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ABSTRACT

Fish roe is a rich source of polyunsaturated fatty acids, essential amino acids and several vitamins. The paper
presents the possibility of using fish caviar treatment with berry solutions instead of traditional preservatives.
The purpose of this study is to determine the effect of berry solutions from lingonberry powder (Vaccinium
vitis-idea) and buckthorn (Hippophae rhamnoides) on the nutritional, biological value and safety of walleye
caviar through the use of wild plants as preservatives. Samples of the caviar of the common walleye Sander
(Sander lucioperca) were selected as research objects. The results showed that experimental caviar samples
treated with berry solutions showed differences (p>0.05) compared to the control sample with saline solution,
this proves an increase in the nutritional value and safety of fish caviar. It is also shown that the use of berry
solutions from cranberries (LS) and sea buckthorn (SBS) combined with salt is 35% more effective compared
to the control sample containing only salt (S). This means that using berry solutions significantly improves the
results compared to the traditional canning method. This effect may be due to the additional beneficial
properties of berry extracts, such as antioxidant and antimicrobial activity, which contribute to better
preservation of caviar quality and safety. It was found that using a berry solution from cranberry powder
revealed the best result. Also, it was shown that the greatest value and composition was possessed by the LS
sample, which more satisfied the daily requirement of vitamins A, E and B group in comparison with other
samples (p>0.05), the content of vitamin A (0.016+0.014); vitamin B (0.24+0.16); vitamin E (2.89+0.04);
vitamin PP (2.1+0.05). This is because treating pikeperch caviar with berry solutions increases the amount of
water-soluble and fat-soluble vitamins.

Keywords: common lingonberry (Vaccinium vitis-idaea), pikeperch roe, sea buckthorn (Hippophae rhamnoides),
food safety, amino acids, vitamins

INTRODUCTION

Caviar, a symbol of luxury today, has come a long way since it was mainly distributed in the regions around
the Caspian Sea. In the early 1700s, caviar was popular in these parts, but during the 18th century, it became a
subject of import to Europe. Here, caviar quickly gained popularity among elite society and became a symbol of
status and sophistication. By the end of the 20th century, the increased demand for caviar on the international
market led to serious environmental consequences. Producers began overfishing wild sturgeon to meet this
demand and maximise profits, which led to a sharp decline in their population. The mass production of caviar for
export threatened not only wild sturgeon populations but also the sustainability of the business itself. These events
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have led to stricter regulations and the development of alternative production methods, such as aquaculture, to
conserve sturgeon and ensure sustainable caviar production [1].

Caviar is a semi-canned fish product, and certain storage and packaging conditions are important to ensure its
safety. Storing caviar at a low temperature, around 0 °C, slows the growth of microorganisms and preserves its
freshness. Packaging caviar under anaerobic conditions, i.e., without access to air, is also critical, as it helps
prevent oxidation and bacterial growth that can cause product spoilage. These measures preserve the quality of
caviar and extend its shelf life while ensuring consumer safety [2]. Caviar is a valuable food product due to its
unique chemical composition, which includes complete proteins, highly unsaturated fatty acids, vitamins, and
macro- and microelements. Caviar products from various fish species, such as sturgeon, salmon, cod, herring, and
sea urchins, have a high nutritional value.

Pikeperch caviar is especially popular. It combines valuable nutritional properties with a relatively low cost,
making it available to a wide range of people with different levels of financial well-being. Pikeperch caviar is rich
in easily digestible proteins, fats, and vitamins of groups A, D, E, and B.

Caviar has a low lipid content, but it contains all important water-soluble vitamins. Its chemical composition
includes the following vitamins:

— Thiamine (vitamin B1): 50-95%

— Riboflavin (vitamin B2): 110-830%

— Folic acid (vitamin B9): 10-12%

— Cyanocobalamin (vitamin B12): 0,7-1,4%
— Niacin (vitamin B3): 1 000-3 200%

— Pantothenic acid (vitamin B5): 50-200%.

These vitamins play an important role in metabolism and maintaining the body's health, making caviar tasty
and healthy food [3].

One of the priority tasks in caviar production is ensuring the high quality of finished products, which includes
controlling the permissible level of bacterial contamination. To achieve these goals, producers use preservatives.
Preservatives help prevent the growth and multiplication of pathogenic microorganisms that can cause the product
to spoil and threaten consumers' health.

Preservatives in caviar perform several important functions:

Stabilisation of the product, preventing its oxidation and change in taste.

Increasing the shelf life of caviar while preserving its nutritional value.

Reducing the risk of dangerous bacteria such as Clostridium botulinum, which can cause botulism.

Currently, in response to customers' increasing needs and requirements for the quality of food products, there
is a steady tendency to expand the range of products. One key direction is the search and introduction of natural
food additives, which can increase the nutritional value of products while having a preserving effect. This allows
for the reduction of the dose or the elimination of the use of chemical preservatives.

Natural food additives such as herbal extracts, spices, essential oils, organic acids, and antioxidants are
becoming increasingly popular in the food industry. They improve the taste and flavour of products and help
extend shelf life by inhibiting the growth of pathogens.

This approach aligns with the current trends towards healthy eating and environmental safety and meets
consumer demand for products with minimal artificial additives. As a result, natural preservatives and food
additives are becoming an important element of innovation in the food industry, contributing to safer, healthier,
and higher-quality food products.

However, to ensure the preservation of caviar quality without preservatives, it is necessary to increase its
salinity, which leads to the deterioration of its organoleptic properties and reduces the product's usefulness.
In recent years, products with a reduced sodium chloride content have been produced to prevent violations of salt
metabolism in the human body and cardiovascular and other diseases. At the same time, preserving caviar only
with sodium chloride and storing it at sub-zero temperatures does not provide the necessary microbiological level
of safety during long-term storage.

Preservatives—sodium benzoic acid and potassium sorbate— traditionally preserve fish products. However,
with modern tendencies to reduce chemical preservatives, natural preservatives and spice oil extracts from natural
plant components are offered to replace them.

To those mentioned above, the development of caviar preparation technology with vegetable additives that
have a positive effect not only on the organoleptic characteristics of products but also on the storability, providing
the realisation of the direction of expanding the range of caviar products, is relevant. One of the main tasks of
caviar product technologies is to produce products safe for consumers, have pleasant organoleptic characteristics
without adding preservatives that inhibit bacterial spoilage of the product, and have a long shelf life [4].
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Based on the above, natural substances that will ensure finished products' microbiological and food safety must
be searched for. Wild fruits can be an alternative to existing preservatives. Two of the most popular wild fruits
are cowberries and sea buckthorn.

Lingonberries (Vaccinium vitis-idaea) grow in the north of Kazakhstan. Lingonberries contain many
biologically important substances - sugars from 8 to 10% (glucose - up to 3.6%, fructose - up to 4.6%, sucrose -
up to 0.6%), organic acids (2.0-3.5 %), vitamins B - 0.03 mg %, E - 1.0 mg %, provitamin A (carotene) - 0.05-
0.10 mg%, minerals (0.26-0.35 %), tannins (100-400 mg). The organic acids in cranberries contain citric, malic,
tartaric, salicylic, boric and benzoic acids. Benzoic acid is an antiseptic and a strong natural antioxidant which
significantly affects the strengthening of cell membranes in the body [5], [6], [7].

Figure 1 Common lingonberry (Vaccinium vitis-idaea).

Sea buckthorn (Hippophae rhamnoides) belongs to the genus sea buckthorn (Hippophaé), family
Elaeagnaceae. Sea buckthorn fruits contain carbohydrates (8.0-8.5%), including pectin substances (0.4-0.5%),
organic acids (2.0-2.5%), tannins, vitamins C (200 mg%), E (5 mg%), group B (2.32 mg%), various macro- and
microelements (0.3-0.7%), and sea buckthorn oil (1.7-8.0%), rich in unsaturated fatty acids (linoleic and linolenic)

[8], [9], [10].

Figure 2 Buckthorn (Hippophae rhamnoides).

The purpose of this study is to determine the influence of berry solutions of lingonberry (Vaccinium vitis-
idaea) and sea buckthorn (Hippophae rhamnoides) powder on the nutritional, biological value, and safety of
pikeperch caviar due to the use of wild fruits as preservatives.

We selected samples of fresh pikeperch roe aged in berry solutions as objects of study. Fresh caviar — Lightly
salted, requires refrigeration, short shelf life To prepare the berry solution, we used powders of common
cowberry and sea buckthorn.

Scientific Hypothesis

This paper presents the results of a study of pikeperch (Sander lucioperca) caviar using berry solutions
prepared from lingonberry (Vaccinium vitis-idaea) and sea buckthorn (Hippophae rhamnoides) powder.
Treatment of caviar with lingonberry powder solution has a positive effect on its nutritional value, microbiological
safety and organoleptic properties due to the antimicrobial and antioxidant properties of lingonberries, which
improves the quality of the product and increases its shelf life compared to traditional methods of preservation.
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MATERIAL AND METHODOLOGY
Samples

Pikeperch roe Sander lucioperca, belonging to the perch family (Percidae), was obtained from Bolashak
Bastau Company, Republic of Kazakhstan. Fruit of lingonberry (Vaccinium vitis-idaea) and sea buckthorn
(Hippophae rhamnoides) were received from Synthite Industries (Almaty, Kazakhstan).

Chemicals

Barium hydroxide Ba(OH), sulfuric acid H2SOs, barium sulfate BaSOa, hexane CéHia were purchased from
Sigma-Aldrich, Inc. (Merck KGaA, Darmstadt, Germany), which guarantees high quality and reliability of the
chemicals used in the experiments.

Instruments

Capillary electrophoresis: “Droplet 105A” (Agilent Technologies (USA)).

Gas chromatograph: “Crystallux 4000M” (Meta-Chrome, Russia)
Laboratory Methods

The study of the chemical composition of caviar consisted in determining the content of protein, fat, moisture,
ash, vitamins, and minerals according to ISO 12875:2011, Traceability of finfish products — Specification on the
information to be recorded in captured finfish distribution chains.

Toxic metals were determined according to GOST 30178-96 [11].

The out mass fraction of amino acids was measured by capillary electrophoresis using the capillary
electrophoresis system "Kapel 105 A" [12]. A 0.1000 g weight of the product under study was placed in a glass
vial, 5 cm?® of barium hydroxide solution was added. The vial is placed in the desiccator, which is placed in a
desiccator for 14 - 16 hours at a temperature of 110 °C. At the end of hydrolysis, hot hydrolysate from the vial
was quantitatively transferred to a measuring flask with a capacity of 100 cm?, in which previously placed 40 -
50 cm? of distilled water was, add 1 - 3 drops of methyl red indicator and neutralise the solution by first adding
3.5 cm?® of the sulfuric acid solution, and then add sulfuric acid solution drop by drop until the colour changes
from yellow to pink. Then, bring the volume of the solution to the mark with distilled water, stir, and leave for 10
- 15 minutes until the solution is clear above the barium sulfate precipitate. 1.0 cm? of the obtained solution is
placed in an Eppendorf tube and centrifuged for 2-3 min at 6000 vol/min, after which 0.5 cm?® of the solution is
transferred into a dry Eppendorf tube and used for analysis.

The study of fatty acids was carried out on the gas chromatograph "Crystallux 4000 M". It is equipped with a
flame ionisation detector and quartz capillary column SP — 2560 100 mx0.25 mm ID, 0.2 um fixed phase F. The
Supelco ® 37 FAME Mix standard was used as an identification mix. The following chromatographic separation
parameters were used: nitrogen was used as a gas carrier, T1 temperature for column 65-70 °C (retention period
5min), T2 at a speed of 4G/min 240 °C, evaporator temperature 230 °C, detector 260 °C, volume of the introduced
sample 1 uL. To control the modes of analysis and to process the chromatogram and the data obtained, the program
"NetChrom 2" was used. We showed the latest results in percentages obtained from total fatty acids. The fatty
phase was separated for the preparation of methyl esters. A sample of oil taken for the test was thoroughly mixed.
Then, the oil (2-3 drops) was taken with a glass test tube and dissolved in 1.9 cm? of hexane. After stirring the
reaction mixture vigorously (2 min), it was allowed to stand for 5 min and filtered. Then, the mixture ready for
analysis was sent to the gas chromatograph [13].

The methods of sampling and sample preparation for microbiological analyses were determined according to
ISO 6579-1:2017/Amd 1:2020. Meat-peptone agar was used for all microbiological analyses (BioMedia, Russia).
Description of the Experiment

Sample preparation:

The berries were distributed evenly on mesh baking trays and dried convectively in cabinet-type dryers at 30
- 60 °C to a residual humidity of 5 - 8.5 %, obtaining dried berries. Then, they were cooled and ground to a particle
size of no more than 50 um, obtaining berry powder.

The whole 200-400 grams oyster was carefully immersed and kept in different solutions: in salt solution at the
rate of 3% salt per 100 ml of water; in berry solution (with lingonberries) at the rate of 3% salt, 1% lingonberry
powder per 100 ml of water; in berry solution (with sea buckthorn) at the rate of 3% sea buckthorn powder per
100 ml of water, 1% salt, at the temperature of 10-15 °C, for 20 min.

The research was conducted at the «Research Laboratory for Assessing the Quality and Safety of Food
Products», Almaty Technological University.

Number of samples analyzed: we analysed 24 samples.

Number of repeated analyses: 3

Number of experiment replication: 3
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Design of the experiment: The physicochemical parameters of caviar were carried out according to
standard methods. These methods include assessing caviar appearance, colour, consistency, taste, and aroma.
Standard methods ensure accuracy and comparability of results, which allows objective assessment of the quality
of caviar and its compliance with regulatory requirements.
Statistical Analysis

The statistical analysis was done using the SPSS program (IBM SPSS STATISTICS 20, SPS Tc.). The Tukey
HSD test was selected to compare the roe's quality parameters. The analysis of the methods was carried out using
a single-factor analysis of variance (ANOVA). This means that the comparison was performed at a significance
level of p < 0.05.

RESULTS AND DISCUSSION

Changes in the physicochemical composition of experimental samples aged in solutions are presented in
Table 1.

The analysis of Table 1 showed that the protein content of the samples did not differ significantly from each
other. The amount of protein are samples S (18.34+0.21), LS (18.35+0.21) and SBS (18.35+0.33), respectively.
There was a slight decrease in fat in the experimental sample LS (0.19+0.2). In sample S (79.04+1.05), the
moisture content is higher; this rather depends on the characteristics of the fish, the stage of maturity of the eggs
and the method of processing. The sample S (1.51+0.03) shows an increase in ash content, while the LS
(1.52+0.01) and SBS (1.58+0.01) samples show a decrease.

Table 1 Physicochemical parameters of the roe of Sander fish of the studied samples

Component S LS SBS
Protein, % 18.34+0.212 18.35+0.212 18.35+0.332
Fat, % 0.20+0.12 0.21£0.12 1.21£0.2°
Water, % 78.14+1.872 76.94+1.622 76.48+2.622
Ash, % 1.45+0.032 1.52+0.01° 1.58+0.01°¢

The study of vitamin composition showed (Table 2) that LS and SBS significantly increased in the
experimental samples. The LS sample has the highest value and composition, which more satisfied the daily
requirement of vitamins A, E and B group compared to other samples, (p>0.05), the content of vitamin A
(0.016+0.014); vitamin B (0.24+0.16); vitamin E (2.89+0.04); vitamin PP (2.1+0.05). This is because treatment
of pikeperch caviar with berry solutions increases the amount of water-soluble and fat-soluble vitamins.

Table 2 Results of studies on vitamin content in tested specimens.

Specimens/Vitamins, S LS SBS
mg/100 g
Vitamin A 0.014+0.01? 0.016+0.014* 0.015+0.0102
Vitamin B 0.20+0.12% 0.24+0.16% 0.21+0.117
Vitamin E 2.844+0.01° 2.8940.02° 2.8940.03°
Vitamin PP 2.07+0.06° 2.3+0.05° 2.1840.04°

A comparison of the results obtained from the mineral composition of the samples (Table 3) indicates that an
increase in the content of macro- and microelements is observed in experimental samples of LS and SBS. In the
sample LS, potassium (294.36+0.93), calcium (44.5140.50), sodium (42.524+0.12), iron (1.25+0.05), phosphorus
(240.1440.14), higher than in other samples, in the sample SBS, potassium (283.36+0.65), calcium (44.64+0.35),
sodium (41.84+0.34), magnesium (25.45+0.31), iron (1.174+0.04), phosphorus (236.71+0.12), which indicates that
caviar extract in berry solutions significantly increases the mineral content.
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Table 3 The content of minerals compositions in the studied roe samples.

Mineral elements, KS LS SBS
my/g
Potassium 271.21+0.222 294.36+0.93°¢ 283.36+0.65°
Calcium 40.75+0.212 44.51+0.50° 44.64+0.35°
Sodium 38.50+0.182 42.524+0.12°¢ 41.84+0.34°
Magnesium 24.01+0.152 25.4440.55° 25.45+0.31°
Iron 1.11+0.028 1.25+0.05° 1.17+£0.042
Phosphorus 233.12+0.932 240.144+0.14°¢ 236.71+0.12°

Table 4 summarises the results of the samples for toxic elements. As can be seen from the data, in sample KS,
arsenic (< 0.25) was detected; in sample LS and SBS, cadmium (< 0.25),) in sample SBS, lead (< 1.0), while no
toxic elements were detected in sample LS.

Table 4 The content of toxic elements in the studied roe samples.

Toxic elements, mg/g KS LS SBS
Pb not found not found <1.0
Cd <0.25 not found <0.25
As not found not found not found

In samples KS, LS and SBS studied comparison of the amino acid composition of caviar aged in different
solutions (Table 5), showing the presence of all essential amino acids, the content of which is from 0.18 to 1.90
g, which is more than 46.9 % of the total amount of essential amino acids. The analysis revealed a rather high
content of leucine (0.94-0.96 %), valine (0.88-1.05 %), lysine (0.62-1.63 %), phenylalanine (0.18-0.23 %),
threonine (0.76-0.85 %) and tryptophan (1.86-1.90 %).

Table 5 The amino acid composition in the studied roe samples.

Amino acid KS LS SBS
Valine 0.98+0.252 1.05+0.542 0.98+0.35°
Leucine + Isoleucine 0.94+0.38%2 0.96+0.42° 0.95+0.292
Lysine 1.63+0.26° 1.65+0.59° 1.63+0.212
Methionine 0.54+0.228 0.55+£0.25% 0.55+0.142
Threonine 0.80+0.312 0.85+0.38? 0.81+0.25%
Tryptophan 1.86+0.16% 1.90+0.122 1.87+0.08%
Phenylalanine 0.18+0.012 0.234+0.02° 0.2240.02°
Arginine 1.04+0.36? 1.08+£0.312 1.05+£0.518
Tyrosine 0.50+0.428 0.52+0.412 0.50+0.15%
Histidine 0.40+0.142 0.50+0.37% 0.48+0.24°
Proline 1.13+0.26° 1.14+0.702 1.15+0.31%
Serine 0.57+0.392 0.59+0.352 0.58+0.252
Alanine 1.31+0.41% 1.33+0.25% 1.32+0.212
Glycine 1.02+0.722 1.04+0.142 1.03+0.282

The microbiological index of caviar aged in different solutions was compared in CW, LC and SBS samples
(Table 6). The analysis showed that in the experimental sample LS, SBS, there was a slight decrease in the number
of mesophilic aerobic and facultatively anaerobic microorganisms. The obtained results indicate that using sea
buckthorn and lingonberry hulls not only increases the nutritional value of finished products, but also extends the
shelf life of finished products. After treating the cans with a solution of lingonberry and sea buckthorn powder,
the shelf life is up to 6 months.
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Table 6 Results of microbiological parameters in the studied caviar samples.

Indicators S LS SBS
Number of mesophilic aerobic and facultatively 8-10° 2:10° 5-10°
anaerobic microorganisms
Coliforms undetected undetected undetected
Sulphite-reducing clostridia undetected undetected undetected
Staphylococcus aureus S.aureus undetected undetected undetected
Salmonella undetected undetected undetected
Moulds undetected undetected 2
Yeasts 15 9 12

The fatty acid composition shows (Figure 1) that the sum of saturated fatty acids in sample KS is 10.97%, in
sample LS 15.16%, in sample SBS 15.52% and is mainly represented by palmitic and stearic acids. The proportion
of monounsaturated fatty acids in LS and SBS samples is 33.10% and 34.66%, respectively, 1.62% and 3.18%
more than in sample KS. Among the monounsaturated acids, oleic acid dominates with 21.48% (S), 21.96% (LS)
and 22.94% (SBS), followed by palmitoleic acid with 6.75% (SBS), 6.95% (S) and 8.12% (LS), respectively.
High polyunsaturated acid content (49.80-66.32%) was observed in LS and SBS samples, of which
docosahexaenoic acid (22:6 wt.%) dominated with 30.20% and eicosapentaenoic acid (20:5 wt.%) with 6.01%.
While sample S was dominated by linolenic acid (18:2 om6) -12.67%.

B SFA MUFA ®mPUFA ®Omegab Omega 3 Omega 6/omega 3
70
60
50

40

%

30

20

10

T
i B _

S LS SBS

Figure 3 Comparison of fatty acid amounts in roes fat.

Studies show that using sea buckthorn in feed products improves the quality of end products, including poultry,
pork, and fish [14]. Thus, using sea buckthorn in feed products can improve the nutritional value and quality of
end products such as poultry, pork, and fish [15].

Preservatives are used to obtain safe finished products in producing salted caviar from different fish species.
The production method greatly influences the quality of ready-salted caviar [16].

It should be noted that the technology for processing fish eggs and caviar is quite labour-intensive and has
many stages. Therefore, strict observance of all parameters of the technological process, processing, and
preservation of caviar grains is required. Kopylenko L.R. conducted scientific substantiation and developed
technology for preserving sturgeon and salmon fish caviar [17].

The results of the sample study showed significant differences (p<0.05) in terms of humidity: S, LS and SBS
samples; ash: LS and SBS samples; fats: s and LS samples; proteins: LS and SBS samples, which indicates that
different treatments affected the original composition of caviar, which draws attention to the high ash content for
the S sample due to the use of NaCl without berry powder. Compared to raw materials, the humidity indicator
decreased for all samples due to the immersion of caviar in brine and the use in the NaCl recipe. The Tuki test
showed that all medium samples had significant differences in humidity (p <0.05); S and LS samples for Ash, LS
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and SBS for oils. In this study, NaCl and Berry solution's content slightly changed the amount of proteins and
moisture in the samples. The use of fruit powders and NaCl may have contributed to the reduction of moisture,
which led to the highest concentration and energy intensity of S-Type ash.

The mineral element content in the samples indicates the presence and effect of berry solutions on caviar.
Lingonberries and sea buckthorn berries have high concentrations of trace elements, making them potential
sources of significant minerals that play an important role in nutrition and maintaining human health. Compared
to sample S, the LS and SBS samples had an increase in K, Ca, Na, Mg, Fe, and P content.

The main subject of the article is pikeperch caviar. Pikeperch (Sander lucioperca) is the largest freshwater
predator of the Perch family, including perches and ruffs. This species inhabits warm and exceptionally clean
water bodies, which affects its extract and organoleptic properties of caviar.

Caviar is a food product derived from the ovaries of fish, which undergoes a complex technological process
to process caviar grains. The female pikeperch lays caviar in the form of long (up to 1 m) reticulated ribbons of
gelatinous substance, and accompanying males fertilise it. Pikeperch spawn is characterised by strong watering.
Its water content is up to 56% or more. The diameter is 1.0-2.0 mm (sometimes 1 mm). Caviar of particulate and
other fish is sold in cans and barrels, i.e., free of connective tissue of caviar eggs and caviar balls.

It should be noted that few studies of pikeperch caviar exist, both among Russian-speaking authors and in
English-language sources [18]. In recent decades, perch fish, particularly pikeperch, have become a subject of
increased interest in the fishing industry on a global scale [19].

In several research papers, scientists have investigated the use of chasteberry extract in meat pates [20] and
other meat products [21], as well as the effect of sea buckthorn powder on meat products [22], [23], [24]. These
studies have shown that:

1. Cranberry extract, due to its antioxidant and antimicrobial properties, can improve the flavour, shelf life,
and nutritional value of meat products.

2. Sea buckthorn powder has also been studied as an additive to meat products, providing benefits in the form
of increased antioxidant activity, improved organoleptic properties, and enrichment of the product with vitamins
and minerals.

These results highlight the potential of using natural berry additives to improve food quality and safety, which
may also apply to the caviar considered in your paper.

Researchers [25] used sea buckthorn extract to produce freeze-dried carp roe substitutes as an antioxidant and
antimicrobial agent. Due to its natural antioxidant and antimicrobial properties, sea buckthorn extract effectively
improved the product's stability and safety [25]. These studies highlight the potential of using plant extracts to
improve fish products' quality and shelf life, which may also be useful for developing similar solutions in
producing pikeperch caviar.

Other scientists have also investigated the effect of sea buckthorn and lingonberry extract on the nutritional
value of fish products [26]. These studies have shown that berry extracts can significantly improve the nutritional
value and organoleptic properties of fish products due to the following factors:

- Antioxidant properties: Sea buckthorn and cranberry extracts contain active antioxidants that help prevent
fat oxidation and maintain product freshness.

- Improved vitaminization: Berries are rich in vitamins (such as vitamins C and E) that can enrich fish products,
making them more nutritious.

Antimicrobial properties: These extracts can inhibit the growth and development of microbes, which helps
increase the shelf life of foods.

Using sea buckthorn and cranberry extracts may help create healthier and more spoilage-resistant fish products,
which is of interest for further research and application in caviar production [27]. Scientists have also investigated
the fact that sea buckthorn has various biological properties such as anti-inflammatory, antioxidant, and anti-
cancer activities. These properties can significantly contribute to the nutritional value of fish products. [28].

It has been shown that fruit and berry pomace can be effectively used in pickled fish products [29]. Thus, using
fruit and berry extracts in marinated fish products effectively improves their safety, quality, and organoleptic
properties.

Studies show that adding vegetable powders, including berry powders, can increase the moisture-holding
capacity of minced fish products [30].

A study of vitamin composition showed that treating Sander roes with berry solutions increases the amount of
fat-soluble and water-soluble vitamins and significantly increases the mineral content.

The study of vitamin composition showed that treating pikeperch eggs with berry solutions increases the
amount of fat-soluble and water-soluble vitamins and significantly increases the mineral content [31]. Studies
have shown [32] that fish oil can be partially replaced by vegetable oils in the diet of young pikeperch without a
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negative effect on growth parameters [33]. However, increased lipid content in liver tissues and decreased lipid
utilisation may be observed, indicating changes in metabolic processes related to lipid metabolism.

The results of toxic substance content tests determined the absence of lead and arsenic in samples S, LS and
SBS, which allowed us to conclude that in the process of soaking in a solution with the addition of berry powders,
toxic substances from caviar pass into solution, because under the influence of sodium chloride ions, hydration
and solubility of proteins with which toxic substances are associated increases. As a result, toxic substances can
pass from the roes into solution [34]. If the solution contains chitin or chitosan, which are sorbents, the toxic
metals are not absorbed and are desorbed in the caviar grains [35]. This ensures that the toxic substances are
removed from the caviar, thus increasing its safety and significantly improving the quality of roes products [36].
Also, it has been shown that coriander leaf extract can reduce heavy metal contamination in shellfish by reducing
Pb, Hg, and Cu [37].

The study of the composition of amino acids revealed the known changes in LS and SBS samples. This,
perhaps, made it possible to obtain roe with high nutritional value when keeping roe in berry solutions, when the
proteins penetrate the roe and accumulate. Since the roe did not undergo heat treatment, all biologically valuable
nutrients were preserved in the product, which improved its quality.

Processing roe in berry solutions with the addition of salt will increase the shelf life of the product, as well as
enrich the product with valuable nutrients [38]. Salt concentrations (2, 4 and 8%) affect rainbow trout caviar's
physicochemical and microbiological quality parameters during 21-day storage at 4°C [39]. The results of the
studies varied depending on the type of berry solution. Statistical analysis showed that the treatment with
lingonberry solution was significantly more effective than the treatment with sea buckthorn and salt solution [40].

Figure 4 Pike-perch roe pike-perch caviar before processing.

Figure 5 Pikeperch caviar pike-perch after treatment with lingonberry powder solution.
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CONCLUSION

The results obtained in this study indicate differences between roe samples treated with different preservatives.
The differences were particularly noticeable when all measured parameters (physical, chemical and
microbiological) were combined.

The results of the sample study showed significant differences (p<0.05) in terms of humidity: S, LS and SBS
samples; ash: LS and SBS samples; fats: s and LS samples; proteins: LS and SBS samples, which indicates that
different treatments affected the original composition of caviar, which draws attention to the high ash content for
the S sample due to the use of NaCl without berry powder. Compared to raw materials, the humidity indicator
decreased for all samples due to the immersion of caviar in brine and the NaCl recipe. All medium samples showed
significant differences in humidity (p <0.05); S and LS samples for Ash, LS and SBS for oils.

Also, it is shown that the sum of saturated fatty acids in sample KS is 10.97%, in sample LS is 15.16%, in
sample SBS is 15.52% and is mainly represented by palmitic and stearic acids. The proportion of monounsaturated
fatty acids in LS and SBS samples is 33.10% and 34.66%, respectively, which is 1.62% and 3.18% more than in
sample KS. Among the monounsaturated acids, oleic acid dominates with 21.48% (S), 21.96% (LS) and 22.94%
(SBS), followed by palmitoleic acid with 6.75% (SBS), 6.95% (S) and 8.12% (LS), respectively. High
polyunsaturated acid content (49.80-66.32%) was observed in LS and SBS samples, of which docosahexaenoic
acid (22:6 wt.%) dominated with 30.20% and eicosapentaenoic acid (20:5 wt.%) with 6.01%. While sample S
was dominated by linolenic acid (18:2 om6) -12.67%.

The study found that berry solutions from lingonberry and sea buckthorn powder enrich food products with
biologically active substances. Experimental work established that berry solutions improve the taste and aroma
of aged roe and will exclude the addition of chemical preservatives in roe processing.
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