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Abstract. To evaluate the quality and safety of fish and seafood meat, along with generally
accepted methods, new histological research methods are used, which allow establishing
microscopic changes in fresh, spoiled, and canned foods. The purpose of this study is to examine
the microscopic structure of salted fish meat (Herring, Pollock) and seafood (squid, mussels) by
freezing. It was confirmed that fish meat is composed of skeletal muscle, fibrous connective (endo-
, perimysium) tissues with blood, lymphatic vessels, and nerves. Muscle tissue fibres have the
appearance of cylindrical formations, with well-defined transverse striation and numerous nuclei.
The basis of seafood meat is smooth muscle tissue with layers of loose fibrous connective tissue,
blood vessels, and nerve fibres. Smooth muscle cells are fusiform in shape, without transverse
striation and with a single nucleus. During freezing of fish meat at a temperature of -18°C, ice
crystals are small and well-defined in the endo- and perimysium, and at a temperature of -23°C -
in muscle fibres. When fish is re-frozen, large ice crystals form in both the muscle fibres and
the endomysium and perimysium of the muscles, the muscle fibres are fragmented and have
cracks. In frozen seafood meat, there is a deformation of bundles of smooth muscle cells and
their fragmentation. During the salting of fish meat, in the dehydration phase, a decrease in the
diameter of muscle fibres and the width of the endo- and perimysium is noted, the transverse
striation and nuclei of muscle fibres are well expressed, and in the dehydration phase, the reverse
processes occur. Meanwhile, the fibres become straight with cracks and crevices, and graininess
is noticeable in the endomysium and perimysium. Based on the results obtained, it is possible to
evaluate the microstructure of frozen and salted fish and seafood meat, which is important when
monitoring the suitability of food products for consumers

Keywords: fishing industry; canning; histological methods; muscle tissue; skeletal muscles

Introduction

Fish and seafood have long been consumed by
humans and used as affordable and tasty food
products. Currently, the value of fish products
hasbeen substantiated based on the quantitative
and qualitative evaluation of proteins, fats, car-
bohydrates, vitamins, microelements, and oth-
er substances contained in them, and the tech-
nologies for their production and canning have
been developed to preserve natural properties
and improve quality (Abraha et al.,2017; Alimon
et al., 2018; Volkhova & Holembovska, 2021).

By chemical composition, muscle tissue
contains a considerable amount of protein and
is a source of essential fatty acids (omega-3)
and minerals (phosphorus, calcium, magnesi-
um, zinc, iron, etc.). In particular, fish protein
is easily absorbed in the human body, which
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creates conditions for lowering cholesterol lev-
els. Fish meat also contains vitamins (A, D, E, K,
B,, B,) and other biologically active substances
that prevent the development of metabolic dis-
orders and the occurrence of various diseases, in
particular atherosclerosis. They have a positive
effect on the functioning of the brain, cardiovas-
cularand endocrine systems (Abrahaetal.,2017).

Fat obtained from fish has a positive effect
on the human body. In addition, sea fish con-
tains much more fat than river fish. It contains
polyunsaturated fatty acids and fat-soluble
vitamins that promote the formation of pros-
taglandins. The latter compounds increase the
body’s immunity and resistance to infections
and have an anti-inflammatory effect (Duarte
etal., 2020).
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Recently, some producers often falsify fish
(Semenov et al., 2020). Due to the above, the
fish is of improper quality and becomes a source
of human diseases, in particular, salmonellosis,
botulism, etc. (Pohrebnyak, 2015). Quite often,
to notably increase the mass of fish and sea-
food, manufacturers add water during freezing
and, as a result, freeze a large amount of it, and
also freeze fish that has begun to spoil or is al-
ready spoiled. Moreover, fish products can be
treated with a variety of stabilisers (preserv-
atives, antibiotics), including hydrogen per-
oxide, to freshen the corresponding products.
The consumer must be protected from coun-
terfeiting and consume high-quality and safe
products to preserve their health. Therefore,
veterinary and sanitary expertise of fish and
seafood meat is particularly relevant (Pohreb-
nyak, 2015; Semenov et al., 2020).

To evaluate the quality and safety of fish
meat and seafood, histological research meth-
ods based on microstructural analysis are
gaining popularity (Abraha et al., 2017; Pop-
ova et al., 2020). They are used by veterinary
medicine doctors who work in accredited lab-
oratories and supermarkets, based on various
types of food production and processing facili-
ties and possess the technique of manufactur-
ing histological preparations, which is one of
their professional competencies. Using a light
microscope, histological methods make it pos-
sible to establish microscopic changes in fresh
and spoiled food products, including canned
products. Histological methods allow veteri-
nary doctors to finally confirm the suitability
of meat fish and seafood for food purposes,
namely, the proper quality and safety of the
food product for human consumption.

The purpose of the study is to examine
microscopic qualitative changes in fish and
seafood meat under various canning methods
(freezing and salting).

Literature Review

The fishing industry is a branch of the food
industry, the enterprises of which are engaged
in catching fish and seafood and producing
various products from them. The latter are a
source of many nutrients for humans, which
are necessary for strengthening bones, in-
creasing immunity, and preventing the devel-
opment of diseases of various organ systems
and apparatuses (Mahmud et al., 2018; Standal
etal., 2018).

To prevent spoilage of fish and extend its
shelf life, it is necessary to preserve products.
These methods are designed to inhibit bacterial
activity and metabolic changes that lead to loss
of fish quality (Boziaris et al., 2013; Semenov et
al., 2020). One of the main methods of preserv-
ing the freshness of fish is its freezing (applying
cold), which is used to extend the long-term
storage time.

According to Kong et al. (2008), physical
changes occur in frozen fish meat, during which
frozen water in the tissue forms ice crystals,
which lead to partial destruction of the sheath
of muscle fibres and leakage of tissue fluids due
to deformations.

Alizadeh et al. (2007) note that physical
changes are considerably affected by the freez-
ing rate and the condition of raw materials. In
their opinion, fish should be frozen quickly and
at a low temperature. During rapid freezing,
small ice crystals are formed, which on histo-
logical preparations look like voids, they are
evenly distributed in the tissues and do not dis-
turb their structure. The concentration of tissue
fluids almost does not change and the proteins
retain the ability to swell during defrosting.
Moreover, the lower the freezing temperature,
the smaller the size of the crystals. When fro-
zen slowly, large ice crystals form, mainly in fi-
brous connective tissue, which on histological
preparations have the appearance of significant
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voids, since some of the water moves there
from muscle fibres. Large crystals deform mus-
cle fibres, destroy fibrous connective tissue and
during defrosting, liquid flows out of the fish’s
tissues, and therefore it loses its original taste
and appearance.

Khomych & Bal-Prylypko (2018) indicate
that fish is better preserved if it is frozen im-
mediately after catching when the shell of the
muscle fibres of its meat is elastic, has con-
siderable elasticity, and there is no damage so
that the resulting ice crystals do not destroy
this shell. As the freezing point decreases, this
process occurs faster and the structure of body
tissues changes microscopically less.

According to Popelka et al. (2012), during
long-term storage of fish, microscopic changes
occur, which are characterised by loss of mus-
cle fibres, swelling and destruction of their nu-
clei, the appearance of numerous voids that are
formed by ice crystals, and loosening of the en-
domysium and perimysium.

In addition, another common method of
preserving fish is salting, which uses salt crys-
tals or brine Dal Bello et al. (2020). Sodium
chloride diffuses into the muscles from the
outside due to the difference in osmotic pres-
sure between the internal environment of the
muscle fibres and the brine.

According to Dal Bello et al. (2020) during
the dry method, the moisture content in the
muscles, as well as bacterial and enzymatic ac-
tivity, is notably reduced. Therewith, the muscle
fibres are located denser and acquire a smaller
length and width. The duration of the salting
period and the salt concentration depend on
the expected final product.

Horner (1997) considers that the main dis-
advantage of the dry method of salting is the
dehydration of meat products, as a result of
which they become hard. In this case, the dis-
tribution of salt is quite uneven.
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Materials and Methods

The study was conducted during 2020-2022
in the scientific laboratory of the Department
of Anatomy, Histology, and Pathomorphol-
ogy of Animals of V.G. Kasyanenko National
University of Life and Environmental Sciences
of Ukraine (Kyiv). Samples of frozen and salt-
ed fish and seafood meat were taken for his-
tological studies. According to external signs
and organoleptic parameters, all samples of
frozen fish met the regulatory requirements of
DSTU 4868:2007 (2009).

The process of making histopreparations
included a series of sequential steps: sampling,
fixing, washing the fixed samples with water,
dehydration, sealing the samples with paraffin,
making sections from the compacted material,
staining the sections, and embedding the sec-
tions in balsam.

Samples were taken from fish and seafood
carcasses using various canning technologies:
freezing (herring, pollock, squid, mussels) and
salting (herring). Two sampleswith a thickness of
2-3 cm were obtained from one carcass. Samples
obtained from one carcass were numbered with
the same number, placed in a glass jar, and fixed
in a 10% neutral formalin solution. The mini-
mum period of fixing the material was 24 hours.

The samples were washed with cold run-
ning water for several hours, after which they
were dehydrated with ethyl alcohol of increas-
ing strength (60%, 80%, 96% and absolute alco-
hol). Samples were kept in each of these alco-
hols for 12 to 24 hours. Paraffin was used to seal
the dehydrated samples. Before compaction,
the material was kept in two portions of chloro-
form for 2.5-3 hours. Samples from chloroform
were transferred to a mixture of chloroform and
paraffin and placed in a thermostat at 37°C for
two hours. Subsequently, all samples were kept
in paraffin at a temperature of 56°C. Then the
paraffin samples were transferred to containers
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and filled with hot paraffin. Paraffin blocks con-
taining samples were obtained.

Subsequently, histological sections with
a thickness of 6-11 microns were made on an
MPS-2 microtome (Kharkiv plant “Tochmed-
prylad”, Ukraine). Sections were stained with
Karatsi’s hematoxylin and eosin to establish
the general microstructure of fish and seafood
meat. The stained sections were placed in a Ca-
nadian balsam and examined using an Olympus
CX 43 light microscope (Olympus, Japan). Indi-
vidual histopreparations and their fragments
were photographed with a Nikon Coolpix S3100
(Nikon, Japan).

Results and Discussion

Composition of fish and seafood meat
According to the data obtained, the composi-
tion of fish meat (herring, pollock) and seafood
(squid, mussels) was not the same. The com-
position of fish meat included skeletal mus-
cles, the basis of which is composed of skeletal
muscle tissue, dense fibrous connective tissues,
blood vessels, nerve fibres, and endings. In ad-
dition, muscle tissue was quantitatively superi-
or to other tissues.

The skeletal muscles of fish are formed
by muscle fibres, which are symplastic struc-
tures. On the longitudinal sections, they had
the appearance of cylinders, the ends of which
are rounded, jagged, or bevelled. The length of
such fibres was 1.5-3.5 mm, and the diameter
was 10-70 microns. The overall microstructure
of the muscle fibre of fish meat is similar to that
of mammalian meat (Stasishen, 2009; Dubinina
et al., 2010; Khomych & Bal-Prylypko, 2018).

The fibre consisted of numerous nuclei,
sarcoplasm (viscous protein solution), and sar-
colemma (shells). The nuclei were rod-shaped
or elongated-oval in shape and were located on
the periphery of the muscle fibre, directly un-
der the sarcolemma. There were from several
dozen to several hundred of them. In the nuclei,

their components were well distinguished: the
nuclear envelope, chromatin (a small amount),
the nucleolus, and karyoplasm (nuclear juice).
A significant volume of the sarcoplasm of mus-
cle fibres was occupied by hyaloplasm, which is
a colloidal structure and, accordingly, its rarest
part. The sarcoplasm contains special orga-
nelles-myofibrils, which provide contraction
of muscle fibres. They were located along the
muscle fibre and occupied the central part of it.
Myofibrils consisted of myofilaments and had
characteristic alternating dark and light stripes.
Asnoted in the literature (Khomych et al., 2013),
since the light and dark stripes are located at
the same level, the muscle fibre looks striated.

Individual muscle fibres were thin layers of
loose connective tissue (endomysium), in which
a network of hemocapillaries and nerve fibres
were located. Muscle fibres were combined into
bundles, between which thicker layers of loose
connective tissue (perimysium) were located.
Loose fibrous connective tissue consisted of cells
and intercellular substance. The latter includ-
ed a basic (amorphous) substance and fibrous
structures. The cellular composition of this
tissue was represented mainly by fibroblasts,
which produce components of the intercellu-
lar substance, and in much smaller quantities,
there were histiocytes, plasma cells, mast cells,
etc. (Khomych & Bal-Prylypko, 2018). A consid-
erable number of adipocytes or fat cells were
found in the loose fibrous connective tissue of
herring. The latter had a pear-shaped appear-
ance and a significant diameter on histoprepa-
rations. The nucleus in such cells was shifted
to the plasmolemma (shell) and had an elon-
gated oval shape. The loose fibrous connective
tissue of pollock contained notably fewer adi-
pocytes, which were arranged in small groups.

According to the results of research, part of
the fish’s muscles began or ended with tendons.
The latter were formed by dense fibrous con-
nective tissue with a significant cellular content
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of fibrocytes. Tendons turned into septa, which
are formed by loose fibrous connective tissue
(Fig. 1). Septa divided the fish muscles into my-
omeres, which had the appearance of concentri-
cally arranged semicircles and circles. Fat cells
were visible in individual myosepta.

Figure 1. Skeletal muscle of fish (herring).
Hematoxylin and eosin, x90

Note: 1 - septa; 2 — muscle fibres

Depending on the colour, fish meat is di-
vided into white with different shades and
pink-red. White muscle fibres are thicker and
contain less of pigment-protein myoglobin,
while red ones are the opposite (Horner, 1997,
Doe, 2002). In the studied meat of herring and
pollock, muscle fibres had a white colour with
different shades.

According to the obtained results, the basis
of the meat of invertebrate seafood is composed
of smooth muscle tissue, loose fibrous connec-
tive tissue (endomysium, perimysium), vessels,
nerve fibres, and endings (Fig. 2). The muscle
tissue of squid was white, while mussels were
white and pink in colour with different mark-
ings. It was formed by smooth muscle cells
that had a microscopic structure similar to the
smooth muscle tissue cells of aquatic mammals
(Khomych et al., 2013). These are fusiform cells
with a single, centrally located oval-shaped
nucleus. Their length was about 100 microns,
while in aquatic mammals these cells can reach
up to 200 microns (Khomych et al., 2013), and
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the thickness is 3-10 microns. In the nucleus
of smooth muscle cells, insufficient hetero-
chromatin was noted and one, less often two
nucleoli were found. There was no transverse
striation in these cells, which indicates the ab-
sence of myofibrils. Smooth muscle cells were
combined into bundles consisting of 8-12 cells,
and the bundles formed layers.

Figure 2. Smooth muscle tissue of seafood
(squid). Hematoxylin and eosin, x90

Note: 1 — smooth muscle cells; 2 — loose fibrous
connective tissue

Frozen fish meat

The microstructure of frozen fish meat depends
on its condition, temperature, speed, and mul-
tiplicity of freezing. Fish is considered frozen if
the temperature in its thickness is below 6°C.
Usually, unassembled and disassembled fish
are frozen until their posthumous conjuration.
In industrial production, the freezing temper-
ature can range from -5 to -80°C. As a rule, fish
is frozen at a temperature of -5 and -20°C (Al-
izadeh et al., 2007).

The results of the research confirmed that
the tissue liquid (water) of frozen fish meat
(herring and pollock) turns into ice crystals.
They caused changes in the microstructure of
meat. Ice crystals melted in thawed meat, and
in histological preparations, their locations had
the appearance of cavities of various configura-
tions and sizes. The size of the ice crystals de-
pended on the freezing rate of the meat.

A,
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It was confirmed by Alizadeh et al. (2007)
and Duarte et al. (2010) that large ice crystals
are formed during slow freezing, and much
smaller crystals are formed during fast freezing.
The authors believe that the size and location
of ice crystals are the most important factors
affecting the texture quality of frozen food.
From the surface to the deeper layers, the rate
of freezing of meat decreased. In addition, ice
crystals were smaller in the surface areas of the
meat than in the deep ones.

At a temperature of -18°C, ice crystals in
frozen fish meat were found in connective tissue
layers (endomysium and perimysium) (Fig. 3).

Figure 3. Ice crystals in the endomysium of
herring meat. Hematoxylin and eosin, x100

Note: 1 - ice crystals; 2 — muscle fibres

Large ice crystals with appendages stuck
into muscle fibres, leading to their destruction
or deformation. The endomysium and perimy-
sium in ice crystals had a slightly expanded
appearance. Transverse striation was well ex-
pressed in the muscle fibres, and some of the
nuclei in the places of their deformation were
marked by destruction.

In fish frozen at -23°C or lower, ice crystals
were found in the endomysium, perimysium,
and muscle fibres (Fig. 4).

These crystals were small in size, oval and
rounded in shape. The muscle fibres that con-
tain ice crystals were deformed in some places,
but not destroyed, with a weak transverse stri-

ation. Some of their nuclei were in a state of
destruction. The endomysium and perimysium
showed notable extensions.

Figure 4. Ice crystals in the muscle fibres of
herring meat. Hematoxylin and eosin, x100

Note: 1 - ice crystals; 2 — muscle fibres

Substantial destructive changes occur in
fish meat when it is re-frozen (Fig. 5), manifest-
ed by the formation of large ice crystals in the
endomysium, perimysium, and muscle fibres
with noticeable cracks, while some of the fibres
are fragmented, which is consistent with the
findings of Popelka et al. (2012). These authors
also consider unstable temperature conditions
as a factor that increases lipid oxidation. Pre-
venting temperature fluctuations during stor-
age is important to preserve the quality of fro-
zen fish meat.

Figure 5. Muscle tissue of pollock when re-
frozen. Hematoxylin and eosin, x100

Note: 1 - ice crystals; 2 — muscle fibres
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When fish meat is re-frozen, the transverse
striation of muscle fibres is almost invisible, a
significant part of their nuclei is destroyed, ly-
sed, or deformed. The endomysium and perimy-
sium are considerably expanded and loosened.
They contain a fine substance of pink colour.

Frozen seafood meat

In industrial conditions, seafood (squid and
mussels) is frozen at a temperature of 30°C
(shock freezing). It is also allowed to freeze
these products at a temperature of -5 °C and
below (Nagarajarao, 2016).

According to the results of studies, ex-
tremely pronounced destructive changes were
noted in frozen squid and mussel meat. They
were best expressed in perimysium, which had
a loose appearance and significant expansions.
Ice crystals of various shapes and sizes, noticea-
ble pink granularity and fibrous structures were
found in perimysium. Deformation of smooth
muscle cell bundles was observed, which were
oriented differently. In some areas, they formed
grid-like formations (Fig. 6).

Figure 6. Locations of ice crystals in frozen
squid meat. Hematoxylin and eosin, x90

Note: 1-ice crystals; 2 — bundles of smooth muscle cells

The nuclei of smooth muscle cells, which
are located near ice crystals, were not ex-
pressed, and the cell bodies looked fragment-
ed and deformed. In some places, ice crystals
were found in bundles of smooth muscle cells,
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which lead to their fragmentation and destruc-
tion. Furthermore, the destruction of individual
smooth muscle cells in bundles with ice crystals
was observed. Similar changes were recorded in
the meat of frozen mussels (Fig. 7).

Figure 7. Location of ice crystals in frozen
mussel meat. Hematoxylin and eosin, x100

Note: 1 - ice crystals; 2 — bundles of smooth muscle cells

Meat of salted fish

The microscopic structure of salted fish meat
depends on the methods of salting and is based
on the penetration of a solution of table salt
into fish meat, while tissue liquid (water) and
water-soluble substances are displaced from it
(Kong et al., 2008).

For wet salting, the duration of which is
from 4 to 8 days, fish (disassembled or not dis-
assembled) is placed in a solution (brine) con-
taining up to 40% table salt (Varlet et al., 2007).
Within a few days, fish meat is considerably de-
hydrated (compacted), as the tissue fluid from
the meat diffuses into the salty solution (dehy-
dration phase).

According to the results of studies in the
phase of dehydration of fish (herring), there
was a decrease in the diameter of muscle fibres
and the width of endomysium and perimysium,
the fibres fit snugly together (Fig. 8).

Transverse striation and muscle fibre nu-
clei were well defined. The dehydration phase is
quickly replaced by the dehydration phase, due
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to the accumulation of salt in muscle fibres. In
addition, water enters the fish meat from the
brine, which led to an increase in the width of
the endomysium, perimysium, and the diame-
ter of muscle fibres (Fig. 9).

Figure 8. Dehydration phase of muscle tissue
of pre-thawed salted herring.
Hematoxylin and eosin, x100

Note: 1 —ice crystals; 2 — muscle fibres

Figure 9. Hydration phase of muscle tissue of
previously thawed salted herring.
Hematoxylin and eosin, x100

Note: 1 - ice crystals; 2 — muscle fibres

Microscopic changes were observed in the
muscle fibres. Some of the rectilinear fibres
were fragmented and had cracks and crevices,
and the striation was not visible. Some of the
nuclei were destroyed. In the endomysium and
perimysium, pink graininess was noted. When
brine was introduced into fish meat by syring-
ing, there was no dehydration phase for this
type of wet salting. Microscopic changes in the

fish meat are similar to the hydration phase,
however, destruction of individual muscle fib-
ers was noted at the sites of brine injection.

During dry salting (mixing fish with salt
crystals), the duration of which is from 5 to 7
days, the fish is rubbed with salt and placed in
a container in layers (rows). Layers of fish in
containers were also sprinkled with salt. On
the surface of the fish’s body, salt dissolves in
mucus, sodium ions enter the meat, and tissue
fluid is released from it, that is, only dehydra-
tion of fish meat occurs, which is manifested by
its compaction (Montero et al., 2003). Micro-
scopic changes in this meat were similar to the
dehydration phase in the wet salting method.
Thus, muscle fibers had a dense arrangement,
and their length and diameter were reduced.
Transverse striation and nuclei in muscle fibres
were preserved. Using the mixed salting meth-
od, the fish is sprinkled with table salt and then
dipped into the brine. This method of salting
fish meat first dehydrates and compacts it, fol-
lowed by rehydration (Goulas & Kontominas,
2005). As noted in this paper, this method is the
most common and allows obtaining products of
standard quality.

In the compacted fish meat, the layers of
endomysium and perimysium were weakly ex-
pressed, muscle fibres acquired an elongated
appearance, their diameter decreased, while
nuclei and striation were preserved. Brine that
penetrates into fish meat (hydration) caused
reverse changes, in which the epimysium and
perimysium were expanded and loosened, the
diameter of muscle fibres looked enlarged, and
their striation was not noted. Most of the fibres
were fragmented.

Conclusions
The basis of fish meat (herring, pollack) is
composed of skeletal muscles, the muscle fi-
bres of which are symplastic structures with
pronounced transverse striations and a large

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 1




Dyshliuk et al.

content of cytoplasm and nuclei. Most skele-
tal muscles start and end with tendons, which
are built from dense fibrous connective tissue.
A characteristic feature of fish muscles is the
presence of well-expressed myosepta (bridg-
es) on histopreparations, where muscle fibres
begin and end. Myosepta are loose fibrous
connective tissues and are located across the
muscles. They divide the fish’s muscles into
myomeres. Seafood meat (squid, mussels) is
composed of spindle-shaped mononuclear
cells of smooth muscle tissue, which do not
have transverse striations. Muscle fibres of
fish meat and smooth muscle cells of seafood
are layers of fibrous connective tissue (en-
domysium and perimysium) with blood ves-
sels and nerves.

In histopreparations made from frozen fish
meat, ice crystals have the appearance of cavi-

seafood, the smooth muscle cells are deformed
and fragmented, while fibrous structures and a
pink substance are visible in the perimysium.

During the salting of fish meat, qualita-
tive changes in its microscopic structure oc-
cur. Thus, in the dehydration phase, fish meat
is considerably compacted, and the muscle fi-
bres retain striation and well-defined nuclei.
In the rehydration phase, there is an increase
in the diameter of muscle fibres and the width
of endomysium and perimysium. The striation
of muscle fibres disappears, cracks appear in
them, and a pink substance is found in the en-
domysium and perimysium.

Further studies should examine the histo-
logical structure of fish meat and invertebrate
seafood using other methods of preserving
them (smoking, drying, frying, etc.).

ties of various sizes, which at a temperature of Acknowledgements
-18°C are found in layers of fibrous connective ~ None.
tissue and are absent in the muscle fibres, while
at temperatures of -23°C - also appear in mus- Conflict of Interest
cle fibres. In the frozen meat of invertebrate  None.

References

[1] Abraha, B., Samuel, M., & Mohammud, A. (2017). A comparative study on quality of dried
anchovy (Stelophorus heterolobus) using open sun rack and solar tent drying methods.
Turkish Journal of Fisheries and Aquatic Sciences, 17, 1107-1115. doi: 10.4194/1303-2712-
v17_6 04.

[2] Alizadeh, E., Chapleau, N., & De Lamballerie, M. (2007). Effect of different freezing processes
on the microstructure of Atlantic salmon (Salmo salar) fillets. Innovative Food Science and
Emerging Technologies, 8(4), 493-499. doi: 10.1016/j.ifset.2006.12.003.

[3] Boziaris, I.S., Stamatiou, A.P., & Nychas, G.]. (2013). Microbiological aspects and shelf life of
processed seafood products. Journalof the Science of Food and Agriculture, 93(5), 1184-1190.
doi: 10.1002/jsfa.5873.

[4] Dal Bello, F., Aigotti, R., Zorzi, M., Giaccone, V., & Medana, C. (2020). Multianalyte MS based
investigation in relation to the ilicit treatment of fish products with hydrogen peroxide. Toxics,
8(1), 1-12. doi: 10.3390/toxics8010002.

[5] Doe,P.E.(2002). Fish drying. In: Bremmer H.A. (ed.). Safety and quality issues in fish processing.
Cambridge: Woodhead publishinglimited, (pp. 350-359).

[6] DSTU4868:2007.(2009).Frozen fish. Specifications. Kyiv: Technical standardization committee
“Fisheries”.

A

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 1



https://www.researchgate.net/publication/315752591_A_Comparative_Study_on_Quality_of_Dried_Anchovy_Stelophorus_heterolobus_using_Open_Sun_Rack_and_Solar_Tent_Drying_Methods 
https://www.researchgate.net/publication/315752591_A_Comparative_Study_on_Quality_of_Dried_Anchovy_Stelophorus_heterolobus_using_Open_Sun_Rack_and_Solar_Tent_Drying_Methods 
https://www.sciencedirect.com/science/article/abs/pii/S1466856407000720 
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.5873
https://www.mdpi.com/2305-6304/8/1/2 
https://shop.elsevier.com/books/safety-and-quality-issues-in-fish-processing/bremner/978-1-85573-552-1 
https://ses-help.org.ua/dstu/%D0%94%D0%A1%D0%A2%D0%A3%204868-2007%20%D1%80%D0%B8%D0%B1%D0%B0%20%D0%B7%D0%B0%D0%BC%D0%BE%D1%80%D0%BE%D0%B6%D0%B5%D0%BD%D0%B0.pdf 

Microstructural analysis of frozen and salted fish and seafood meat

[7] Duarte, A.M., Silva, F., Pinto, F.R., Barroso, S., & Gil, M.M. (2020). Quality assessment of
chilled and frozen fish—mini review. Foods, 9(12), 1-26. doi: 10.3390/foods9121739.

[8] Dubinina, A.A., Ovchinnikova, I.F., & Dubinina, S.0. (2010). Methods for determining
counterfeiting of goods. Kyiv: Professional.

[9] Goulas,A.E., & Kontominas, M.G. (2005). Effect of salting and smoking—method on the keeping
quality of chub mackerel (Scomber japonicus): biochemical and sensory attributes. Food
Chemistry, 93(3), 511-520. doi: 10.1016/j.foodchem.2004.09.040.

[10] Horner, W.F.A. (1997). Preservation of fish by curing (drying, salting and smoking). In:
Hall G.M. (eds). Fish processing technology (pp. 32-73). 2™ ed. UK: Blackie Academic and
Professional publishers.

[11] Khomych V.T., & Bal-Prylypko L.V. (2018). Microstructural analysis of meat and meat products.
Kyiv: NULES of Ukraine.

[12] Khomych, V.T., Dyshliuk, N.V., & Byrka, V.S. (2013). Histology and embryology of aquatic animals.
Zhytomyr: PP “Ruta”.

[13] Kong, F., Oliveira, A., Tang, J., Rasco, B., & Crapo C. (2008). Salt effect on heat-induced
physical and chemical changes of salmon fillet (O. gorbuscha). Food Chemistry, 106(3), 957-
966. doi: 10.1016/j.foodchem.2007.07.008.

[14] Mahmud, A., Abraha, B., Samuel, M., Mohammedidris, H., Abraham, W., & Mahmud, E. (2018).
Fish preservation: A multi-dimensional approach. Food Processing and Technology, 6, 303-310.
doi: 10.15406/mojfpt.2018.06.00180.

[15] Malimon, Z.V., Kukhtyn, M.D., & Perkiy, Y.B. (2018). Contamination of frozensh with
mesophilic and psychrotrophic microorganisms depending on biochemical quality indices.
Theoretical and Applied Veterinary Medicine, 6(3), 39-43. doi: 10.32819/2018.63008.

[16] Montero, P., Gébmez—Guillén, M.C., & Borderias, A.J. (2003). Influence of salmon provenance
and smoking process on muscle functional characteristics. Journal of Food Science, 68(4),
1155-1160. doi: 10.1111/j.1365-2621.2003.tb09617.x.

[17] Nagarajarao, R.C. (2016). Recent advances in processing and packaging of fishery products: A
review. Aquatic Procedia, 7,201-213. doi: 10.1016/j.aqpro.2016.07.028.

[18] Pohrebnyak, 0.0. (2015). Methods of processing products in modern food production.
Medicines of Ukraine, 4(190), 20-26.

[19] Popelka, P., Luptdkova, O., Marcincak, S., Nagy, J., MesarCovd, L., & Nagyova, A. (2012).
The effect of glaze and storage temperature on the quality of frozen mackerel fillets. Acta
Veterinaria Brno, 81(4), 397-402. doi: 10.2754/avb201281040397.

[20] Popova, V., Syromiatnykova, N., Vasylieva, Y., & Leppa, A. (2020). Experimental study of the
influence of different types of smoking wood on the quality of hot smoked mackerel. Veterinary
medicine, Animal Husbandry Technologies and Nature Management, (5), 121-126. doi: 10.31890/
vttp.2020.05.22.

[21] Semenov, V., Petryankin, F., Kosyaev, N., Nikitin, D., Nikitina, A, Tikhonova, G., & Grigorieva
V. (2020). Veterinary-sanitary evaluation of fish when applying the Akwa-Biot-Norm nutrient
feed additive. Earth and Environmental Science, 433, 1-6.doi: 10.1088/1755-1315/433/1/012030.

[22] Standal, 1.B., Mozuraityte, R., Rustad, T., Alinasabhematabadi, L., Carlsson, N.-G., &
Undeland, I. (2018). Quality of filleted atlantic mackerel (Scomber Scombrus) during
chilled and frozen storage: changes in lipids, vitamin D, proteins, and small metabolites,
including biogenic amines. Journal of Aquatic Food Product Technology, 27(3), 338-357.
doi: 10.1080/10498850.2018.1436107.

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 1



https://www.mdpi.com/2304-8158/9/12/1739 
https://www.sciencedirect.com/science/article/abs/pii/S0308814604007769 
https://www.sciencedirect.com/science/article/abs/pii/S0045653507008764 
http://medcraveonline.com/MOJFPT/MOJFPT-06-00180.pdf 
https://bulletin-biosafety.com/index.php/journal/article/view/197 
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.2003.tb09617.x 
https://www.sciencedirect.com/science/article/pii/S2214241X16300499
https://actavet.vfu.cz/81/4/0397/ 
http://ojs.hdzva.edu.ua/index.php/journal/article/view/212 
http://ojs.hdzva.edu.ua/index.php/journal/article/view/212 
https://iopscience.iop.org/article/10.1088/1755-1315/433/1/012030 
https://www.tandfonline.com/doi/full/10.1080/10498850.2018.1436107 

Dyshliuk et al.

[23] Stasishen, M.S. (2009). High product quality is the basis of economic and ecological
development of fisheries. National Economy of Ukraine: Theory and Practice of Management,
199-206.

[24] Varlet, V., Prost, C., & Sérot, T. (2007). Volatile aldehydes in smoked fish: Analysis methods,
occurrence and mechanisms of formation. Food Chemistry, 105(4), 1536-1556. doi: 10.1016/j.
foodchem.2007.03.041.

[25] Volkhova, T.V., & Holembovska, N.V. (2021). State and prospects of fish market development
in Ukraine. Scientific World Journal, 1(07-01), 44-50. doi: 10.30888/2663-5712.2021-07-01-013.

MikpoCTpyKTypHHUI aHaJIi3 3aMOPOKEHOTr0
i comoHOro M’sica pubu Ta MOPENIPOAYKTIB

Hagis BomogumupiBHa Mok

[IoKTOp BeTepMHAPHMUX HAYK
HarioHanbHMiT yHiBepcuTeT 6iopecypciB i MpUPOIOKOPUCTYBaHHS YRpaiHu
03041, Bysn. TepoiB O6oponn, 15, M. Kuis, Ykpaina
https://orcid.org/0000-0003-4753-9356
CeiTiiana IBaHiBHa YceHKO

Kanpupat BeTepuMHApHUX HAYK
HanionanpHMit yHiBepcuTeT 6iopecypciB i IpUpPOIOKOPUCTYBaHHS YKRpaiHu
03041, Bysn. TepoiB O6opoun, 15, m. Kui, Vkpaina
https://orcid.org/0000-0003-3418-5421
Harasnis MuxaitniBHa C/1060IsTHIOK

Kaugumar cibCbKOroCromapchbKux HayK
HarionansHMit yHiBepcuTeT 6iopecypciB i MpUpoOmOKOPUCTYBaHHS YRpaiHu
03041, Byn. TepoiB O6opouu, 15, m. Kuis, Ykpaina
https://orcid.org/0000-0002-7724-2919
Tersaina AHatoniiBHa MasypkeBuu

JIOKTOp BeTepMHAPHUX HAYK
HarionanbHMiT yHiBepcuTeT 6iopecypciB i MpUpOmIOKOPUCTYBaHHS YKRpaiHu
03041, Byn. TepoiB O6opounu, 15, m. Kui, Vkpaina
https://orcid.org/0000-0002-1294-5939
JKanHna l'eopriiBHa CrerHeri

KaHgupat BeTepyHapHMUX HayK
HanioHanbHMit yHiBepcuTeT 6iopecypciB i IpUPOLOKOPUCTYBaHHS YKpaiHu
03041, By:n. T'epoi O6oponn, 15, m. Kuis, Ykpaina
https://orcid.org/0000-0002-0801-0751

Axotanis. [Ing OUiHKM SKOCTi Ta 6Ge3meyHoCcTi M’sca pubu i MOpENpOAYKTiB Mopsn i3
3araJIbHOMPUIHATUMM MeTOaMM BMKOPUCTOBYIOTh HOBi TiCTOJNIOTiUHI MeTOOM MAOCTi[IKeHb,
SIKi TAI0Th MOXX/JIMBICTh BCTAHOBUTUM MIiKPOCKOMIYHI 3MiHM Yy CBiKMX Ta 3illCOBAaHMX XapuyoOBMX i
KOHCEepBOBaHMX MpoAyKTax. MeTa 1iei po60TH Mossdrana y JOCTiAKeHHI MiKpOCKOIiYHOi 6yI0BYU
M’sica cosleHO1 pubu (ocenesmellb, MMHTAa) i MOpeIpOAYKTiB (Kajibmap, Mifiii) 3a 3aMOpOXKyBaHHSI.

A

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 1



https://www.sciencedirect.com/science/article/abs/pii/S0308814607002762 
https://www.sciencedirect.com/science/article/abs/pii/S0308814607002762 
https://www.sworldjournal.com/index.php/swj/article/view/swj07-01-013 

Microstructural analysis of frozen and salted fish and seafood meat

[TigTBEpAKEHO, IO M’SICO PMOM YTBOPEHE CKEJIETHOI M SI30BOI0, BOIOKHUCTOIO CIIOYYHOIO (€H/T0-,
repumisiit) TKAaHMHAMM 3 KPOBOHOCHMMM, JIiMbaTUUHUMM CyAMHAMM Ta HepBamMu. BosokHa
M’S130BOi TKaAHMHM MAiOTh BUIISM LWIIHAPMYHUX YTBOPEHb, 3 HOOpPE BUPAKEHOIO MOIMEPEYHOI0
MIOCMYTOBAHICTIO i uncieHHMMH sigpamu. OCHOBY M’sica MOPepoayKTiB Gopmye rnanka M’si30Ba
TKaHMHA 3 MPOLIApPKaMM IyXKOi BOMOKHUCTOI CIIOMYYHOI TKAaHMHM, CYAMHAMMU Ta HEPBOBUMU
BOJIOKHaMM. [anki M’130Bi KIITHMHY BepeTeHOMonioHoi popmu, 6e3 rmonepeyHoi MOCMyroBaHOCTI
i 3 omHuM sapom. ITig uac 3aMOpOXKyBaHHSI M’sica puOu 3a Temriiepatypu -18°C, Kpuctaan JIbomy
Ipi6Hi Ta MOOGPe BMpaXKeHi y eHa0- i mepumisii, a 3a TemmepaTtypu -23°C — € y M’I30BUX BOJIOKHAX.
ITiJ yac MOBTOPHOTO 3aMOPOKYBaHHS pu6M GOPMYIOTHCS BEVUKI KPUCTAIN JIbOLY SIK B M’SI30BUX
BOJIOKHAX, TaK i B eHI0Mi3ii i mepumisii M’s13iB, M’s130Bi BOJIOKHA )parMeHTOBaHi Ta MalOTh TPillIVIHNA.
VY 3aMOpOXeHOMY M’SICi MOPEMPOAYKTIB CITOCTEPIraeThest Aedopmallist MydKiB ITIaAKUX M SI30BUX
KITUH Ta iX ¢parmenTanis. Ilig yac coninHsa m’sica pubu y ¢dasi 06e3BogHEHHSI BiI3HAUAETHCS
3MeHIIeHHSI JiaMeTpy M’SI30BUX BOJIOKOH i IIMPYHY eHI0- Ta ITepuMi3iio, mornepeyHa CMyracTicTh
i smpa M’130BMX BOJIOKOH J06pe BUpaskeHi, a y (asi 0BOmHEHHS BigOyBalOThCS 3BOPOTHI MPOIECH.
[Ipu 11bOMY, BOJIOKHA CTAIOTh MPSIMOMIHIMHMMM 3 TpillMHaMM i uiinMHaMu, a B eHAoMi3ii Ta
repumisii MOMiTHa 3€pHUCTICTD. 32 OTPUMAHUMM PE3YJIbTaTAMM MOKHA OLLiIHUTY MiKPOCTPYKTYPY
3aMOPOXKEHOTO i COJIOHOTO M’sica pubM Ta MOPENpPOAYKTiB, IO BAXKIMBO ITiJi YaC KOHTPOJIIO
MPUIATHOCTI XapuOBUX MPOAYKTIB JJIs1 CIIOKMBAYiB

KiiouoBi citoBa: pr6GHa MPOMUCIOBICTh; KOHCEPBYBAHHS ; TiCTOJIOTiYHI MeTOAM; M’s130Ba TKAHMHA;;
CKeJIETHI M’SI3U
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