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Abstract. The article explores the influence of acetic acid at various concentrations (0.5%, 0.7%, 1.0%, and
1.5%) on freshwater fish meat's structural, mechanical, and organoleptic characteristics, using carp (Cyprinus
carpio) as the study object. The research aimed to identify optimal technological parameters for using acetic acid
to enhance carp meat's maturation and sensory qualities in preserve production. The study's relevance lies in
addressing the limited endogenous proteolytic activity of freshwater fish species, which restricts the development of
desired texture and flavor without additional processing interventions.

After preliminary salting, carp fillets were subjected to acid treatment for 30, 60, and 90 minutes. Standardized
methods assessed key indicators such as pH, ultimate shear stress (USS), and sensory properties (texture, taste,
aroma, color). The findings showed that treatment with 1.0% acetic acid for 60 minutes yielded the most favorable
results: the meat achieved a soft, juicy texture, developed a pleasant aroma and color, and received the highest
sensory scores. A significant decrease in USS indicated improved tenderness and activation of endogenous enzymes,
while pH values shifted steadily toward the acidic range, confirming biochemical modifications in the muscle tissue.

However, extended exposure (90 minutes) or higher concentrations (1.5%) led to partial denaturation, loss of
tenderness, and visible surface changes. The optimal treatment parameters allow for adequate maturation while
maintaining product quality. These results provide a scientific basis for the technological application of acetic acid
in fish preserve manufacturing using locally sourced freshwater species. The proposed approach contributes to the
development of affordable, high-quality, functional fish products with enhanced nutritional and sensory properties,

aligning with sustainable food production goals.
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Introduction. A pressing issue today is ensuring
the population has access to high-quality food products
with significant nutritional and biological value. This
challenge arises from nutritional status disturbances
and essential nutrient deficiencies [ 1, 2]. Consequently,
developing new, chemically balanced food products
enriched with functional ingredients, while maintain-
ing their stability and safety throughout processing and
storage, is gaining growing importance [3].

The current nutritional status of the Ukrainian pop-
ulation calls for developing and implementing product
technologies based on natural raw materials with a pre-
dictable composition, as existing products often fail to
meet essential nutritional requirements [4]. In Ukraine,
the volume of freshwater fish farming and fishing is
growing, yet the product range remains limited mainly
to live and chilled fish. The organoleptic qualities
and nutritional value of freshwater fish necessitate
improvements in processing technologies, particularly
by integrating plant-based raw materials [5, 6].

The shift in Ukraine’s raw material base towards
expanding freshwater aquaculture has created a
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demand to diversify food products derived from these
aquatic organisms. Freshwater fish generally have
lower nutritional and biological value compared to
marine fish [7]. Therefore, recent research efforts
have focused extensively on developing freshwater
fish products enriched with plant ingredients and ani-
mal-origin raw materials to enhance their nutritional
profile and regulate functional properties [2].

Carp is one of the most intensively farmed fish spe-
cies in our country. This fish is rich in protein contain-
ing all essential amino acids and biologically active
fatty acids. However, according to modern dietary
requirements, its meat has a low content or absence of
dietary fiber and certain trace elements essential for
nutrition. Additionally, freshwater fish generally have
a mild taste, highlighting the need to improve their
flavor profile [8, 9]. Ukraine cultivates various spicy
and aromatic root vegetables, which are only partially
utilized in fish product technologies. Previous stud-
ies have demonstrated that incorporating plant raw
materials, including spicy and aromatic root crops,
into freshwater fish processing helps harmonize
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organoleptic qualities and create food products with
functional properties [10].

Despite this, there has been no systematic research
on activating the maturation processes of freshwa-
ter fish in preserved products. Therefore, developing
preservation technologies that combine freshwater fish
and spicy-aromatic root vegetables is urgent. Solving
this issue will enable producing high-quality, safe, and
biologically valuable fish and vegetable products from
domestic raw materials while expanding the range of
products made from freshwater fish [11].

An analysis of current trends in fish product tech-
nologies highlights several key areas: the develop-
ment of polycomponent food products, enhancement
of preservation methods for slowly maturing aquatic
organisms, enrichment of product formulations,
diverse raw material pre-treatment techniques, and
the application of physical, chemical, and biotechno-
logical methods in producing traditional fish-based
foods such as canned goods, preserves, pates, salted
and dried products, culinary dishes, and washed
minced fish products.

It is well established that using enzyme prepara-
tions during fish salting can improve the quality of
products made from immature fish species. In fish pre-
serve production, costly enzyme preparations derived
from plant and microbial sources are employed, such
as the culture fluid of Halomonas mediterranei for
tenderizing pollock meat or the proteolytic enzyme
preparation Sal Intersor EC for manufacturing fish
fillet preserves.

Research by these scientists has demonstrated
that certain marine hydrobionts possess highly active
complexes of proteolytic enzymes with broad poten-
tial applications. In contrast, the muscle tissue of
freshwater fish species exhibits low endogenous pro-
teinase activity, which hinders achieving the desired
degree of maturation without the additional use of
proteolytic enzyme preparations to accelerate this
process [12].

Considerable interest has been shown in the tech-
nology for producing preserves from non-fish aquatic
species, specifically squid and rapana, which are
slow-maturing raw materials [8, 9, 11]. The tech-
nology for making preserves from these mollusks
involves pre-treatment methods such as blanching or
microwave processing to soften the meat texture.

The effectiveness of processing fish preserves
using orange juice, which promotes their maturation,
has also been demonstrated. Adding orange juice as
a food additive imparts functional properties to the
preserves by enriching them with biologically active
substances, including vitamins C, PP, B-complex
vitamins, beta-carotene, and minerals like potassium,
calcium, iron, and selenium [13].

The reviewed technologies for processing fish
raw materials highlight promising opportuni-
ties to improve preservation production by better
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maintaining the natural qualities of the raw materials,
primarily due to the absence of heat treatment [11].

Given the changes in the fisheries structure,
including a general decline in catches of traditional
marine fish species and a rise in the use of freshwa-
ter fish in aquaculture, there is a growing need to
enhance integrated raw material processing methods
and expand the range of freshwater fish-based food
products [14]. One of the most promising approaches
to address these challenges is the development of
freshwater fish preserves based on the principles of
food combinatorics, enriching them with plant ingre-
dients. Incorporating spicy and aromatic root vegeta-
bles is a priority area for future research.

The technology of preserves made from slow-ma-
turing hydrobionts involves using factors that activate
the fish muscle’s endogenous enzyme systems, con-
tributing to developing the product’s characteristic
“bouquet.” [15, 16].

Additionally, organic acids (such as acetic, tartaric,
citric, and malic acids) are increasingly employed in
producing many products, including preserves, to
enhance safety during storage, as existing scientific
studies support. However, further research is required
to determine the optimal concentrations of these
acids, balancing safety with the stimulation of matu-
ration, considering the specific properties of different
raw materials [17].

Creating new, chemically balanced food products
enriched with functional components that maintain
their safety and quality after processing and during
storage is of growing importance. Based on a syn-
thesis of theoretical knowledge, this article justifies
using organic acids in the technology of freshwa-
ter fish preserves, which promotes the maturation
of salted semi-finished products and enables food
production with superior organoleptic qualities and
enhanced biological value.

Materials and methods of the research

Samples. Live fish caught in spring and autumn
(carp) in accordance with DSTU 2284 [18], grown
in the reservoirs of PJSC Cherkasyrybhosp; table salt
in accordance with DSTU 3583 [19]; table vinegar in
accordance with DSTU 2450 [20].

Laboratory Methods. The water index (pH,
active acidity) was determined using the potentiom-
etric method [21, 22].

The organoleptic evaluation of the fillets was car-
ried out in several stages throughout the processing
period according to our improved five-point scale,
which contains five primary quality levels for each
indicator: 5 points — excellent quality level; 4 points —
good quality level; 3 points — satisfactory; 2 points —
unsatisfactory; 1 point — poor quality product.

The ultimate shear stress (USS) value was deter-
mined by a Ulab 3-31 M penetrometer at room temper-
ature, exposure for 5 s, in identical measuring vessels
using a measuring cone with a vertex angle of 20=60°.
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The size of the USS was calculated using the fol-
lowing formula:

O=Kk-m-h?,

where 6 is the ultimate shear stress, Pa;

m is the mass of the cone with the rod and additional
weight, kg;

K is the constant of the measuring cone (for the cone
with an angle at the vertex of 2 =60 °k =2.1 H/kg);
h is the depth of the cone immersion at 5 s exposure, m.

Description of the Experiment. The carp were
cut into fillets, which were salted with a nodule pickle
until they reached 5 % salt at room temperature for
24 hours. Then the fillets were treated with organic
acids of different concentrations.

The preserved formulations of the control sam-
ples comprised carp meat (75 %) and filling (25 %).
The preserved samples were stored in 200 cm? plastic
containers at 0 to + 4 °C.

Then, an average sample was taken from each
unit, which was then characterised by organoleptic
evaluation, pH, and ultimate shear stress after grind-
ing. The study was conducted in 5 replicates, and the
experimental data were processed using mathemati-
cal statistics.

Results. The technology of preserves made from
slowly ripening aquatic organisms involves using
factors that activate the muscle tissue’s endogenous
enzyme system, contributing to developing the prod-
uct’s characteristic “bouquet”. Meanwhile, organic
acids such as acetic acid are increasingly employed
in producing many products, including preserves,
to enhance product safety during storage, as
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demonstrated by various scientific studies. However,
due to the specific nature of different raw materials,
further research is necessary to understand the effects
of varying acid concentrations on ensuring safety and
stimulating maturation.

This study aimed to investigate the patterns of
change in a range of indicators in carp meat when
exposed to different acid concentrations during
refrigerated storage at 0 to 5 °C, with a processing
time of 90 minutes. Organoleptic evaluation of carp
meat treated with varying concentrations of acetic
acid showed a positive effect dependent on the dura-
tion of processing (Fig. 1).

No significant organoleptic changes were observed
between the control and experimental samples at the
initial processing stage. However, after 30 minutes
of treatment, the organoleptic qualities of the exper-
imental samples improved compared to the power,
particularly at acetic acid concentrations between
0.7% and 1.5%. Carp meat pieces treated with var-
ying concentrations of acetic acid showed a noticea-
bly better appearance than the control samples. After
30 minutes of acid exposure, improvements were
noted in taste, aroma, and color (see Fig. 2). The
texture across all variants was soft, very tender, and
juicy; however, after 90 minutes of processing, the
texture became less smooth and tender, with visible
signs of a white coating.

The best results in texture softening and taste,
aroma, and color development were observed in sam-
ples treated with 1.0% acetic acid for 60 minutes.
These samples developed a soft texture, with the meat
becoming very tender, juicy, and scoring a five on the
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Fig. 1. Dynamics of changes in the organoleptic evaluation of carp meat under the influence of different
concentrations of acetic acid depending on the processing time (n =5, p < 0.05): 1 — control; 2 - C = 0.5 %;
3-C=0.7%;4-C=1.0%;5-C=15%
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organoleptic scale. Thus, the organoleptic evaluation
indicates that acetic acid positively affects carp meat
in all experimental samples, with the most pronounced
effect seen at concentrations between 0.7% and 1.0%.

Changes in the shear stress (USS) of carp mus-
cle tissue treated with acetic acid are illustrated in
Fig. 1.2. While the shear stress in the control sample
changed linearly, all experimental samples exhibited
a parabolic change (Fig. 1.2).

Analysing the data, we concluded that the effect of
all concentrations of acetic acid is accompanied by a
more significant decrease in the USS value compared
to the control sample, which indicates the impact of
acid on carp meat, resulting in its softening. A gradual
reduction in this indicator is observed up to 60 min,
after which it increases again.

The dependence of y = f(x) in carp is y = 1036x? —
6235x+ 14728 ata concentration of acetic acid of 0.5 %;
y = 1184x%—184x + 15606 at a concentration of 0.7 %;
y = 1454x% — 8789x + 16838 at a concentration of
1.0 %; y = 1558x% — 9762x + 17621 at a concentration
of 1.5 % and y = 36x? — 812x + 10244 and the control
sample. At all concentrations of acetic acid, the value
of the approximation coefficient R? is greater than 0.90,
indicating the trend line's correctness.

It was established that the softening of meat tex-
ture under the influence of acids is accompanied by a
decrease in pH towards acidity and the activation of
cathepsin enzymes. The results of our research align
with these findings. The pH changes in carp meat
treated with all tested concentrations of acetic acid
followed a linear trend, gradually shifting from 6.8 to
4.3 toward the acidic range (see Fig. 3).

At the same time, the indicator of changes in
the consistency of meat — USS indicates that after

60 minutes of acid treatment, the consistency is com-
pacted against the background of a gradual change in
pH to the acidic side and organoleptic evaluation of
softening of the consistency (Fig. 3). These contradic-
tions can be explained by the fact that with the exten-
sion of the acid treatment of carp meat, both protein
hydrolysis and denaturation processes co-occur.

Conclusions. The study confirms the effective-
ness of using acetic acid to improve the structural,
mechanical, and sensory characteristics of freshwa-
ter fish meat, specifically carp. The optimal treatment
was identified as immersion in 1.0% acetic acid for
60 minutes, which resulted in the highest organoleptic
scores due to improved tenderness, juiciness, color,
and aroma. This treatment also led to a significant
reduction in ultimate shear stress, indicating desirable
softening of the muscle tissue, and was accompanied
by a controlled decrease in pH values, contributing
to the activation of endogenous proteolytic enzymes.

At higher concentrations or prolonged exposure
times, partial denaturation of proteins and surface
defects were observed, which negatively affected the
texture and appearance of the product. Therefore, care-
ful selection of acetic acid concentration and treatment
duration is crucial to balancing quality enhancement
with preserving natural meat characteristics.

The findings provide a scientific basis for incorpo-
rating acetic acid into the processing of freshwater fish
preserves, offering a cost-effective and natural method
to accelerate maturation and improve product quality
without external enzymatic additives. This approach
supports the development of safe, nutritious, and senso-
ry-attractive fish products from local aquatic resources.
It can be applied in industrial settings to expand the
range of functional, value-added fish products.
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Fig. 2. Dependence of carp meat USS on the effect of different concentrations of acetic acid for 90 minutes (n=5,
p<0.05): 1 — control; 2 — C=0.5 %; 3 — C=0.7 %; 4 - C=1.0 %; 5-C=1.5%
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Fig. 3. Dynamics of changes in pH of carp meat under the influence of different concentrations of acetic acid
depending on the processing time (n =5, p <0.05): 1 —control; 3—-C=0.7%;4-C=1%;5-C=15%
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H. TI'onembo6cvka, xanouoam mexuiunux Hayk, ooyeum, B. Icpaensn, kanoudam mexHiuHux Hayx, OOyeHm
(Hayionanvuuil yrigepcumem biopecypcie ma npupoookopucmysants Ykpainu). 3SmMina cmpyKkmypHo-mexaHiuHux
ma opz2anoienmuYHUX XapaKmepucmuk m'saca npicho8oOHUX pud nio 6naueoM Op2aHIUHUX KUCTIOM

Anomauin. Y cmammi 0ocniodxcyemucsi nius oymosoi kuciomu pisnoi konyenmpayii (0,5%, 0,7%, 1,0% ma
1,5%) na cmpykmypHo-mexaniuHi ma opeanoienmudni XapaxmepucmuKku m'sca npicHogoonol pubu, a came Kopona
(Cyprinus carpio). Memoto docniodcenns 0yn0 6U3HAYEHHs ONMUMATbHUX MEXHOLO02IYHUX NAPAMEMPIE BUKOPUCTAHHSL
oYymoeoi Kuciomu 0151 NOKPAWeHHs O03PIBAHN MA CEHCOPHUX AKOCMell M'sica Kopona y upobHuymei npecepais.
AxmyanvHicmv 00CHI0HCEHHA NOAALAE Y BUPTULEHHT NPOOTIeMU 0OMEHCEHOT NPOMeONiMUYHOT aKMUBHOCMIE NPICHOBOOHUX
8UDI8 pubd, W0 He 0ac OMpUMAMU DANCAHOT MEKCIYpPU Ma CMAKy Oe3 000amKOBUX MEXHOLOSIUHUX MPYUAHb.

@ine xopona niooasanu kucrommitl 0opooyi npomsicom 30, 60 ma 90 xeunun nicis nonNepPeoHbLO2O 3aCONOBAHHS.
Kniouosi noxaznuxu, maxi ax pH, epanuuna nanpyea scyey (I'H3) ma cencopui énacmugocmi (mexcmypa, cmax,
apomam, Konip), OYiHIO8AU 3 OONOMO20I0 CHAHOAPMUZ0BAHUX Memodis. Pesynomamu Odocniodcennss nokazanu,
wo obpobra 1,0% oymosoro kuciomoio npomszom 60 xeunun 0ana HAUCHPUSMAUGIWE PE3VTLIMNAU: M'ACO 00CA2I0
M'KOT, COKOBUMOI MeKCmypU, NPUEMHO2O apomMamy i KoIbopy, a MAaKoiC OmpuMano Hausuwi ceHcopri 6anu. 3uaune
sHucenus I'H3 c8iouuno npo nokpaujents HincHoCmi ma akmuayito npomeorimuyHux (hepmenmis, mooi Kk 3Ha4eHHs.
PpH nocmitino smiugyeanocs 8 6iK KUCI0MHO20 Oianazony, wjo niomeepoxcye OIOXIMIuHI 3MIHU 6 M'A306ill MKAHUHI.

Oonax mpusana o6poora (90 xeunun) ma euwi konyenmpayii (1,5%) npuzeoounu 0o yacmkogoi denamypayii,
emMpamu HidDCHOCMI ma SUOUMUX 3MiH nosepxui. Onmumanvui napamempu 06pobKU 003601A10Mb ePeKMUHO
dospieamu, 36epicaiouu npu ybomy skicmv npooykmy. Lli pezynomamu 3abe3neuyiomv HAyKO8Y OCHOBY 0/
MEXHON02IYHO020 3ACMOCY8ANHS OYMOBOI KUCIOMU Y 8UPOOHUYMEBT PUOHUX NPecepsis 3 GUKOPUCAHHAM MICYeaUux
NPICHOBOOHUX Ui pub. 3anponoHosanuil NioxXio cnpuse po3pooyi OOCMYNHUX, GUCOKOSKICHUX, (DYHKYIOHATbHUX
PUBHUX NPOOYKMIG 3 NOKPAUEHUMU XAPHUOBUMU MA CEHCOPHUMU 8LACMUBOCHIAMY, WO 8iON0BIOAE YINAM CINANI020
BUPOOHUYMBA NPOOYKIMIG XAPUYEAHHSL.

Knrwowuoei cnosa: opeaniuni Kuciomu, cpanuyna Hanpyaa 3cygy, 2iOpoOioHmU, OpeaHOLenmMUuYHi NOKA3HUKLL,
npicHo800Ha puba.
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