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Abstract. The relevance of the research stems from increased consumer interest in combined
meat products, which necessitates determining the optimal formulation combinations of raw
materials of different origins. The aim of the study was to determine changes in the functional-
technological and rheological properties of minced systems depending on the ratio of meat and
fish raw materials and the carrageenan content. Four formulations based on broiler chicken
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meat were investigated with the addition of 0 or 10% hake mince and 2.8-5.2% carrageenan. The
samples were heat-treated to 70 °C followed by determination of moisture content, water-holding
capacity, pH, plasticity, and rheological properties. The moisture content ranged from 71.21
to 74.85%. After heat treatment, moisture losses were 3.06-5.75%, with lower losses observed
in samples containing higher levels of carrageenan, indicating the formation of a more stable
gel structure. The highest water-holding capacity was observed in samples containing fish raw
material. The pH increased to 6.21-6.32 with a further slight increase after heating. Rheological
studies demonstrated pseudoplastic behaviour of the systems, with viscosity decreasing as the
applied load increased. The addition of fish raw material increased the effective viscosity but
reduced the yield shear stress. The obtained results confirm the feasibility of combining meat and
fish raw materials with carrageenan to regulate the functional-technological properties and to
form stable structures of minced systems. In addition, a decrease in plasticity after heat treatment
and a change in yield shear stress were established, indicating the transition of the systems from
a viscoplastic to an elastically structured state and the formation of a denser structure in the
minced systems. The obtained results may be applied in the production of meat products with the
addition of fish raw materials for the targeted regulation of functional-technological properties
and the formation of a stable protein-polysaccharide structure of the finished product

Keywords: semi-finished meat products; hydrobionts; combined meat products; hydrocolloids;

rheological properties; functional properties

Introduction

Modern approaches to the formation of food
product assortments are increasingly focused
on the scientifically substantiated combination
of ingredients of different natural origins in
order to achieve a balanced chemical composi-
tion, increase nutritional value, and improve the
functional-technological properties of finished
products. Such a strategy for the development
of food technologies is based on the principles
of rational nutrition, functional food design,
and reducing the negative effects of excessive
consumption of certain nutrients. According to
the results of sociological studies conducted
in European countries by researchers M. Bano-
vic et al. (2022) and A.M. Barone et al. (2021), the
majority of consumers positively perceive the
creation of so-called hybrid products that com-
bine meat, fish, and plant raw materials within
a single formulation, particularly when familiar
organoleptic characteristics are preserved.

This approach opens broad opportunities
for the targeted regulation of the nutritional

and biological value of products, particularly
through optimisation of the amino acid com-
position of the protein fraction, reduction of
the total saturated fat content, increase in the
proportion of polyunsaturated fatty acids, as
well as enrichment of products with biological-
ly active components of natural origin. At the
same time, the use of combined raw materials
contributes to the improvement of technologi-
cal indicators, including structural-mechanical
and rheological characteristics, increased sta-
bility of emulsion systems, reduction of syner-
esis, and improvement of water- and fat-bind-
ing capacity, which is critically important for
ensuring the stable quality of finished products
throughout their shelf life. The development of
the modern meat-processing industry is large-
ly determined by the need to optimise product
formulations in accordance with the principles
of rational and functional nutrition, particular-
ly balance in proteins, fats, carbohydrates, and
micronutrients. Particular attention is also paid
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to reducing the energy value of products with-
out loss of their technological and consumer
qualities. One of the effective approaches to
such improvement, according to the research
of S.Y.J. Sim et al. (2021), is the combination of
raw materials of different origins, which makes
it possible to purposefully regulate the nutri-
tional and biological value of products, as well
as to increase their functionality through the
synergistic interaction of components within
the food system.

According to OECD/FAO (2025), the pro-
duction of meat and fish products demonstrat-
ed a stable growth trend during 2020-2025,
driven both by increasing global demand for
protein products and by the gradual expansion
of the range of food products with added tech-
nological value. At the same time, according
to the studies of researchers C. Barcenilla et
al. (2022) and S. Sheffield et al. (2024), meat
products remain one of the key and most ac-
cessible sources of complete protein, essential
amino acids, B-group vitamins, and a number
of minerals necessary for the normal function-
ing of the human body. As noted in the work
of M.\W.M. Kharl et al. (2025), fish is a valuable
functional food product characterised by a high
content of complete protein with high bio-
logical value, a significant amount of polyun-
saturated fatty acids (particularly the omega-3
fraction), as well as a wide range of vitamins
and minerals that positively affect metabolic
processes and overall health. Owing to this, fish
raw material is regarded as an important com-
ponent for the creation of combined protein
systems with increased nutritional value.

Particular attention among fish raw mate-
rials is attracted to hake, which, according to
the studies of M.]. Santos et al. (2022), is one of
the most widespread commercial fish species in
Europe and has stable industrial significance. Its
meat is characterised by a white colour, dense
and fibrous consistency, low fat content, and
favourable functional-technological properties,
which determines the feasibility of its use in the
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production of combined meat-fish products. In
addition, researchers R. Mendes et al. (2021)
established that the physicochemical and struc-
tural properties of fish meat change signifi-
cantly depending on storage conditions and
methods, particularly chilling or freezing, which
must necessarily be taken into account when
designing processing technologies. In modern
meat technologies, polysaccharides of natural
and modified origin are regarded as functionally
active ingredients capable of significantly influ-
encing the structural-mechanical and rheologi-
cal properties of minced systems. According to
the findings of ]. Shao et al. (2025), their action
is due to the ability to form spatial hydrocolloid
structures as a result of interaction with the
aqueous phase, proteins, and lipids, thereby in-
creasing moisture-retention capacity, stabilis-
ing the emulsion system, and reducing weight
losses during heat treatment.

Studies conducted by N.E. Masiques et
al. (2025) demonstrate that the use of hydro-
colloid mixtures in meat products also signif-
icantly affects protein bioavailability and its
subsequent digestion within the body. It was
determined that k-carrageenan and xanthan
gum may modify protein digestion processes,
influence the composition of the intestinal mi-
crobiota, regulate inflammatory pathways, and
affect the intensity of oxidative processes in di-
ets high in red meat. Such effects are associated
both with changes in the structure of the food
matrix and with the slowing down or modifi-
cation of enzymatic protein hydrolysis in the
gastrointestinal tract. The aim of the study was
to determine changes in the functional-tech-
nological and rheological properties of minced
systems based on broiler chicken white meat,
hake mince, and carrageenan in various ratios.

Materials and Methods
The studies were carried out under laboratory
conditions at the Department of Meat and Meat
Products Technology of the National Universi-
ty of Food Technologies during 2025-2026. In
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accordance with the developed experimental
design, the experimental samples were formed
by varying the content of structure-forming
agents and the composition of the protein
base, resulting in four formulation composi-
tions. White meat of broiler chickens was se-
lected as the main raw material for all samples.
Carrageenan, previously hydrated at a ratio of
1:40, was used as the structure-forming com-
ponent. According to the literature review data,
the choice of carrageenan was due to its pro-
nounced gel-forming ability. Its content in the
formulations varied from 2.8% to 5.2%. The sec-
ond variable component was fish raw material —

hake mince, which was either excluded from
the formulation (0%) or added in an amount
of 10%. According to the analysis of literature
sources, hake mince is one of the most wide-
spread types of fish raw material, which makes
the use of such raw material particularly rele-
vant. As a result, four formulation variants were
developed, differing in the combinations of car-
rageenan content and the presence of fish raw
material. Such an approach made it possible to
assess the effect of compositional changes on
the functional-technological properties of the
minced systems. The obtained formulations are
presented in Table 1.

Table 1. Formulation composition of minced systems with fish raw material

Raw material Sample 1 Sample 2 Sample 3 Sample 4
Broiler chicken fillet 94.8% 97.2% 84.8% 87.2%
Hake mince 0% 0% 10.0% 10.0%
Hydrated carrageenan 2.8% 5.2% 2.8% 5.2%

Source: compiled by the authors

Grinding of the meat raw materials was car-
ried out using an HKN-22SS meat grinder. Mix-
ing of the mince was performed in a Sirman IP
10 M meat mixer. The obtained minced systems
were baked in a SIEMENS HB537A2S00 oven to
an internal product temperature of 70°C. Mois-
ture content was determined by the gravimet-
ric drying method. For this purpose, a sample
weighing 5.00 g (with an accuracy of 0.01 g) was
taken and evenly distributed in a previously
dried and weighed weighing dish. Drying was
carried out in a drying oven at a temperature
of 105+2°C until a constant mass was achieved,
which was monitored by repeated weighing at
intervals of 30-60 minutes. Moisture content
was calculated from the loss of mass after dry-
ing relative to the initial sample mass, and the
result was expressed as a percentage. All meas-
urements were performed in triplicate with
subsequent averaging of the results to increase
the reliability of the obtained data.

Water-binding capacity (WBC) was deter-
mined by the pressing method, which is based

on the ability of the minced system to retain
moisture under external pressure. For the anal-
ysis, a mince sample weighing 0.30 g was placed
on filter paper and subjected to a standard load
for 10 minutes. WBC was calculated in two ways:
relative to the total moisture content in the sam-
ple (WBCa), which characterises the proportion
of bound water; and relative to the sample mass
(WBCm), which reflects the ability of the system
to retain moisture per unit mass of the product.
The obtained indicators make it possible to eval-
uate the structural-mechanical properties of the
mince and the degree of water binding by protein
components. Active acidity (pH) was determined
by the potentiometric method using an MP511
laboratory pH meter. Prior to measurements, the
pH meter was calibrated using standard buffer
solutions with pH values of 4.00 and 7.00, and
the electrode was cleaned and rinsed with dis-
tilled water between measurement series to pre-
vent cross-contamination.

Effective viscosity and yield shear stress
were determined using a Volarovich viscometer,
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the operating principle of which is based on
measuring the resistance of the material to
shear under applied mechanical loading. Ef-
fective viscosity was determined as the ratio of
shear stress to shear rate under specified flow
conditions. Yield shear stress was established
as the minimum stress required to initiate sys-
tem flow. Measurements were carried out at a
controlled temperature of 20+ 1°C and within
a range of regulated loads, which ensured re-
producibility of the rheological characteristics.
Each determination was performed in at least
triplicate. The obtained indicators characterise
the consistency of the mince, its plasticity, and
its moulding ability, which are critically impor-
tant for technological processing operations.
Statistical processing of the results was carried
out using determination of the mean value and
standard deviation; the significance of differ-
ences between samples was assessed using Stu-
dent’s t-test at a significance level of p<0.05

Results and Discussion
The developed minced systems, created us-
ing fish raw materials and specially selected
structure-forming components, were subject-
ed to comprehensive investigation according
to the main physicochemical and rheological
indicators. Such studies were carried out for
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a more detailed and objective assessment of
their functional-technological properties, as
well as to determine the stability of the formed
structures in model systems. In order to estab-
lish the effect of heat treatment on the quality
characteristics of the finished product, the ob-
tained minced masses were formed into stand-
ard-shaped meat loaves. The samples were
then baked under controlled temperature con-
ditions until reaching a temperature of 70°C in
the central part of the product, which ensured
complete and uniform heat treatment. After
cooling, the finished products were additionally
analysed according to the main physicochemi-
cal indicators in order to assess the changes oc-
curring in the structure and composition of the
product during thermal processing.

The amount of bound moisture in minced
systems, as well as its subsequent change after
thermal treatment, is regarded as an important
indicator of the level of structural organisa-
tion of the product. Variations and dynamics
of this indicator make it possible to assess the
effectiveness of interactions between ingredi-
ents, the degree of spatial network formation,
and the overall stability of the system during
technological processing. The results of deter-
mining the moisture content in the product are
presented in Figure 1.

74.85
I

71.52

69.11 I 812

Sample 3 Sample 4

Figure 1. Changes in moisture content in minced systems before and after heat treatment

Source: compiled by the authors

According to the results presented in Fig-
ure 1, changes in moisture content in the de-
veloped minced systems showed that all ex-
perimental formulations had this indicator
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within the range of 71.21-74.85%. The highest
moisture content was determined in Sample 3,
which is explained by the higher content of hake
mince. After heat treatment, the moisture con-
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tent in the samples decreased by 3.06-5.75%.
Lower losses were observed in the samples con-
taining 5.2% carrageenan, indicating the for-
mation of a stable gel matrix in these samples.
Samples 3 and 4, which contained 10% hake
mince, showed significant differences between
each other, with decreases of 5.75% and 3.4%,
respectively. This confirms the feasibility of
enhancing structure formation in formulations
containing fish raw material in order to ensure
stability and reduce moisture losses. Similar
trends are described in studies of hydrocolloid
systems by T. Udo et al. (2023), where it was es-
tablished that heat treatment promotes the for-
mation of a denser spatial network, which par-
tially displaces unbound moisture. As noted in
the work of the research group led by M. Woo et
al. (2025), the use of polysaccharides in meat
products is effective for improving juiciness in
low-fat products, which correlates with the ob-
tained data. Lower moisture losses in samples
with increased carrageenan content confirm its

ability to form a stable gel matrix. Similar
results were obtained in studies of meat-
fish minced systems by A.M. Geredchuk et
al. (2023) and N.M. Stukalska et al. (2024),
where the addition of polysaccharides ensured
increased water-retention capacity through
the formation of a three-dimensional network
that retains water in a capillary-bound state. In
addition, increasing the content of fish raw ma-
terial (hake) contributed to an increase in over-
all moisture content, which is explained by the
higher hydration capacity of fish proteins com-
pared with meat proteins. Similar conclusions
were presented in the study by N. Bozhko et
al. (2021), where it was shown that fish mince
forms less dense but more moisture-saturat-
ed structures. In addition to assessing overall
moisture content, determining the degree of
moisture binding is also important. This indi-
cator makes it possible to evaluate the stability
of the formed dispersed system. The obtained
results are presented in Figure 2.

H 88.21
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Figure 2. Water-binding capacity of the developed minced systems

Source: compiled by the authors

In accordance with the planned research
programme, the water-binding capacity (WBC)

of the obtained minced systems and its changes
after roastingwere determined. The calculation
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was carried out relative to the total moisture
mass (WBCa) in the experimental sample and
relative to the sample weight (WBCm) used
for the analysis. The results for Sample 1 in-
dicate the possibility of obtaining sufficiently
high values with minimal addition of the struc-
ture-forming polysaccharide to broiler chicken
meat mince. Sample 2 increased the WBCm
values by 3.9% and WBCa by 3.17% due to the
higher hydrocolloid content. After roasting,
the studied indicators decreased, indicating
the formation of a dense gel matrix capable of
retaining moisture. Sample 3 demonstrated the
highest WBCa value at 95.31%, despite mod-
erate WBCm values of 68.11%. However, the
combination of the polysaccharide-based hy-
drocolloid and fish raw material allowed only
a slight decrease in the indicators by 2.92%
and 1.49%, respectively. The highest amount
of bound moisture in the finished product
confirms the possibility of forming a ther-
mally stable system as a result of the synergy
between meat and fish proteins with the car-
rageenan-based hydrocolloid. As noted in the
study by T.M. Prylipko et al. (2024), the com-
bination of fish mince and plant protein com-
ponents makes it possible to obtain improved
structural characteristics of the product due to
enhanced water binding. The obtained results

of combining hake mince and broiler chick-
en meat indicate that the addition of fish raw
material does not have a pronounced effect on
water-binding capacity. The decrease in WBC
values after heat treatment is consistent with
the findings of T. Udo et al. (2023), who associ-
ate this with the transition of the system into a
more ordered gel state, in which part of the wa-
ter becomes less available for determination.

The obtained data show that the combi-
nation of fish raw material and hydrocolloid
provides better stability of the indicators after
heating. This is explained by the synergy be-
tween fish myofibrillar proteins and the poly-
saccharide matrix, which has been confirmed
in studies of combined minced systems by
N. Bozhko et al. (2021) and A.M. Geredchuk et
al. (2023). At the same time, an excess of car-
rageenan (Sample 4) leads to a decrease in the
efficiency of water binding after heat treat-
ment, which is consistent with the findings of
L. Montes et al. (2022) regarding possible over-
saturation of the system with hydrocolloid and
the formation of a fragile structure. Determin-
ing changes in active acidity during the devel-
opment of a combined product makes it possi-
ble to assess the interaction of ingredients of
different origins. The results of the conducted
studies are presented in Figure 3.

65 mBefore h Af i 641 642
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Figure 3. Changes in active acidity in minced systems before and after heat treatment

Source: compiled by the authors
The active acidity values in combined

meat-fish systems primarily depend on the
quantitative ratio of the raw materials. In the

Animal Science and Food Technology. 2026. Vol. 17, No. 2

minced systems before heat treatment, a clear
pattern was observed: the addition of hake
meat contributed to a shift in pH towards the
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alkaline range (6.21-6.32), which is explained
by the specific biochemical composition of fish
tissue and its higher intrinsic acidity level. Af-
ter heat treatment to 70°C, a further increase
in pH values was recorded in all experimental
samples by 0.02-0.21 pH units, which is the
result of thermal denaturation causing the dis-
ruption of hydrogen bonds. Considering the
previously presented data, it can be stated that
an increase in pH in the model minced systems
promotes the formation of a stable gel matrix
and improves moisture binding. The increase
in pH after heat treatment is associated with
protein denaturation and the destruction of
hydrogen bonds, leading to the release of func-
tional groups. A similar effect was described by
T. Udo et al. (2023) for protein-polysaccharide

12
a 9.51
E 1O 8.23 7.27
® 8 6.17 I
Z 6 I
=}
g,
[s+]
2

0

Sample 1 Sample 2

m Before heat treatment

systems, where heating alters the charge of
protein molecules and promotes their interac-
tion. Importantly, the increase in pH correlates
with improved water-retention capacity, which
is confirmed both by the obtained results and
by literature data indicating that moving away
from the isoelectric point enhances protein hy-
dration. An important indicator for evaluating
combined minced systems is the determination
of rheological characteristics. Such indicators
reflect the features of the structural organisa-
tion of the minced system and its behaviour
under mechanical loading. One of the key indi-
cators is plasticity, which determines the ability
of the system to undergo deformation without
destruction of the structure. The results of the
conducted studies are presented in Figure 4.

11.12
.93 9.52
I
6.12
I
Sample 3 Sample 4
After roasting

Figure 4. Plasticity of the studied minced systems

Source: compiled by the authors

Changes in plasticity in combined minced
systems largely depend on the formulation
composition and the state of moisture. Accord-
ing to the results presented in Figure 4, increas-
ing the amount of hydrocolloid made it possi-
ble to increase the plasticity of the mince by
1.28 g/cm®. The increase in plasticity in Sam-
ple 3 correlates with the high moisture content
in this sample and indicates greater flowabil-
ity of the mince containing hake and a lower
amount of hydrocolloid. After heat treatment,
the plasticity of all experimental samples de-
creased by 2.06-3.4 g/cm®. Such a change is
caused by the transition of the system from a
viscoplastic state to an elastically mechanical

state with the formation of a spatial frame-
work that resists deformation. As can be seen
from the obtained data, increasing the amount
of carrageenan-based hydrocolloid intensifies
the reduction in plasticity after heat treatment,
despite the presence of fish raw material. The
combination of 2.8% hydrocolloid and 10%
fish raw material made it possible to maintain
plasticity within 8.98 g/cm3, allowing the for-
mation of a tender structure. At the same time,
increasing the hydrocolloid proportion to 5.2%
resulted in an excessively dense structure and
a brittle consistency.

In the study by T. Udo et al. (2023) on hy-
drocolloids, it was shown that heating causes

Animal Science and Food Technology. 2026. Vol. 17, No. 2
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a transition from a viscoplastic to an elasti-
cally resilient state due to the formation of a
three-dimensional network. The increase in
plasticity with the addition of fish raw materi-
al is consistent with the results of N. Bozhko et
al. (2021), where it was noted that fish proteins
form a softer and more plastic structure com-
pared with meat proteins. At the same time, in-
creasing the concentration of carrageenan leads
to the formation of a more rigid structure, which
is confirmed both by the obtained data and by
literature sources, particularly the studies of
G. Kalsi et al. (2025). An excess of hydrocolloid
may result in the formation of an overly dense
network, reducing plasticity and making the

7

Effective viscosity, Pa-s

184 222

Sample 1

262

e Sample 2

product brittle. Evaluation of effective viscosity
and vyield shear stress makes it possible to de-
termine the resistance of the obtained system
to structural breakdown and the characteristics
of its internal flow under applied mechanical
stresses. Taking into account the findings of
H.Bao et al. (2025), it was established that carra-
geenan significantly affects the rheological be-
haviour of meat systems through the formation
of a gel matrix in interaction with muscle pro-
teins, while its effectiveness largely depends on
the presence of protein components, particular-
ly fish raw material, which enhances structure
formation and stabilises the system. The results
of the studies are presented in Figure 5.

091 —

322
Load, mg

362 382

=== Sample 3 Sample 4

Figure 5. Effective viscosity of the developed minced systems

Source: compiled by the authors

In all samples, a decrease in effective vis-
cosity was recorded with increasing load from
184 g to 382 g, which is typical for structured
food dispersed systems and indicates the
presence of pseudoplastic behaviour. This is
associated with the destruction of the spa-
tial structure of the protein-polysaccharide
gel and the orientation of particles in the
direction of flow. The lowest viscosity values
were characteristic of Sample 2, whereas Sam-
ple 1 demonstrated slightly higher structural

Animal Science and Food Technology. 2026. Vol. 17, No. 2

stability at low and medium loads, but also
rapidly lost viscosity with increasing shear
stress. This indicates that excessive addition
of carrageenan without supplementary pro-
tein components does not ensure the forma-
tion of a more stable structural framework.
In contrast, Samples 3 and 4, containing 10%
hake mince, were characterised by significant-
ly higher effective viscosity values throughout
the entire load range. For example, at a load of
184 g, the values were 6.37 Pa-sand 5.10 Pa-s,
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respectively, which is almost twice as high as
the corresponding values in samples without
fish raw material. This indicates enhanced in-
terprotein interactions and the formation of a
denser spatial matrix.

The increase in viscosity in samples con-
taining fish raw material indicates strength-
ened intermolecular interactions. Similar
results were obtained in the studies of N. Bozh-
ko et al. (2021) and A.M. Geredchuk et al. (2023),

250.00

where the addition of fish protein promoted
the formation of more structured systems. At
the same time, the low effectiveness of exces-
sive carrageenan without a protein component
confirms the findings of L. Montes et al. (2022),
which state that protein-polysaccharide inter-
action is the key factor in the formation of a
stable structure. The next stage of the research
was the determination of yield shear stress, the
results of which are presented in Figure 6.

197.00 200.22 Yield shear stress, kg

= ., 200.00 = T 176.67 169.81
Q ,&O = I
< " 150.00
= ¢ 100.00
L 5
& @ 50.00

0.00

Sample 1 Sample 2 Sample 3 Sample 4

Figure 6. Yield shear stress of combined minced systems

Source: compiled by the authors

The obtained values of yield shear stress
characterise the strength of the structural
framework of the studied systems and their
ability to resist destruction under external load-
ing. The highest values were recorded for Sam-
ple 2 at 200.22 kg and Sample 1 at 197.00 kg,
indicating a relatively stronger structure in sys-
tems without the addition of a fish component.
This may be associated with a denser carra-
geenan gel matrix in the absence of addition-
al protein-lipid phases that alter the nature of
spatial interactions. In Samples 3 and 4, which
contained 10% hake mince, a decrease in yield
shear stress to 176.67 kg and 169.81 kg, respec-
tively, was observed. This indicates a partial
weakening of the structural framework, proba-
bly as a result of replacing part of the stronger
muscle protein matrix of chicken with a more
heterogeneous fish protein system that forms
a less dense spatial network. This is consistent
with the findings of G. Kalsi et al. (2025), where
it was shown that carrageenan forms dense gels
in the absence of external protein phases. The
reduction in this indicator with the addition
of fish raw material is explained by the more

heterogeneous structure of the system. Simi-
lar results are described in studies of meat-fish
minced systems by N.M. Stukalska et al. (2024)
and H. Xie & L. Grossmann (2025), where the
incorporation of fish protein reduces rigidity
but improves textural characteristics.

Summarising the obtained results, it was
established that the combination of broil-
er chicken meat, fish raw material, and car-
rageenan makes it possible to purposefully
regulate the functional-technological and
rheological properties of combined minced
systems through the formation of a pro-
tein-polysaccharide spatial structure. The
most pronounced structure-forming effect
was observed in samples with an optimal
content of carrageenan and fish raw materi-
al, which ensured a balance between viscos-
ity, water retention, and the strength of the
gel matrix. The obtained patterns confirm the
possibility of controlled formation of the de-
sired technological properties of combined
minced systems and create a basis for further
optimisation of formulations and technologi-
cal production regimes.

Animal Science and Food Technology. 2026. Vol. 17, No. 2




28

Food Technology | A study of changes in the functional-technological properties...

Conclusions
As a result of the conducted study, it was es-
tablished that the combination of broiler chick-
en white meat, fish raw material, and hydrated
carrageenan significantly affects the formation
of the functional-technological, structural-me-
chanical, and rheological properties of complex
multicomponent minced systems. This effect
is manifested both at the level of water-bind-
ing capacity and in the formation of a spatial
protein-polysaccharide matrix, which deter-
mines product stability at all stages of the tech-
nological process, including preparation, heat
treatment, and subsequent storage. It was es-
tablished that the addition of carrageenan en-
sures the formation of a developed gel matrix
that acts both as a structure-forming agent and
as a stabiliser of the dispersed system. Through
interaction with the protein components of the
meat and fish raw materials, it increases the
moisture-retaining capacity of the minced sys-
tems, reduces moisture and fat losses after heat
treatment, and promotes a more uniform distri-
bution of moisture within the structure of the
finished product. The most stable moisture-re-
tention values after roasting were characteris-
tic of samples with an increased hydrocolloid
content, indicating enhanced intermolecular
interactions and more pronounced structure
formation within the system, as well as the for-

to form additional intermolecular bonds in the
combined system. On the other hand, the incor-
poration of fish raw material resulted in a reduc-
tion in yield shear stress, which may indicate a
certain weakening of the strength of the spa-
tial protein framework compared with systems
not containing a fish component, as well as a
change in the nature of the structure from more
elastic to more plastic. Overall, the obtained re-
sults indicate the feasibility and technological
efficiency of using a combination of meat and
fish raw materials with carrageenan for the tar-
geted regulation of the functional-technolog-
ical properties of combined minced systems.
Such an approach makes it possible to develop
products with predetermined structural-me-
chanical characteristics, increased stability of
the emulsion and gel structure, and improved
behaviour during heat treatment, which is im-
portant for achieving stable quality of finished
products under industrial conditions. Prospects
for further research include expanding the
combination of carrageenan with other types of
meat and fish raw materials of different func-
tional compositions, as well as studying the
influence of various heat-treatment methods
(boiling, roasting, frying) on the formation of
structural-mechanical and rheological proper-
ties of combined minced systems.

mation of a denser and more elastic gel. Acknowledgements
It was demonstrated that the addition of  None.
10% hake mince significantly alters the balance
of structural interactions in the minced system. Funding
On the one hand, an increase in total moisture  None.
content and effective viscosity was observed,
which is associated with the high water-bind- Conflict of Interest
ing capacity of fish proteins and their ability = None.
References

[1] Banovic, M., Barone, A.M., Asioli, D., & Grasso, S. (2022). Enabling sustainable plant-forward
transition: European consumer attitudes and intention to buy hybrid products. Food Quality

and Preference, 96, article number 104440. doi: 10.1016/j.foodqual.2021.104440.
[2] Bao, H., Wang, Y., Huang, Y., Zhang, Y., & Dai, H. (2025). The beneficial role of polysaccharide
hydrocolloids in meat products: A review. Gels, 11(1), article number 55. doi: 10.3390/gels11010055.

Animal Science and Food Technology. 2026. Vol. 17, No. 2



https://doi.org/10.1016/j.foodqual.2021.104440
https://doi.org/10.3390/gels11010055

Pasichnyi et al.

29

(3]

(4]

[5]

(6]

[7]

(8]

(9]

(10]

[11]

(12]

[13]

[14]

(15]

[16]

Barcenilla, C., Ducic, M., Lopez, M., Prieto, M., & Alvarez-Ordéiiez, A. (2022). Application
of lactic acid bacteria for the biopreservation of meat products: A systematic review. Meat
Science, 183, article number 108661. doi: 10.1016/j.meatsci.2021.108661.

Barone, A.M., Banovic, M., Asioli, D., Wallace, E., Ruiz-Capillas, C., & Grasso, S. (2021). The
usual suspect: How to co-create healthier meat products. Food Research International, 143,
article number 110304. doi: 10.1016/j.foodres.2021.110304.

Bozhko, N., Tischenko, V., Pasichnyi, V., Shubina, Y., Kyselov, O., Marynin, A., & Strashynskyi,
L. (2021). The quality characteristics of sausage prepared from different ratios of fish and duck
meat. Potravinarstvo Slovak Journal of Food Sciences, 15, 26-32. doi: 10.5219/1482.

Geredchuk, A.M., Pasichnyi, V.M., Matsyuk, Yu.A., & Kostenko, V.S. (2023). Development
of technology of fish minced semi-finished products with vegetable enrichers. Scientific
Bulletin of the Poltava University of Economics and Trade. Series “Technical Sciences”, 2, 31-35.
doi: 10.37734/2518-7171-2022-2-5.

Kalsi, G., Hazarika, U., Baruah, L.D., Bordoloi, P.L., & Gogoi, M. (2025). Comprehensive review
of carrageenan’s multifaceted role in health and food systems. Discover Food, 5, article number
115. doi: 10.1007/544187-025-00405-7.

Kharl, M.\W.M., Hussain, S.M., Ali, S., Nazish, N., Ghafoor, A., Alshehri, M.A., Naeem, A., Naeem,
E., Amjad, M., & Yilmaz, E. (2025). Processed fish products: A protein source for humans and
the challenges faced in processing. Journal of Food Science and Technology, 62, 1007-1020.
doi: 10.1007/s13197-025-06297-w.

Masiques, N.E., Vermeiren, S., De Vrieze, J., Gansemans, Y., Deforce, D., Van Nieuwerburgh,
F., De Smet, S., & Van Hecke, T. (2025). Food hydrocolloids k-carrageenan and xanthan gum
in processed red meat modify gut health in rats. Current Research in Food Science, 11, article
number 101162. doi: 10.1016/j.crfs.2025.101162.

Mendes, R., Silva, H., Oliveira, P., Oliveira, L., & Teixeira, B. (2021). Quality of frozen hake
fillets in the Portuguese retail market: A case study of inadequate practices in the European
frozen white fish market. Foods, 10(4), article number 848. doi: 10.3390/foods10040848.
Montes, L., Rosell, C.M., & Moreira, R. (2022). Rheological properties of corn starch gels with
the addition of hydroxypropyl methylcellulose of different viscosities. Frontiers in Nutrition, 9,
article number 866789. doi: 10.3389/fnut.2022.866789.

OECD/FAO. (2025). OECD-FAO agricultural outlook 2025-2034. Paris: OECD Publishing.
doi: 10.1787/601276cd-en.

Prylipko, T.M., Kostash, V.B., & Kuzminska, I.M. (2024). Improvement of elements of the
technology of fish fillet production using biologically active additives. Herald of Lviv University
of Trade and Economics. Technical sciences, 37,42-48. doi: 10.32782/2522-1221-2024-37-06.
Santos, M.]., Matos, M., Guardone, L., Golden, O., Armani, A., Caldeira, A.J.R., & Vieira-Pinto,
M. (2022). Preliminary data on the occurrence of Anisakis spp. in European hake (Merluccius
merluccius) caught off the Portuguese coast and on reports of human anisakiosis in Portugal.
Microorganisms, 10(2), article number 331. doi: 10.3390/microorganisms10020331.

Shao, J., Zhang, C., Ai, Y., Wang, H., Han, Y., & Hou, W. (2025). Effects of pre-gelatinized
whole Pueraria powder on the properties of duck meat sausages: Insights into gelatinization
and molecular interactions. Food Chemistry, 493(4), article number 146020. doi: 10.1016/].
foodchem.2025.146020.

Sheffield, S., Fiorotto, M.L., & Davis, T.A. (2024). Nutritional importance of animal-sourced foods in
a healthy diet. Frontiers in Nutrition, 11, article number 1424912. doi: 10.3389/fnut.2024.1424912.

Animal Science and Food Technology. 2026. Vol. 17, No. 2



https://doi.org/10.1016/j.meatsci.2021.108661
https://doi.org/10.1016/j.foodres.2021.110304
https://doi.org/10.5219/1482
https://doi.org/10.37734/2518-7171-2022-2-5
https://doi.org/10.1007/s44187-025-00405-7
https://doi.org/10.1007/s13197-025-06297-w
https://doi.org/10.1016/j.crfs.2025.101162
https://doi.org/10.3390/foods10040848
https://doi.org/10.3389/fnut.2022.866789
https://doi.org/10.1787/601276cd-en
https://doi.org/10.32782/2522-1221-2024-37-06
https://doi.org/10.3390/microorganisms10020331
https://doi.org/10.1016/j.foodchem.2025.146020
https://doi.org/10.1016/j.foodchem.2025.146020
https://doi.org/10.3389/fnut.2024.1424912

30

Food Technology | A study of changes in the functional-technological properties...

[17] Sim, S.Y.J., SRV, A., Chiang, ]J.H., & Henry, C.]J. (2021). Plant proteins for future foods: A
roadmap. Foods, 10(8), article number 1967. doi: 10.3390/foods10081967.

[18] Stukalska, N.M., Nemirich, O.V., & Hrytskevich, A.O. (2024). Research into the functional
and technological properties of fish semi-finished products with the addition of hydrobiont
processing products. Taurida Scientific Herald. Series: Technical Sciences, 2, 209-217.
doi: 10.32782/tnv-tech.2024.2.25.

[19] Udo, T., Mummaleti, G., Mohan, A., Singh, R.K., & Kong, F. (2023). Current and emerging
applications of carrageenan in the food industry. Food Research International, 173(2), article
number 113369. doi: 10.1016/j.foodres.2023.113369.

[20] Woo, M., Jo, K., Kim, S., Han, S., Choi, Y.-S., Kang, T., Jung, S., & Lee, S. (2025).
Agar-based composite emulsion gel as a pork fat substitute in sausages: Understanding
meat batter stabilization mechanisms based on fat sources. International Journal of Biological
Macromolecules, 318(1), article number 144851. doi: 10.1016/j.ijbiomac.2025.144851.

[21] Xie, H., & Grossmann, L. (2025). Tenderness in meat and meat alternatives: Structural
and processing fundamentals. Comprehensive Reviews in Food Science and Food Safety, 24,
article number e70033. doi: 10.1111/1541-4337.70033.

JocaigkeHHA 3MiHH (PyHKI[IOHAJIBHO-TEXHOJIOTiYHUX TIOKa3HUKIB
¢apmieBux cucTeM Ha OCHOBI (papiry M’sica XxeKa Ta KypuaT-Opoijepis

Bacuiab IMaciuamit

IlokTOp TeXHIYHUX HAYK, Mpodecop
HauioHasibHMIT YHIBEPCUTET XapUOBUX TEXHOOTiN
01601, Byn. Bomogumupcska, 68, M. Kuis, Ykpaina
https://orcid.org/0000-0003-0138-5590

Jlecst BoHgapeHkKo

KaHaupat BeTepyHapHUX HAYK, TOLEHT
HailioHanibHMI YHIBEPCUTET XapuOBUX TEXHOJOTi
01601, Byn. Bomogumupceka, 68, M. Kuis, Ykpaina
https://orcid.org/0000-0003-3751-9140

Poman CBATHEHKO

KaHanpat TexHiYHMX HayK, CTapLInii JOCTiTHUK
HauioHanbHMI YHIBEPCUTET XapuOBUX TEXHOJOT A
01601, Byn. Bomogumupcbka, 68, M. Kuis, Ykpaina
https://orcid.org/0000-0003-0895-6982

€srenis llly6ina

IoxTtop dinocodii, acucrent

HauioHanbHMIT YHIBEPCUTET XapUOBUX TEXHOOTIN
01601, Byn. Bomogumupcska, 68, M. Kuis, Ykpaina
https://orcid.org/0000-0002-7153-999X

AHoTaulig. AKTYa/IbHICTh IOCTiIXKeHb 3yMOBJIeHA MiABUINEHMM 3allikaBJIeHHSIM CIIOXMBaua
10 KOMOIHOBAHMX M SICHUX MPOAYKTiB, III0 3YMOBJTIOE HEOOXiMHICTh BUSHAUEHHS ONITUMATbHUX
pelenTypHUX IMO€AHaHb CUPOBMHU Pi3HOTO TOXOMKeHHsS. MeTolo 6ya0 BU3HAUEHHS
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3MiH (QYHKIIiOHAJbHO-TEXHOJOTIYHUX i peosNoriyHMX TOKa3HMKIB QapiuiB 3anexxHo Bif
CMiBBiIHOIIEHHSI M’SICHOi Ta pMOGHOI CHMPOBMHM i BMiCTy KapareHaHy. JOCTigKeHO YOTUDPU
pellenTypu Ha OCHOBi M’sica KypuaT-6poitnepiB i3 momaBanusam 0 a6o 10 % dapiry xeky Ta
KapareHaHy 2,8-5,2 %. 3pasku niggaBanau Tepmoobpobii go 70 °C 3 momasbiiMM BU3SHAUEHHSIM
BOJIOTY, BOJIOTOYTPMUMYBaJbHOI 34aTHOCTi, pH, MIaCTMYHOCTI Ta PEOJIOTIUHUX IMOKa3HUKIB.
BosoroBmict ctaHoBuUB 71,21-74,85 %. ITicis TepMmoo6po6KM BTpaT Bosioru 6yiu 3,06-5,75 %,
MeHIIli BTpaTy CIOCTepiraanucs y 3pa3kax i3 BUIIMM BMiCTOM KapareHaHy, IO CBigUMUTb MpO
dbopmyBaHHS 6ibII cTabiIBHOI TeeBO1 CTPYKTYpHU. HaiiBUIIy BOJIOTOYyTPUMYBAIbHY 30aTHICTh
MaJiu 3pasku 3 pubHOI cupoBMHOW. pH miaBuuyBaBcs 0 6,21-6,32 3 MogaablIMM He3SHAUYHUM
3pOCTaHHSIM Ticasg HarpiBaHHs. Peosioriudi pmocmigskeHHST TOKas3aayu MCeBIOIJIACTUYHY
MTOBEeiHKY CHCTEM 3i 3HMKeHHSIM B’SI3KOCTi 3i 3pOCTaHHSIM HaBaHTakKeHHS. [lomaBaHHS pUOHOL
CUPOBMHM MiABUINYBAA0 e(eKTUBHY B’SI3KiCTh, ajie 3MEHIIYBAJ0 TpPaHMUHE HATpPYyKeHHS
3cyBy. OTpMMaHi pesyJbTaTU MHiATBEPIKYIOTh OOLIJIbHICTh MOEOHAHHS M’SICHOI Ta puOHOIL
CUPOBMHM 3 KapareHaHOM JJIS PEryJIOBaHHS (QYHKI[iOHAIbHO-TEXHOJNOTIUHUX BIACTUBOCTEN
i dopmyBaHHS cTabGiIbHUX CTPYKTYp (apiieBux cucreM. JJoMaTKOBO BCTAHOBIEHO 3HUKEHHS
MJIACTUYHOCTI Micasl TepMmiuHOi 06po6KM Ta 3MiHY T'PaHMUHOTO HAIpPYKEHHSI 3CYBY, IO
BKasye Ha Iepexii cuCTeM BiJi B’SI3KO-IUIACTMYHOTO IO MPYKHO-CTPYKTYPOBAHOTO CTAHY Ta
dbopmyBaHHS 6ifbII WiTbHOI CTPYKTYpM (dapiieBux cucteMm y dapui. OTpuMaHi pesyabTaTu
MOKYTb OYTY 3aCTOCOBaHi y BUPOOHUIITBI M’ICHMX IIPOAYKTIiB 3 OJaBaHHIM pUOHOI CMPOBUHM
3 METOI0 IIiJIeCIIPSIMOBAHOIO DPEryII0BaHHS (DYHKI[iOHAJIbHO-TEXHOJNOTIUHMX TMOKAa3HUKIB Ta
dbopmyBaHHs cTabinbHOI 6iTKOBO-TTOMiCAXapUAHOI CTPYKTYPU TOTOBOTO MPOAYKTY
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TiIpPOKOJIOiIN; peosoTiuHi MOKa3HMKY; QYHKIIOHATbHI TOKA3HUKN
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