in accordance with the 
following technological parameters of hydrothermal 
hydrolysis:  
 the initial feather moisture - 55%; 
 the heating temperature - 190–200ºС; 
 the heating duration - 90 sec. 

The obtained sample of the hydrothermally treated 
feather raw materials (feather) was characterized 
according to physicochemical parameters. The 
physicochemical properties include density, 
hygroscopicity, mass the fraction of moisture, the 
mass fraction of fat, the mass fraction of ash, the mass 
fraction of protein, the mass fraction of crude fiber, 
the mass fraction of sodium chloride, the mass 
fraction of calcium, the mass fraction of the mineral 
impurities insoluble in hydrochloric acid.  
Table 1 presents the results of a study of the 
physicochemical properties of the source feather raw 
materials after hydrothermal treatment.  

 
Table 1. Physicochemical parameters of the 
hydrothermally treated feather raw materials  

 

Parameter 
Actual 
result 

Method  
of analysis 

Mass fraction of moisture, % 6.3 GOST 17681-82 
Mass fraction of protein, % 84.1 GOST 32044.1-2012 
Mass fraction of fat, % 2.7 GOST 32905-2014 
Mass fraction of ash, % 1.0 GOST 32933-2014 
Mass fraction of crude  
fiber, % 

0.8 GOST 13496.2-91 

Mass fraction of sodium 
chloride, % 

1.6 GOST 13496.1-98 

Mass fraction of calcium, % 1.2 GOST 26570-85 
Mass fraction of 
phosphorus, % 

1.5 GOST 26657-97 

Mass fraction of the mineral 
impurities insoluble in 
hydrochloric acid, % 

0.5 GOST 25555.3-82 
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Table 2. Parameters for obtaining samples of enzymatic hydrolysates 
 

Sample 
irrigation 
modulea 

Enzyme activityb per 
1 g of substrate, unit 

Enzyme 
Sodium sulphite coenzyme,  

% of feather weight 
Hydrolysis  

time, h 
HF-3 4 15 Protease 2630#2256 0.5 2 
HF-28 8 15 Protease 2630#2256 0.5 4 
HF-37 6 20 Protolade B 0.5 2 
HF-54 8 30 Protolade B 0.5 4 
HF-58 4 30 Protolade B 1.25 2 
HF-68 8 30 Protolade B 1.25 2 

Note. аhydromodule is the weight ratio of water and raw materials; b the activity of EP was determined in accordance with GOST 20264.2-88. 

 
Table 3. Physicochemical properties of the enzymatic hydrolysates of feather-down raw materials obtained during a 
multifactor experiment at a laboratory level 
 

Parameter  
Parameter value for a sample 

HF-3 HF-28 HF-37 HF-54 HF-58 HF-68 
Mass fraction of moisture, % 95.7 96.9 97.4 97.3 95.6 96.1 
Mass fraction of protein, % 2.98/69.3 2.19/70.6 1.80/69.2 1.87/69.3 3.00/68.2 2.64/67.7 
Mass fraction of ash, % 0.02/0.43 0.01/0.3 0.005/0.19 0.005/0.19 0.01/0.23 0.01/0.26 
Mass fraction of fat, % 0.01/0.23 0.002/0.06 0.002/0.08 0.02/0.74 0.003/0.07 0.005/0.13 
Mass fraction of crude fiber, % 0.05/1.16 0.03/0.98 0.03/1.15 0.02/0.74 0.03/0.68 0.05/1.28 
Mass fraction of sodium chloride, % 0.06/1.39 0.05/1.61 0.05/1.92 0.04/1.48 0.08/1.82 0.05/1.28 
Mass fraction of calcium, % 0.54/12.6 0.40/12.9 0.34/13.1 0.35/13.0 0.60/13.6 0.54/13.8 
Mass fraction of phosphorus, % 0.62/14.4 0.40/12.9 0.36/13.8 0.38/14.1 0.65/14.8 0.58/14.9 
Mass fraction of the mineral impurities 
insoluble in hydrochloric acid, % 

0.02/0.46 0.02/0.65 0.02/0.77 0.01/0.37 0.03/0.68 0.02/0.51* 

Note. The numerator - without recounting to the mass fraction of moisture required by the specifications; the denominator - in terms of the mass 
fraction of moisture required by the specifications. 

 
As it can be seen from the data presented in  

Table 1, the feather-down raw materials subjected to 
hydrothermal treatment meet the requirements of  
TU 9219–094–23476484–09 “Hydrolyzed feed flour. 
Feather protein concentrate” for the physicochemical 
parameters. 

The feather, pretreated hydrothermally, was 
subjected to enzymatic hydrolysis during a multifactor 
experiment to optimize the conditions of enzymatic 
hydrolysis of feather-down raw materials (HF) at a 
laboratory level. The samples of the hydrolysates 
shown in Table 2 showed the most satisfactory results 
(% of protein, the yield of solids, the anion-exchange 
capacity of feather hydrolyzates in relation to peroxyl 
hydrolyzate) and were selected for a further study. 

Further on, we studied the physico-chemical 
properties of six samples of enzymatic hydrolysates 
(Table 2) of the hydrothermally pre-treated feather-
down raw materials obtained in the course of a 
multifactorial experiment to optimize the conditions for 
the enzymatic hydrolysis of feather-down raw 
materials at a laboratory level. Table 3 presents the 
results obtained. 

The data presented in Table 3 show that the content 
of protein and solids in the enzymatic hydrolysates of 
the feather-down raw materials varies in the range of 
1.80–3.00% and 2.6–4.4%, respectively. The mass 
fraction of protein in terms of the mass fraction of 
moisture is 67.7–70.6%. The mass fraction of calcium 
in terms of the mass fraction of moisture in the test 
samples varies in the range from 12.6 to 13.8%, the 
mass fraction of phosphorus ranges from 12.9  
to 14.9%. The mass fraction of ash in terms of the mass 
fraction of moisture in all the samples of enzymatic 
hydrolysates does not exceed 0.43%, the mass fraction 

of fat - 0.74%, the mass fraction of crude fiber - 1.28%, 
the mass fraction of sodium chloride - 1.92% and the 
mass fraction of the impurities insoluble in 
hydrochloric acid - 0.77%. It also follows from Table 1 
that the minimum protein content in terms of the mass 
fraction of moisture is in the hydrolysates with an 
irrigation module equal to 4. The content of solids and 
protein in the enzymatic hydrolysates of feather-down 
raw materials correlate with each other. This fact is 
apparently due to a high relative fraction of protein in 
the solids of enzymatic hydrolysates of feather-down 
raw materials. The content of moisture and ash of the 
enzymatic hydrolysates of feather-down raw materials 
correspond to the value range of these parameters for 
other animal hydrolysates.  

The comparison of the data in Table 3, in terms of 
the mass fraction of moisture, testifies that the enzymatic 
hydrolyzates of the feather-down raw materials have 
satisfactory parameters for the mass fraction of ash, fat, 
crude fiber, sodium chloride, calcium, phosphorus and 
mineral impurities. As for the protein content, there is no 
such correspondence, due to which the further 
investigations within the framework of this study will be 
aimed at cleaning and degreasing the enzymatic 
hydrolysates of feather-down raw materials in order to 
increase the mass fraction of protein. 

The analysis of the molecular mass distribution of 
enzymatic hydrolysates of keratin-containing raw 
materials of hydrolysates with the maximum yield of 
solids or the highest antioxidant capacity in relation to 
a peroxyl radical (HF-3, HF-28, HF-37, HF-54, HF-58, 
HF-68) was performed according to the procedure 
given. Table 4 presents the results obtained.  

Figure 1 presents the profiles of hydrolysate 
elution. 
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Minutes 

1 – Channel A-UV Spectral Photometer S-2500 N3.CDF; 2 – Channel A-UV Spectral Photometer S-2500 N28.CDF 

(а) 
 

    
 

Minutes 

1 – Channel A-UV Spectral Photometer S-2500 N37.CDF; 2 – Channel A-UV Spectral Photometer S-2500 N54.CDF 

(b) 
 

   
 

Minutes 

1 – Channel A-UV Spectral Photometer S-2500 N58.CDF; 2 – Channel A-UV Spectral Photometer S-2500 N68.CDF 

(c) 
 
Fig. 1. Elution profiles of hydrolysates (a) HF-3 and HF-8; (b) HF-37 and HF-54; (c) HF-58 and HF-68. 
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The elution profiles of the hydrolysates obtained 
when incubating the keratin-containing raw materials 
in a medium without the addition of an enzyme and 
sodium sulfite (Fig. 1) are characterized by the 
presence of well-marked peaks for 11 min of elution. 
In addition, there are peaks of low intensity                      
that correspond to low-molecular compounds               
(13–14 min). The HF-58 sample, obtained when 
hydrolyzing the keratin-containing raw materials with 
a sodium sulfite content of 1.25% for 2 hours, with 
the hydromodule 4 and the activity of EP for Protolad 
B of 30 U/g, had the highest fraction (46.94%) of 
low-molecular compounds of the range < 3 kDa. The 
increase in the hydromodule to 8 (the HF-68 sample) 
resulted in a shift in the size of peptide molecules 
towards the range of molecular weights > 10 kDa. 
There is predominance in the content of peptides of 
an average molecular weight of 3-10 kDa (39–57%) 
in the samples HF-3, HF-28, HF-37 and HF-54. 

Further on, the microbiological parameters of the 
hydrothermally treated feather-down raw materials 
(feather) were examined. Table 5 presents the results 
of these studies. 

As it can be seen from the data presented  
in Table 4, the feather-down raw materials meets the 
requirements of TU 9219-094-23476484-09 
“Hydrolyzed feed flour. Feather protein concentrate” 
for their microbiological properties (QMAFAnM, 
coliforms, pathogenic microorganisms, toxin-forming 
anaerobic bacteria and bacteria of the genus Proteus) 
and chemical safety parameters. 

The microbiological properties of six samples of 
enzymatic hydrolysates were also studied. Table 6 
presents the obtained results. 

The data of Table 6 show that, according to 
microbiological properties, the samples of enzymatic 
hydrolysates of the pre-treated feather-down  
raw materials, obtained at a laboratory  
level, correspond to the current hygienic standards for 
the bacteriological safety of feeds and feed  
ingredients. 

Within the framework of this study, the chemical 
safety indicators of the hydrothermally treated 
feather-down raw materials (feather) were studied. 
The study considered the content of lead, cadmium, 
arsenic and mercury, copper, zinc, aflatoxin B1, 
dichlorodiphenyltrichloromethylmethane, endosulfan, 
endrin, heptachlor and hexachlorocyclohexane, as 
well as the content of the 90Sr and 137Cs radionuclides, 
in the raw materials. Table 7 presents the study 
results. 

The results of the studies presented in Table 7  
show that the feather-down raw materials meet  
the requirements of TU 9219–094–23476484–09 
“Hydrolyzed feed flour. Feather protein concentrate” 
for the chemical safety parameters.  

Table 8 presents the results of the study of the 
physico-chemical indicators of six samples of 
enzymatic hydrolysates of the hydrothermally pre-

treated feather-down raw materials obtained in the 
course of a multifactorial experiment to optimize the 
conditions for the enzymatic hydrolysis of feather-
down raw materials at a laboratory level.  

It follows from Table 8 that the content of toxic 
elements and radionuclides in the enzymatic 
hydrolysates of feather-down raw materials, obtained 
under optimal conditions of hydrolysis at a laboratory 
level, corresponds to the safety parameters specified in 
TU 9219–094–23476484–09 "Hydrolyzed feed flour. 
Feather protein concentrate". 
 
Table 4. Molecular mass distribution of enzymatic 
hydrolysates of keratin-containing raw materials 
obtained during a multifactor experiment at a 
laboratory level 
 

Example code
Share of components with the 
corresponding range of MW 

> 10 kDa 3–10 kDa < 3 kDa 

HF-3 28.68 51.31 19.99 

HF-28 27.13 57.83 15.02 

HF-37 36.55 39.14 24.32 

HF-54 25.94 53.88 17.41 

HF-58 18.34 34.73 46.94 

HF-68 41.15 35.21 23.62 

 
Table 5. Microbiological parameters of the 
hydrothermally treated feather-down raw materials 
(feather)  

 
Microbiological 

indicators 
Norms 

Test 
results 

NTD for the test 
methods 

The number of 
mesophilic aerobic 
and facultative 
anaerobic 
microorganisms, 
CFU per 1.0 g,  
no more than 

5.0·105 1.0·102
 GOST 10444.15-94

Product mass (g),  
in which coliform 
bacteria were not 
detected 

50.0 50.0 
GOST 25311-82, 
GOST 30518-97 

Product mass (g),  
in which pathogenic 
microorganisms, 
including 
Salmonella, were 
not detected 

50.0 50.0 
GOST 25311-82, 
GOST 30519-97 

Product mass (g),  
in which anaerobic 
bacteria (toxin-
forming bacteria) 
were  
not detected 

50.0 50.0 
GOST 25311-82, 
GOST 29185-91 

Product mass (g),  
in which Proteus 
were not detected 

1.0 1.0 GOST 28560-90 
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Table 6. Microbiological indices of the enzymatic hydrolysates obtained under optimal hydrolysis conditions at a 
laboratory level 

 

Microbiological indicators Norms 
Test results NTD for the test 

methods HF-3 HF-28 HF-37 HF-54 HF-58 HF-68 

The number of mesophilic 
aerobic and facultative 
anaerobic microorganisms, 
CFU per 1.0 g, no more than 

5.0·105 9.0·101 1.8·102 1.2·104 2.2·103 3.0·101 1.1·104 
GOST 25311-82, 

GOST 10444.15-94 

Product mass (g), in which 
coliforms were not detected 

50.0 50.0 50.0 50.0 50.0 50.0 50.0 
GOST 25311-82, 
GOST 30518-97 

Product mass (g), in which 
pathogenic microorganisms, 
including Salmonella, were  
not detected 

50.0 50.0 50.0 50.0 50.0 50.0 50.0 
GOST 25311-82, 
GOST 30519-97 

Product mass (g), in which 
anaerobic bacteria (toxin-
forming bacteria) were not 
detected 

50.0 50.0 50.0 50.0 50.0 50.0 50.0 
GOST 25311-82, 
GOST 29185-91 

Product mass (g), in which 
Proteus were not detected 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 GOST 28560-90 

 
Table 7. Indicators of chemical safety of the hydrothermally treated feather-down raw materials (feather) 
 

Safety indicators Actual value Standard indicator Methods 

Lead, mg/kg 0.0020 Not more than 0.5 GOST 26932–86 
Cadmium, mg/kg 0.0010 Not more than 0.3 GOST R 51301–99 
Arsenic, mg/kg not detected Not more than 1.0 GOST 26930–86 
Mercury, mg/kg not detected Not more than 0.2 GOST 53183–2008 
Copper, mg/kg 10.0 Not more than 80.0 GOST 26931–86 
Zinc, mg/kg 35.0 Not more than 250.0 GOST 26934–86 
Content of aflatoxin B1, mg/kg 0.0050 Not more than 0.01 GOST 31653–2012 
Content DDT (the sum of 
dichlorodiphenyltrichloromethylmethane, 
dichlorodiphenyl dichloromethylmethane and 
dichlorodiphenyldichlorethylene), mg/kg 

0.0070 Not more than 0.05 GOST 32194–2013 

Content of endosulfan (the sum of alpha  
and beta isomers and endosulfansulfate), mg/kg 

0.020 Not more than 0.1 GOST 32194–2013 

Content of endrin (the sum of endrin  
and delta-keto endrin), mg/kg 

0.0050 Not more than 0.01 GOST 32194–2013 

Content of heptachlor (the sum of heptachlor  
and heptachlorepoxide), mg/kg 

0.0070 Not more than 0.01 GOST 32194–2013 

Content of hexachlorocyclohexane  
(the sum of isomers), mg/kg 

0.0060 Not more than 0.01 GOST 32194–2013 
90Sr, Bq/kg not detected* Not more than 200.0 GOST 32163–2013 
137Cs, Bq/kg 25.0 Not more than 600.0 GOST 32161–2013 

Note. * not detected 
 

Table 8. Beginning. Indicators of the chemical safety of the enzymatic hydrolysates obtained under optimal hydrolysis 
conditions at a laboratory level 
 

Parameter 
Parameter value for a sample 

HF-3 HF-28 HF-37 HF-54 HF-58 HF-68 
Lead, mg/kg 0.17 0.10 0.23 0.12 0.15 0.09 
Cadmium, mg/kg 0.010 0.008 0.007 0.005 0.005 0.009 
Arsenic, mg/kg 0.10 0.005 0.005 0.08 0.09 0.10 
Mercury, mg/kg 0.005 0.0050 0.0080 0.004 0.011 0.0050 
Copper, mg/kg 10.0 8.5 15.0 12.0 14.0 9.0 
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Table 8. Ediing. Indicators of the chemical safety of the enzymatic hydrolysates obtained under optimal hydrolysis 
conditions at a laboratory level 
   

Parameter 
Parameter value for a sample 

HF-3 HF-3  HF-3 
Zinc, mg/kg 25.0 40.0 35.0 55.0 10.0 20.0
Content of aflatoxin B1, mg/kg 0.0050 0.005 0.0060 0.0025 0.0075 0.0035
Content of DDT (the sum of 
dichlorodiphenyltrichloromethylmethane, 
dichlorodiphenyl dichloromethylmethane  
and dichlorodiphenyldichlorethylene), mg/kg 

0.010 0.010 0.009 0.005 0.008 0.010 

Content of endosulfan (the sum of alpha and 
beta isomers and endosulfansulfate), mg/kg 0.050 0.030 0.020 not 

detected 0.050 0.010 

Content of endrin (the sum of endrin  
and delta-keto endrin), mg/kg 0.0070 0.0070 0.0050 not 

detected 
not 

detected 0.0060 

Content of heptachlor (the sum  
of heptachlor and heptachlorepoxide), mg/kg 

not 
detected

not 
detected 0.0060 not 

detected 
not 

detected 0.0080 

Content of hexachlorocyclohexane  
(the sum of isomers), mg/kg 0.0050 not 

detected
not 

detected
not 

detected 
not 

detected 0.0050 

90Sr, Bq/kg 10.0 15.0 not 
detected 8.0 not 

detected 
not 

detected*
137Cs, Bq/kg 15.0 35.0 60.0 25.0 75.0 12.0

Note. * not detected. 
 

Thus, the following results were obtained in the 
course of this study: 
(1) The physico-chemical properties of the enzymatic 
hydrolysates of feather-down raw materials obtained 
during a multifactorial experiment on optimizing the 
conditions of the enzymatic hydrolysis of feather-
down raw materials have been studied at a laboratory 
level. The content of protein and solids in the 
enzymatic hydrolysates of feather-down raw materials 
varies in the range of 1.80–3.00% and 2.6–4.4%, 
respectively. The mass fraction of protein, in this 
case, is 67.7–70.6% in terms of the mass fraction of 
moisture. The mass fraction of ash in terms of the 
mass fraction of moisture in all the samples of 
enzymatic hydrolysates does not exceed 0.43%, the 
mass fraction of fat - 0.74%, the mass fraction of 
crude fiber - 1.28%, the mass fraction of sodium 
chloride - 1.92% and the mass fraction of the 
impurities insoluble in hydrochloric acid - 0.77%. 
(2) The molecular mass distribution of the enzymatic 
hydrolysates of keratin-containing raw materials of 
hydrolysates with the maximum yield of solids or the 
highest antioxidant capacity in relation to a peroxy 
radical has been analyzed. The elution profiles of the 
hydrolysates obtained when incubating the keratin-
containing raw materials in a medium without the 
addition of an enzyme and sodium sulfite were 
characterized by the presence of well-marked peaks for 
11 min of elution. In addition, there were peaks of low 
intensity that corresponded to low-molecular compounds 
(13–14 min). The HF-58 sample, obtained when 
hydrolyzing the keratin-containing raw materials with a 
sodium sulfite content of 1.25% for 2 hours, with the 
hydromodule 4 and the activity of EP for Protolad B of 
30 U/g, had the highest fraction (46.94%) of low-
molecular compounds of the range < 3 kDa. The 
increase in the hydromodule to 8 (the HF-68 sample) 
resulted in a shift in the size of peptide molecules 
towards the range of molecular weights > 10 kDa. There 
was predominance in the content of peptides of an 
average molecular weight of 3-10 kDa (39–57%) in the 
samples HF-3, HF-28, HF-37 and HF-54. 

(3) The microbiological properties of the enzymatic 
hydrolysates of feather-down raw materials obtained 
during a multifactorial experiment on optimizing the 
conditions of the enzymatic hydrolysis of feather-
down raw materials have been studied at a laboratory 
level. It has been shown that all the samples of 
enzymatic hydrolysates of the pretreated feather 
obtained at a laboratory level correspond to the 
parameters of microbiological safety specified in TU 
9219–094–23476484–09 “Hydrolyzed feed flour. 
Feather protein concentrate” for their microbiological 
properties (QMAFAnM, coliforms, pathogenic 
microorganisms, toxin-forming anaerobic bacteria and 
bacteria of the genus Proteus). 
(4) The chemical safety properties of the enzymatic 
hydrolysates of feather-down raw materials obtained 
during a multifactorial experiment on optimizing the 
conditions of the enzymatic hydrolysis of feather-
down raw materials have been determined at a 
laboratory level. It has been shown that the 
experimental samples of enzymatic hydrolysates of 
feather-down raw materials completely correspond to 
the parameters of chemical safety in accordance with 
TU 9219–094–23476484–09 “Hydrolyzed feed flour. 
Feather protein concentrate” for the chemical and 
radiation safety parameters. 
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