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State and prospects of fish processing technologies

natural fisheries, the specifics of the use of raw materials for food, the degree of provision of the
population with these products and new processing technologies is an urgent task to determine
the priority areas for improving the nutritional and biological value of aquaculture products, taking
into account modern nutrition recommendations. The purpose of the study was to investigate the
current state of the fish industry, innovative areas of aquatic products manufacturing to identify
promising areas of fish and seafood technology. The study was conducted using a comparative
analysis of scientific works by domestic and foreign scientists published in the Scopus, Web of
Science, Journal Citation Reports, Scimago Journal & Country Rank, and Google Scholar databases.
The analysis of the information shows an increase in the catch of aquatic organisms in the world,
and in recent years, the total catch has amounted to more than 177.80 million tonnes. For food
purposes, 157.40 million tonnes were used, with an annual consumption of 20.2 kg per person. The
mass share of Ukraine in the total volume of fish products in the world is 0.2%. Ukraine is import-
dependent in terms of aquatic organisms. The latest technologies for processing fish products are
related to the development of methods for assessing the quality of raw materials and products, the
creation of low-waste technologies for the extraction of biologically active compounds and the
formation of multicomponent food products based on plant and animal raw materials, and the use
of biotechnological and physical methods to improve product quality. The involvement of a new
raw material object, the freshwater toothless mollusk, for food purposes has been noted, and many
culinary recipes from this species with additives of plant materials have been developed. However,
there is a lack of research in the area of improving the technologies and formulation composition
of fish pastes, which will make it possible to formulate food products with specified properties
of biological value to meet human needs. The practical significance of the analysis is to identify
promising trends in aquaculture technologies, taking into account Ukraine's own raw material base

Keywords: fishing industry; new technologies; multi-component products; new raw materials;
fish pastes; freshwater fish; dietary supplements

Introduction

The state and development trends of the fishing
industry play an important role in ensuring an
adequate standard of living and development of
the country. Meeting the needs of the popula-
tion with quality fish products is a priority for
the fishing industry. To solve this problem, it is
necessary to know the available raw materials,
potential types of raw materials, and the main
trends in the fish products market. Many scien-
tists have made a significant contribution to the
study of the state, effective directions of devel-
opment of the fishery complex and prospects for
technologies for processing aquatic products.
A. Trofymchuk et al. (2021) analysed the current
state and trends in the development of fisheries
in Ukraine and the world for 1996-2020. They
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noted changes in the catch of aquatic organisms,
exports, and imports of fish products. The level
of consumption of fish products by the popula-
tion was shown. The main promising directions
and strategies for the development of the fish-
ery were substantiated. N. Myskovets (2020)
highlights the state of the fishing industry in
Ukraine as a whole and separately in the Rivne
region. The paper examines the performance
indicators of fisheries’ enterprises, identifies
the most powerful ones, specifies the most pop-
ular fish species, and identifies the prospects
for the development of the fisheries’ industry.

The state and prospects of development
of the fish market of Ukraine were studied by
T. Volkhova & N. Holembovska (2020). The
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results showed an increase in global fish pro-
duction and consumption. In Ukraine, the an-
nual consumption of fish and fish products is
significantly lower than the global average. The
main factors that influence the consumption of
fish and fish products are their cost and the lev-
el of income of the population. It is shown that
the state of the fishery of Ukraine is neglected.
The fish market in Ukraine is represented by
imported products. Scientists believe that in
the near future, we should not expect a signif-
icant improvement in the situation with filling
the domestic market with domestic products.
T. Yaroshevych & O. Paholyuk (2020) assessed
the state and directions of development of the
Ukrainian fish market, identified negative and
positive trends in its functioning. Based on the
results of the research, they proposed prom-
ising areas for the development of the fish
industry to provide the population with food
products of high protein content. L. Kupinets &
0. Shershun (2022) substantiated methodolog-
ical approaches to assessing the capacity of the
national and regional fisheries and aquaculture
market. The structure of the fish market is stud-
ied, and the factors influencing its dynamics
are identified. The dependence of the market
on imports is estimated. Recommendations for
the development of domestic fish farming and
aquaculture are provided. L. Mykhalchyshyna
& 1. Sinenok (2020) identify unfavourable con-
ditions for the development of aquaculture as
the reasons for the predominance of imported
raw materials in the fish market. The authors
propose to develop a strategic plan for the sus-
tainable development of the fishing industry
and the direction of aquaculture development.
Based on their research, the scientists
come to a common conclusion that the main
effective way to obtain aquatic bioresources is
through the development of aquaculture. To
increase the efficiency of fish farming, it is pro-
posed to grow valuable fish species: sturgeon
(Acipenseridae), salmon (Salmoninae), tilapia
(Tilapia), channel catfish (Ictalurus punctatus)

and clarias (Clarias gariepinus). The feasibility
and prospects of modern aquaculture areas us-
ing improved fish farming conditions are also
confirmed by studies presented in the works of
foreign scientists (Wang et al., 2021; Valenti et
al., 2021; Qi et al., 2021). Modern technologies
for processing fish products are based on the
use of new types of raw materials, aquaculture
facilities, and the creation of low-waste and
integrated technologies for processing aquatic
organisms. Innovations are related to the de-
velopment of new methods for assessing the
quality of raw materials and finished products,
the use of biotechnological and physical meth-
ods to improve quality and safety (Kim, 2021).
Promising areas of fish and seafood technology
include the formation of multicomponent food
products of increased nutritional and biological
value based on aquatic organisms, plant, and
animal raw materials (Racioppo et al., 2021;
Dhanabalan et al., 2023).

Despite the significant number of works
by domestic and foreign scientists, the issues
of the current state and effective directions of
fisheries development require constant moni-
toring and analysis for the successful operation
of the country’s fisheries complex. Particular
attention should be paid to the state and con-
ditions of functioning of the fishing industry in
times of war and the choice of technology for
aquatic products to ensure food security. The
purpose of the study was to examine the cur-
rent state, main trends and prospects for the
development of the fish processing industry in
the world and in Ukraine.

To achieve this goal, the following research
objectives were set:

to study the dynamics of the volume of
production, its structure and the main factors
influencing the catch of aquatic bioresources in
the world and in Ukraine;

to analyse the level of consumption
of fish and fish products in the world and in
Ukraine, in accordance with the recommended
norms;

Animal Science and Food Technology. 2023. Vol. 14, No. 4
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to study the main trends in fish and sea-
food processing in the world and in Ukraine,
and to identify promising technologies for
aquatic products.

In the course of the study, general scien-
tific and special methods were used: statisti-
cal analysis, comparative analysis, synthesis,
integrated systemic approach, theoretical
generalization, as well as structural-function-
al and abstract-logical methods. The state of
world fisheries and aquaculture was analysed
on the basis of data from the Food and Agricul-
ture Organization of the United Nations (FAO)
(The State of World Fisheries and Aquaculture
..., 2022). To analyse the current state of the
domestic fishing industry, information from
the State Statistics Service of Ukraine and the
State Agency for Land Reclamation and Fish-
eries of Ukraine was used. The materials used
for these studies included statistical data on
the extraction of aquatic bioresources, the
state of aquaculture production, and the lev-
el of consumption of fish and fish products
in the world and in Ukraine. The studies also
used scientific articles by domestic and foreign
scientists, legislative documents, analytical
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information, and forecasts by experts in the fish
industry. The study of the main areas of aqua-
culture processing technology in the world and
Ukraine was conducted using a comparative
analysis of scientific papers by domestic and
foreign scientists published in the Scopus, Web
of Science, Journal Citation Reports, Scimago
Journal & Country Rank, and Google Scholar
databases.

The current state of fisheries

in the world and in Ukraine
In the 21%t century, the world recognizes the
significant contribution of fisheries and aqua-
culture to food security and nutrition. In 2020,
about 225 million tonnes of aquatic prod-
ucts were supplied to world markets (Fig. 1)
(The State of World Fisheries and Aquacul-
ture..., 2022). The volume of industrial fishery
products accounted for 51% of the total, and
aquaculture products for 49%. Commercial
fisheries accounted for 63% of the total volume
of production, while inland waters accounted
for 37%. In addition, 36 million tonnes of algae
were supplied to the markets, 97% of which was
produced mainly in marine aquaculture.

225.8

203.9

volume, million tons
—_
o
o

2010 2018

World fishing and aquaculture in total
B Commercial fishing in the seas

2019 2020

B Commercial fishing in inland waters
B Aquaculture

Year

Figure 1. The volume of extraction of aquatic bioresources in the world
Source: The State of World Fisheries and Aquaculture ... (2022)

More than 89% of the aquatic bioresources
harvested were used for food purposes. The rest
was used to produce fishmeal and fish oil. The
volume of aquatic bioresources harvested in

Animal Science and Food Technology. 2023. Vol. 14, No. 4

Ukraine decreased over the period 2010-2022.
Figure 2 shows the total catch of aquatic biore-
sources in Ukraine (Extraction of aquatic biore-
sources..., 2023).
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Figure 2. The volume of extraction of aquatic bioresources in Ukraine

Source: Extraction of aquatic bioresources ... (2023)
A sharp decline compared to previous pe-
riods was observed in 2014, due to the annexa-
tion of Crimea. Ukraine has lost its main fishing
area, namely marine fish, which accounted for
a significant share of the overall structure of
the fishery. In 2022, fish catches declined dra-
matically as a result of the war. The total catch
in all fishing areas amounted to 31.6 thousand
tonnes of aquatic bioresources, which was only
45.2% of the corresponding figure for 2021.
Commercial fishermen caught 14 thousand
tonnes of biological resources in inland water
bodies, which was 62.4% of the previous year.
Only 124.9 tonnes were caught in the Black Sea
(1.3% of the 2021 figure), and only 24 tonnes
(0.5% of the 2021 figure) were caught in the
Sea of Azov, which is fully controlled by Russia,
before the occupation (Extraction of aquatic
bioresources..., 2023). Commercial fishing in
2022 took place under conditions of a partial
or complete ban on navigation in large areas
of Ukrainian waters. At the same time, com-
mercial fishing in the Sea of Azov and the Black
Sea was blocked, except for certain areas of
Mykolaiv and Kherson regions. Fishing beyond
Ukrainian jurisdiction in waters covered by the

Convention on the Conservation of Antarctic
Marine Bioresources was suspended with the
introduction of martial law in Ukraine, which
complicated the process of replacing the crew
of vessels that caught Antarctic krill (Public re-
port..., 2022).

In most regions of Ukraine where hostili-
ties took place, fisheries suffered significant
material damage due to damage to hydraulic
systems and structures, buildings, production
equipment and other property, as well as fish
kills. The mining of certain areas made it im-
possible to access the production facilities of
enterprises and conduct technological oper-
ations (Public report..., 2022). Analysis of the
volume of fish harvested shows more stable
trends in aquaculture production. This indi-
cates the need to support and develop this area
of the fishing industry (Production of aquacul-
ture products..., 2022). The level of consump-
tion of fish and fish products is an indicator of
food supply to the population, which must be
maintained in accordance with physiologically
sound norms. Figure 3 shows the dynamics of
consumption of fish and fish products in the
world and in Ukraine in 2010-2021.

Animal Science and Food Technology. 2023. Vol. 14, No. 4
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Figure 3. The consumption of fish and fish products in the world and in Ukraine
Source: T. Yaroshevych & O. Pakholiuk (2020); The State of World Fisheries and Aquaculture (2022)

Between 1961 and 2019, global consump-
tion of food products from aquatic bioresources
increased by an average of 3.0% per year. Per
capita consumption of aquatic animal products
increased by 1.4% per year, from 9.0 kg in 1961
to 20.5 kg in 2019. In 2020, this figure slightly
decreased to 20.2 kg, but returned to the previ-
ous level the following year. Oceania consumes
the most fish per person per year — 27.5 kg, fol-
lowed by Asia - 25.1 kg, North America - 23.7 kg,
Europe - 21.6 kg, South America - 10.7 kg, and
Africa - 9.8 kg (The State of World Fisheries and
Aquaculture..., 2022). In recent decades, the per
capita consumption of aquatic bioresource food
products has been primarily influenced by the
growth in the supply of these products, changes
in consumer preferences, technological devel-
opment, and income growth.

In Ukraine, meeting the needs of the pop-
ulation through a stable supply of fisheries
and aquaculture products remains a challenge.
This leads to low consumption of fish and fish
products. In 2021, Ukrainians consumed 11 kg
of fish per capita, which is only 55% of the
recommended norm. In 2022-2023, there was
no significant increase in the consumption of
fish products by Ukrainians. It was determined
that the domestic demand for fish products
is 540 thousand tonnes, but the supply is 4.3
times less (Bespyatov, 2022). The regions and
countries of import of fish products to Ukraine
are Western Europe, Central/Eastern Europe,
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the Middle East, South America, North America,
Norway, Spain, Iceland, Sweden, Denmark, the
Netherlands, Greece, France, Iran, Chile, Lat-
via, Lithuania, Estonia, and the United States
of America. Export regions and countries: Cen-
tral/Eastern Europe.

Compared to the total global catch of
aquatic organisms, Ukraine’s share of the
world’s fisheries averaged 0.4% before the mil-
itary actions, and 0.2% in the last year. Ukraine
produces more than 100 types of food prod-
ucts. The main ones are frozen, chilled, salted,
smoked fish, canned fish, preserves, culinary
products, and fish meal. Non-food fish is used
for the needs of fur farming and livestock farm-
ing (State Agency of Recreation and Fisheries of
Ukraine, 2023). Ukraine needs an import substi-
tution programme. It is necessary to determine
the species structure of aquatic bioresources
that have the potential to be grown in aquacul-
ture and introduce a system of investment in
this area; introduce a system for confirming le-
gal imports and catches of fish in inland waters,
a system for monitoring compliance with the
law and penalties for trade in fish of dubious
origin and quality; and increase the compet-
itiveness of domestic fish products (Kupinets
& Shershun, 2022; State agency of recreation
and fisheries of Ukraine, 2023). Numerous stud-
ies have shown that raw materials of aquatic
origin contain a variety of biologically active
compounds and are considered as a source for
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creating foods balanced in terms of basic and
essential nutritional factors in accordance with
FAO/WHO (World Health Organization) rec-
ommendations (Brandhorst & Longo, 2019;
Rocha et al., 2021). Therefore, it is advisable
to analyse modern technologies for processing
aquatic organisms and identify promising areas.

Main areas of aquatic
organisms processing technology

The analysis of the state and prospects of fish
raw material technology shows the following
main areas of research:

improvement of methods for objective
assessment of quality and safety of raw mate-
rials and products;

development of low-waste technologies
for processing raw materials;

improvement of traditional technologies;

development of functional food products;

attracting new sources of raw materials
for food production.

The following methods should be used to
improve the objective assessment of the qual-
ity and safety of raw materials of aquatic ori-
gin and products made from them. The elastic
properties of raw materials (ability to deform)
are one of the important characteristics of their
quality (Lebska et al., 2021). However, these pa-
rameters have been studied fragmentarily and
there is no data establishing their dependence
on other criteria. The first studies of this indica-
tor in relation to changes in pH were conducted
on the muscle, adipose tissue, and skin of the
Black Sea catfish Squalus acanthias (Sydoren-
ko et al., 2021). The regularities of changes in
the rheological properties of fish depending on
the storage time and temperature regime were
established, which made it possible to obtain
graphs of the strain force values of samples of
different shelf life and to compare the strain
time and strain values. The results of the physi-
cal properties were used to optimize the shelflife
parameters of shark, on the basis of which math-
ematical models were developed to describe

changes in the main physical and chemical
properties under different storage parameters.

A quality index method (QIM) was devel-
oped for the example of ice-stored pufferfish
(Lophius piscatorius) to quickly and efficiently
determine the freshness of fish. This study was
conducted to determine more reliable freshness
parameters for ice-stored Lophius piscatorius.
Sensory and microbiological analyses were car-
ried out on a QIM basis, updating a previously
proposed quality index (QI) scheme. Total via-
ble counts and specific spoilage organisms were
determined by microbiological analysis of tail
muscles, evaluating their correlations with QI
scores over time. The revised QI scheme includ-
ed 3 characters, namely appearance, eye and
fin, with a total of 18 deficiency points. A pos-
itive linear correlation was observed between
the QI score and storage time, so that the time
of sensory rejection (day 8) could be predicted
within =1 day using the developed scheme. At
the point of sensory rejection, the microbial
spoilage flora loads were not high enough to be
associated with the assessed changes, proba-
bly due to the morphology of the spearfish, in
which the tail muscles are isolated from the
gills and internal organs, the main sources of
bacterial contamination. The proposed scheme
offers a ready-to-use assessment of the fresh-
ness of abalone, although further validation is
required. The determination of the shelf life of
seafood is generally determined by microbio-
logical, chemical and sensory analysis. Among
these methods, colour changes are part of the
sensory analysis and are preliminary accept-
ance criteria from the consumer point of view.
A feed-forward artificial neural network (ANN)
model was developed to predict the shelf life of
seafood based on colour values. Furthermore,
the predicted and observed values of shelf life
were fitted, and the regression coefficient was
found to be 0.85. According to the results of this
study, the proposed ANN model is accurate, re-
liable, and adequate for estimating the shelf life
of seafood (Fasuan et al., 2022).

Animal Science and Food Technology. 2023. Vol. 14, No. 4
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Rancid taste, pH and thiobarbiturate
number (TBARS) are important parameters of
food oxidation quality that are analysed in a
time-consuming and destructive way. Non-de-
structive food characterization can be achieved
by correlating these data with a computational
vision. C. Marques et al. (2020) investigated the
use of digital images of fish burgers to sensory
predict the results of rancid taste, pH and thio-
barbiturate number (TBARS) in these products.
A mobile phone acquired digital images in a
controlled environment, and 768 shades of grey
were made using histograms. The models from
the digital images of the object, sensory rancid-
ity, pH and TBARS data, using the mean centre
method and SIMPLS (statistically inspired mod-
ification of the partial least squares) algorithm,
revealed models with >0.97 R2. Thus, any dig-
ital image of this batch of hamburgers insert-
ed into a model to predict rancid taste, pH and
TBARS has a high level of prediction reliability.

Water activity is of interest in terms of es-
timating the amount of free water in food, and
shows how strongly water is structurally and
chemically bound in food. This indicator deter-
mines the suitability and degree of water con-
tent in food products, especially for microbio-
logical activity. A study was conducted on the
water activity index (aw) in the skin and muscle
tissue of smoked catfish samples, which were
products of traditional and advanced process-
ing methods (Fasuan et al., 2022). The samples
differed significantly with mean aw values of
0.85 and 0.81, respectively, when tested imme-
diately after purchase in selected open markets.
The isolated spoilage fungi were identified by
their phenotypic appearance and morphologi-
cal characteristics. The presence of Aspergillus
fumigatus, A. niger, A. flavus and Penicillium was
detected. The aw value in all tested samples was
higher than the Codex standard for smoked fish,
smoked fish with aroma and dried fish, which
is 0.75 aw or less (10% moisture or less), and
shows the need to use this indicator to control
pathogenic bacteria and spoilage fungi. One of

Animal Science and Food Technology. 2023. Vol. 14, No. 4

the areas of aquatic organism processing tech-
nology is the development of low-waste tech-
nologies for processing raw materials. Aquatic
raw materials contain an average of 30-50% of
muscle tissue, with the rest being skin, bones,
liver, gastrointestinal tract, gonads, etc. There-
fore, one of the important tasks of raw mate-
rial technology is to use all parts of the body
of aquatic organisms. In this area, research on
crustacean technology using the example of the
Black Sea grass shrimp Palaemon adspersus is of
interest, as it has made it possible to extract ca-
rotenoid lipids and a complex of enzymes with
collagenolytic effects from inedible body parts
in a single cycle (Bal-Prylypko et al., 2020; Leb-
sky, 2022). Lipids with carotenoids, due to the
content of carotenoids — astaxanthin and ome-
ga-3 polyunsaturated fatty acids — are consid-
ered functional ingredients and can be used as
a dietary supplement.

Squid cartilage has received little attention
in the processing of these animals. C.Y. Huang et
al. (2018) investigated the possibility of sepa-
rating chondroitin sulphate (ChS) from squid
cartilage of Dosidicus gigas by enzymatic extrac-
tion and sonication. Alkalase, papain or Pro-
tin NY100 were used as proteases. The results
determined the efficiency of alkalase in the
extraction of ChS compared to other enzymes.
The results of this study provide an environ-
mentally friendly and efficient process for the
extraction and purification of ChS and are im-
portant for the use of these compounds for the
development and production of nutritious foods
or pharmaceuticals. Fish bones are by-products
of aquatic and fish processing that are often dis-
carded. However, it is considered to be beneficial
for health as it contains many essential nutri-
ents. Recent studies have identified the anti-in-
flammatory effects of fish bone fermented using
Monascus purpureus in LPS-induced RAW264.7
cells by regulating the NF-«B pathway (Chen et
al., 2023). It was determined that ferment-
ed fish bones suppress inflammation and can
be used as a multifunctional natural product.
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Improvement of traditional technologies’
production of products
from hydrobionts and attraction
of new sources of raw materials
In order to expand the range of products, sci-
entists N. Bozhko et al. (2018) investigated the
feasibility of an unconventional combination
of raw materials to create combined and func-
tional foods. Thus, the above-mentioned au-
thors developed recipes for minced meat for
the production of meat breads and semifinished
products with partial replacement of meat raw
materials with fish. It was found that the devel-
oped minced meat systems had 6-6.5 times low-
er ultimate shear stress and elasticity compared
to the control sample, which indicates greater
tenderness and juiciness of minced meat and
finished products. It was determined that the
combined meat and fish minced products have
a better ability to adsorb and retain fats in their
composition. The stability of the emulsion of
minced meat with the addition of fish raw ma-
terials was on average 12-15% higher than that
of minced meat of the standard recipe. Adding
raw materials of aquatic origin to the recipe in-
creased the emulsifying ability of minced meat
by 8.9%. The developed meat and fish breads
had a 5.3-8.5% higher yield of finished products
compared to products according to the basic rec-
ipe. As a result of the organoleptic evaluation, it
was found that the partial replacement of meat
raw materials with fish raw materials does not
worsen the sensory and physicochemical char-
acteristics of meat breads. The research shows
that meat and fish breads and semifinished
products based on improved recipes can be
recommended for production by meat process-
ing enterprises. Recent studies have confirmed
the feasibility of combining meat and fish raw
materials, which allows enriching food prod-
ucts with essential amino acids, trace elements,
omega-3 fatty acids and improving organoleptic
properties (Pylypenko et al., 2021). The positive
effect of combining meat raw materials with
hydrobionts has also been proven in sausage

technology. N. Bozhko et al. (2021) showed the
feasibility of combining duck meat and freshwa-
ter fish in semi-smoked sausages. I. Pylypenko et
al. (2021) improved the technology of cooked
chicken sausages with the addition of seafood.

Raw materials of aquatic origin are char-
acterized by the content of polyunsaturated
fatty acids (PUFAs), vitamins, carotenoids, and
microflora, which contribute to the rapid pro-
cess of lipid oxidation and its deterioration.
Therefore, one of the main areas of technology
is to maintain the quality of raw materials. The
main trends in this area should be considered.
This is how the prospects of using Sous-vide
technology have been proven. Sous-vide (SV)
is a technology for low-temperature cooking
of food products in a vacuum, which allows
for reliable control over the sensory indicators
and microbiological safety of products while
strictly adhering to technological regulations
(Zhao et al., 2022). In recent years, Sous-vide,
or vacuum cooking, has been used to produce
food and beverages in both the food industry
and restaurants around the world. SV is con-
sidered to transform traditional cooking into
more nutritious and healthy cuisine. SV has the
advantage of precisely controlling the temper-
ature and heating time to improve the quality,
colour, flavour and nutritional value of food. A
study on vacuum packaging (VP) found a posi-
tive effect on the preservation of PUFAs in Se-
riola quinqueradiata yellowtail meat, inhibiting
the development of bitter odour in this fish dur-
ing storage and preventing deterioration of its
quality during cooking (Mukojima et al., 2023).
These data indicate the feasibility of using VP
to prevent deterioration of fish meat quality.
Meanwhile, there are some challenges and pros-
pects for this new food processing technology.

The maturation of preserves is a complex
process in which the so-called “bouquet” of
aroma, taste, consistency, protein, and lipid
breakdown is formed. T. Lebska et al. (2021) de-
veloped an improvement in the technology of
maturation of preserves from the meat of the

Animal Science and Food Technology. 2023. Vol. 14, No. 4
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Black Sea gastropod Rapana thomasiana using
radiation technologies. The authors investi-
gated methods for improving the technology
of processing rapana meat to ensure long-term
storage of the finished product without the
use of artificial preservatives. The technolo-
gy is based on the preliminary preparation of
the semifinished product, which includes de-
frosting, sorting, cutting, washing, checking,
portioning, blanching, and cooling. The choice
of a dose of 2 kGy is substantiated. It is estab-
lished that the sensory properties of the fin-
ished product do not change after microwave
treatment. The system of microwave treatment
of canned meat for softening the structure is
described. The shift of kinetic energy in the
electron field by means of thin targets is used
to form the required radiation field of different
sizes. It is proved that after pico-wave irradia-
tion with a dose of 2 kGy, canned rapana meat
is microbiologically safe and can be stored for
90 days at 4 = 2°C. The technological scheme
for the preparation of preserves from rapana
meat using py-wave irradiation is presented.
The studies indicate the feasibility of using
irradiation technology, as it ensures the mat-
uration of low-lying hydrobiotics, prolongs
the shelf life of food products, and guarantees
safety and high quality.

A technology for low-temperature heating
of fish at >30°C has been developed that pro-
motes proteolysis of meat and does not cause
discolouration associated with protein un-
folding under these conditions (Takahashi et
al., 2023). The free amino acid content (FAC)
increased with the time of heating at 30°C. Fish
samples were softened at 30°C for 120 min.
The inosine-5’-monophosphate (IMP) content
and total viable bacteria count were relatively
constant at 30°C, regardless of the heating time
(0-120 min). Thus, low-temperature heating at
30°C for 120 minutes was optimal for accelerat-
ing the fermentation of large amberjack meat,
resulting in improved flavour and texture. This
new technology significantly enhanced pro-
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teolysis and therefore achieved the desired
properties such as softening the texture and in-
creasing the amount of free amino acids while
preventing protein denaturation, which is usu-
ally caused by conventional low-temperature
heating. In addition, it is more beneficial than
conventional ageing because it significantly re-
duces the duration of ageing, promotes safety
and maintains the IMP content.

The expediency of improving the technolo-
gy of processing small, unprofitable fish and ex-
panding the range of food products from them
has been substantiated (Golovko et al., 2019).
It was proposed to enrich freshwater fish meat
with microelements by adding dietary supple-
ments based on chelate complexes to salt or
tuzluk. The salting process was carried out in
three ways. According to the first method of dry
salting, the fish was mixed with sodium chlo-
ride NaCl with the addition of a dietary sup-
plement in the amount of 20-25% and 0.1% by
weight of raw materials, respectively. Accord-
ing to the second brine method, the fish was
kept in a solution of sodium chloride NaCl in
the amount of 2 kg of salt per 1 kg of raw ma-
terial. The amount of dietary supplement was
0.1% by weight of raw material. According to
the third method of salting, fish raw materials
were pre-treated with ultrasound, after which
they were salted in a brine tank with the same
concentrations of sodium chloride and dietary
supplement. The fish salting process lasted 6
days. For the methods of brine salting and brine
salting with pretreatment with ultrasound, the
homogeneity of the distribution of the trace el-
ement of the dietary supplement based on the
chelate complex was established.

Functional food plays an important role in
maintaining a healthy lifestyle and reducing
risk factors for various diseases. A wide range of
natural substances of plant and animal origin
containing active ingredients that play a role in
physiological actions deserve attention for their
optimal use in maintaining health. The market
for functional foods continues to expand, and
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it is predicted that the global market will soon
reach at least USD 91 billion. Particular atten-
tion in these studies is paid to raw materials
containing w-3 fatty acids (Baker et al., 2022).

It has been proven that a multicomponent
antioxidant blend is highly effective in impart-
ing oxidative stability to edible oil. It is believed
that the high efficiency of these blends is due
to the synergistic effect of two or more com-
ponents. The current study aims to analyse the
synergistic effect of a flavonoid and its corre-
sponding ester in improving the oxidative sta-
bility of sardine oil rich in ®-3 polyunsaturated
fatty acids. The combination of rutin and rutin
ester showed a maximum oxidation reduction of
54.2% at 100 mg/kg and 150 mg/kg. It has been
determined that sardine (Sardinella lemuru) is
one of the marine fish species that has a high
content of omega-3 compared to other marine
fish species (Fasuan et al., 2022). The results of
numerous studies over the past two decades
have shown that o-3 can prevent and treat cor-
onary heart disease, diabetes, cancer, maintain
kidney health, and play an important role in the
central nervous system, brain, and eyes. One of
the attempts to increase the economic value
and preserve the nutritional content of sardine
meat is to use it to make a sauce that retains
biologically valuable w-3 fatty acids.

The production of food and biological addi-
tives from Palaemon adspesus shrimp, common
in the Azov-Black Sea basin, is one of the most
promising areas of raw material use (Sydoren-
ko & Petrova, 2021). Based on the assessment
of the conducted research, recommendations
on the technology of production of fish feed
based on Palaemon adspersus shrimp are pro-
posed. This will make it possible to more ful-
ly realize the nutritional potential of valuable
protein-containing raw materials, rationally
use domestic raw materials, and expand the
range of aquatic products with rationalized
amino acid and mineral composition. The study
by A. Menchynska et al. (2021) is devoted to the
enrichment of freshwater raw materials with

additives of marine origin in the technology of
fish pastes in order to improve the amino acid,
fatty acid and mineral composition. The expe-
diency of developing this area, which allows
combining raw materials and creating food
products with specified nutritional value prop-
erties, was determined.

The issue of attracting new sources of raw
materials for food production is related to the
study of amino acid, fatty acid, mineral compo-
sition of meat, the results of biomedical studies
of one of the most common species of freshwa-
ter molluscs Anodonta cygnea Linne, 1758. The
presence of all essential amino acids, biologi-
cally valuable fatty acids of the omega-3 family,
and the absence of toxic mineral components
were determined, which allowed recommend-
ing this raw material for use in the food in-
dustry. Culinary dishes and sauces made from
Anodonta cygnea meat with high organoleptic
properties and nutritional value were devel-
oped (Golovko et al., 2019).

Studies were conducted to improve the for-
mulation composition of minced meat products
from the freshwater mollusc Anodonta anatine,
which determined the feasibility of its enrich-
ment with ginkgo powder as a source of anti-
oxidants — flavonoids, tannins, organic acids,
trace elements to improve functional proper-
ties (Helikh, 2019). Multicomponent fish pastes
made from the meat of the freshwater mollusc
Anodonta anatine were developed using the di-
etary selenium-protein supplement “Neoselen”
for their enrichment with organic selenium.
The regularities of the influence of the addi-
tive “Neoselen” on the chemical and mineral
composition of freshwater aquatic pastes were
determined. It was found that the addition of
the Neoselen additive in the amount of 1%, 3%
or 5% to the pastes allows enriching it by 14.8,
30.4 and 46.0 pg of selenium, respectively. The
positive effect of the additive on the organolep-
tic, physicochemical, functional and technolog-
ical parameters of fish pastes has been proven
(Golovko et al., 2019).
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An analysis of the literature shows that
the main area of research in the technology of
fish products is to improve the formulation of
various types of products, including preserves,
minced products, sauces, and the formation of
products using animal and vegetable raw mate-
rials based on the principles of food combinat-
orics. Most of the studies are devoted to the use
of freshwater fish, such as carp, silver carp, and
white cupid. There are no systematic studies of
other freshwater fish, such as channel catfish,
black catfish, brown catfish, bighead, black,
bigmouth and other introductions. Therefore,
conducting technological studies of these raw
materials and developing new technologies is
an urgent task for future research.

Conclusions
It is established that the fishing industry plays
a significant role in ensuring food security and
nutrition of the world’s population. Based on
the results of a study of the volume of aquat-
ic bioresources harvested in the world, the
article identifies trends in the increase in the
catch of aquatic organisms. In recent years,
about 225 million tonnes of aquatic products
originating from global fisheries and aqua-
culture have been supplied to international
markets. Out of this amount, 157.40 million
tonnes of aquatic resources were used for food,
which corresponds to an average consump-
tion of 20.2 kilograms per person per year. In
Ukraine, the volume of aquatic bioresources
caught in the period 2010-2022 was decreasing.
A sharp decline compared to previous periods
was noted in 2014, due to the annexation of
Crimea. In 2022, fish catches decreased signif-
icantly due to the war and amounted to 45.2%
of the corresponding figure in 2021. Ukraine
contributed 0.2% to the world’s total fish pro-
duction. In Ukraine, it remains a challenge to
meet the needs of the population with fisher-
ies and aquaculture products, which leads to
low consumption of fish and fish products. For
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example, in 2021, the average per capita fish
consumption in Ukraine was 11 kilograms,
which corresponds to only 55% of the recom-
mended norm. To date, there has been no sig-
nificant increase in the consumption of fish
products among Ukrainians. Based on the re-
search conducted on the current state of fisher-
ies in the world and in Ukraine, it has been es-
tablished that the main effective way to obtain
aquatic bioresources is to develop aquaculture
using improved fish farming conditions.

Modern methods of processing fish prod-
ucts include the development of methods for
assessing the quality of raw materials and fin-
ished products, as well as the development of
technologies that minimise losses and allow the
extraction of biologically active compounds,
using biotechnological and physical methods to
improve product quality. Technologies that in-
volve the use of unconventional combinations
of raw materials and the formation of multicom-
ponent food products based on plant and ani-
mal raw materials are gaining popularity. Con-
siderable attention is paid to the development
of functional food products. The use of a new
raw material, the freshwater toothless mollusk,
for food purposes has been noted, and many
culinary recipes have been developed from
this species with additives of plant materials.

However, there is a lack of systematic tech-
nological research on freshwater introduced
species in Ukraine, such as catfish, buffalo, and
sturgeon. Therefore, a promising area for fu-
ture technological research is the study of the
above-mentioned fish species and the develop-
ment of technology for such products availa-
ble to the mass consumer as fish pastes, pates,
sauces, etc.
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AHorTanisg. Pu6Ha MpOMUCIOBICTh Biflirpae CyTTeBe 3HAUeHHSI B 3abes3NedyeHHi MPOJOBOIbYOI
GeseKky Ta XapuyBaHHS HaceleHHs cBiTy. ToMy TpoOBeNeHHS aHaji3y TeHAEHIiiI pPO3KBiTY
MPOMMUCITY TiAPOGIOHTIB Yy MPUPOSHMX YMOBax Ta aKBaKY/JAbTypi, 0COGIMBOCTEI BUKOPUCTAHHS
CUPOBMHM Ha XapuyyBaHHS, CTyreHi 3abe3MeueHHOCTI HAaceleHHS Li€l0 MPONYKIi€l0 Ta HOBUX
TEXHOJIOTi/1 TepepobKyu TpeACTaBisie aKTyadbHe 3aBAHHS [/ BU3HAUEHHS TPIiOPUTETHUX
HampsMiB YIOCKOHAJeHHsST xapuyoBoi i 6iomoriuHoi IiHHOCTI MpomyKiii 3 TrigApo6GioHTIB 3
ypaxyBaHHSIM Cy4acCHMX peKOMeHpalliii HyTpiuionorii. Meta IOCTifKeHHS Tossraaa y BUBYEHHi
CY4acHOTO CTaHy PMOHOI MPOMMCIOBOCTI, iHHOBAIifHMX HATMPSIMIiB BUTOTOBJIEHHS TMPOAYKTIB 3
TiIpOGiOHTIB [JI1 BU3HAUEHHSI MMEPCIEKTUBHMX HAMPSIMiB TEXHONMOTii pubu Ta MOPEMpPOIYKTiB.
TocmimkeHHS TPOBOAMIIY 3 BUKOPUCTAHHSM MOPiBHSIBHOTO aHaIi3y HAYKOBMX ITPAIlb BiTYUM3HSIHUX
Ta 3aKOPAOHHMX BUEHUX, SIKi pO3MillleHO B HAyKOMeTpuuHMX 6a3ax Scopus, Web of Science, Journal
Citation Reports, Scimago Journal & Country Rank Ta Google Scholar. AHani3 indopmariii cBizunThb
PO 36iIbIIIeHHST BUJIOBY TiZpO6GiOHTIB y CBITi i B OCTaHHI pOKM 3arajbHuIT 06’€M BUJIOBY CKJIa[iaB
roHaz 177,80 muiH. ToHH. Ha xapuoBi wini Bukopucrano 157,40 MJIH. TOHH IIpU CIIOKMBAaHHI Ha
omHy ocoby B pik 20,2 Kr. MacoBa uacTka YKpaiHu y 3araibHOMY 06¢sTy pubHOI MpoayKilii cBiTy
cxnagae 0,2%. VkpaiHa iMmopro3ajiekHa 3a IMOCTauyaHHSIM rifpo6iontiB. HoBiTHi TexHomorii
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repepo6Kky pUGHOI MPOAYKIIii MOB’I3aHi i3 po3p0O6IEHHSIM METOMIB OIiHKM SIKOCTi CMPOBMHM Ta
MIPOAYKIIii, CTBOPEHHI MaJIOBiIXOMHMX TEXHOJOTI 3 BWIYYEHHSIM GiOOriuHO aKTMBHMX CIOTYK
Ta hopMyBaHHI 6AaraTOKOMITIOHEHTHUX XapyOBUX MPOAYKTiB Ha OCHOBiI POCIMHHOI Ta TBapMHHOI
CUPOBMHU, BUKOPUCTAHHSAM O6iOTEXHONOTIYHMX Ta (i3SMUHMX METOAIB 3 METOW IOJIITIIEeHHS
SIKOCTi MpoAyKLii. BiiMiueHO 3ayydeHHSI HOBOTO 00’€KTy CMPOBUHM — IMPICHOBOLHOTO MOJIOCKA
6e33yOKM Ha XapuoBi 11ii Ta po3pobieHo 6araTo KyJaiHApHUX PelerTiB 3 LIbOTO BULY 3 J0OaBKaMU
pocMHHOI cupoBuHU. OTHAK, HEAOCTATHBO AOCTiAKEHb Y HAMPSIMKY YIOCKOHAIEHHS TEXHOJOTi
i pelenTypHOro ckiaagy puOHMX TACT, IO AACTh MOXKIMBICTD (OpPMYBaTM XapyoBi MPOIYKTH i3
3aJaHMMM BJIACTMBOCTSIMM Oi0JIOTiUHOI I[iIHHOCTI A/ 3a6e3reueHHs MOTped JoauHu. [IpakTuuHe
3HAUYEeHHS MMPOBEIEHOT0 aHAaJIi3y TOJSITae Y BU3HAUEHHI NePCIIEKTUBHUX TeHAEHIIiV Y TEXHOIOTii
rigpo6ioHTiB 3 ypaxyBaHHSM BJIACHOI CUPOBMHHOI 6a3u YKpainu
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