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Subject. Meat processing industry of Ukraine is facing a severe shortage of animal-based raw materials
and a significant deterioration in their quality. Biotechnological methods for enzymatic processing of meat
raw materials offer a promising solution. Scientific substantiation of the possibility and feasibility of using
fermented collagen-containing raw materials in the production of meat products, in particular, cooked
sausages as a high-quality substitute for valuable meat raw materials. Methods. In experimental samples of
cooked sausage with different contents of fermented meat raw materials from the feet of broiler chickens, the
mass fraction of fat, protein and moisture, pH and water activity were determined according to standard
methods, and the rheological index was determined using a universal mechanical testing machine. Results. A
significant effect of fermented raw material from broiler chicken feet on the formation of the quality, structural
and mechanical characteristics and technological efficiency of the finished product was revealed. An increase
in the water-holding capacity was recorded, caused by the formation of a spatial protein-collagen matrix that
effectively retains both free and bound water, from 80.3% in the control sample to 86.3% and 91.4% in the
fermented sausage samples. The sausage yield increased from 95.0% in the control sample to 97.1% and
98.4% in the fermented sausages. The obtained results indicate that the use of fermented raw material from
broiler chicken feet in the technology of cooked sausages is scientifically and technologically substantiated.
The most balanced in terms of the set of indicators is a sample from 10% fermented raw material, and a sample
from 20% of such raw material is characterized by the maximum technological advantages. Scope of results.
The results can be used by food manufacturers to develop technologies for producing cooked sausages using
fermented collagen-containing poultry raw materials as a high-quality substitute for valuable meat raw
materials. Such technological solutions contribute to the innovative development of the meat industry through
the integrated use of raw materials and resource conservation.

Key words: meat industry, meat raw materials, collagen-containing raw materials from poultry, enzyme
processing, boiled sausages, resource saving
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Mema. M ’sconepepobra npomuciogicms YKpainu Hapaszi cmuxaemvcs 3 20cmpum  Oediyumom
CUPOBUHU MBAPUHHO20 NOXOONHCEHHs Md CYMMEGUM NocipuieHHAM il axocmi. TlepcnexmusHum y yvomy
HANPAMKY € BUKOPUCMAHHS OIOMEXHON02IYHUX Cnoco0ie pepmenmamusHoi 00poOKu M'sICHOI cuposuHu.
Hayxose ob0tpynmoeanns moxciueocmi ma OOYIIbHOCMI  3ATYUeHHs QepMeHmOoBaHoi KONA2eHEMICHOT
CUPOBUHU Y BUPOOHUYMBO M ACHUX NPOOYKMIB, 30KpeMd, 6apeHux Ko8bac, 5K AKICHO20 3aMIHHUKA YIHHOT
m’sacnoi cuposunu. Memoou. Y O0ocnionux 3paskax eapenoi Kkogbacu 3 pi3HUM 6MICMOM QepMeHmOoB8aHOT
MACHOI CUpOBUHU 3 JIan KypyYam-Opouiepie GUHAYAIU MACO8Y YacmKy dcupy, biika ma eoaocu, pH ma
AKMUBHICIb 800U 32I0HO 3i CMAHOAPMHUMU MEMOOAMU, PEONI02IUHI NOKA3HUK — HA YHIBEPCATIbHIL MeXAHIUHI
mecm-mawuni. Pesynemamu. Busseneno cymmeauii 6naue oepmenmosanoi cuposuru 3 aan Kypuam-opoiiiepie
Ha (HOpMYBaAHHS AKOCHI, CMPYKMYPHO-MEXAHIUHUX XAPAKMEPUCUK MA MEXHOI02IUHOI edexmugHocmi
20moeoi npodykyii. 3aghikcoeano niosuwenHs 801020YMPUMYBATbHOL 30AMHOCHI, 3YMOBNeHEe (OPMYBAHHAM
NPOCMOPOBOI OIIKOB0-KOIA2EHOBOT MaAMpuYi, KA eQeKmugHo YMpUMye K 6LIbHY, MAK i 38 A3aHy 600y, 6i0
80,3% y kommpoavromy 3pasky 00 86,3% ma 91,4% y spaskax hepmenmosanux kogbac. Buxio kosbac 3pic 3
95,0% y xoumponvromy 3pasky, 0o 97,1% ma 98,4% y ghepmenmosanux kosbacax. Ompumani pesyromanmia
CeIOUUMD, WO BUKOPUCMAHHA (DepMEHMOBAHOI CUPOBUHU 3 JIan Kypyam-0pouiepie y mexHonoz2ii eapeHux
K08OAC € HAYKOBO MA MEXHONI02IUHO 00IpyHmosanum. Hallbinbw 30anancosanum 3a cyKynHicmo NHOKA3HUKIG
€ spazox i3 10% ¢hepmenmosanoi cuposunu, namomicms 3pasox iz 20% makoi cuposuHu xapaxmepusyemucs
MaKcUManvHumMu mexnonoziunumu nepesazamu. Cgpepa 3acmocysanus pesynomamie. Pe3ynomamu mooxcyms
Oymu GUKOPUCIMAHI BUPOOHUKAMU XAPYOBUX NPOOYKMIE OJisl CHMEOPEHHSL MEXHONO0ZII SUPOOHUYMEA 8APEHUX
K0O8OAC 13 BUKOPUCMAHHAM (DEPMEHMOBAHOT KOJIASEHEMICHOT CUPOBUHU 3 NMUYIT SIK AKICHO20 3AMIHHUKA YIHHOT
M sicHoi cupoeuHu. Taxi mexHoN02iuHI piluerHs CNPUAOMb IHHOBAYIIIHOMY PO3BUMK)Y M 'SCHOI NPOMUCIOBOCHE
HA OCHOBI KOMNJIEKCHO20 BUKOPUCMANHS CUPOBUHU MA PeCypCo30epedicenHs.

Kniwowuosi cnosa: m’sacha npomucnogicms, M’SACHA CUPOBUHA, KOAASEHBMICHA CUPOBUHA 3 MmUY,
(epmenmue 0OpobRenns, eapeHi Ko8Oacu, pecypco3depedceHHs.

Problem statement. The meat processing industry of Ukraine is facing an acute shortage of
raw materials of animal origin and a significant deterioration in their quality. According to [1], up to
14% of protein resources in the meat industry of Ukraine are not properly utilized. The modern meat
processing industry is actively seeking ways to improve the economic efficiency of production,
maintain quality and ensure the sustainability of technologies. The growing need to provide
production with meat resources leads to the necessity of involving raw materials with a high content
of connective tissue in technological processes and searching for ways to improve its technological
properties [2]. The use of biotechnological methods of enzymatic treatment of meat raw materials is
promising in this direction. The advantages of using proteolytic enzyme preparations are due to high
catalytic activity, the possibility of implementation without the use of extreme temperatures and
aggressive environments, the specificity of enzyme action and the ease of inactivation at traditional
heat treatment temperatures of meat products [3]. These methods of technological processing impart
physicochemical and organoleptic properties to meat raw materials suitable for the manufacture of
functional meat products intended for the formation of menus for both children [4] and the elderly
[5].

In this context, the use of fermented collagen-containing raw materials from non-traditional
sources, particularly raw materials from poultry processing, offers good prospects. This is supported
by the fact that collagen plays a key role in the structure of meat products, providing water-holding
capacity, elasticity, and system stability. Fermentation enhances the functional properties of this raw
material, improving its digestibility, sensorial characteristics, and technological adaptability.
Collagen from chicken feet is characterized by a high content of a-chains and good gelling properties
[8]. The addition of collagen hydrolysate in the recipe for cooked sausages in an amount of 5 to 15%
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improves consistency, increases product yield, and enhances the stability of the minced meat during
heat treatment. Fermented collagen peptides are able to interact with myofibrillar proteins of meat,
forming a strengthened protein matrix, which positively affects the structural and mechanical
properties of the finished product. Collagen can be used to partially replace fat, which is important in
the production of reduced-calorie products. It should be noted that fermented collagen raw materials,
with appropriate heat treatment, fully meet the requirements of microbiological safety [9-11].

The production technology for fermented collagen-containing raw materials from chicken feet
involves several key steps: washing and sanitary preparation of the raw materials, grinding, thermal
degreasing, isolation of collagen-containing fractions, enzymatic treatment, and drying or
stabilization. Fermentation is a key step, as enzymes break down complex protein structures into
fragments capable of forming a gel or acting as water-retaining agents [6, 7]. Control of pH is a
critical parameter determining enzyme activity and collagen stability.

In cooked sausage production, fermented raw materials are typically added during the cutting
stage, along with water or ice. In many recipes, their proportion ranges from 3-10%, and sometimes
up to 20% in economy-class production. Fermented collagen additives promote the formation of a
dense, uniform minced meat structure, reduce the risk of bouillon-fat swelling, and improve moisture
binding. Technological studies show that such raw materials can partially replace beef, pork or
mechanically separated meat without significantly affecting the sensorial properties.

The development of a technology for producing collagen concentrate from broiler chicken feet,
one of the most common waste products in the poultry processing industry, is described in [12, 13].
Feet contain up to 25% collagen, making them a valuable raw material for the food industry. The
work describes the stages of purification, demineralization, and hydrolysis of tissues, allowing for the
production of a concentrate with a high proportion of soluble collagen. Enzymatic methods are
preferable over acidic ones due to the lesser destruction of protein structures. The resulting product
after enzymatic processing has more favorable rheological properties than concentrate obtained by
chemical methods. The collagen concentrate hydrates well and has a high water-holding capacity
(WHC). This allows it to be used as a functional additive in meat products to increase the yield of
finished products, and the absence of keratin and mineral impurities positively affects the gel-forming
properties of the concentrate. The optimal temperature for enzymatic hydrolysis is 50-55°C; it is
rational to use a combined technological scheme “demineralization — fermentation — drying”.

In [14], methods for extracting soluble collagen from broiler chicken feet were studied and the
main properties of the obtained product were determined. The authors emphasize that feet are a
convenient source of pure type 1 collagen. The study compared acid extraction, enzymatic hydrolysis,
and combined methods. A high yield of soluble collagen was ensured by enzymatic treatment with
proteases. The obtained collagen had a high degree of purity. Spectroscopic studies showed the
preservation of the triplet structure of tropocolagen. Optimum hydrolysis conditions were:
temperature of 45-50°C, pH 6.5-7.0, and duration of 3—6 hours. The authors [15], evaluating the
effect of hydrolyzed collagen and gelatin from chicken feet on the quality of boiled chicken sausages
with reduced fat content, found that the introduction of collagen increased the elasticity and
cohesiveness of the minced meat, and the hydrolysate contributed to the formation of a stable protein
matrix. Sausages with the addition of 1-3% collagen exhibited significantly lower weight loss during
cooking, while paw gelatin provided improved gelling properties in the finished product. The minced
meat structure became more uniform, and color indices remained stable, demonstrating the
compatibility of collagen with the protein system of meat. The collagen supplement also increased
the water-holding capacity (WHC). The authors [15] consider 1.5-2% collagen to be the optimal
amount in the formulation. According to [16], complex processing based on collagen hydrolysis is
advisable, with the possibility of obtaining gelatin, peptides, and hydrolysates. It has been shown that
the degree of hydrolysis has a significant impact on the functionality of collagen peptides. Collagen
peptides increase WHC and the stability of emulsions. The gelatin from feet is distinguished by its
high gelling properties, and peptides contribute to the formation of an elastic texture of sausage mince.
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Collagen from feet can also serve as a source of bioactive components. The work concludes that feet
are a promising, undervalued raw material. Similar conclusions were drawn by the authors [17]
regarding the effect of adding a fermented extract of collagen from broiler chicken feet on the quality
of beef meatballs. The degree of hydrolysis after fermentation with Lactobacillus plantarum was
studied. It was found that the fermented raw material has high solubility. The authors point out that
it enhances the gel properties of the minced meat. Due to fermentation, collagen acquires acidity,
which increases the WHC of the minced meat. Meatballs with the fermented additive had better
elasticity. The authors believe that collagen contains water in the protein matrix, and collagen
peptides are capable of improving fat emulsification. The study demonstrates the high potential of
fermented raw materials for the meat industry. In [18], a process for obtaining collagen hydrolysate
from low-value raw materials in the poultry processing industry is described. It was found that
enzymatic hydrolysis of proteases allows obtaining low-molecular fractions. The morphology of
hydrolyzed collagen is described. The hydrolysate is highly stable, and the peptides do not form a
gel, but they bind water well. Therefore, the hydrolysate can be used in meat systems to increase
juiciness and enhance the stability of emulsions. The authors [19] analyze the effect of heating and
hydration on the structure of collagen fibers. It was shown that heating causes denaturation and
conversion to gelatin, while fermentation increases the ability of the fibers to retain water. The
researchers used morphological analysis. It was found that the collagen structure becomes looser.
This simplifies further technological processing and increases the solubility of the protein. This is
important for the meat industry, as it facilitates mixing with ground meat. The work also describes
optimal processing conditions. The authors demonstrate that proper preparation of feet ensures
maximum collagen yield. Preliminary fermentation is shown to promote uniform swelling of the
fibers. Structural configurations allow for the production of stable solutions. The study emphasizes
the importance of pre-softening the collagen in the feet. This allows them to be used as an alternative
to gelatin in food systems.

An analysis of literary sources makes it possible to state that fermented broiler chicken feet are
a promising, inexpensive raw material for producing edible collagen with high functional properties
and have high potential as a secondary poultry raw material as a substitute for some meat in finished
products, particularly cooked sausages [2]. In general, information on the use of collagen-containing
raw materials obtained during industrial processing of slaughtered poultry for the production of meat
products is available in numerous sources, such as [23-25].

Research objective. Scientific substantiation of the feasibility and feasibility of using
fermented collagen-containing raw materials in the production of meat products, particularly cooked
sausages, as a high-quality substitute for valuable meat raw materials.

Materials and methods. The following were the objects of the study:

1) Laboratory-fermented raw meat from broiler chicken feet, separated from bones, using the
enzyme preparation Protease C (manufactured by the Ladyzhyn Plant of Bio- and Enzyme
Preparations "Enzym");

2) Experimental samples of cooked sausage with varying contents of fermented raw meat from
broiler chicken feet, produced in the Department of Technology of Meat Products from raw materials
obtained from retail outlets.

The following parameters were determined during the study:

- Hydroxyproline content — according to DSTU ISO 3496:2014 “Meat and meat products.
Determination of hydroxyproline content (1SO 3496:1994, IDT);

- Fat content — according to DSTU 8380:2015 "Meat and meat products. Method of
measurement of mass fraction of fat" and DSTU ISO 1443:2005 "Meat and Meat Products.
Determination of total fat content” (1ISO 1443:1973, IDT);

- Protein content — according to DSTU 1SO 937 2005 "Meat and Meat Products. Determination
of nitrogen content (reference method)” (ISO 937:1978, IDT);
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- Water content — according to DSTU ISO 1442:2005 “Meat and meat products. Method for
determination of moisture content (reference method)” (ISO 1442:1997, IDT);

- pH — according to DSTU 1SO 2917-2001 “Meat and meat products. Measurement of pH
(reference method)” (ISO 2917:1999, IDT);

- Water activity (aw) — according to DSTU ISO 21807:2007 “Microbiology of food and animal
feeding stuffs. Determination of water activity”;

- Rheological parameters — according to the guidelines "Determination of the Structural and
Mechanical Properties of Meat Products™ and the operating instructions for the SANS universal
mechanical testing machine, SMT 2000 series, model 2503.

Statistical processing of the obtained results was performed based on the calculation of
arithmetic means and standard deviations. All experimental data are the results of 3-5 parallel
determinations.

Presentation of the main research results. To conduct the research, pilot samples of cooked
sausages were prepared under laboratory conditions. The recipe for these samples was developed
taking into account literature sources and the results of preliminary work on the fermentation of
collagen-containing raw materials from broiler chicken feet. The following factors were principal in
determining the composition of the pilot samples:

— Enzymatic treatment with proteases ensures the highest yield of soluble collagen with a high
degree of purity;

— Data from preliminary studies of fermented raw materials from broiler chicken feet allow this
raw material to be used as a partial substitute for traditionally used protein in sausage mince.

The following pilot samples were prepared for the research:

— Sample 1, fermented raw material content 10%;

— Sample 2, fermented raw material content 20%;

— Control sample, without fermented raw materials.

The recipe composition of the pilot samples is presented in Table 1.

Table 1
Formulations of samples in%
Control | Sample 1 | Sample 2
Components Composition,%

Poultry meat 50.0 50.0 50.0
Pork 50.0 35.0 25.0
Fermented raw

materials 0.0 100 200
Salt 2.5 25 2.5
Sugar 0.1 0.1 0.1
Pepper, spices (mix) 0.05 0.05 0.05

The control sample was prepared using a traditional recipe without the addition of fermented
raw materials. The experimental samples included partial replacement of meat raw materials with
fermented raw materials from broiler chicken feet at a rate of 10% (sample 1) and 20% (sample 2).
This approach allowed us to establish patterns in the changes in physical, chemical and technological
parameters depending on the amount of the raw materials used in the formulation. The minced meat
for samples 1 and 2 was prepared using broth obtained by boiling broiler chicken feet before
fermentation.

Fermented collagen-containing raw materials contain not only collagen, but also elastin,
reticulin, mucins, mucoids, and other substances. However, collagen, including its soluble
component, is of primary importance. The collagen content of fermented broiler chicken feet ials,
ranging from 8.8% to 9.6%, was determined experimentally based on the content of the amino acid
hydroxyproline. This is a relatively high value; the calculated total protein fraction in the fermented
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broiler chicken feet is approximately 58.2% of the total protein content. Thus, mathematical modeling
was used to predict the expected amount (15%) of the total protein sample, taking into account the
protein percentages of all minced meat components in the test samples.

The results of studies of the key physical, chemical, functional and technological parameters of
the test samples of cooked sausage containing fermented broiler chicken paw raw materials are
presented in Table 2.

Table 2
Physical, chemical, functional and technological parameters of experimental samples of boiled
sausages with the addition of fermented raw materials from broiler feet

Parameter Control Sample 1 (10%)* Sample 2 (20%)*
Water (%) 75.03 74.86 74.92
Protein (%) 15.35 16.03 1591
Fat (%) 8.05 7.13 7.14
Bound water
content,% of total 80.34 86.26 91.44
water,%
Bound water
content.% of meat 61.21 63.18 65.47
Share stress, kPa 22.55 10.73 9.55
Product yield (%) 95.0 97.1 98.4

* Amount of added fermented broiler chicken feet,%

Water content analysis showed that the water content in the control and test samples was within
a narrow range of 74.86-75.03%, indicating no negative impact of the fermented material on the
product's water balance. This water content stability is explained by the ability of collagen proteins
in the fermented state to form a spatial structure that retains water in a bound state.

The protein content in the test samples exceeded that of the control sample. Specifically, in
sample 1 (10% fermented material — FM), the protein content increased to 16.03%, which is 0.68%
higher than the control. In sample 2 (20% FM), the protein content increased to 15.91%, compared
to 15.35% in the control sample. The increase in this indicator is due to the introduction of collagen
proteins and low-molecular-weight peptides as a result of raw material fermentation.

The fat content in the experimental samples of cooked sausages made of FM decreased
compared to the control, reaching 7.13—-7.14% versus 8.05%. The reduction in fat content is a positive
factor, as it contributes to the formation of products with reduced energy value and improved dietary
properties.

The pH in the test samples increased to 6.54-6.57 compared to 6.42 in the control sample. This
is explained by the alkalinity of the enzyme preparation, protease C (alkaline fungal protease). A shift
in the pH toward slightly alkaline pH promotes increased protein hydration capacity, which has a
positive effect on the structure formation and stability of the minced meat system.

One of the most indicative process parameters is the moisture-binding capacity. In the control
sample, it was 80.3%, while in the samples with 10% and 20% FM, it increased to 86.3% and 91.4%,
respectively. This increase is a consequence of the formation of a spatial protein-collagen matrix,
which effectively retains a significant amount of moisture (both free and bound) during heat
treatment.

Increasing the WHC directly impacted the yield of the finished product. The yield of cooked
sausages increased from 95.0% in the control sample to 97.1% in the sample with 10% FS and 98.4%
in the sample with 20% FM. These results have important practical implications for the meat
processing industry, as they help reduce process losses in sausage production.

The rheological properties of boiled sausages varied significantly depending on the FS content.
The shear force in the control sample was 22.6 kPa, while in the test samples, this value decreased to
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10.7 and 9.6 kPa, respectively. This reduction in shear force indicates improved tenderness, elasticity,
and juiciness of the product.

Conclusion. The research results confirmed the feasibility of using fermented raw materials
from broiler chicken feet in the technology of cooked sausages. Its significant influence on the
physical, chemical, rheological and technological parameters of the finished product was established.
The use of such raw materials contributes to the rational processing of secondary resources of poultry
processing, increased production efficiency and expansion of the range of meat products. The
obtained results form the basis for the development of technology and regulatory documentation for
the production of cooked sausages. An increase in the WHC was recorded, caused by the formation
of a spatial protein-collagen matrix that effectively retains both free and bound water, from 80.3% in
the control sample to 86.3% in sample 1 (10% FM) and 91.4% in sample 2 (20% FM). This increase
had a direct impact on the yield of the finished product. The yield of cooked sausages increased from
95.0% in the control sample up to 97.1% in sample 1 and 98.4% in sample 2.

Thus, the obtained research results and their analyses demonstrate that the use of fermented raw
material from broiler feet in cooked sausage production is scientifically and technologically sound.
The sample containing 10% fermented raw material demonstrated the most balanced overall
performance, while the sample containing 20% fermented raw material demonstrated the greatest
technological advantages.
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