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The object of the study is the
technological indicators of the
emulsion protein-fat system devel-
oped on the basis of oilseeds and
their processing products. The
research problem is the need to
stabilize the emulsion of the pro-
tein-fat system of plant origin. The
solution to the problem of adjust-
ing the technological indicators of
emulsion protein-fat systems based
on flax seeds and soybean meal is
considered, in particular, the stabil-
ity of the emulsion and resistance to
oxidative damage. An emulsion pro-
tein-fat system with an increased
content of w-3 polyunsaturated
fatty acids (ALA) based on a mix-
ture of flax seeds and soybean meal
is developed. The influence of the
ratio of raw materials on the stabil-
ity of the emulsion system is inves-
tigated. It was found that the ratio-
nal ratio of flax seeds (40 %) and
soybean meal (60 %) provides high
resistance of the lipid component
to oxidative damage, which is con-
firmed by the increase in the perox-
ide value by only 0.9 mmol Y20/kg
after 30 days of storage. The effect
of stabilizers - xanthan gum (0.5 %)
and polyoxyethylene (20) sorbitan
monolaurate (0.2 %) - on the stabil-
ity of the emulsion protein-fat sys-
tem during 30-day storage at a tem-
perature of 4 °C was studied.

The emulsion system of the
developed composition is charac-
terized by a lower protein content
compared to the reference sam-
ple (by 8 %), however, this disad-
vantage is compensated by the bal-
ance of the fatty acid composition,
a significantly higher content of
w-3 PUFA (9.8 % vs. 0 %) and lip-
ids (17.7 % vs. 1.1 %). Such char-
acteristics significantly increase its
nutritional value. The developed
protein-fat system has significant
potential for implementation in the
food industry, contributing to the
creation of new products with a
high ALA content and expanding
the range of emulsion products that
meet modern standards of healthy
nutrition
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1. Introduction

as an additional source of substances of natural origin [1]. A

significant amount of such secondary resources is formed in

Secondary resources of plant raw materials are actively  the process of processing oilseeds. The oil and fat industry,
used in solving food, environmental and energy problems, processing oilseeds, extracts the target component — vegeta-




ble oil - from it, and at the same time receives a large number
of secondary products - cake and meal [2]. A valuable prop-
erty of oilseeds and many meals is their high protein content,
fairly low cost and the absence of toxic and anti-nutrients
after appropriate processing [3].

The creation of mass consumption products of increased
nutritional and biological value, as well as products of pre-
ventive and dietary purposes requires the expansion and im-
provement of the raw material base of the domestic industry.
A promising direction for the development of the processing
industry is the rational use of secondary protein-fat raw
materials of plant and animal origin, expanding the range of
protein-fat systems and products based on them. One of these
directions is the production of emulsion protein-fat systems
of increased nutritional and biological value [4].

Existing studies on the enrichment of food systems with
essential substances to improve their quality involve a bal-
anced amino acid composition of proteins, fatty acid compo-
sition of lipids, and both together. However, all these works
usually involve the use of raw materials of animal origin -
meat, meat products, casein, whey proteins, etc. [5]. Research
on the development of scientific and practical foundations
for the creation of plant food protein-fat systems character-
ized by a rational ratio of protein and lipid components is an
urgent task. These emulsion systems should involve the use
of fat mixtures of regulated composition, prepared on the
basis of vegetable oils, as lipid components. Such systems are
used in the production of new or improved traditional food
products that are convenient to store for a long time [6]. It is
known that proteins and lipids have an immunomodulatory
effect and are the basis of all chemical processes occurring in
the body. The technological properties of proteins and lipids
are understood as a wide range of physicochemical charac-
teristics that determine their behavior during processing into
food products and subsequent storage. These properties are
the basis for the formation of the structure, technological and
consumer qualities of finished products [7]. Research in this
area is of key importance for the development of protein and
lipid processing technologies, in particular for the creation
of new systems and improvement of the production of tradi-
tional food products. The technological properties of proteins
include solubility, the degree of swelling in water, as well as
in saline, alkaline and acidic environments. An important
role is played by the compatibility of proteins with other
components of food raw materials, their ability to form and
stabilize dispersed systems (foams, emulsions, suspensions),
gels, as well as to exhibit adhesive, rheological and organolep-
tic properties [5, 8]. In general, technological properties can
be considered as a set of physicochemical characteristics of a
protein-containing system that simulates real technological
processes of processing raw materials to create food products.
The requirements for these properties differ depending on
the specifics of the process of processing proteins into certain
food products, which makes it possible to justify the param-
eters of technological processes and optimize production [9].
Technological properties of proteins are closely related to
their amino acid composition, structure and physicochemical
properties. They determine the specifics of protein-protein
interactions (gelation); protein-water (water-binding capaci-
ty, solubility); protein-lipids (fat-absorbing and fat-retaining
capacity), as well as surface-active properties (formation and
stabilization of foams and emulsions) [10]. Therefore, re-
search aimed at substantiating the composition of the emul-
sion protein-fat system will provide an opportunity to expand

the range of useful emulsion products based on valuable
plant raw materials and secondary products of the oil and fat
industry. The obtained scientific results are relevant for food
production, in particular oil and fat production, since there is
aneed to expand the range and increase the nutritional value
of emulsion protein-fat systems and increase their shelf life.

2. Literature review and problem statement

The paper [11] presents the results of research on the
creation of a stable oil-based system as a cream substitute
in ice cream. The use of an emulsion based on pomelo fiber
and soy protein isolate as a cream substitute in ice cream
was investigated. The results show that pomelo fiber in
combination with soy protein isolate effectively stabilizes
corn oil, forming an oil-in-water emulsion gel. Increasing the
proportion of pomelo fiber increases the elastic modulus of
the emulsion, reduces the average particle size and improves
stability. Gel-like emulsion oil increases stability, reduces the
stability index of the suspension for ice cream and improves
the flow rate and melting resistance. Sensory evaluation of
ice cream confirmed that the emulsion gel based on pomelo
fiber and soy protein isolate is an effective and innovative fat
substitute in the plant body. This gel provides a reduced cal-
orie product and offers an innovative approach to replacing
traditional fats in formulations. However, questions remain
regarding the stability of such an emulsion system during
storage and the possibility of using other protein sources to
achieve a similar effect.

The above-mentioned research questions [11] were an-
swered to some extent in [12], which investigated the effect
of whey protein and corn oil on emulsion gels with a high
internal phase to improve the texture of processed cheese.
The gel strength, water retention capacity, rheological and
heat-resistant properties of the gel, as well as the texture and
melting properties of the cheese were characterized. It was
shown that corn oil, when pre-emulsified with thermally
denatured whey protein, forms a stable hexagonal structure
at a higher oil content. Cheese made from such gels had a
soft texture, and corn oil was more effective than milk fat
in reducing cheese hardness. However, the question of the
effect of alternative vegetable proteins on the formation of the
emulsion system and the evaluation of their sensory properties
in finished products remains unresolved. This issue is defini-
tively addressed in the study [13], where the effect of lipids in
different physical states on the gelation of MP was studied in
order to improve the characteristics of the myofibrillar pro-
tein (MP) gel. It was shown that the addition of refined palm
oil (RPO) increases the physicochemical parameters of the gel,
improves the water-holding capacity and increases the thermal
stability of the system. MP-RPO demonstrated the best ther-
mal properties compared to MP-CF (chicken fat) and MP-ST
(palm stearin). However, it is unclear how this method can be
applied to stabilize protein-fat systems based on plant compo-
nents, which limits their use in vegetarian or vegan products.
This approach was used in the work [14], where emulsion
gels were investigated for oil structuring, delivery of bioactive
compounds and development of nutritious food products with
reduced calorie content. It has been shown that the rheologi-
cal, textural, and mechanical properties of emulsion hydrogels
can be varied by adjusting the composition, oil concentration,
gelation method, and gelation environment (pH, temperature,
etc.). The question of optimizing the composition of complex



stabilizers for emulsion protein-fat systems based on plant raw
materials remains unresolved.

In [15], the results of research on the development of
emulsion gels “oil-in-water” based on hydrolysates of quinoa
protein, alginate, and high-oleic sunflower oil, which evaluate
antioxidant activity and viscoelastic properties, are presented.
It was found that quinoa protein concentrate (QPC) and its
hydrolysates (QPH) demonstrate high antioxidant activity and
efficiency in reducing lipid oxidation. QPH was shown to have
greater chelating activity and reducing capacity than QPC.
However, the strengthening of emulsion gels based on QPH was
less than that of QPC, which may limit the use of such systems
in products with a long shelf life. However, issues related to the
optimization of the composition of stabilizers to create stable
emulsion protein-fat systems based on other plant proteins, such
as soy, remain unresolved. In [16], the possibility of increasing
the nutritional value of wheat flour by adding sunflower and
soybean meal was analyzed. It was found that the addition of
meal compositions improves the amino acid composition of
products, but the issues related to the comprehensive develop-
ment of emulsion systems with a high content of proteins and
polyunsaturated fatty acids (PUFA) to create stable food systems
remain unresolved.

Such studies were carried out in [17], where answers were
given to a certain extent regarding the study of the use of
soy protein isolates and polysaccharides as structure-forming
agents for the creation of stable emulsions. It was shown that
the formulation using soy protein isolate, alginates and starch
ensures the creation of emulsions with a stable consistency and
increased density. However, issues related to the optimization
of the ratio of proteins and polysaccharides in systems based
on flaxseed and secondary products of the oil industry remain
unresolved. In addition, the study [18] considered the problem
of creating a dressing stable to oxidation based on cold-pressed
flaxseed, corn and sesame oils. The emulsion was stabilized by
a complex based on soy protein. However, issues related to the
selection of complex stabilizers for emulsion protein-fat systems
remain unresolved. These questions were answered to some
extent in the work [19], which investigated the creation of emul-
sion systems based on hemp oil. It was found that the addition of
lecithin, soy protein and xanthan gum contributes to increasing
the resistance of emulsions to oxidation. It would be advisable
to conduct research related to the creation of an emulsion pro-
tein-fat system based on protein-containing plant raw materials,
cakes and meals with the addition of protein-polysaccharide
stabilizers.

Analysis of literature sources [11-19] indicates significant
achievements in the creation of emulsion systems using pro-
tein isolates, polysaccharides and natural antioxidants. At the
same time, the issue of optimizing the composition of complex
stabilizers for the formation of protein-fat emulsion systems re-
sistant to oxidative processes based on flax seeds and soy meal
remains unresolved. The main difficulty lies in the selection
of stabilizers that are able to provide both mechanical stability
and high nutritional value of emulsion systems. Therefore,
further research should be aimed at developing a protein-fat
emulsion system formulation with an optimal combination of
proteins, lipids of plant origin and effective stabilizers.

3. The aim and objectives of the study

The aim of the study is to develop the composition of an
emulsion protein-fat system based on oilseeds and secondary

products of the oil and fat industry. This will make it possible
to create a stable protein-fat emulsion using oilseeds and
oilcakes that will be resistant to oxidative deterioration. This
will increase the shelf life of the product, while meeting the
growing demand for protein-containing products with a high
content of PUFA.

To achieve the aim, the following objectives were solved:

- to determine the rational ratio of flax seeds and soybean
meal to create a protein-fat base of the emulsion system;

- to substantiate the composition of a complex consis-
tency stabilizer for converting the protein-fat base into an
emulsion system;

- to evaluate the physicochemical and technological
properties of the resulting emulsion protein-fat system.

4. Materials and methods of the study

4. 1. Object and hypothesis of the study

The object of the study is the technological indicators of
the emulsion protein-fat system, developed on the basis of
oilseeds and products of its processing. The main hypothesis
of the study is the possibility of rationalizing the composi-
tion of the emulsion protein-fat system to ensure stability to
stratification by controlling the ratio of raw materials and
consistency stabilizers.

The following assumptions are made in the study:

— there is a rational ratio of protein and fat components
in the composition of the emulsion protein-fat system, which
ensures the stability of the system to stratification while
maintaining high technological characteristics in the process
of production and storage of the product;

—the use of consistency stabilizers in certain concen-
trations will ensure the necessary stability of the emulsion
system.

The following simplification is made in the study: to
analyze the stability of the emulsion protein-fat system, the
behavior of the lipid phase is chosen as the main indicator.
Aspects of microbiological stability and enzymatic processes
are also not taken into account, since the study focuses on the
physicochemical characteristics of the emulsion protein-fat
system and its technological parameters.

4. 2. Materials and equipment used in the experi-
ment

The following materials and reagents were used during
the research:

- flaxseed (made in Ukraine) according to DSTU 4967/
CAS 8001-26-1;

- soybean meal (made in Ukraine) according to
DSTU 4593/CAS 68308-36-1;

—-xanthan gum (E 415) (made in China) according to
CAS 11138-66-2;

- polyoxyethylene (20) sorbitan monolaurate (polysor-
bate 80, Twin 80, E 433) (made in China) according to
CAS 9005-65-6.

4.3. Methods for determining the chemical com-
position of raw materials for an emulsion protein-fat
system

The following indicators were determined in the raw
material samples:

- moisture content - by drying in a Memmert UF75 dry-
ing oven (Germany) according to DSTU 4603;



- protein content - by the Kjeldahl method using a
Kjeltec 8400 protein analyzer (FOSS, Denmark) according
to DSTU 7169;

- lipid content — by Soxhlet extraction using a Biichi
B-811 extractor (Switzerland) according to DSTU 7491;

- fiber content - by filtration after acid-base hydrolysis
using a Fibretec 1023 fiber analyzer (FOSS, Denmark) ac-
cording to DSTU ISO 5498;

— acid number of the lipid component - by titration meth-
od according to DSTU ISO 660;

- peroxide value of the lipid component - by titration
method according to DSTU ISO 3960;

- fatty acid composition of the lipid component - by gas
chromatography method on an Agilent 7890A GC System
chromatograph (USA) using a DB-23 capillary column (Agi-
lent, USA) according to DSTU ISO 5508.

4.4. Method of obtaining model samples of emul-
sion systems

Model samples of the emulsion protein-fat system were
prepared by mixing crushed flax seeds and soybean meal
with different proportions to obtain the specified protein:lip-
id ratios. Coarse grinding of flax seeds is obtained in a labo-
ratory homogenizer IKA ULTRA-TURRAX® T 25 (Germany)
for bulk products (speed of about 3000 rpm) to a particle
diameter of 500...800 um. Fine grinding of oilseeds is carried
out on a vertical knife grinder model Glasser (Germany)
(speed of 8000 rpm) to a particle diameter of 150...200 um.
The samples were added with consistency stabilizers - xan-
than gum and polysorbate 80. Before adding to the system,
xanthan gum and polysorbate 80 were pre-dissolved in water
for 30 minutes at a temperature of 40 °C to achieve complete
hydration (concentration in an aqueous solution — 1.0 %).
The amount of water in the samples of the emulsion system
was 50 % by weight, which provided the prerequisites for
the formation of a stable emulsion. The mixture of compo-
nents was mixed in a laboratory homogenizer at a speed
of 5000 rpm. The homogenization process lasted for 5 min-
utes at a temperature of 40 °C, which allowed to obtain a
homogeneous emulsion with a uniform distribution of lipid
and aqueous phases. Samples of the obtained emulsions were
stored for 7 days at a temperature of 4 °C for further stability
analysis.

4.5. Methodology for determining the stability of
model samples of emulsion systems

The stability to stratification of model samples of emul-
sion systems was determined by centrifugation in an Eppen-
dorf 5810R laboratory centrifuge (Germany) at 5000 rpm for
2 minutes. The appearance of separate phases (aqueous and
lipid) was observed and the volume of the separated phases
was measured. The percentage of stratification was deter-
mined by the volume of the separated phases. The oxidative
stability of the lipid phase of model emulsion protein-fat
systems was substantiated by analyzing the increase in the
peroxide value of the lipid phase, determined on the day of
preparation and after 30 days of storage at a temperature
of 4 °C.

4. 6. Research planning and results processing

In each experiment described in the work, three repe-
titions were performed. Experimental data processing and
graphical dependence construction were performed using
the software packages Microsoft Excel (USA) and Stat Soft

Statistica v 6.0 (USA). In studies on determining the depen-
dence (1) of the stability of model samples of the emulsion
system on the protein content and lipid content, a two-factor
experiment was used. The dependence equation (1) was
calculated by approximating experimental data by con-
structing a trend line. The significance of the coefficients of
the approximation equation of dependence (1) was proven
by testing the hypothesis of equality of the zero parameters
of the equation. The degree of influence of the protein and
lipid content of the emulsion protein-fat system on the sta-
bility of the emulsion of its model samples was estimated by
analyzing the coefficient of determination R2. The value of
R?=0.978 allows to conclude that the influence of variations
in the content of proteins and lipids in the protein-fat base
on the variation of emulsion stability is greater than 97.8 %.
The significance of the approximation model (1) was deter-
mined by comparing the calculated Fisher criterion with its
critical tabular value at a significance level of p=0.05 and
the corresponding number of degrees of freedom. The re-
sults obtained allow to recognize the calculated coefficients
of determination for the approximation dependence (1) as
significant, and their equation as significant with a proba-
bility of more than 95 %.

5. Results of the development of the composition of the
emulsion protein-fat system

5.1. Determination of the rational ratio of oilseeds
and cake to create the protein-fat base of the emulsion
system

To develop the protein-fat base for the emulsion sys-
tem, raw materials containing both protein and fat com-
ponents were selected: flax seeds and soybean meal. Flax
seeds are a significant source of w-3 PUFA, and soybean
meal is a source of protein. In addition, it is important to
consider that soy proteins have a strong emulsifying abil-
ity, so the combination of soybean meal with flax seeds
should provide a stable emulsion. The chemical composi-
tion of the raw material samples for the protein-fat system
is given in Table 1.

Table 1
Chemical composition of raw materials for
the protein-fat system
Raw Content, %
materials | Moisture | Proteins Lipids Fiber
Flaxseed 5.70£0.23 | 23.50+0.94 | 43.00+1.29 | 26.50+1.06
Soybean meal | 9.30+0.37 | 42.70+1.71 | 1.10+0.03 9.80+0.40

Analysis of the chemical composition of the raw material
provides information on its potential for creating a stable
emulsion system. A series of experiments were conducted to
determine the stability of emulsion protein-fat systems with
a consistency stabilizer xanthan gum (0.5 %). The influence
of the ratio of raw materials in model samples of the emul-
sion system (flaxseed and soybean meal) on the stability of
the emulsion was determined. The diagram of the specified
dependence is shown in Fig. 1.

The content of flax seeds and soybean meal in the emul-
sion system varied in the range of 0.0...100.0 % with a step
of 20 %. The obtained values of emulsion stability of model
samples of the emulsion system were within 34...96 %.
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To determine the influence on the stability of model sam-
ples of the emulsion system of such parameters as the content
of proteins and lipids, the corresponding dependence was
studied. Using equation (1), the approximate dependence of the
stability of model samples of the emulsion system (ES (cp, c1))
on the content of proteins (cp) and the content of lipids (cy) is
presented:

ES(c,.c,)=613.177-26.138-¢, +56.775-c, +
+0.328-¢2-1.292-¢, ¢, -0.693-c;. @

This equation reflects the influence of proteins and lipids
on emulsion stability, taking into account both linear and
quadratic effects, as well as their interaction. The surface of
the resulting dependence (1) is shown in Fig. 2.
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Fig. 2. Dependence of stability of model samples of the
emulsion system on protein content and lipid content

It should be noted that the calculated dependence (1),
which with the coefficient of determination R*>0.95, de-
scribes the stability of model samples of the emulsion system.
This is confirmed for protein content within 23.5...42.7 % (in
terms of dry matter) and lipid content from 1.1 to 43.0 % (in
terms of dry matter).

The oxidative stability of the lipid phase of model samples
of emulsion protein-fat systems with the highest stability was
determined: No. 3-6 (Fig. 3). The initial peroxide value of the
lipid component of the model emulsion protein-fat systems
was practically the same and was 1.60+0.05 mmol ¥20/kg.

Based on the results of the study of the oxidative stability
of the lipid component of model samples of the emulsion pro-
tein-fat system, it was decided to stop our choice on the ratio
of raw materials (model sample No. 4):

- flax seeds — 40 %;

- soybean meal - 60 %.

Fig. 3. The increase in the peroxide value of the lipid
phase of model samples of emulsion protein-fat systems,
determined on the day of preparation and after 30 days of
storage

The selected ratio of raw materials has the following
advantages:

- high stability of the lipid component to oxidative dam-
age (the increase in the peroxide value is 0.9 mmol ¥20/kg);

—high content of the essential nutrient - a-linolenic
PUFA - 9.8 %;

- high protein content — 35 %.

5.2. Justification of the composition of a complex
stabilizer for transferring a protein-fat base into an
emulsion system

At this stage of the work, the composition of the stabi-
lizing components that ensure the formation and long-term
stability of the protein-fat base in the emulsion system is
justified: xanthan gum and polyoxyethylene (20) sorbitan
monolaurate.

Xanthan gum is used at a concentration of 0.5 %, which
has already been determined by previous experiments as a
rational value for ensuring the viscoelastic properties of the
system. The task of this stage is to determine the minimum
concentration of polysorbate-80, which ensures the stabil-
ity of the protein-fat emulsion system. Stability is achieved
by combining polysorbate-80 with xanthan gum for the
composition of the components of the protein-fat base (flax-
seed - 40 %, soybean meal — 60 %) and the aqueous phase in
a ratio of 1:1 (model sample No. 4).

The emulsion stability of model samples of the specified
emulsion protein-fat system with different contents of poly-
oxyethylene (20) sorbitan monolaurate was determined (Fig. 4).
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Fig. 4. Emulsion stability of model samples of
emulsion protein-fat system with different contents of
polyoxyethylene (20) sorbitan monolaurate



Based on the obtained results of the study, the minimum
concentration of polyoxyethylene (20) sorbitan monolaurate,
which ensures the stability of the emulsion system, was es-
tablished - 0.20 %. The ratio of consistency stabilizers for the
formation of stable emulsion protein-fat systems based on flax
seeds and soybean meal is proposed: xanthan gum - 0.5 %;
polyoxyethylene (20) sorbitan monolaurate — 0.20 %.

5.3. Assessment of the physico-chemical and tech-
nological properties of the obtained emulsion pro-
tein-fat system

A model sample of the emulsified protein-fat system and
a comparison sample have been produced, with their compo-
sitions presented in Table 2.

Table 2

Composition of the emulsified protein-fat system and the
comparison sample

Content, %
Component name Emulsion Comparison
protein-fat system sample

Protein-fat base, including: 50.0 50.0

flaxseed 20.0 0.0

soybean meal 30.0 50.0

Aqueous phase, including: 50.0 50.0

water 49.3 49.3

xanthan gum 0.5 0.5

polyoxyethylene (20) sorbitan 02 02
monolaurate

The physicochemical and technological properties of the
emulsion protein-fat system and the reference sample have
been determined. Special attention was paid to assessing
the stability of the system against oxidative spoilage and the
emulsion’s resilience.

The obtained samples of the emulsion systems are stable,
free from surface films, without signs of component separa-
tion, and moderately viscous. After 30 days of storage under
the specified conditions, the samples retain their consisten-
cy. The results of the physicochemical and technological
parameters of the emulsion protein-fat system are presented
in Table 3.

Physicochemical and technological parameters of the emulsion protein-fat

system and the reference sample

ber (8.2 %) make this system more nutritious and functional
compared to the reference sample. A slight increase in perox-
ide and acid values indicates the effectiveness of stabilizers
in preventing oxidation. The reference sample has a higher
protein content (43 %) but is significantly inferior in terms of
fatty acid composition and fiber, making it less balanced in
terms of nutritional value.

6. Discussion of the results of developing the
composition of an emulsion protein-fat system

The possibility of developing a protein-lipid emulsion
system based on flaxseed and soybean meal was studied. The
primary objective was to achieve stability in the emulsion
system through an optimal balance of proteins and lipids
in the raw materials. Flaxseed was used as a source of w-3
PUFAs and lipids, while soybean meal provided a high pro-
tein content with emulsifying properties.

Analysis of the obtained results (Table 1) reveals signif-
icant differences in the chemical composition of flaxseed
and soybean meal. Flaxseed serves as the main source of
lipids and contains a notable amount of proteins, making
it beneficial for emulsion stabilization due to the proteins’
film-forming abilities and capacity to stabilize water-lipid
phases. However, the emulsifying ability of flaxseed proteins
is lower compared to that of soybean meal. The high lipid
content, particularly of w-3 PUFAs, gives flaxseed substan-
tial nutritional value. To ensure emulsion stability, the lipid
phase must be protected from oxidation using antioxidants.

Soybean meal, on the other hand, is a primary source of
proteins, making it an ideal component for stable plant-based
emulsions since soybean proteins possess excellent emul-
sifying properties. Due to its low lipid content, additional
lipid sources are required to create a complete protein-lipid
emulsion system.

The impact of proteins and lipids on the stability
of the model emulsion system was evaluated through
mathematical modeling (Equation 1, Fig. 1). The resulting
approximation equation allows for predicting the stabil-
ity of a model emulsion system containing flaxseed and
soybean meal in concentrations ranging from 0 % to 100 %,
stabilized by xanthan gum (0.5 %), with protein content
between 23.5% and 42.7 % and lipid
content between 1.1 % and 43.0 %.

Equation (1) demonstrates that in-
creasing the protein content positively af-

Table 3

The emulsified protein-fat system demonstrates higher
nutritional value due to its balanced content of proteins (35 %)
and w-3 PUFAs (9.8 %). The lipid content (17.7 %) and fi-

Protein-fat emulsion system Comparison sample feizts e.mulsk,)lon Stgbﬂ}llt_y’hthfougf: a thresh—
Indicators After preparation After preparation old exists beyond which further protein
(day 0) Day 30 (day 0) Day 30 addition does not significantly enhance
Protein content, % 35.0+1.1 35.0+1.1 43.0+1.3 43.0+1.3 ftatt”htzl' Com":r;e,i?’t’ e’lices,s“’e lipid C?}I:'
nt r ili increasin

Lipid content, % 17.7£0.5 17.7£0.5 1.10£0.03 1.10£0.03 E.} educes sta y y Increasing the
- - risk of phase separation. The component
including w-3 PUFAs, % 9.8+£0.3 9.5+0.3 0.0 0.0 ratio that ensures 96% emulsion stability
Fiber content, % 8.20+0.04 8.20+0.04 4.80+0.02 4.80+0.02 includes 42.7 % proteins and 1.1 % hplds’

Emulsion stability, % 100.0 100.0 100.0 100.0 aligning with experimental data.
Acid value of lipid 0.100+0.004  |0.400£0.008| ~ 0.100+0.004 | 0.200£0.004 The oxidative stability of the lipid
fraction, mg KOH/g phase in model samples of emulsion pro-
Peroxide Valuef’f lipid 1.600.06 2.5020.10 1.5+0.06 17040.07 | tein-fat systems was studied (Fig. 3). The
fraction, mmol %2 O,/kg initial peroxide value of the lipid com-

ponent was practically identical across
all samples, amounting to 1.60+0.05 mmol ¥20/kg, which
indicates a high level of initial stability of the components.
Analyzing the obtained results (Fig. 3), it can be noted that



the increase in the peroxide value after 7 days of storage was
the lowest in samples No. 4-6. Its value ranged from 0.2 to
0.9 mmol ¥20/kg, which is significantly lower compared to
samples No. 1-3. This indicator reflects the oxidative spoilage
of the lipid phase in the protein-fat system and the oxidative
stability of the selected raw material composition.

The chosen raw material ratio in sample No.4 (flax-
seed - 40 %, soybean meal — 60 %) offers several technolog-
ical advantages. A high protein content (35 %) ensures the
stability of the emulsion system and improves its structural
properties. Soybean meal serves as a source of proteins with
high emulsifying capacity, promoting the formation of a
robust protein matrix that stabilizes the water-lipid phase.
In turn, flaxseed provides a significant amount of lipids,
among which a-linolenic polyunsaturated fatty acid (ALA)
constitutes 9.8 %. This fatty acid is an essential nutrient,
and its high content enhances the nutritional value of the
final product, making it promising for use in dietary and
health-promoting food products.

A critical technological aspect is the susceptibility of
ALA to oxidative degradation. However, the research results
demonstrate that even after 30 days of storage, sample No. 4
maintains the stability of its lipid phase. Compared to other
samples, it can be noted that the higher lipid content in sam-
ples No. 3 and 5 led to significantly higher peroxide values
during storage, indicating more intense oxidation. The most
stable samples, No. 5, 6, contained the lowest lipid content,
with practically no ALA, which reduced their nutritional
value.

Thus, the raw material ratio selected for sample No. 4 is
optimal in terms of ensuring the stability of the emulsion
protein-fat system and its nutritional value. The high con-
centration of proteins and ALA contributes to the creation of
an emulsion protein-fat system that can be recommended for
use in various sectors of the food industry.

The possibility of creating an emulsified protein-fat
system was investigated based on flaxseed and soybean
meal using xanthan gum and polyoxyethylene (20) sorbi-
tan monolaurate (polysorbate-80) as consistency stabilizers.
The selection of consistency stabilizers was based on their
ability to ensure emulsion stability against phase separa-
tion, improve the rheological properties of the system, and
maintain stability during storage. Xanthan gum was chosen
as an effective stabilizer due to its high hydration capacity,
compatibility with protein components, which enhances
the system’s texture, thermal stability, and resistance to pH
changes. On the other hand, polyoxyethylene (20) sorbitan
monolaurate effectively stabilizes emulsions with high water
content, interacts efficiently with protein components of the
emulsion system, and ensures high emulsion stability across
a wide temperature range.

Analysis of the stability results of the emulsion in model
samples of the protein-fat system with varying polysorbate-80
content (Fig. 4) revealed significant differences. It was deter-
mined that the concentration of polysorbate-80 at a xanthan
gum level of 0.5 % significantly influences the stability of the
emulsion system in the model samples. The minimum concen-
tration of polysorbate-80 required to achieve maximum stabil-
ity of the samples was found to be 0.20 %. The selected ratio of
stabilizers (xanthan gum - 0.5 %, polysorbate-80 — 0.20 %) is
optimal for producing an emulsified protein-fat system with
high stability.

This can be explained by the fact that xanthan gum
effectively retains the aqueous phase and enhances the vis-

coelastic properties of the system, while polysorbate-80 acts
as an emulsifier that reduces interfacial tension and ensures
emulsion stability even under temperature variations. An
important aspect is that the chosen ratio of the protein-fat
base (flaxseed - 40 %, soybean meal - 60 %) ensures high nu-
tritional value of the emulsified system due to the significant
content of ALA (9.8 %) and proteins (35 %).

The relatively high lipid content in the emulsion system
makes the use of polysorbate-80 essential for preventing
product spoilage by forming a stable emulsion structure,
which reduces lipid contact with oxygen and slows oxidative
processes. Thus, the obtained results confirm that the use
of combined stabilizers at the specified concentrations is an
effective way to enhance the stability of the emulsified pro-
tein-fat system of the proposed composition, which can be
recommended for industrial applications in the food industry.

Analyzing the obtained results (Table 3), it can be not-
ed that the comparison sample contains a higher protein
content than the developed emulsion-based protein-lipid
system. This difference is attributed to the use of 50 % soy-
bean meal, which has a higher protein content compared to
flaxseed. However, the emulsion-based protein-lipid system
compensates for the lower protein content by offering a bal-
anced composition of fats and fiber, which may enhance its
nutritional value and bioavailability of polyunsaturated fatty
acids (PUFAS).

Notably, the emulsion system exhibits a significantly
higher lipid content due to the inclusion of 20 % flaxseed,
which is rich in fatty acids. In contrast, the comparison sam-
ple has an almost negligible lipid component, highlighting its
focus on a protein-based composition. The presence of w-3
PUFAs is unique to the emulsion-based system, attributed to
the flaxseed content. These acids are critically important for
improving the nutritional value of the product.

A minor reduction (0.3 %) in w-3 PUFA content over
30 days indicates oxidative processes, but the losses remain
minimal, demonstrating the effectiveness of stabilizers such
as xanthan gum and polysorbate-80. The higher fiber content
in the emulsion system is explained by the presence of flax-
seed, which is a significant source of plant fibers. Increased
fiber content supports improved digestion and promotes a
greater sense of satiety. All samples demonstrate 100 % stabil-
ity, confirming the effectiveness of the employed stabilizers
(xanthan gum and polysorbate-80).

The greater increase in acid value in the protein-lipid sys-
tem is associated with the presence of w-3 fatty acids, which
are more prone to oxidation. However, the increase remains
within acceptable limits, indicating the sufficient efficacy of
natural antioxidants present in the plant-based raw materi-
als. A slight rise in the peroxide value in the emulsion-based
system reflects the progression of oxidative processes but
remains within permissible levels. In the comparison sam-
ple, the lower increase is due to its low lipid content, though
this results in significantly lower nutritional value for that
system.

The development of the emulsion-based protein-lipid
system demonstrates distinct differences from previous stud-
ies, such as the work in [11], which investigated the use of
pomelo fiber and soy protein isolate as a cream substitute in
ice cream. That study focused on stabilizing corn oil in oil-in-
water systems through gel formation. However, [11] did not
address issues related to emulsion stability during storage or
the potential use of other plant proteins. In the present de-
velopment, the primary focus was on creating a protein-lipid



system based on flaxseed and soybean meal, allowing for
not only stabilization of the system but also an increase in
alpha-linolenic acid (ALA) content, which is critically im-
portant for the nutritional value of the product.

The study [13] examines the effects of lipids in different
physical states on the gelation of myofibrillar protein, demon-
strating that the addition of palm oil enhances the physico-
chemical properties of the gel. However, the issue of stabiliz-
ing protein-lipid systems using plant-based components in
vegan products remains unresolved. This research focuses on
the combination of soybean meal and flaxseed, enabling the
development of a stable protein-lipid base with a high protein
content (35 %) and a-LNA (9.8 %). This approach eliminates
the need for animal fats and creates a product with improved
nutritional properties.

In contrast to study [14], which develops emulsion gels to
reduce product caloric content but leaves unresolved ques-
tions regarding the optimization of stabilizer composition for
emulsion-based protein-lipid systems, this research substan-
tiates the use of heterogeneous stabilizers. Specifically, xan-
than gum (0.5 %) and polysorbate-80 (0.2 %) achieve 100 %
emulsion stability over 30 days of storage. This confirms the
effectiveness of the developed system and its competitiveness
compared to existing counterparts. Thus, the results of this
research highlight the potential of using emulsion-based pro-
tein-lipid systems based on flaxseed and soybean meal to cre-
ate stable emulsions with an elevated content of valuable w-3
polyunsaturated fatty acids (PUFAs).

Further exploration of the conditions for applying
these findings in the development of emulsion systems for
health-oriented food products enriched with w-3 PUFAs is
warranted. Given the high stability of the emulsion-based
protein-lipid system, these results can be effectively imple-
mented in the production of sauces, dressings, and creamy
products with an increased content of w-3 PUFAs. This not
only ensures structural stability of the emulsion over extend-
ed storage periods but also protects the lipid fraction from
oxidation, as evidenced by the low increase in peroxide value
(0.9 mmol ¥20/kg over 30 days). Considering the simplicity of
integrating this system into technological processes, such as
the production of pasty products and spreads, implementing
this development will significantly enhance the nutritional
value of finished products. The results are compatible with
existing production lines for emulsion-based products, mini-
mizing adaptation costs for the technology.

A limitation of applying the study’s findings is that
scaling up the production process of the emulsion-based
protein-lipid system using alternative plant raw materials
or different proportions of flaxseed and soybean meal may
necessitate adjustments to stabilizer concentrations. Further-
more, the emulsion’s stability, viscoelastic properties, and
resistance to oxidation can vary significantly depending on
the protein and lipid content in the raw materials. Additional
experiments may be required to determine the optimal com-
ponent ratio and adapt the technological parameters. More-
over, variable storage conditions (temperature, humidity) can
influence the texture and sensory characteristics of the final
product, necessitating further research and optimization of
the technological process.

At the same time, it should be noted that the study has
certain limitations, particularly in not addressing the impact
of storage duration under various temperature conditions on
the stability of the protein-fat emulsion system. The fixation
of the storage temperature at 4 °C during the experiment

may have limited the ability to assess the dynamics of
oxidative processes occurring at elevated temperatures.
In the future, it would be advisable to conduct additional
research encompassing a temperature range from 0 °C to
20 °C to identify critical points for maintaining the stabil-
ity of w-3 PUFAs and the protein matrix of the emulsion
system. Particular attention should be paid to studying the
rate of peroxide value increase and changes in acid value
under prolonged storage conditions, which would allow
for more precise determination of the permissible limits
for using the proposed stabilizers to extend the shelf life of
the emulsion system.

Further improvement of the protein-fat system may in-
volve the addition of antioxidants for enhanced protection of
w-3 PUFAs from oxidation. Additionally, it may be possible
to increase the proportion of flaxseed to boost the w-3 PUFA
content, provided that emulsion stability is effectively con-
trolled.

7. Conclusions

1. The chemical composition of raw materials for a pro-
tein-lipid emulsion system - flaxseed and soybean meal -
was analyzed. It was determined that flaxseed contains
43.0 % lipids, of which a significant portion (57 %) is repre-
sented by a-linolenic polyunsaturated fatty acids (PUFA).
Additionally, flaxseed contains 23.5 % protein and 26.5 %
dietary fiber, which enhances its nutritional value. Soybean
meal is characterized by a high protein content (42.7 %) and
low lipid content (1.1 %), making it an essential component
for balancing the protein content of the system. The optimal
ratio of flaxseed (40 %) and soybean meal (60 %) for creating
the protein-lipid base of the emulsion system was deter-
mined. This ratio provides a high protein content (35 %)
and -3 PUFA (9.8 %), thereby improving the biological
value of the resulting product. It was demonstrated that
the selected ratio ensures a minimal increase in peroxide
value (0.9 mmol ¥20/kg).

2. The composition of a complex consistency stabiliz-
er for forming a protein-lipid emulsion system based on
flaxseed and soybean meal was substantiated. It was es-
tablished that using a combination of xanthan gum (0.5 %)
and polyoxyethylene (20) sorbitan monolaurate (0.2 %)
ensures the stability of the emulsion (100 %) over 30 days
of storage at 4 °C.

3. A comparative analysis of the physicochemical and
technological properties of the protein-lipid emulsion sys-
tem of the developed composition with those of a reference
sample (an emulsion system based on soybean meal) was
conducted. It was found that the developed emulsion system
has a higher lipid content (17.7 % compared to 1.1 %) and w-3
PUFA (9.8 % compared to 0 %), which enhances the nutrition-
al value of products based on it. The protein content in the
developed system is 8 % lower than in the reference sample;
however, this is compensated by the balanced fatty acid com-
position. The fiber content in the protein-lipid emulsion sys-
tem exceeds that of the reference sample by 3.4 %, positively
affecting textural properties and contributing to better stabil-
ity. The emulsion stability of both systems is 100 %. However,
the acid value of the oil fraction after 30 days of storage in
the protein-lipid emulsion system is higher (0.4 mg KOH/g
compared to 0.2 mg KOH/g), which is associated with the
w-3 fatty acids that are more prone to oxidation. The per-
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