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MACHINE-HARDWARE DIAGRAM OF COMPLEX BIOTECHNOLOGICAL
PROCESSING OF AQUACULTURE OBJECTS

Abstract. Currently, a number of fish farms operate in the Kaliningrad region, which specialize in breeding aquaculture
objects, including common carp (Cyprinus carpio Linnaeus, 1758) and clariid catfish (Clarias gariepinus Linnaeus, 1758) and
their further sale in live or chilled whole form. There is not complex processing, as a rule. The paper shows the need for bio-
technological processing of aquaculture and ways to use the waste obtained during filleting for production of minced fish and,
later, minced semi-finished products. The lack of integrated use of waste from fish processing industries is a common problem
in the fishing industry, so the need to solve this problem is obvious. For the efficient processing of fish raw materials, it is
necessary to create a technology that will make it possible to maximize the use of waste from fish production, including the
use of biotechnological methods, but at the same time ensure high quality of finished products. The paper presents the mass
composition of common carp (Cyprinus carpio Linnaeus, 1758) and clariid catfish (Clarias gariepinus Linnaeus, 1758),
developed a technological diagram for the complex biotechnological processing of aquaculture objects in the conditions of
small enterprises of fish processing farms, proposed a description of technological processes and a machine-hardware dia-
gram. Integrated technology implies the presence of the main and additional production. An additional diagram is associated
with the production of imitation fat, the basis for which can be ground fat-containing components pre-treated with enzymes,
such as tioshka and milk, as well as fish broths obtained by cooking collagen-containing components (heads, fins, tails). This
technological approach can be used in the conditions of “Belvodkhoz” enterprises engaged in the cultivation and subsequent
processing of aquaculture objects, for example, Fish Farm “Volma”.
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MAIIAHHO-ATIHAPATYPHASI CXEMA KOMILIEKCHOM BUOTEXHOJIOI MYECKOM NEPEPABOTKHA
OBBEKTOB AKBAKYJIbTYPbI

AnHoTanus. B HacTosmiee Bpems B KanumHuHTpaackoit odnactu GyHKIHOHUPYET PSI PHIOOBOTYECKUX XO3SIHCTB, KO-
TOpBIE CHIELUAIU3UPYIOTCS HAa PAa3BEICHUN 00BEKTOB aKBaKyJIbTYPbI, B TOM 4Hclie Kapia o0bikHOBeHHOTO (Cyprinus carpio
Linnaeus, 1758) u xnapuesoro coma (Clarias gariepinus Linnaeus, 1758), u ux manpHeifieil peaqn3anuu B KUBOM HIIH
OXJIQXKJICHHOM HepasJelaHHOM Buje. KommiekcHas nepepaboTka, Kak MpaBHiIo, OTCyTCTByeT. [loka3zaHa HE0OOXOIMMOCTb
OMOTEXHOJOTHYECKOH MepepaboTKN aKBAKYIBTYPHI U ITyTH UCIIOIB30BAHUS OTXOOB, MMOTYUCHHBIX MPU pa3/ieNike Ha (uie,
JUJIS1 TPOM3BOACTBA PHIOHBIX (hapluell U B gaibHeimeM ¢apiieBeix noryhadpukaroB. OTCYTCTBHE KOMILIEKCHOT'O UCIIONIB30-
BaHHUS OTXOJO0B phIOONepepadaThIBAIOIINX TPOU3BOJACTB SABISCTCS PACHPOCTPAHEHHON MPOOIeMO PHIOHON OTpaciy, BBUY
4ero HeoOXOJUMOCTb €€ pelieHus oueBHaHa. [ a3 PekTHBHON nepepaboTKU PHIOHOTIO CHIPbs TPEOyeTCsl CO3aTh TEXHO-
JIOTHIO, KOTOpPasi TMO3BOJIMT MAaKCHMAaJIbHO HCIIOJIE30BaTh OTXOJBI PHIOHOTO NMPOW3BOACTBA, B TOM YHCJIE C IMPUMEHCHHEM
OMOTEXHOJOTMYECKUX METOOB, HO IIPH ATOM 00ECIIEUHTh BHICOKOE KaueCTBO FOTOBOH mpoayKiuu. IIpencraBieH MaccoBBIH
coctaB Kapmna oOsikHOBeHHOTO (Cyprinus carpio Linnaeus, 1758) u kmapueBoro coma (Clarias gariepinus Linnaeus, 1758),
pa3paboTaHa TEXHOIOTHUYECKAs CXeMa KOMIIJIEKCHON OMOTEXHOIOIHYeCKOH mepepaboTKi 00BEKTOB AKBAKYIBTYPHI B YCIIOBUSAX
MaJjblX NPEANpPUATHN pblOomepepadaThIBAIONINX XO3AUCTB, MPEAJIOKEHB! OMUCAHNE TEXHOJOTHYECKHX MPOLECCOB M Ma-
HMIMHHO-anmapaTypHas cxema. KoMIUIeKCHas TEXHOJIOT S IIpeIonaraeT HaJln4ie OCHOBHOI'O U JIONOJIHHUTEIBHOIO IPOH3-
BoJACTBA. JlomosHMTENbHAsT CXeMa CBS3aHA C IIPOM3BOJCTBOM HMHTAIMOHHOTO MINMHKA, OCHOBOH IS KOTOPOTO MOTYT
TIOCITYXXHTb IPEBAPUTEIBHO 00paboTaHHbIE ()epMEHTAMH H3MEIbYEHHBIC KUPOCOACPIKAIINE KOMIIOHEHTHI, TAKHE KaK Tella
1 MOJIOKH, a TaKke PHIOHBIE OyTbOHBI, MOTYYEHHBIE MTPH BapKe KOJITAreHCOJAEP)KAIINX KOMIIOHEHTOB (TOJIOBHI, TNIABHUKH,
XBOCTBI). JlaHHBI TEXHOJOTMYECKHU IMOJXOA MOXKET ObITh HCHONBb30BaH B ycinoBusix npeanpustuil 'O «berxBoxxosy,



Becui HanpissnanpHaii akagamii HaByk bermapyci. Cepbist arpapabix HaByk. 2024. T. 62, Ne 1. C. 82—-88 83

3aHMMAIOIUXCS BEIpAIlMUBAaHUEM M IIOCIeyomel rnepepaboTkoi 00BeKToB akBakynbTypsl, Hanpumep OAO «Ppi6xo3
“Bomma’».

KimoueBble cj10Ba: aKBaKyJIbTypa, KJIApHEBbIH COM, Kapn OOBIKHOBEHHBII, HMHTAIL[MOHHBII LIMHUK, MallMHHO-AIIIA-
parypHas cxema, KOMIUIEKCHas epepadoTka

Jas nuTHpoBaHns: MamMHHO-anmapaTypHas cxeMa KOMIUICKCHOH OMOTEXHOJOrMYecKOW nepepadoTKH OOBEeKTOB
akBakynsTypsl / FO. H. Kopxasuna [ np.] / Bec. Har. akan. maByk bemapyci. Cep. arpap. naByk. —2024. — T. 62, Ne 1. — C. 82-88.
https://doi.org/10.29235/ 1817-7204-2024-62-1-82-88

Introduction. Currently, aquaculture is one of the main areas that ensure food security of the country,
since its development is aimed at solving the most important national tasks, such as: providing the
population with fish and other aquatic organisms, reducing import dependence, and conserving aquatic
biological resources [1]. At the moment, the Russian market has nearly suspended the supply of fish due to
the closure of seaports, which creates the conditions for a significant growth of aquaculture, as fishing is
increasingly becoming unprofitable in the face of depletion of the main commercial fish stocks.

As a rule, the main objects of breeding in pond aquaculture are cyprinid fish species. Sturgeon and
other species are also cultivated. Recently, there has been an active cultivation of catfish. Among the
advantages of their cultivation are a fairly fast period of growth to marketable fish (six months), disease-
resistance and a possibility of growing even with limited water space. The commodity advantages of
catfish are obvious — absence of scales and small bones, tasty meat and a low selling price [2-7].
Sharptooth catfish is a heat-loving species with an optimal average growing temperature of 25 to 28 °C.
During the summer period, it grows from a fry to an individual weighing about 600 g. However, if it is
grown in open water bodies, it must be caught and sent for processing.

Growing raw materials involves their further use, therefore, small workshops are built near fish
farms or on their territory, which allows increasing the output of finished products. As a rule, aquaculture
objects are sold in a live or chilled whole form, which is associated with the peculiarities of the
anatomical structure and a large number of bones in some species, such as cyprinids, or they are cut into
fillets (yield is 40—50 % of the total mass) or sent to production of hot smoked products. In order to
maximize the use of the edible part, it is advisable, after cutting the fish into fillets, to use food fish
waste, namely the remaining muscle part on the bone for the production of minced meat from freshly
caught or chilled raw materials. Minced meat can be sold in a chilled or frozen form, as well as molded
semi-finished products can be produced based on it. This will not only introduce waste-free technology,
but also generate additional income for fish processing enterprises. For the complex biotechnological
processing of fish raw materials, which ensures a high degree of use of food waste obtained during
cutting, it is necessary to create new technologies for enterprises for processing and developing
competitive fish products from aquaculture objects [8].

Recently, the range of semi-finished products is constantly changing and growing. The pace of life of a
modern person and his or her employment increases the demand for products that require a minimum
investment of time. Preparation of semi-finished products allows increasing the range of fish products [9].

Fish semi-finished products include molded fish products from cutlet mass (cutlets, meatballs) and
minced meat intended for the production of fish sausages, including grilled sausages. Production of
molded minced products allows using food waste, improving the taste of the product from cutting and
expanding the range. Semi-finished products, namely fish sausages, pre-prepared for frying, are popular
with the population, since they are most convenient both for picnics and for everyday use due to ease of
preparation and relatively low cost.

The key issue of the complex processing of aquaculture objects, such as common catfish (Cyprinus
carpio Linnaeus, 1758) and sharptooth catfish (Clarias gariepinus Linnaeus, 1758) is the lack of practical
application of waste-free machine-hardware diagrams and the full use of valuable food waste, of which
only a small part is used further for feed purposes [10—14].

In the published literature, there are no machine-hardware diagrams for the complex processing of
fish raw materials, including the processes of using food waste from cutting. At present, the state pro-
gram of the Russian Federation “Development of the fishery complex™ has been adopted, which in-

106 yTBepsKAEHUH FOCYIapPCTBEHHOM MporpamMbl Poccutickoit Menepannn «Pa3BuTne ppibOX03sHCTBEHHOTO KOMIIIEKCA»
[OnexTponnslii pecypc]: nocranosieHue Ilpasutenscrsa PO ot 15 anp. 2014 . Ne 314: B pen. noctanosienus [IpaButenscTa
P® or 25.08.2023 r. // Koncynwrantllntoc: [caiit]. 2014. URL: https://www.consultant.ru/document/cons_doc LAW 162283/
4ec4f614£2a8606¢95057c6b14170a977ba09197/?ysclid=lkr7pxjwel 71702189 (nata obpamenus: 12.04.2023).
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cludes a number of subprograms (for example, “Organization of fishing”, “Development of aquacul-
ture”), the “Strategy for the development of the fishery complex until 2030 is in force. The use of
waste-free technologies for extraction (catch), transportation and processing is an important task.

The purpose of the research is to develop a machine-hardware diagram for the complex biotechnological
processing of aquaculture objects in the conditions of small enterprises of fish processing farms.

The tasks are as follows:

1. Development of principles and technological methods for the integrated biotechnological use of
edible fish waste for production of fish fillets and fish semi-finished products (grilled sausages).

2. Selection of equipment for complex processing of aquaculture objects.

Objects and Methods of the Research. The object of the study is such aquaculture objects as
common carp (Cyprinus carpio Linnaeus, 1758) and sharptooth catfish (Clarias gariepinus Linnaeus,
1758), grown at fish farms of the Kaliningrad region.

Results and Discussion. At the initial stage of the research, the weight composition of common carp
(Cyprinus carpio Linnaeus, 1758) and sharptooth catfish (Clarias gariepinus Linnaeus, 1758) was
studied. The data are presented in Table.

Weight composition of common carp (Cyprinus carpio Linnaeus, 1758) and sharptooth catfish
(Clarias gariepinus Linnaeus, 1758), %

Fish type, weight fraction of the different parts of fish, % from the weight
of the whole fish
Type of cutting Waste
Common carp Sharptooth catfish
(Cyprinus carpio Linnaeus, 1758) (Clarias gariepinus Linnaeus, 1758)
Fillet - 50.7 41.5
- Tail, fins 4404 3104
- Head 26.1 = 0.6 30.7 = 0.5
- Bones left from fish filleting 16.9 £ 0.9 15.6 £ 0.6
- Fat-containing food waste (tioshka, milt) 10.2 =04 84 + 0.5
- Guts 123 £ 0.5 23*X04
- Scale 22+04 -
- Skin 3.6 £04 23105

The presented data shows that the percentage of fat-containing fish waste (tioshka, milk) is significant
and amounts to about 10 % of the total mass of raw materials. This shows the feasibility of their further
processing, which is due to the biological effectiveness of fish oil, the composition of which is mainly
represented by unsaturated fatty acids. Being dense in structure, tioshka should be a homogeneous mass
in the manufacture of imitation fat, in order to soften and increase the yield before grinding. Because of
that the authors proposed a preliminary biotechnological treatment of fat-containing fish waste, including
two stages: | — fermentation, I — temperature treatment (cooking).

The water-holding capacity and rheological characteristics of meat raw materials are important indi-
cators that have a significant impact on the technological process, resource and energy efficiency of pro-
duction and the quality of finished products. High-molecular compounds of meat raw materials — pro-
teins — are the main structural components that bind moisture in food raw materials and products. It is
evident that regulation of functional, technological and organoleptic properties of meat (fish) raw materi-
als is possible by forming certain spatial structures of proteins and peptides that have various radicals
and functional groups on their surface that have hydrophilic properties. Undoubtedly, the functional
state of these groups is determined by the environmental conditions (temperature, ionic strength of the
solution, pH, chemical components, etc.) [15-17]. In recent years, enzyme preparations (a complex con-
taining one (or several) enzymes and auxiliary components) have been actively used in order to accelerate

' [O6 ytBepxkaennn CTparerun pasBUTHS PHIOOXO3SHCTBEHHOTO KOMIUIEKca Poccmiickolt denepanyn Ha MEPUOM /10
2030 roma u maaHa MEPONPUSITHI IO ee peanu3annn] [DNeKTpOoHHBIH pecypc|: pacnopskenue [IpaBurensctBa PO, 26 HOsO.
2019 1., Ne 2798-p (B pen. ot 12.05.2022 1.) // Koncynprantllmtoc: [caiit]. 2022. URL: https:/www.consultant.ru/document/
cons_doc LAW 338713/ (nata obpamenus: 12.04.2023).
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specific reactions in the biotechnological processes of production, storage and processing of food raw
materials and products. In the present work, fermentation was carried out using the Enzy-Mix U en-
zyme preparation, which includes a complex of acid proteinases (chymosin: pepsin, mass ratio 1 : 9). In
the course of previous studies, the technological parameters of fermentation were substantiated, which
made it possible to obtain the maximum yield of fat-containing raw materials (the fermentation time was
12 hours at a temperature of (20 £ 5) °C). To reduce economic costs and rational use of the biocatalyst,
we justified the mass fraction of the introduced enzyme preparation, which was 0.1 % of the mass of raw
materials. The enzymatic hydrolysis of the peptide bonds of the protein components of raw meat con-
tributed to the fact that the samples obtained after fermentation had a loose texture and were easily
grindable. Obviously, the hydrolysis of peptide bonds of macromolecular compounds — proteins with the
participation of an enzyme preparation led to the formation of peptides, which affected the rheological
characteristics of mince products, product yield and the speed of technological processes.

To inactivate enzymes and simplify the separation of the fat-containing part, the cooking modes
(temperature (70 £ 1) °C, time 20 min) have been substantiated [18]. The output of the semi-finished product
after tioshka fermentation is about 80 %. The technology for obtaining imitation fat is described below.

Bones from fish filleting from the mass of raw materials range from 15 to 18 %. Their separation
makes it possible to obtain minced meat with the mass varied in the range from 8 to 10 % of the body
weight of fish, which shows the feasibility of processing food waste obtained from cutting aquaculture
objects into fillets.

The planned work shop for production of fish fillets and fish semi-finished products (grilled sausages)
is located near fish farms, which makes it possible to use high-quality raw materials immediately after
being caught. Figure 1 shows the flow diagram of complex processing.

| Cutting |

Non-edible

i
Collagen-containing | | Fat-containing Bones left from Guts
parts (heads, fins, components fish filleting
tails) (tioshka, milt) Utilization

i 1
Cooking Fermentation |
beoth I Separation

Heat treatment

Packaging, labeling

I Making imitation fat Preparation of mince
Preparation of auxiliary
components

Preparation of skins }—0— Fxllmi 1}1‘::: with

Sedimentation

Heat treatment
Cold treatment
Packaging, labeling

Figure 1. Complex processing flow diagram
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Figure 2. Machine-hardware diagram for the complex processing of aquaculture objects: / — preparation of fish, including
washing, if necessary — removal of scales; 2 — cutting into fillets; 3 — freezing; 4 — glazing; 5 — packaging, storage;
6 — obtaining mince on a neopress; 7 — fermentation; § — heat treatment; 9 — grinding; /0 — cooking and filtering of the broth;
11, 12 — preparation of imitation fat; /3 — preparation of mince; /4 — filling skins with mince, sedimentation;
15 — heat treatment; /6 — packaging, labeling, storage

The machine-hardware diagram is shown in Figure 2. The proposed diagram of the complex
processing of aquaculture objects provides for cutting fish raw materials into fillets, subsequent
separation of meat from bones in a neopress, production of imitation fat based on fish edible waste and
further production of fish semi-finished products (grilled sausages). This technological line is unified
and allows the production of assorted fish semi-finished products on a mince basis.

Filleting of aquaculture objects is mechanized and carried out on filleting machines (2). Before
cutting, the raw material undergoes additional (/) treatment (washing, if necessary, removal of scales).
The use of equipment, in comparison with cutting by hand, allows increasing the yield of the finished
product. Belly bones of common carp (Cyprinus carpio Linnaeus, 1758) are removed using a deboning
machine, where the fillets are cut up to 300 mm wide. The fillet is further sent for freezing (3) followed
by glazing (4), storage and sale (5). The remaining muscle tissue on the bone is processed using a
neopress (6). The fish passes between the pressing drum and the milling belt, where the meat is squeezed
out through the small holes of the drum and minced. All by-components of minced fish, such as skin,
bones, scales, exit through a special hole.

Collagen-containing food waste, such as fish heads, is proposed to be used for production of fish broths,
which can later be sold either to catering establishments in a chilled or frozen form, or as a liquid base for
manufacture of fish imitation fat, which serves as a semi-finished product for a number of sausage-based
fish products. The broths are produced in vacuum cookers (/0). As a fat-containing component, pre-
prepared crushed fat-containing wastes (tioshka, milk) are added to the imitation fish fat. Subsequently, the
filtered fish broth is mixed with a multifunctional mixture and crushed fat-containing fish components
until a stable emulsion is obtained, which is then aged until completely solidified.

The stage of preparation of mince is to mix it with the rest of the ingredients. Mince is prepared on a
mince meat mixer (/3). Among the advantages of mince preparation using a mince meat mixer are that
this equipment is relatively inexpensive and does not require high qualification of the operator [13, 19].
According to the recipe, spices and imitation fat (may be pre-crushed) are added to the mince. Filling the
skins with mince is carried out with a stuffer using vacuum of periodic action (/4). The sausage loaves
are further hung on sticks, which are then placed on frames, sent to the sediment and then to the heat
chamber (15), where saturated steam cooking is carried out. Cooling can be carried out in water or air in
a heat chamber. At the end of the technological process, ready-made fish sausages are packed, labeled
and sent for sale.
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The machine-hardware diagram for the complex biotechnological processing of aquaculture objects
in conditions of small fish processing enterprises, additionally includes a line for the production of
imitation fat, which allows for the complex use of edible fish waste obtained during cutting.

An important issue of ensuring the economic efficiency of the line for the complex processing of
aquaculture objects is a high level of automation at all stages of production (including complex
automation, including aquaculture processes). Introduction of integrated automation allows minimizing
human participation in the management process, ensuring control and regulation of the main
technological parameters, including food safety, creating flexible production that implements the most
rational use of raw materials.

With the right organization of technological and complementary processes, waste recycling can
significantly increase profitability and allow enterprises to generate additional income. The integrated
use of aquatic bioresources is an important area of research, which allows to reduce economic costs,
expand the range of products and allow rational use of raw materials. The proposed technology for the
complex processing of aquaculture objects in the conditions of small enterprises makes it possible to
overcome the above problems associated with waste disposal and range expansion.

Conclusion. 1. As aresult of the research, the principles of technological (including biotechnological)
methods for the integrated use of fish food waste from cutting, aimed at the production of semi-finished
fish products (grilled sausages) have been developed.

2. The modes of two-stage biotechnological processing of fat-containing fish waste (tioshka) have
been substantiated: fermentation time and temperature (12 h, (20 £ 5) °C), mass fraction of the introduced
enzyme preparation (0.1 %). A recipe for imitation fat and a technology for its production have been
developed.

3. A unified machine-hardware diagram for the complex biotechnological processing of aquaculture
objects in conditions of small fish processing enterprises has been developed. This diagram includes
biotechnological processing of fat-containing fish waste and an additional line for production of imitation
fat, aimed at the production of fish fillets and semi-finished fish products (grilled sausages). All this
allows for the complex use of edible fish waste obtained during cutting.

References

1. Henriksson P., Troell M., Banks L., Belton B., Beveridge M., Klinger D., Pelletier N., Phillips M., Tran N. Interventions
for improving the productivity and environmental performance of global aquaculture for future food security. One Earth,
2021, vol. 4, no. 9, pp. 1220—1232. https://doi.org/10.1016/j.oneear.2021.08.009

2. Rahman M. M. Role of common carp (Cyprinus carpio) in aquaculture production systems. Frontiers in Life Science,
2015, vol. 8, no. 4, pp. 399—-410. https://doi.org/10.1080/21553769.2015.1045629

3. Omirzhanova N. M., Nurqazy K. Sh., Barakbayev T. T. Joint farming cleavage soma (Clarias gariepinus) and straw-
berries everbearing greenhouse aquaponic installation. Voprosy rybnogo khozyaistva Belarusi: sbornik nauchnykh trudov =
Belarus fish industry problems: collection of scientific papers. Minsk, 2018, iss. 34, pp. 115-122 (in Russian).

4. Ageyets V. Yu., Lovkis Z. V., Koshak Z. V., Koshak A. E. Raw materials and feed production technology for valuable
fish species in the Republic of Belarus. Vestsi Natsyyanal'nai akademii navuk Belarusi. Seryya agrarnykh navuk =
Proceedings of the National Academy of Sciences of Belarus. Agrarian series, 2020, vol. 58, no. 1, pp. 79—89 (in Russian).
https://doi.org/10.29235/1817-7204-2020-58-1-79-89

5. Pilecky M., Mathieu-Resuge M., Zavorka L., Fehlinger L., Winter K., Martin-Creuzburg D., Kainz M. J. Common
carp (Cyprinus carpio) obtain omega-3 long-chain polyunsaturated fatty acids via dietary supply and endogenous bioconver-
sion in semi-intensive aquaculture ponds. Aquaculture, 2022, vol. 561, art. 738731. https://doi.org/10.1016/j.aquacul-
ture.2022.738731

6. Palm H. W., Knaus U., Wasenitz B., Bischoff A. A., Strauch S. M. Proportional up scaling of African catfish (Clarias
gariepinus Burchell, 1822) commercial recirculating aquaculture systems disproportionally affects nutrient dynamics.
Aquaculture, 2018, vol. 491, pp. 155-168. https://doi.org/10.1016/j.aquaculture.2018.03.021

7. Barulin N. V. Pond aquaculture of Belarus: biological features and economic qualities. Nashe sel skoe khozyaistvo
[Our Agriculture], 2020, no. 10, pp. 80—82 (in Russian).

8. Moiseenko M. S., Mukatova M. D. On developing technology of products of the functional orientation produced from
aquaculture objects. Vestnik Astrakhanskogo gosudarstvennogo tekhnicheskogo universiteta. Seriya: Rybnoe khozyaistvo =
Vestnik of Astrakhan State Technical University. Series: Fishing Industry, 2019, no. 2, pp. 94—100 (in Russian). https://doi.
org/10.24143/2073-5529-2019-2-94-100

9. Popko Yu. L., Sak Yu. L., Tsvirko L. S. Prospects for the production of fish molded products in the Republic of Belarus.
Biotekhnologiya: dostizheniya i perspektivy razvitiya: sbornik materialov II mezhdunarodnoi nauchno-prakticheskoi konfe-
rentsii, g. Pinsk, 7-8 dekabrya 2017 g. |Biotechnology: achievements and prospects for development: collection of materials
of the II International scientific and practical conference, Pinsk, December 7-8, 2017]. Pinsk, 2017, pp. 100—102 (in Russian).



88 Proceedings of the National Academy of Sciences of Belarus. Agrarian series, 2024, vol. 62, no. 1, pp. 82—88

10. Lima D. A. S., Santos M. M. F., Sousa A. M. B. L., Bezerra T. K. A., da Silva Aragjo i.B., Madruga M. S., da Silva
F. A. P. The cutting by-product of fish filleting on the band saw machine: nutritional quality and technological potential. Waste
and Biomass Valorization, 2022, vol. 13, no. 11, pp. 4575-4584. https://doi.org/10.1007/s12649-022-01818-6

11. Chomnawang C., Nantachai K., Yongsawatdigul J., Thawornchinsombut S., Tungkawachara S. Chemical and bio-
chemical changes of hybrid catfish fillet stored at 4 °C and its gel properties. Food Chemistry, 2007, vol. 103, no. 2, pp. 420—

427. https://doi.org/10.1016/j.foodchem.2006.07.039

12. Liu W,, Lyu J., Wu Di, Cao Y., Ma Q., Lu Y., Zhang X. Cutting techniques in the fish industry: a critical review.
Foods, 2022, vol. 11, no. 20, art. 3206. https://doi.org/10.3390/foods11203206

13. Gorbatovskiy A. A., Rakityanskaya I. L., Kaledina M. V. Food processing from mechanically deboned minced cod.
Tekhnika i tekhnologiya pishchevykh proizvodstv = Food Processing: Techniques and Technology, 2020, vol. 50, no. 2,
pp. 361-371 (in Russian). https://doi.org/10.21603/2074-9414-2020-2-361-371

14. Sajib M., Trigo J. P, Abdollahi M., Undeland I. Pilot-scale ensilaging of herring filleting co-products and subsequent
separation of fish oil and protein hydrolysates. Food and Bioprocess Technology, 2022, vol. 15, no. 10, pp. 2267-2281. https://

doi.org/10.1007/511947-022-02870-9

15. Abdollahi M., Marmon S., Chaijan M., Undeland I. Tuning the pH-shift protein-isolation method for maximum hemo-
globin-removal from blood rich fish muscle. Food Chemistry, 2016, vol. 212, pp. 213-224. https://doi.org/10.1016/j.food-

chem.2016.05.165

16. gliiyte R., Dauksas E., Falch E., Storre I., Rustad T. Yield and composition of different fractions obtained after enzy-
matic hydrolysis of cod (Gadus morhua) by-products. Process Biochemistry, 2005, vol. 40, no. 3—4, pp. 1415-1424. https://doi.

org/10.1016/j.procbio.2004.06.033

17. Slizyté R., Rustad T., Storre I. Enzymatic hydrolysis of cod (Gadus morhua) by-products: optimization of yield and
proper-ties of lipid and protein fractions. Process Biochemistry, 2005, vol. 40, no. 12, pp. 3680—3692. https://doi.org/10.1016/;.

procbio.2005.04.007

18. Alshevskiy D. L., Korzhavina Yu. N., Alshevskaya M. N., Ustich V. I. Application of fat-containing edible fish waste
for making imitation lard. AIP Conference Proceedings, 2022, vol. 2636, no. 1, p. 020015. https://doi.org/10.1063/5.0103970

19. Tsibizova M. E. Expansion of assortment of culinary products from the grown fish. Vestnik MGTU = Vestnik of
MSTU, 2018, vol. 21, no. 3, pp. 513-523 (in Russian). https://doi.org/10.21443/1560-9278-2018-21-3-513-523

Information about the authors

Yuliya N. Korzhavina — Postgraduate Student, Kalinin-
grad State Technical University (1, Sovetsky Ave., 236022,
Kaliningrad, Russian Federation). https://orcid.org/0000-
0001-9777-777X. E-mail: yuliya.korzhavina@klgtu.ru

Dmitriy L. Alshevskiy — Ph. D. (Engineering), Associate
Professor, Associate Professor of the Department of Food
Technology, Kaliningrad State Technical University (1, So-
vetsky Ave., 236022, Kaliningrad, Russian Federation).
https://orcid.org/0000-0003-4809-2998. E-mail: alshevsky@
klgtu.ru

Marina N. Alshevskaya — Ph. D. (Engineering), Asso-
ciate Professor, Associate Professor of the Department of
Food Technology, Kaliningrad State Technical University
(1, Sovetsky Ave., 236022, Kaliningrad, Russian Federa-
tion). https://orcid.org/0000-0002-0632-9013. E-mail: marina.
alshevskaya@klgtu.ru

Viadimir I. Ustich — Ph. D. (Engineering), Associate
Professor, Vice-Rector for Academic Affairs, Kaliningrad
State Technical University (1, Sovetsky Ave., 236022,
Kaliningrad, Russian Federation). https://orcid.org/0000-
0002-8150-2912. E-mail: ustich@klgtu.ru

Faina S. Karneeva — Postgraduate Student, Kaliningrad
State Technical University (1, Sovetsky Ave., 236022, Ka-
liningrad, Russian Federation). https://orcid.org/0000-0002-
9487-7756. E-mail: faina.karneeva@klgtu.ru

Ekaterina P. Bedo — Postgraduate Student, Uzbekistan
State University of World Languages (21a, Kichik Khalka
Yuli Str., Quarter G-9a, Uchtepa District, 100173, Tashkent,
Republic of Uzbekistan). https://orcid.org/0009-0006-3271-
7876. E-mail: katerinabedo@gmail.com

HNndopmanus 006 aBTopax

Koporcasuna FOnus Huxonaeéna — acnupant, Kanunun-
TPajCKUH TOCYJapCTBEHHBIH TEXHUYECKUI YHUBEPCHUTET
(CoBerckuii mp., 1, 236022, Kanuaunrpan, Poccutickas de-
nepanwsi).  https://orcid.org/0000-0001-9777-777X. E-mail:
yuliya.korzhavina@klgtu.ru

Anvwesckuil [Imumpuii Jleonuoosuuy — KaHAUIAT TEX-
HUYECKHX HayK, TOIEHT, JOIEHT KadeIpbl TEXHOJIOTHH IIPO-
JIYKTOB IUTaHus1, KaTMHUHTPaJCKUIl rOCY1apCTBEHHBI TeX-
Huveckuil yausepcuret (Cosetckuit mp., 1, 236022, Kanu-
HuHrpan, Poccuiickas ®enepauus). https://orcid.org/0000-
0003-4809-2998. E-mail: alshevsky@klgtu.ru

Anvwesckas Mapuna Hukonaesna — KaHIUIAT TEXHU-
YEeCKUX HayK, JOLCHT, JOLUCHT Kadeapbl TEXHOJIOIHH MPO-
JIyKTOB NUTaHus, KanuHUHTpaICKUl TOCYJapCTBEHHBIH TeX-
Huveckuil yausepcuret (Cosetckuit np., 1, 236022, Kanu-
HuHrpan, Poccuiickas ®denepanus). https://orcid.org/0000-
0002-0632-9013. E-mail: marina.alshevskaya@klgtu.ru

Vemuu Braoumup Heanosuu — KaHIUIAT TEXHUIECKIX
HayK, JIOLEHT, IPOPEKTOp Mo ydeOHoil pabore, Kanuunun-
TpajCKUil TOCYNapCTBEHHBIH TEXHUYECKUH YHHMBEPCUTET
(Coerckuii mnp., 1, 236022, Kanununrpan, Poccuiickas
Denepanusi). https://orcid.org/0000-0002-8150-2912. E-mail:
ustich@klgtu.ru

Kapneesa ®auna Cepeeesna — acnmpanT, KanuHuH-
TpajCKUil TOCYNapCTBEHHBIH TEXHUYECKUH YHMBEPCUTET
(CoBerckuit mp., 1, 236022, Kanuuunrpazn, Poccuiickas
Denepanust). https://orcid.org/0000-0002-9487-7756. E-mail:
faina.karneeva@klgtu.ru

beoo Examepuna Ilagnoéna — acriupaHT, Y30eKCKHi
rOCY/IapCTBEHHBIH YHUBEPCUTET MUPOBBIX 3bIKOB (yi1. Ku-
yuK XalKka Plynn, 2la, kB-1 [-9a, Yurenuunckuii p-u, 100173,
TamikenT, Pecniybnuka Y30ekucrtan). https://orcid.org/0009-
0006-3271-7876. E-mail: katerinabedo@gmail.com



