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Abstract. Research on the use of organic acids in freshwater fish conservation in aquaculture farms
is gaining importance due to the growing interest in the quality and safety of fish products. The
purpose of the study was to create and substantiate a new technology for preserving freshwater
fish with the addition of spicy root vegetables, and in pretreatment of raw materials with organic
acids. During the study, carp were treated with salt and various concentrations of organic acids,
stored under certain temperature conditions. Sensory assessment, pH, and shear boundary stress
were used to evaluate the results, and chemical analysis was performed using a penetrometer and
potentiometric method. Based on the findings, a scientifically based technology for preserving
freshwater fish with the addition of spicy root vegetables with a fundamentally new method
of treatment of raw materials with organic acids has been developed to expand the scope of
application of fish products that will have a higher biological value. It was found that at the initial
stages of processing, no noticeable organoleptic changes were observed in the samples under study.
Comparative analysis of the results confirmed the positive effect of acetic acid at a concentration
of 1.0%, for tartaric acid, the best effect was determined with the addition of 0.5-1.0%, and for
citric acid, the study indicates that its use does not lead to softening of muscle tissue, indicating
the feasibility of its use. Studies have confirmed the use of pretreatment of semi-finished products
of salted carp treated with 1.0-1.5% malic acid for 60 minutes to obtain a tender, juicy, and soft
consistency, which corresponds to 5 points in the sensory assessment. According to the results
of the conducted studies, the positive effect of using organic acids to soften carp meat in the
production of preserves from freshwater fish was established. The practical significance of the
study is to improve the technologies of meat processing and food production, and to determine the
optimal conditions for preserving the taste and texture qualities of meat products

Keywords: carp; shear limit stress; hydrobionts; organoleptic parameters; under-ripening fish

Introduction

Providing the population with high-quality
food products of increased biological and nu-
tritional value is quite relevant today. The rea-
son lies in the violation of the diet, that is, the
lack of many necessary food elements. In this
regard, the concept of creating new, balanced
food products rich in functional ingredients
to ensure their sustainability and safety after
processing and during storage is becoming in-
creasingly relevant.

In Ukraine, the current state of human
nutrition requires the development and im-
plementation of technology for products that
would be made from raw materials of natural
origin and predictive composition. Currently,
these products do not yet meet the human
needs for basic food elements. Freshwater fish
farming and fishing are developing in Ukraine,
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but the product range is limited to live and
chilled fish. The sensory and nutritional value
of freshwater fish is necessary to improve pro-
cessing technology by combining it with veg-
etable raw materials. Changes in the structure
of the raw material base of Ukraine towards
increasing the catch of freshwater aquaculture
species necessitate the expansion of the range
of food products based on these hydrobionts.
Unlike marine fish, freshwater fish has lower
nutritional and biological value. In this regard,
in recent years, much research has focused on
the development of technologies for the pro-
duction of aquatic products from freshwater
fish with plant ingredients and materials of an-
imal origin in order to increase the nutritional
value, maintain and regulate functional proper-
ties (Gao et al., 2023).
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Carp is one of the most common fish in
the water farms of Ukraine. This fish contains
a lot of protein with a full set of essential ami-
no acids, biologically effective fatty acids, but
fish meat has a low percentage or does not
contain fibre, some trace elements necessary
for nutrition according to the needs of mod-
ern ideas about nutrition. In particular, fresh-
water fish do not have high taste properties,
which requires their improvement. Spicy root
vegetables are grown in Ukraine, which are
little used in fish production. Previous studies
have shown that the use of raw materials of
plant origin, including root vegetables that are
spicy-aromatic, in the technology of process-
ing hydrobionts, contributes to the improve-
ment of sensory indicators and the creation of
food products containing functional ingredi-
ents (Holembovska et al., 2021).

N.V. Novikova et al. (2023) investigated
the biological and nutritional value of newly
developed preserves that were enriched with
biologically valuable plant-based ingredients.
A special feature of the newly developed pre-
serves is that the fruit filling used is fresh juice
obtained from cranberry and elderberry fruits.
The use of natural preservatives that can in-
crease the shelf life of fresh fish has been in-
vestigated by many researchers, in particular
S. Pedrds-Garrido et al. (2020). Their studies
identified 8 essential oils (lemon, lemongrass,
lime, garlic, onion, oregano, thyme, and rose-
mary) and 3 organic acids (ascorbic, citric, and
lactic).

M.A. Ezzat et al. (2023) developed tradi-
tional fermented foods from freshwater fish
such as Mozambique tilapia (Oreochromis mos-
sambicus) and carp with the addition of tama-
rind pulp (Tamarindus indica) and dried slices
of Garcinia atroviridis to promote the fermenta-
tion process. N. Hananiah & A.A. Rahim (2022)
were concerned with preserving food quality by
eliminating or controlling the proliferation of
pathogens, which could be achieved by adding
natural ingredients such as lime juice (Citrus

aurantifolia) to the main recipe of preserves.
The presence of organic acids in lime acted as
an acidifier that provides a low pH environment
for microbes to slow their growth. However, no
systematic studies have been conducted in the
field of activating the maturation of freshwater
fish when introduced into preserves. Therefore,
the development of technology for preserving
freshwater fish and spicy root vegetables is an
urgent problem and the solution of which will
contribute to the creation of high-quality, safe,
affordable, and biologically valuable fish prod-
ucts from domestic raw materials.

The purpose of the study was to determine
the patterns of change in indicator complex-
es of carp meat under the influence of various
acid concentrations during cold storage at
temperatures from 0 to 5°C within 90 minutes
of treatment.

Literature Review

Analysis of current trends in the development
of fish production technology allows identi-
fying the following key areas related to the
technology of multicomponent food products,
improvement of canning technology from hy-
drobionts that have the ability to ripen slowly,
enrichment of recipe ingredients, pretreatment
of raw materials by various methods, using
physico-chemical technologies, biotechnolo-
gies for the production of traditional fish prod-
ucts: canned food, preserves, pates, dry, salted,
dried culinary products, and products made
from washed minced meat for the production of
surimi (Holembovska et al., 2021).

It is known that the addition of enzyme
preparations when salting fish helps to obtain
a good quality product from unripe fish species.
In the production of fish preserves, expensive
enzyme preparations from plant and microbi-
al raw materials can be used, such as H. Medit-
eranei fermentation broth for softening pollock
meat or the proteolytic enzyme preparation Sal
Intersor EC for the production of fish fillet pre-
serves (Rodak & Fil, 2016). These researchers
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demonstrated that some marine hydrobionts
contain highly active complexes of proteolytic
enzymes that can be widely used. The muscle
tissue of freshwater fish has a low level of ac-
tivity of its own proteinases, which would not
allow obtaining the necessary degree of matu-
rity without the addition of proteolytic enzyme
preparations to enhance the process.

M. Pobedash developed the technology of
enzymatic processing of zebra mussels with
proteolytic action, the effect of using the pro-
teolytic enzyme preparation “Protofermol”
from bivalve zebra mussels without separating
the leaf in advance to enhance the matura-
tion process of preserves from dissected her-
ring (Pobedash, 2013; Pobedash & Sydorenko,
2014). A.]. Reid et al. (2019) substantiated the
mechanism of action of antibacterial drugs on
microorganisms, their proteolytic and lipolytic
enzymes, which reduces microbial contamina-
tion of semi-finished products and finished fish
products. Considerable interest was aroused by
the technology of production of preserves from
non-fish aquatic products, in particular, squids
and sea snails, which are under-ripening raw
materials for the production of preservatives.
The technology of preserves from these shell-
fish involves pretreatment of raw materials by
blanching or using progressive peak wave pro-
cessing to soften the consistency of meat. The
effectiveness of treatment of fish preserves
with orange juice, which promotes their mat-
uration, has been proven. The use of orange
juice as a food additive gives the product the
following functional properties: saturates
preserves with biologically active substanc-
es, vitamins C, PP, B vitamins, beta-carotene,
and potassium, calcium, iron, and selenium
(Bytiutskaia, 2010).

N.B. Rathod et al. (2021) considered tech-
nologies of fish ingredients that are promising
for improving preservation technologies, since
products in which the natural properties of raw
materials are better preserved due to the ab-
sence of heat treatment. Therefore, changes
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in the structure of fisheries, general trends to
reduce the volume of marine fish caught and
the growth of freshwater fish used for aquacul-
ture, leads to the need to improve raw material
processing technologies and increase the scale
of production of food products based on fresh-
water fish. The most promising way to solve
these problems is to develop a technology for
preserving freshwater fish, based on the prin-
ciple of combining food products by enriching
them with plant raw materials. The technology
of preserves from under-ripening hydrobionts
is associated with the use of factors that acti-
vate the own enzyme system of muscle tissue
and contribute to the formation of a “bouquet”
of food products. However, in the production of
many products, including preserves, in order to
increase the safety of products during storage,
organic acids (acetic, tartaric, citric, malic, etc.)
are more often used in the technology, the pos-
itive effect of which is proved by the researchers
(Derkach et al., 2022; Wang et al., 2023).

However, in order to determine the pattern
of exposure to different acid concentrations both
to ensure safety and to stimulate maturation, it
is necessary to conduct additional studies that
are conditioned by the characteristics of the
type of raw material. The concept of creating
new food products that are balanced in chemical
composition, enriching functional ingredients,
ensuring their safety after and during process-
ing, is becoming increasingly relevant. Based
on the generalisation of theoretical literature,
the study highlights the expediency of using or-
ganic acids in the technology of freshwater fish
canning, which contribute to the maturation of
semi-finished products with a salty taste and
form food products with high sensory properties
and increased biological value.

Materials and Methods
The research was conducted in 2022 at the lab-
oratories of the National University of Life and
Environmental Sciences of Ukraine, the Faculty
of Food technologies and quality management
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of agricultural products at the Department of
meat, fish, and seafood technology. Carp were
cut into fillets, salted with brine to a salt con-
centration of 5% at room temperature for 24
hours. The fillets were then treated with organ-
ic acids of various concentrations. The control
samples consisted of carp meat only, which was
salted without the addition of organic acids.
Canned samples were stored in plastic contain-
ers with a capacity of 200 cm® at a temperature
of 0 to +4°C. The average sample was then tak-
en from each unit, which was characterised by
sensory assessment, pH, and shear limit stress
after grinding.

The main raw materials used in the re-
search were live fish (carp) according to DSTU
2284:2010 (2012), grown in the reservoirs of
Cherkasy fish farms; table salt according to
DSTU 3583:2015 (2017); table vinegar accord-
ing to DSTU 2450:2006 (2006); apple cider
vinegar according to DSTU 2450:2006 (2007),
citric acid according to DSTU 908:2006 (2006),
wine vinegar according to DSTU 2450:2006
(2007), and laboratory equipment: pH meter
(LLC Chemlaborreactive, Ukraine) and pene-
trometer PCE-PTR 200N (LLC Chemlaborreac-
tive, Ukraine). To determine the value of the
ultimate shear stress (USS), a PCE-PTR 200n
penetrometer was used using a room tempera-
ture exposure of 5 s, placing the pieces in iden-
tical metal measuring containers when using a
measuring cone with a vertex angle of 2a=60°.
For research, the muscle tissue of raw fish was
crushed in an electric meat grinder with a grid
hole diameter of 3 mm. After grinding, the wa-
ter index (pH, active acidity) was determined in
the obtained samples using the potentiometric
method (Slobodianiuk et al., 2018).

Evaluation of organoleptic characteristics
included analysis of the appearance, taste, aro-
ma, colour, and consistency of the product. An
expert panel set up to assess the sensory qual-
ity of the fillets used a 5-point scale developed
by the authors throughout the processing. Each
of the parameters was evaluated according to a

five — point system, where 5 points correspond-
ed to an excellent level of quality, 4 points —
good quality, 3 points - satisfactory, 2 points —
unsatisfactory, and 1 point — low quality. The
results of sensory evaluation were reflected in
profile graphs that detail changes in fish con-
sistency after acid exposure compared to the
control group. 5 repetitions were performed for
the study, and the analysis of experimental data
was carried out using mathematical and statis-
tical methods.

All data was processed using mathemat-
ical statistics methods, using Microsoft Excel
and STATISTICA editors. The accuracy of the
experimental results was determined using the
Student’s t-test with a confidence level of <0.05,
provided that the number of parallel measure-
ments was at least 5. To solve linear program-
ming problems, the MS Excel table processor
(Excel Solver) was used.

Results and Discussion

The technology of preserves made from un-
der-ripening aquatic organisms is based on the
use of factors that activate the muscle tissue’s
own enzyme system and contribute to the de-
velopment of a pleasant taste inherent in this
food product. Organic acids (acetic, tartaric, cit-
ric, malic, etc.) are increasingly used in the pro-
duction of many products, especially preserves,
to improve product safety during storage, as
evidenced by the development of research pa-
pers. However, to determine the regularity of
the effect of different acid concentrations both
to ensure safety and to stimulate maturation, it
is necessary to conduct additional studies due
to the characteristics of the type of raw mate-
rial. Sensory evaluation of carp meat under the
influence of different concentrations of acetic
acid showed a positive effect depending on the
processing time (Fig. 1).

At the first stage of processing, no signif-
icant organoleptic changes were observed in
the control and experimental samples. After 30
minutes of treatment, the sensory parameters

Animal Science and Food Technology. 2024. Vol. 15, No. 1
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of the prototypes improved compared to the
control, especially at a concentration of 0.7-
1.5%. Carp pieces after treatment with different
concentrations of acetic acid differed from the
control samples in the best shape indicators.
After 30 minutes of acid exposure, there was
an improvement in taste, smell, and colour. The
consistency of all the tested variants was soft,
very tender and juicy, and after 90 minutes of
processing, it became less tender and softer
with obvious signs of white coating.

Similar technologies were obtained by
T. Maevskaia et al. (2012), who used organic
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acids in the washing of minced meat to pro-
duce better surimi from freshwater fish, in-
creasing the washing efficiency. The proposed
methods improved some indicators of washed
minced meat, while worsening others. The
proteins of minced meat obtained during the
washing process contained almost the same
amount of non-replaceable amino acids,
and the use of catholyte allowed obtaining a
product whose proteins are richer in non-re-
placeable amino acids, helping to identify the
effect of the type of washing liquid on some
values of indicators.
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Figure 1. Changes in the organoleptic evaluation of carp meat under the influence of different
concentrations of acetic acid and dependence on processing time
Notes: (n=5, p<0.05): 1 — control; 2 - C=0.5%; 3 — C=0.7%; 4 - C=1.0%; 5 - C=1.5%

Source: developed by the authors

The best results in terms of softening con-
sistency, taste, smell, and colour were observed
for samples treated with 1.0% acetic acid dur-
ing 60 minutes of treatment. They develop a
soft consistency, the meat becomes very soft,
excessively tender and juicy and corresponds
to a 5-point scale. Therefore, according to the

Animal Science and Food Technology. 2024. Vol. 15, No. 1

results of organoleptic evaluation, acetic acid in
all experimental samples has a positive effect
on carp meat, and a more pronounced effect is
manifested in the variant with a concentration
of 0.7-1.0%. The characteristics of the change
in USS in the muscle tissue of carp treated with
acetic acid are shown in Figure 2.




Holembovska et al.

15

10,000 -
y=36x*-812x+ 10,244
9,000 | R?=0.9995 1
£ 8,000
2 7,000 ¥=1,036x’-6,235.2x + 14,728 2
: R2=0.9942
S 6,000 ’
[
G 5,000 A
- 4
£ 4,000
: 5
5 3,000 y=1,184.5x*-7,184.3x + 15,606
2,000 - R?=0.9753
1,000 - y=1,454.8x?-8,789.9x + 16,838 y=Lpo8x -9,762.6x+ 17,621
X R2=0.9992 oo rmemn
0 ' : I
! - 60 90

Figure 2. Dynamics of dependence of the USS of carp meat on the action of different
concentrations of acetic acid for 90 minutes
Notes: (n=5, p<0.05): 1 — control; 2 - C=0.5%; 3 — C=0.7%; 4 - C=1.0%; 5 - C=1.5%

Source: developed by the authors

Analysing the data, it was concluded that
the effect of all acetic acid concentrations is
accompanied by a more significant decrease in
the USS index compared to the control sample,
which indicates the effect of acid on carp meat,
resulting in its softening. Gradual decrease in
this indicator is observed up to 60 minutes, af-
ter which it begins to grow again. It is proved
that the consistency of fish meat under the

8

6-\

jasi
=Y

action of acids has the ability to soften, which
is confirmed by the activation of cathepsin en-
zymes and a decrease in pH to the acidic side.
The results of this study are consistent with
these theories. A linear dependence of chang-
es in the pH of carp meat during exposure to
different concentrations of acetic acid was ob-
served, characterised by a decrease in the acidic
side from 6.8 to 4.3 (Fig. 3).

y=-0.763In(x) + 7.0289
R2=0.6995 1

y=-1.128In(x) + 6.684

4 R2=0.8937 5
y=-1.18In(x) + 6.6446
R?=0.8567
y=-1.211In(x) + 6.62
21 R*=0.8337
y=-1.896In(x) + 6.5066
R?=0.847 Time, min
0 T T 1
0 30 60 90

Figure 3. Dynamics of changes in the pH of carp meat under the influence of acetic acid of
different concentrations depending on the processing time
Notes: (n=5, p<0.05): 1 — control; 2 - C=0.5%; 3 — C=0.7%; 4 - C=1.0%; 5 - C=1.5%

Source: developed by the authors
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The indicator of changes in the consistency
of meat — USS - indicates that after 60 minutes
of acid treatment, the consistency is compacted
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against the background of a gradual change in
pH to the acidic side and the organoleptic eval-
uation of softening of the consistency (Fig. 4).
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Figure 4. Changes in the organoleptic evaluation of carp meat under the influence of different
concentrations of malic acid and dependence on the processing time
Notes: (n=5, p<0.05): 1 — control; 2 - C=0.5%; 3 — C=0.7%; 4 - C=1.0%; 5 - C=1.5%

Source: developed by the authors

These inconsistencies can be explained
by the fact that when the period of processing
carp meat with acids is extended, both protein
hydrolysis and denaturation changes occur
simultaneously. An organoleptic evaluation
of carp meat treated with malic acid at differ-
ent concentrations is shown in Fig. 4. After 30
minutes of treatment, the organoleptic char-
acteristics of the experimental samples im-
proved compared to the control, after 60 min-
utes of processing at a concentration of 0.5%,

Animal Science and Food Technology. 2024. Vol. 15, No. 1

the appearance improved significantly; at 0.7;
1.5% - the consistency reached high quality,
the meat became soft, extra tender and juicy;
at 1.0% these samples correspond to a 5-point
score. During 90 minutes of processing, the
samples lose their quality in terms of such in-
dicators as consistency, which becomes more
rigid, and appearance of minor signs of white
plaque on the surface. The results of the study
of USS of carp meat treated with malic acid are
shown in Fig. 5.
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Figure 5. Dependence of the ultimate shear stress of carp meat on exposure to various
concentrations of malic acid for 90 minutes
Notes: (n=5, p<0.05): 1 — control; 2 - C=0.5%; 3 — C=0.7%; 4 - C=1.0%; 5 - C=1.5%

Source: developed by the authors

The nature of exposure to different con-
centrations of malic acid is identical to that of
acetic acid, but during its use, the greatest de-
crease in the USS index during the same time
was noted. Changes in the pH value of carp
meat are consistent with the results of a study
of changes in this indicator after treatment
with acetic acid, showing that in this case,

cathepsin activation occurs after 45 minutes
(Fig. 6) and is characterised by a gradual de-
crease from 6.8 to 4.2 in the acidic side. S. You
etal. (2022) proved that a decrease in the value
of active acidity negatively affects fish proteins
due to the destruction of some essential amino
acids, primarily lysine and sulphur-containing
ones.
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Figure 6. Dynamics of changes in the pH of carp meat under the influence of different
concentrations of malic acid depending on the processing time
Notes: (n=5, p<0.05): 1 — control; 2 - C=0.5%; 3 — C=0.7%; 4 - C=1.0%; 5 - C=1.5%

Source: developed by the authors
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M.M. Pobedash & O.V. Sydorenko (2014)
investigated pH changes in fish preserves with
the addition of sea buckthorn and cranberries,
which were used as preservative components
that are natural and with the assistance of
which the pH stabilisation of the environment
of preserves is achieved due to organic acids in
their composition. In addition, their action af-
fected the buffering indicators, it remained sta-
ble due to the action of plant components, also
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extended the shelf life and improved consumer
properties. Researchers also explained the ef-
fect of organic acids (namely benzoic acid), nat-
ural antioxidants and pectin substances, which
are found in plant additives, on the state of con-
sistency of fish meat, which becomes softer and
more tender. The organoleptic evaluation of
carp meat treated with different concentrations
of citric acid is not entirely consistent with the
indicators of USS changes (Fig. 7).
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Figure 7. Changes in the indicators of organoleptic evaluation of carp meat under the influence
of different effects of citric acid concentration
Notes: (n=5, p<0.05): 1 — control; 2 - C=0.5%; 3 — C=0.7%; 4 - C=1.0%; 5 - C=1.5%

Source: developed by the authors

These acid concentrations do not soften
the consistency and according to organo-
leptic indicators, the higher the acidity, the
larger the white layer and dense consistency.
After 30-60 minutes of treatment, no signif-
icant organoleptic changes were observed
in the control and experimental samples. In
the study samples, organoleptic parameters

Animal Science and Food Technology. 2024. Vol. 15, No. 1

improved compared to the control, and the
consistency, on the contrary, was tougher
than in the control with the first sign of white
plaque. After 90 minutes, samples treated
with citric acid at a concentration of 0.5%
showed better organoleptic characteristics
than other samples, and the consistency cor-
responded to 5 points.
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The nature of exposure to different con-
centrations of citric acid is identical to that of
acetic and malic acids, but the USS indicators
decrease quite slightly (Fig. 8), which is not ac-
companied by softening of the consistency of
carp meat. When measured after 45 minutes
using all citric acid concentrations, the pH of

carp meat changed to a degree indicating acti-
vation of its own cathepsin enzyme (Fig. 9) and
is characterised by a gradual shift to the acidic
side from 4.2-3.9.

The organoleptic evaluation of carp meat
treated with tartaric acid at different concen-
trations is shown in Figure 10.
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Figure 8. Dynamics of changes in the ultimate shear stress in carp meat under the influence of
various concentrations of citric acid for 90 minutes
Notes: (n=5, p<0.05): 1 — control; 2 - C=0.5%; 3 — C=0.7%; 4 - C=1.0%; 5 - C=1.5%

Source: developed by the authors
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Figure 9. Dynamics of changes in the level of acidity in carp meat when interacting with different
concentrations of citric acid, depending on the processing time
Notes: (n=5, p<0.05): 1 — control; 2 - C=0.5%; 3 — C=0.7%; 4 - C=1.0%; 5 - C=1.5%

Source: developed by the authors
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Figure 10. Dynamics of assessment of organoleptic characteristics of carp meat under the
influence of different concentrations of tartaric acid during different processing periods
Notes: (n=5, p<0.05): 1 — control; 2 - C=0.5%; 3 — C=0.7%; 4 - C=1.0%; 5 - C=1.5%

Source: developed by the authors

After 60-90 minutes of treatment, there
were no significant sensory changes, the sam-
ples did not reach 5 points on the sensory score,
the consistency was not too soft or juicy. After
90 minutes, samples treated with tartaric acid
with a concentration of 0.5-1% showed better
organoleptic characteristics than other sam-
ples, and the consistency was 5 points. The
nature of the effect of different concentrations
of tartaric acid on USS indicators differed from
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the effect of acetic, malic, and citric acids. On
the control sample, with an increase in the pro-
cessing time, this indicator gradually decreased
and the changes had a linear relationship. Ex-
posure to 0.5% tartaric acid was accompanied
by a gradual increase in the USS index. Tartaric
acid concentrations such as 0.7, 1.0, and 1.5%
softened the consistency of carp meat and the
best results were obtained when using 1.5%
concentration for 60 minutes (Fig. 11).
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Figure 11. Relationship of changes in the acidity of carp meat under the influence of different
concentrations of tartaric acid for 90 minutes
Notes: (n=5, p<0.05): 1 — control; 2 - C=0.5%; 3 — C=0.7%; 4 - C=1.0%; 5 - C=1.5%

Source: developed by the authors
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Under the influence of all tartaric acid con-
centrations, the dynamics of changes in the pH
of carp meat had a linear relationship, which

8 1
jas)
(=4

was characterised by a gradual shift from 6.8 to
the acidic side to 5.1, which contributed to par-
tial activation of cathepsins (Fig. 12).
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Figure 12. Changes in the level of acidity in carp meat depending on the processing time and
different concentrations of tartaric acid
Notes: (n=5, p<0.05): 1 — control; 2 - C=0.5%; 3 — C=0.7%; 4 - C=1.0%; 5 - C=1.5%

Source: developed by the authors

The difference in the effect of organic acids
on softening fish meat can be explained by the
fact that acetic, malic, citric acids are carboxylic,
which are widely used in the food industry as fla-
vourings, acidity regulators, and preservatives.
Acetic acid is monobasic, malic acid is dibasic,
and citric acid is tribasic. In water, these acids
easily dissociate and the degree of their disso-
ciation due to the different number of bases is
not the same, which probably determines such
differences in the effect on the muscle tissue of
fish. The oxygen-hydrogen bond of the carbox-
yl group (-COOH) in acetic acid is highly polar,
so these compounds can easily dissociate and
exhibit acidic properties, which can promote
cathepsin activation and soften the consisten-
cy of muscle tissue. N.V. Novikova et al. (2023)
also used acetic acid with a concentration of
9% in their research in the manufacture of pre-
serves. A significant effect on the consistency
of fish was influenced by the addition of elder-
berry and cranberry plant raw materials, due to
which the fish became softened, and preserves
were enriched with ascorbic acid, rutin and fol-
acin, which took part in the metabolic process-
es, protecting the molecules from damage by

reactive oxygen species. Organoleptic studies,
USS, and pH confirmed the positive results of
using organic acids of various concentrations in
the treatment of freshwater fish both to ensure
safety and to stimulate maturation.

Notably, organic acids such as lactic,
malic, citric, etc. are known for their antibac-
terial, preservative, and antioxidant properties.
Therefore, a number of studies are known that
confirm this fact. The organoleptic properties of
meat, such as colour, smell, taste, and texture,
may be important for consumers. Research by
X. Liu et al. (2019) confirm that adding organic
acids to processed meat can improve its taste,
reduce adverse odours, and preserve its natural
colour, although the study does not specify the
shelf life of such products, which is consistent
with the results in the context of the current
study. Structural and mechanical properties
are also affected. Thus, the structural and me-
chanical properties of meat that were studied
by M. Nikoo et al. (2021) indicate a possible pos-
itive effect of organic acids. For example, they
can promote the breakdown of collagen.

O.A. Olopade et al. (2023) investigated the
mechanisms of the effect of organic acids on
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meat, in particular, their interaction with pro-
teins. The researchers claim that different types
of acids cause different processes of breakdown
of meat proteins and affect the preservation of
moisture in meat, which is confirmed by an ob-
jective analysis of the results, which include a
wide range of factors that affect the properties
of meat during interaction with organic acids.
In addition, some researchers note that optimal
conditions and concentrations of organic acids
may vary depending on the type of hydrobionts
and processed meat. The research presented by
S. Rahayu et al. (2022) provides specific guid-
ance on this hypothesis.

Prospects for the use of organic acids in
industrial conditions to improve the qual-
ity of meat and its shelf life are described by
K. Rahmanifarah et al. (2023). In industrial set-
tings, the use of organic acids to optimise the
processing and conservation processes of fresh-
water fish can be an important strategy for im-
proving the quality and duration of product stor-
age. An analysis of the study by the above-men-
tioned researchers may indicate possible ad-
vantages of implementing these approaches
in industrial production. In the context of the
current study, it is worth noting that organ-
ic acids can interact with fish meat, promoting
protein breakdown and improving the texture
and organoleptic characteristics of the product.
Their antimicrobial activity can also provide an
additional level of safety and shelf life, reducing
the risk of micro-organisms and fish spoilage.
However, the introduction of these technolo-
gies in industry requires additional research and
process optimisation. It is important to con-
sider different production conditions, types of
freshwater fish, and compliance with regulatory
standards for product safety and quality.

The study by N. Sadeghinejad et al. (2019)
highlighted the safety issues and possible
risks associated with the use of organic acids
in food. The researchers provide a detailed
comparative analysis of canned meat and fish,
in particular, considering the influence of

Animal Science and Food Technology. 2024. Vol. 15, No. 1

organic acids on their quality and safety. The
study focuses on determining the interaction
between organic acids and meat or fish during
the conservation process. The possible effects
of these acids on the organoleptic and chem-
ical properties of products are analysed, and
their impact on the safety of consumption is
evaluated. One of the key aspects is to iden-
tify possible risks associated with the use of
organic acids in food that may arise as a result
of chemical interactions and potentially affect
the quality and safety of products. This study
opens up space for discussing the possible
benefits and limitations of using organic acids
in canned food, emphasising the importance
of balancing improving the technical charac-
teristics of products and ensuring their safety
for the consumer. In particular, the results of
the comparative analysis of meat and fish pre-
serves carried out within the framework of the
study can play an important role in shaping
scientific approaches to the use of organic ac-
ids in the food industry and determining their
optimal application in the context of ensur-
ing food safety and quality. In general, these
sources can serve as a basis for discussing the
effect of organic acids on the meat of freshwa-
ter hydrobionts, and for determining the pros-
pects for their use in the food industry.
N.Slobodyanyuk et al. (2018), O.B. Tkachenko
et al. (2020) analysed scientific sources and
studies on indicators of the biological value of
freshwater fish in Ukrainian and foreign reser-
voirs. The prospects of using this raw material
resource to expand the range of high-quality
food products are indicated. The paper presents
the results of the analysis of the chemical, fatty
acid, amino acid, and mineral composition of
carp, silver carp, and bream meat. A compara-
tive analysis of the nutritional value of these
fish species, which are promising for industri-
al processing, was carried out, revealing cer-
tain differences in the studied indicators. The
presented results of the analysis of the total
chemical composition show that fish from the
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Ukrainian reservoir is characterised by a high
protein content and moderate fat content,
while protein contains all the necessary amino
acids. The study of the mass fraction of toxic
elements confirms that the level of heavy met-
als in fish is lower than acceptable standards, in
particular in silver carp, carp, and bream.

Based on the results obtained by R.R. Veloso
et al. (2019), H.P. Vieira et al. (2019), changes in
rheological characteristics, microbiological and
toxicological parameters were found during
the storage of minced meat from freshwater
hydrobionts with plant components, in par-
ticular ginkgo biloba powder in the amount of
1%, 3%, and 5%. During the experiment, the
moisture retention capacity of the developed
minced meat was investigated. Changes in the
effective viscosity of minced meat from hydro-
bionts after freezing and during storage were
also determined. The organoleptic properties
of minced meat were analysed after freezing
and during 6 months of storage. The values of
fat constants, such as acid, peroxide, and iodine
numbers, were obtained. The results show that
minced meat from hydrobionts with plant com-
ponents retains its high consumer properties
for 6 months of storage.

After conducting a comparative analysis of
the results obtained by the above-mentioned
researchers, it is possible to predict possible ar-
eas and prospects for further research:

1. Study of the effects of various organic ac-
ids: investigation of various types of organic
acids (for example, lactic, malic) and their con-
centrations to determine optimal conditions for
improving the quality of hydrobiont meat.

2. Investigation of organoleptic properties:
study of the effect of organic acids on the taste,
aroma, colour, and texture of meat and the pos-
sibility of using organic acids to improve the or-
ganoleptic characteristics of finished products.

3. Study of structural and mechanical prop-
erties: effect of organic acids on meat structure
and other mechanical properties, to determine
optimal po concentrations for best results.

4. Mechanisms of action of organic acids: in-
vestigation of molecular and biochemical pro-
cesses that occur when organic acids interact
with meat components, which will help to bet-
ter understand the mechanisms of improving
meat quality.

5. Study of long-term exposure: investigation
of the effect of organic acid use on the quality
of freshwater hydrobiont meat, including stor-
age and transportation of products.

6. Innovative processing methods: study of
new methods for introducing organic acids into
meat, such as marinating, impregnating, or us-
ing nanoparticles to improve the effectiveness
of exposure.

7. Safety and health aspects: research on
safety aspects and the impact of organic acid
administration on consumer health.

Research in these areas can help identify the
potential benefits of using organic acids to im-
prove the quality of freshwater hydrobiont meat,
which, in turn, can lead to the development of
new production technologies and improve the
competitiveness of products in the market.

Conclusions

The study was carried out to determine chang-
es in a set of indicators of carp meat under the
influence of acids of different concentrations
during storage in a refrigerator at a temperature
of 0 to 5°C for 90 minutes of processing. At the
first stages of treatment, there were no notice-
able organoleptic changes in the control and
experimental samples. After 30 minutes of treat-
ment, organoleptic parameters improved in the
experimental samples compared to the control,
namely at a concentration of 0.7-1.5%. Pieces
of carp meat after treatment with different acid
concentrations differed from the control sample
in the best indicators of taste, smell, and colour.

Comparison of the results of studies on the
dependence of organoleptic evaluation on USS
revealed the following patterns: the positive ef-
fect of acetic acid on carp meat occurs at a con-
centration of 0.7-1.0% for 60 minutes providing
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the appearance of a soft consistency; softening
of the consistency of carp meat, which corre-
sponds to high organoleptic indicators, occurs
when treated with 1.0 and 1.5% malic acid for
60 minutes; for tartaric acid, the best result is
determined by adding 0.5-1.0% acid for 60 min-
utes; analysis of the results of the study of the
effect of citric acid on the consistency indica-
tors of carp meat indicates that we have stud-
ied concentrations do not lead to softening of
carp muscle tissue and show the inexpediency
of its use. Thus, to soften carp meat, it is recom-
mended to use 1.0 and 1.5% malic acid during
60 minutes of processing. Pretreatment of salty
semi-finished products with 1.0-1.5% malic
acid for 60 minutes to achieve a soft, tender,
and juicy consistency is theoretically justified
and experimentally confirmed.

Prospects for future research are to con-
duct comprehensive analyses of the effect of
organic acids in the production of preserves

with spicy-aromatic root vegetables and their
impact on plant raw materials. This developed
technology can be applied in the food industry
in the production of fish preserves using fresh-
water fish, which will expand the range of fish
products. However, to determine the regularity
of the effect of different acid concentrations on
both safety and maturation stimulation, it is
necessary to conduct additional studies due to
the specific features of the type of raw material.
Therefore, this topic requires improvement and
further investigation.
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AHoTauis. [locmiikeHHS BUKOPUCTAHHSI OPraHiYHMX KUCJIOT Yy KOHCEPBYBAHHI IPiCHOBOMHOI
pubM B aKBaKy/IbTYPHMX TOCIIOAAPCTBAX HAOyBa€ BAXKIMBOCTI Uuepe3 poCTyunit iHTepec [0 SKOCTi
Ta 6Ge3nmeku puOHOI mponykiii. MeTa mOCTiAKeHHsI MOAsITana y CTBOPEHHI Ta OOIPYHTYBaHHI
HOBOI TeXHOJIOrii KOHCepBYBaHHS MPiCHOBOLHOI pMOU 3 IOJABAHHSAM MPSIHUX KOPEHEIUIOAiB, a
TaKOX Y IOIepeHiii 06po0b1ii CMpOBUHYM OpPraHiuHUMMM KucIoTaMu. ITi yac JoC/imKeHHsT Kopora
06pOo6IsSIIM 32 TOMOMOTOI COJIi Ta Pi3HMX KOHIIEHTpAIlili OpraHiuHuX KUCIOT, 36epiranu mpu
MeBHMUX TeMITepaTypHUX yMoOBax. [l OLiHKM pe3yJbTaTiB BUKOPVUCTOBYBAIM CEHCOPHY OIIiHKY,
pH i rpaHuMuyHe HampyXeHHSI 3CyBYy, a TaKOXX MPOBOAMIM XiMiUHMII aHa/li3 3 BUKOPUCTAHHSIM
MeHeTPOMETpa Ta IMOTeHLiOMeTPUMUYHOrO MeToAdy. 3a pe3yabTaTaMu IOCTiIKeHb pPO3po6/IeHO
HayKOBO-0OI'PYHTOBAHY TEXHOJIOTiII0 KOHCEPBYBAHHS MPiCHOBOAHOI PMOM 3 TOAABAHHSIM MPSIHUX
KOPeHeIUIONiB 3 MPUHIIMIIOBO HOBMM CIIOCOO0M OOGPOOKM CUPOBMHM OPTaHiUHMMMU KUCTOTAMU
ILJIST pO3IIMPEeHHs chepy 3aCTOCYBaHHSI pUOOIIPOAYKTIB, SIKi MATUMYTh OiJIbII BUMCOKY OionoriuHy
IiHHiCTh. BUSABIEHO, 10 HA TMOYATKOBUX eTamax OGPOOKM B MOCTIMKYBAHUX 3paskax He
CIIOCTePIiranaocs BiUyTHUX OPTaHONIeNITUYHMX 3MiH. [TopiBHSIbHMI aHAUTi3 Pe3Y/IbTaTiB NOCTiIKeHb
MiATBepAUB MO3UTUBHUI BIUIMB OLITOBOI KMCJIOTU NPy KOoHLeHTpawii 1,0 %, 051 BUHHOI KUCTOTU
HaiiKkpauuii eheKkT Bu3HaueHo npu goaasanHi 0,5-1,0 %, a 11010 TMMOHHOI KMCIOTY HOCTi I3KEHHS
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BKasye Ha Te, 110 ii BUKOPUCTaHHS He IIPU3BOINUTH 10 PO3M SIKIIIEHHST M’SI30BO1 TKAaHMHM, CBigyaumn
PO OLTBHICTD 11 BUKOpUCTaHHS. JOCTiIKeHHSIMM TTiATBEPIKEHO BUKOPMCTAHHS ITOIepeaHbO1
06po6KyM HamiBhabpMKaTiB COMOHOrO Kopoma ob6pob6neHoro 1,0-1,5% sS61yYHOI0 KUCIOTOIO
rpoTsaroM 60 XBUIVH [AJIsI OTPMMAaHHS HiXKHO1, COKOBMUTOI Ta M’SIKOi KOHCUCTEHII{i, 110 BiAmoBimae
5 6amaM 3a CEHCOPHOK OIiHKOW. 3a pesyabTaTaMy IMPOBEIEeHUX OCIiIKeHb BCTaHOBJIEHO
MMO3UTUBHUII BIUIMB 3aCTOCYBAHHSI OPTaHiUHMX KUCIOT JAJISI PO3MSIKIIEHHSI M’sica KOpoIla Mpu
BUPOOHUIITBI TIpecepBiB 3 MpicHOBOmHMX pub. [IpakTHyHe 3HAUEHHS JOCTiIKEHHS IOJATaE B
YIOCKOHAJIEHHI TeXHOJIOTiii 06p0o6KM M’sca Ta BUPOOGHUIITBA MPOMYKTIB XapuyBaHHS, a TAKOX
BU3HAUUTM OMNTUMAJIbHI YMOBU sl 36€peKeHHS] CMAKOBMX Ta TEKCTYPHUX SIKOCTE M’SICHUX
MPOAYKTiB

KirouoBi cimoBa: KOpOIT; TpaHMYHA HATpyra 3CyBY; TiZpOGIOHTM; OpraHOMENTUYHI TOKA3HUKA;
w1abomo3piBatoua puba
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