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Abstract. In the Republic of Belarus and the Kaliningrad region, a decrease in the beaver population and use of its meat
at meat processing plants is of great relevance. The aim of the present study was a comprehensive assessment of the nutritional
value of beaver inhabiting the Kaliningrad region of the Russian Federation, including the study of the amino acid and fatty
acid composition of proteins and lipids of muscle tissue and the lipoprotein part of the tail and the design of their mixture.
Data is presented on the content of protein, fat, moisture, amino acids and fatty acids in the muscle tissue and the lipoprotein
part of the beaver tail. The protein content in the muscle tissue made 20.2 %, in the lipoprotein part of the tail — 6.0 %, fat
content — 5.1 and 85.1 %, respectively. The amino acid composition of the parts of the beaver carcass is represented by all
essential amino acids, however, a number of indicators show an imbalance in the amino acid composition of the protein. To
solve the problem of imbalance of essential amino acids, a combined mixture of muscle tissue and lipid-and-protein part of the
tail was calculated with an optimal ratio of 72 to 28 %. The protein composition of this mixture is characterized by high
biological value — 75 % and a special balance index — 0.87. At the same time, the content of polyunsaturated fatty acids in the
combined mixture is 46.6 % of the total mass of lipids, which significantly exceeds the content of saturated (18.3 %) or
monounsaturated (35.1 %) fatty acids. Also, the content of essential fatty acids linolic and linoleic is quite high and amounts
to 24.0 g / 100 g of lipids and 21.3 g / 100 g of lipids. The engineered blend is a rich source of essential fatty acids. The
conducted studies have resulted in actual data on the chemical composition and safety indicators of the river beaver inhabiting
the Kaliningrad region, as well as in the optimal ratio of muscle tissue and the lipoprotein part of the beaver tail.
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KOMILJIEKCHASI OLIEHKA NMUIIEBOM IEHHOCTHU BOBPA OBBIKHOBEHHOI'O (CASTOR FIBER),
OBUTAIOIIEIO B KAJTMHUHIPAJICKOM PETHOHE POCCUNCKOMN ®EJIEPALIUA

AnHoranus. B Pecnyonuke benapycs n Kanuaunnrpanckom peruone (Poccuiickas ®enepanus) akTyaabHBIM SBISICTCS
YMEHbIIIEHHE YHCIEHHOCTH TOMyNsuuu 600pa M MCIOIb30BAaHUE €0 Msica Ha MscOmepepadaThIBAIOIINX MPEANPUATHAX.
Llenbo HccieIOBaHUS SABIISIACH KOMILICKCHAS OLICHKA MUIIEBOH LIeHHOCTH 600pa, obuTatomero B KaJmHUHIpaJICKOM peruo-
He, BKJIIOYAOMIast U3y4YeHNe aMUHOKUCIOTHOTO U JKUPHOKHCIOTHOI'O COCTaBa OEJIKOB M JIMIH/IOB MBIIICYHON TKAaHU M JIU-
MHUIHO-0CJIKOBOH YacTH XBOCTA M MPOSKTHPOBAHUE UX cMecH. [IpeacTaBieHs! JaHHEIE 110 COAEPKaHUIO OeiKa, )KHUpa, BiIary,
AMUHOKHCIIOT ¥ JKUPHBIX KHCIOT B MBIIICYHOIH TKaHU U JINMTHTHO-0EIKOBOM 9acTn XBocTa 600pa. ConepkaHue Oeska B MbI-
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meyHoi Tkanu coctaBmwio 20,2 %, B numuaHO-0enkoBoi yactu xBocta — 6,0 %, xupa — 5,1 u 85,1 % COOTBETCTBEHHO.
AMUHOKHUCIIOTHBIA COCTaB 4acTeil TyMmKH 600pa IpecTaBiIeH BCeMH He3aMEHIMBIMH aMUHOKUCIOTaMH, OJHAKO PsiJI MOKa-
3areneil ykas3pIBalOT Ha HecOANIaHCHPOBAHHOCTh AMHHOKHCIOTHOTO cocTaBa Oenka. JIs pemienus 3amgaun HecOamaHCHPO-
BAaHHOCTH HE3aMEHHMbIX aMUHOKHCIIOT ObITa pacCYNTaHAa KOMOMHUPOBAHHAS CMECh MBIIIEUHON TKAHU U JIHUIUIHO-0eNKo-
BOM 4acTU XBOCTA C ONITUMAJIbHBIM COOTHOIIECHHEM 72 K 28 %. beslkoBbIi cOCTaB JaHHOH CMeCH XapaKTepu3yeTcst BRICOKUMHU
3HAYCHUSIMU [TOKA3aTeIsl OMOJIOTMYECKOM IIEHHOCTH — 75 % M 4acTHOTro MHJCKca coanancupoBanHocTH — 0,87. [Ipu aToMm co-
JieprKaHne TOJIMHEHACHIIICHHBIX KUPHBIX KUCJIOT B KOMOMHHNPOBAaHHOM cMech — 46,6 % OT 00Iei MacChl JINITHJIOB, YTO 3HAYH-
TEJBHO MPEBBIMIACT cofep)kaHue HachImeHHbIX (18,3 %) mnn MonoHeHachIeHHBIX (35,1 %) *KUPHBIX KUCIOT. Takke comep-
JKaHUE HE3aMEHUMBIX KUPHBIX KUCIIOT JTUHOJEBOH U JIMHOJICHOBOW JJOBOJIBHO BBICOKO 1 cocTaBisieT 24,0 r / 100 r nunugos
u 21,3 v/ 100 r nunugos. CipoeKTHpOBaHHASI CMECh SIBIISICTCS OOTraThIM HCTOUHMKOM HE3aMEHHUMBIX JKUPHBIX KHCIOT. B pe-
3yJIBTaTe MPOBEACHHBIX UCCIICIOBAaHUH TOJIyYEHBI aKTyaIbHbIe JaHHBIE 10 XUMHUECKOMY COCTaBY M IIOKa3aTelsiM Oe3orac-
HocTH 600pa peuHoro, oburatomero B KannHUHTpaJcKOM pernoHe, a TakKe ONTHMaJIbHOEe COOTHOIIEHUE MBIIICYHON TKaHH
W JIUTTHTHO-0€TKOBO# 9acTh XBocTa 600pa.

KiroueBble c/10Ba: perynnpoBaHue MOMyIsanuu 600pa, MsCHAs MPOAYKIHS, aMUHOKHUCIOTHBIH COCTaB, OHOIOTHUECKast
IIEHHOCTb, JIMITUIHO-0€NIKOBAas YaCTh, IPOEKTHPOBAHHUE

Just nurtupoBanms: KomruiekcHast OlEHKa MUINEBOW HEHHOCTH 000pa oObikHOBeHHOTO (Castor fiber), 0OUTAIOIIETO
B Kanuuunrpanckom pernone Poccuiickoit @enepannn / M. H. Anpriesckas, 1. JI. Ansmesckuii, 10. B. Mactrorun [u ap.] /
Becni Hanprsnanenaii akagamii HaByk benapyci. Cepsis arpapabsix HaByk. — 2025. — T. 63, Ne 3. — C. 243-252. https://doi.
org/10.29235/1817-7204-2025-63-3-243-252

Introduction. Scientists from the laboratory of population ecology of terrestrial vertebrates and
bioresource management of the State Scientific and Production Association “Scientific and Practical
Center of the National Academy of Sciences of Belarus for Bioresources” strongly believe that the num-
ber of beavers in Belarus is two times higher than the permissible norm. Population of beavers counted
up to 75 thousand in certain years in Belarus, which doubles the permissible norm. According to the
National Academy of Sciences of Belarus, the number of these animals must be reduced in half. To re-
duce the number of beavers, the Ministry of Natural Resources and Environmental Protection of the
Republic of Belarus annually develops plans stipulating number of animals allowed to be taken away.
However, these plans are not implemented in full [1].

Over the past few years, population of beaver (Castor fiber Linnaeus, 1758) in the Kaliningrad region
has been rapidly increasing. According to the monitoring data as of April 1, 2016, the number of beavers
in the region at the rate of 1-2 thousand was about 6 thousand specimens. Due to their biological
peculiarities, rodents build their huts and dams, changing the state of water bodies located in their
habitat, which leads to flooding of territories [2]. Beavers have few natural enemies, and hunting
(shooting) remains the only way to minimize the harm caused by these animals. The difficulty of
catching, low prices for fur, low demand for the paired endocrine glands of the beaver (which are used
for medicinal purposes) have led to a significant decrease in the attention to it as a commercial animal.

A number of problems are known that hinder widespread distribution of beaver meat in the meat
processing industry. The main ones are ensuring microbiological and sanitary and hygienic safety of
meat, preventing contamination at the stages of extraction and transportation to the enterprise for further
processing; lack of up-to-date data on the characteristics of beaver meat produced in the Kaliningrad
region and technologies for its complex processing.

The physical and chemical parameters of beaver meat are significantly influenced by their habitat
and, based on this, the diet. These rodents are herbivorous, which has a positive effect on the nutritional
value of meat and its organoleptic characteristics. At this point in time, studies of the biochemical
composition of beaver meat are presented by Lithuanian, Polish and Belarusian researchers. However,
there are no data on the study of the chemical composition, microbiological, sanitary and hygienic
indicators of this animal living in the Kaliningrad region.

The concept of the nutritional value of a meat product includes a set of indicators, including a set of
physical and chemical indicators (mass fraction of protein, lipids and moisture), medical and biological
requirements, biological value of proteins, lipids, etc. According to literary sources, the nutritional value
of beaver meat is characterized by a high level of protein and low fat content [3]. But at the same time, its
amino acid composition is not balanced, and the fatty acid composition is characterized by a low content
of monounsaturated fatty acids [4]. The possible solution to this problem is the design of a multicomponent
meat product capable of providing a high level of adequacy of the biological value of protein and lipids
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in accordance with the rated values presented in Methodical guidelines 2.3.1.0253-21 Norms of
physiological needs for energy and nutrients for various groups of population of the Russian Federation.

Researchers from the Russian Federation, Belarus, Poland, Latvia, and the Czech Republic addressed
the issue of processing beaver meat (Castor fiber Linnaeus, 1758).

Polish authors B. Jankowska, T. Tomijewski, A. Kwiatkowska, W. Korzeniowski conducted a study
of the meat composition of ten female and seven male mature European beavers, determined the meat
yield during cutting, the percentage of certain elements and the chemical composition of the meat. They
found that the beaver thigh is the largest and most valuable element, accounting for 33.4 % of the carcass
weight and containing 66.7 % of meat, and the muscle tissue is characterized by a high concentration of
protein (20.9-21.8 % of the raw weight) and mineral substances (1.27-1.31 %) [5].

Latvian authors V. Strazdina, V. Stena, A. Jemeljanova published data on the biochemical composi-
tion of beaver meat (Castor fiber L.) caught in Latvia. It was concluded that the protein content in the
beaver meat samples made 20.07-22.68 %, and the fat content made 3.31-5.27 %. At the same time, the
content of polyunsaturated fatty acids in beaver meat samples (42.54 %) was significantly higher than
the content of saturated (26.80 %) or monounsaturated (27.42 %) fatty acids. The ratio of polyunsaturat-
ed fatty acids n-6 : n-3 in beaver meat samples made 1.26 [6].

The analysis of the biochemical composition and determination of the value of beaver river meat,
microbiological safety indicators of chilled meat at various stages of storage were carried out by re-
searchers from Belarus A. M. Mitrenkov, O. L. Buzo [3].

A group of Czech authors V. Razmaite, R. Sveistiene, G. J. Svirmickas studied not only the chemical
composition of European beaver meat, but also its suitability for sausage production. The researchers
found the optimal beaver meat content of 20—40 %, which had the most positive effect on the texture and
taste of sausage products [4].

Another group of researchers from Poland, K. Zalewski, D. Martysiak-Zurowska, M. Chylinska-
Ptak, B. Nitkiewicz, separated and analyzed fatty acids from lipids of muscle and adipose tissue of the
European beaver. The study showed that the fat content in the muscle tissue was very low in both male
and female beavers. The lipids of the beaver’s adipose tissue contained fatty acids with a chain length of
12 to 22 carbon atoms, and polyunsaturated fatty acids had the highest proportion of the total fatty acid
content in the beaver’s adipose tissue.

According to the available data, the beaver tail is often underutilized in the production of meat
products. Comprehensive processing of beaver carcasses and the use of the lipid-and-protein part of the
tail, which is 10 % of the total mass of the carcass, can solve the problem of optimizing the protein
composition by designing their ratio in the mixture.

The aim of this work is a comprehensive assessment of the nutritional value of the beaver inhabiting
the Kaliningrad region of the Russian Federation, including the study of the amino acid and fatty acid
composition of proteins and lipids of muscle tissue and the lipoprotein part of the tail and the design of
their mixture, determination of sanitary-and-hygienic and microbiological safety indicators of beaver
meat.

To pursue this goal, the following tasks have been set:

1) to determine sanitary-and-hygienic and microbiological indicators of the beaver meat safety;

2) to establish chemical composition of the beaver carcass parts (muscle tissue of the back of the
carcass and lipoprotein part of the tail);

3) to assess amino acid composition of muscle tissue proteins and the lipoprotein part of the beaver
tail and draw a conclusion about their balance;

4) to design and optimize amino acid composition of the complex mixture of muscle tissue and
lipoprotein part of the tail;

5) to assess fatty acid composition of beaver carcass parts.

Materials and Methods. For laboratory studies, specimens of the river beaver were used (Castor
fiber Linnaeus, 1758), caught in fall during the established hunting season (8.08.2020—15.11.2020) in the
Gvardeisk district in the Kaliningrad region of the Russian Federation. The animals were approximately
two years old; the specimens’ weight was (21 £ 1) kg. The back of the carcass and tail were taken for
analysis. The lipoprotein part of the tail was examined before and after heat treatment (boiling at 95 °C
for 45 minutes).
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Laboratory studies have been carried out in the Atlantic branch of the Federal State Scientific
Institution “All-Russian Research Institute of Fisheries and Oceanography” (“AtlantNIRO”) in the
Russian Federation in accordance with the methods presented in Table 1.

Table 1. Methods for determining sanitary and hygienic indicators of the beaver meat

Name of the indicator to be determined

Regulatory documentation for the test procedure

Cadmium National state standard 30178-96
Arsenicum National state standard 31707-2012
Mercury Methodological guidelines 4.1.1472-03

Lead National state standard 30178-96
Hexachlorocyclohexane (alpha-, beta-, gamma-isomers) Methodological guidelines 2142-80
DDT and its metabolites Methodological guidelines 2142-80
Coliform bacteria National state standard P 54354-2011
QMAFAnM National state standard P 54354-2011
L. monocytogenes National state standard P 54354-2011
Pathogenic microorganisms, including salmonella National state standard P 54354-2011
Protein National state standard 25011-2017
Fat National state standard 23042-2015
National state standard 33319-2015
Methodological guidelines 04-38-2009
National state standard P 55483-2013

Moisture

Amino acid composition

Fatty acid composition

Calculations of biological value indicators have been carried out according to the methods of
N. N. Lipatov and A. B. Lisitsyn [7-12]. The amino acid rate (Protein Digestibility Corrected Amino
Acid Score (PDCAAS)) of the muscle tissue protein and lipoprotein part of the tail has been calculated
relative to the ideal protein according to the 2011 FAO / WHO scale, as well as the coefficient of differ-
ence in amino acid composition (KRAS), the overall utility coefficient of (U), index of comparable re-
dundancy (PSI), index of amino acid composition balance (ISAS) and balance of fatty acid composition.

Results and Discussion. Safety performance of beaver meat is influenced by many factors. Among
them, the most important are habitat, shooting time, transportation of carcasses from the place of
slaughter to the procurement and meat processing enterprises. These factors increase the risk of
exceeding the microbial contamination of meat, whereas the content of toxic elements and pesticides in
muscle tissue depends on the animal diet and its habitat.

Sanitary-and-hygienic and microbiological requirements for beaver meat in accordance with TR CU
021/2011 and the results of laboratory tests of samples are presented in Table 2.

Table 2. Sanitary-and-hygienic and microbiological indicators of the beaver meat

Name of the indicator to be determined Permissible levels Test results

Sanitary-and-hygienic indicators
Toxic elements

Lead Not more than 0.50 mg/kg 0.110 mg/kg

Mercury Not more than 0.03 mg/kg 0.006 mg/kg

Arsenicum Not more than 0.10 mg/kg 0.050 mg/kg

Cadmium Not more than 0.05 mg/kg 0.017 mg/kg

Pesticides

Hexachlorocyclohexane (alpha-, beta-, gamma-isomers) Not more than 0.10 mg/kg Less than 0.005 mg/kg

DDT and its metabolites Not more than 0.10 mg/kg Less than 0.005 mg/kg
Microbiological indicators

Coliform bacteria Not allowed in 0.01 g of a product Not found in 0.01

QMAFAnM Not more than 1 x 10* CFU/g 3.2 x 10’ CFU/g

L. monocytogenes Not allowed in 25 g of a product Not found in 25 g

Pathogenic microorganisms, including salmonella Not allowed in 25 g of a product Not foundin25 g
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As can be seen from Table 2, microbiological indicators, toxic elements, heavy metals and pesticides
do not exceed the permissible levels established by the regulatory documents, which indicates beaver
meat safety and its suitability for technological processing.

Chemical composition of the hinder part of the beaver carcass and the lipoprotein part of the tail

before and after heat treatment is shown in Table 3.

Table 3. Chemical composition of the beaver carcass parts

Composition, %
Carcass part Energy value, kcal
Protein Fat Moisture
Hinder part (muscle tissue) 20.2+0.8 51+£0.2 747 +£3.3 126.7
Lipoprotein part of the tail without heat processing 6.1+0.3 85.1+4.3 89+0.4 790.3
Lipoprotein part of the tail with heat processing 6.0+0.3 85.1+4.3 8.8+0.4 789.9

Table 3 shows that the beaver muscle tissue has high protein content (20.2 %), while the fat content is
low (5.1 %). The lipoprotein part of the beaver tail is mainly represented by fat tissue (85.1 %), the
protein content is low and amounts to 6.0—6.1 % of the total mass.

The obtained data on the protein content in beaver muscle tissue correlate with the data presented for
similar research facilities in the nearby regions of Poland, the Czech Republic, Latvia and Belarus [3—6,
13]. Analyzing the chemical composition, the researchers noted a high protein content in beaver muscle
tissue of 21.44 % in a Polish study [13], in the range of 20.07-22.68 % in a study by Latvian authors [6],
21.44 % in an article by Czech authors [11] and 19.7-20.6 % in an article by authors from Belarus [3].
The results of the lipid content in beaver meat, presented by Czech authors — 5.08 % [4] and Latvian
authors — 3.31-5.27 % [6], do not differ much and the deviation of the values in the obtained indicators is
insignificant and is due to the difference in the habitat of animals and the time of extraction.

Assessment of the amino acid composition of the protein of muscle tissue and the lipoprotein part of
the beaver tail is presented in Table 4.

Table 4. Assessment of amino acid composition of the protein of muscle tissue
and the lipoprotein part of the beaver tail

Indicators Hinder part of the beaver carcass Lipoprotein part of the tail Lipoprotein part of the tail (with heat
(muscle tissue) (without heat processing) processing)
= '§ -E ) o0 & o0 ) o
g 5 g g B 2 g B> g g =
g $ < = = s = = s = = s
4 e o3 e 5 @3 o 5 @y | we 5
52 <8 35 = 8 55 | s s 55| B& g
g 3w 2% £% 2 5% £% 2 5% | £° 2
i £5 £ £ E £ £ £ £ 2 £
2 g2 | § § : 3 § < |8 |8 :
= E2
&)
Val 4.3 0.8 3.8 87.5 0.6 10.2 236.4 0.5 8.3 193.8
Ile 3.2 0.7 3.6 111.4 0.2 2.5 76.8 0.1 1.8 57.3
Leu 6.6 1.3 6.6 100.5 0.3 4.6 69.5 0.2 3.5 53.0
Lys 5.7 1.4 7.1 124.2 0.4 5.7 100.7 0.3 4.7 81.9
Met + Cys 2.7 0.4 1.7 64.2 0.3 4.6 170.0 0.3 4.2 154.3
Thr 3.1 0.7 33 105.4 0.5 8.2 264.4 0.5 8.3 268.8
Trp 0.9 0.1 0.5 58.2 0.1 1.6 192.9 0.1 1.7 196.1
Phe + Tyr 5.2 1.1 5.5 105.7 0.3 4.1 78.8 0.3 4.2 80.1
Total amount of the 32.03 41.48 36.67
calculated IAA
KRAS, % 36.39 79.14 82.64
BV, % 63.61 20.86 17.36
U 0.58 0.53 0.46
PSI 0.23 0.28 0.37
ISAS 0.82 0.61 0.58
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As can be seen from Table 4, protein of the beaver muscle tissue has the most balanced amino acid
composition. Its limiting amino acid is tryptophan with an amino acid rate of 58 %. The biological value
of muscle tissue protein is 64 %. And the special balance coefficient (ISAS) is closest to 1 and is 0.82.
The utility coefficient of the amino acid composition (U) and the index of comparable redundancy, which
should tend to 0, in the muscle tissue are 0.58 and 0.23, which indicates an imbalance of amino acids
relative to the physiological norm. The protein of the lipoprotein part of the tail is largely unbalanced in
amino acid composition. The limiting amino acid is leucine (amino acid rate 69 and 53 %). It is also
characterized by a low biological value (20.86 and 17.36 %) and a high KRAS (79 and 82 %). The special
balance coefficient (ISAS) is satisfactory and is 0.61 and 0.58, and the utility coefficient (U), on the
contrary, is significantly higher than zero (0.53 and 0.46).

An important role in assessing the quality of a product is played not only by the biological value of the
protein, but also by the balance of the fatty acid composition of the fat tissue. The nutritional value of lipids
is characterized by the content of saturated fatty acids (SAFA), monounsaturated fatty acids (MUFA) and
especially by polyunsaturated fatty acids (PUFA), the main groups of which are n-3 and n-6 acids.

The obtained data on the content of SAFA, MUFA and PUFA in the lipids of muscle tissue,
lipoprotein part of the tail and calculated in their mixture are presented in Table 5.

Table 5. Fatty acid composition in the lipids in the beaver carcass parts and in the complex mixture

Content of fatty acids in the lipids, g/100 g of lipids
Name of the fatty acid Acid code
Muscle tissue Lipoprotein part of the tail

Myristic Ciao 1.10 £ 0.06 0.90 = 0.05
Mpyristoleic Ciy 0.40 £ 0.02 0.60 +0.03
Pentadecanoic Ciso 1.60 = 0.08 1.30 + 0.07
Pentadecenic Cis,y 0.00 0.20 +0.01
Palmitinic Ciso 15.50 £ 0.77 12.00 £ 0.60
Palmitoleic Ciey 1.50 £0.08 8.30£0.42
Heptadecylic Cio 2.30+0.12 0.90 +0.04
Heptadecenoic Cy 1.30 £0.07 1.80+0.09
Stearinic Ciso 510+ 0.25 2.00+0.10
Oleinic Cig.1hoe 17.70 + 0.88 25.20+£1.26
Linolic Cig1n-6c 3290+ 1.64 22.60+1.13
Linoleic Cisans 18.70 £0.93 21.70 = 1.08
Heneicosanic Cyo0 0.40+0.02 0.00
Gadoleic C,o,y 0.70 = 0.03 1.10 £ 0.06
Eicosadienoic Cyon 0.40 £0.02 0.30+0.02
Arachidonic Cyotns 0.40 £0.02 0.70 = 0.03
Docosapentaenoic C,,s 0.00 0.40+0.02
> SAFA 26.00 £1.30 17.10 £ 0.86
>MUFA 21.60 £ 1.08 3720+ 1.86
>PUFA 52.40 £2.62 4570 £2.29
Coeflicient of the fatty acid I=1..3 0.39 0.43
balance, unit fraction R . I=1...6 0.24 0.29
n-6 :n-3 1.78 1.07

From the data presented in Table 5 and Figure 1, it can be concluded that the fatty acid composition
of lipids of muscle tissue and the lipoprotein part of the beaver tail is largely represented by
polyunsaturated fatty acids. The ratio of n-3 (linolenic acid) and n-6 (linoleic acid) in muscle tissue
made 1.78, and in the lipoprotein part of the beaver tail it made 1.07, which is sufficient to satisfy the
daily human need for these acids.

The amino acid and fatty acid composition of the beaver carcass parts, as can be seen from the data
in Tables 4 and 5, are not balanced.

The problem of imbalance in the amino acid composition of the beaver carcass parts can be solved
by designing protein by means of combining muscle tissue and lipoprotein part of the tail in optimal
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ratios. Due to the fact that the mechanical separation of the skin surface of the beaver tail from the
lipoprotein part is rather laborious and leads to damage to the raw material, a technology has been
developed for treating the beaver tail with an enzyme preparation followed by heat treatment. Therefore,
for the design it is necessary to use the data of the heat-treated lipoprotein part of the tail.

Design and optimization of the amino acid composition of the complex mixture (CM) of the muscle
tissue and lipoprotein part of the tail has been carried out using the “Index — PPAp” software for mode-
ling combined food products, developed at the Department of Food Products Technology of the Federal
State Educational Institution of Higher Education “Kaliningrad State Technical University”. This soft-
ware allows the protein design of a food product with a balanced composition of essential amino acids.
To analyze the calculated data on the partial balance index of the amino acid composition, which tends
to 1, the Harrington logistic desirability function has been applied. According to it, the desirability indi-
ces have been assigned to the values of the intervals that the partial index of the balance of the amino
acid composition can take. So, if the values of the ISAS coefficient fell into the interval (0...0.2), then the
function displays the assessment “very bad”, (0.2...0.37) — “bad”, (0.37...0.63) — “satisfactory”, (0.63...0.8) —
“good” and (0.8...1) — “very good”.

The design result using the above program is shown in Figure 1 and Table 6.

Index — PPAp

Home Users Products

[ Component name i min % [ max %
Hinder part (muscle tissue) | 72 100
Lipopratein part of the tail with heat processing | 28 100

Calculate

Index of amine acid composition balance (ISAS) = 0.87

[0... 0.2] - “very bad", [0.2 ... 0.37] = "bad", [0.37 ... 0.63] - "satisfactory ", [0.63 ... 0.8] ="good”, [0.8 ... 1] - "very good"
Component name = Hinder part (muscle tissue): Volume in combined food - 72.0%

Component name — Lipoprotein part of the tail with heat processing: Volume in combined food — 28.0%

15AS of the combined product meets the assessment Very good

Figure 1. Result of calculation by “Index — PPAp” software

As can be seen from Figure 1, the best ratio of muscle tissue and lipoprotein part of the beaver tail is
72 and 28 %. This ratio provides a high ISAS indicator (0.87), which corresponds to “very good” value.

Table 6 presents an estimate of the amino acid composition of the protein in the mixture of muscle
tissue and lipoprotein part of the tail.

Table 6. Assessment of the amino acid composition of the protein in the mixture of muscle tissue
and lipoprotein part of the tail

Mass fraction | Mass fraction Content of indispensable amino acids, g/100 g of a protein
Component . o o
in CM, % of protein, % Val Tle Leu Lys Met + Cys Thr Trp Phe + Tyr
Muscle tissue 72 20.2 38| 36 | 6.6 | 71 1.7 33 105 5.5
Lipoprotein part of the tail 28 6.0 83 | 1.8 | 3.5 | 47 4.2 83 | 1.7 4.2
Protein content in CM 16.2 Val | Iso | Leu | Lys | Met+ Cys | Thr | Trp | Phe + Tyr
Content of IAA in CM g/100 g of a product 42 ] 34 | 63| 68 2.0 3.8 1 0.6 5.4
Content of IAA in a protein according to FAO/WHO 43132 |66 | 57 27 31 |09 59
(reference)
Amino acid score, % 98.51105.8| 95.6 | 119.8 73.5 122.3(72.5| 103.0
KRAS, % 23.40
BV, % 75.10
U 0.04
PSI 0.10
ISAS 0.87
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As can be seen from Table 6, the projected ratio of muscle tissue and lipoprotein filler (72 to 28 %)
allows for the best balance of the amino acid composition of the product, at which the biological value of
the protein is 75 %, the utility coefficient and the indicator of comparable redundancy tend to zero.

For a visual display of the result of the program, Figure 2 shows a histogram of comparison of the
amino acid rates of the components of the formulation and the designed product.

Amino acid score, %

300.0
250.0 <
==
O
ol
200.0 — —
* -
o o
150.0 ) 5 N
7
100.0 - 2 — N
50.0 = 17 Bl = - 19 == a1 Bl
e~ = e (IS (| IS @
) w;
0.0
Val Ile Leu Lys Met+Cys Thr Trp Phe+Tyr

mReference O Muscle tissue  OLipoprotein part of the tail (with heat processing) OCM

Figure 2. Histogram of amino acid rates comparison

The histogram in Figure 2 shows that the difference between the rates of essential amino acids of
muscle tissue and the lipoprotein part of the beaver tail is smoothed in the complex mixture, which
indicates that the selected ratio of components is satisfactory.

Fatty acid balance of muscle tissue lipids, beaver tail and the combined mixture is presented in
Table 7.

Table 7. Fatty acid balance of the muscle tissue lipids, lipoprotein part of the beaver tail
and their mixture

Indicator Refere?;:'e,‘g/IOO g Muiﬂ)eotiss?:i 'liP(iids, pr(I)‘tiepiir?:);)rftt(})?tlligot;il, CM 111}1?5,5/100 g
of lipids g g of lipids /100 g of lipids of lipids
> SAFA 30.0 26.0 17.10 18.29
>MUFA 60.0 21.60 37.20 35.12
> PUFA 10.0 52.40 45.70 46.59
Linolic acid 7.5 32.90 22.60 2398
Linoleic acid 1.0 18.70 21.70 21.30
Arachidonic acid 1.5 0.40 0.70 0.66
Coeflicient of the fatty acid 1=1.3 10 0.39 043 0.42
balance, unit fraction Ry; |y ¢ 1.0 0.24 0.29 0.28
n-6 :n-3 7.5 1.78 1.07 1.16

From the data presented in Table 7, it can be seen that the content of monounsaturated fatty acids in
the lipoprotein part of the tail is 1.7 times higher than in muscle tissue, and the content of polyunsatu-
rated and saturated fatty acids is 1.1 times less. The ratio of PUFA: SAFA in muscle tissue is 2.0, in the
lipoprotein part of the tail — 2.7. Fatty acid balance coefficient calculated by SAFA, MUFA and PUFA
R;; = 1...3 and taking into account the contribution of individual balance of linolic, linoleic and arachi-
donic fatty acids R, = 1...6 corresponds to a high content of polyunsaturated fatty acids in the product.
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The calculated values of the coefficients of fatty acid balance of the CM R, (1...3) = 0.42 and R,
(1...6) =0.28 [2].

Conclusion. Actual data have been obtained on the nutritional value of the muscle tissue and the
lipoprotein part of the tail of the beaver inhabiting the Kaliningrad region, including sanitary-and-
hygienic and microbiological safety indicators. Beaver muscle tissue is characterized by a high protein
content (20.2 %) and a small amount of adipose tissue, while the lipid-and-protein part of the tail contains
mainly lipids (85.1 %). The amino acid and fatty acid composition of proteins and lipids of muscle tissue
and the lipid-and-protein part of the beaver tail was studied, and based on these data, the optimal ratio of
these components in the mixture was designed, which made 72 and 28 %. The fatty acid composition of
lipids in muscle tissue and the lipid-and-protein part of the beaver tail is mainly represented by
polyunsaturated fatty acids (52.4 g/ 100 g of lipids and 45.7 g / 100 g of lipids, respectively).

Based on the foregoing, it can be concluded that the data obtained on muscle tissue and lipoprotein
part of the beaver inhabiting the Kaliningrad region can be used as comparative materials for the analy-
sis of the physicochemical composition of the beaver carcass parts, and the results of designing the opti-
mal ratio between muscle tissue and lipoprotein part of the beaver tail in a mixture (ratio 72 to 28 %) are

applicable for the development of formulations for meat products.
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