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ABSTRACT

The production of oil products in Ukraine is a leader not only in the European but also in the world market of
food and processing industry products, therefore, the priority areas of scientific research in this field are the
effective assessment of the quality of the oil obtained. Existing methods for assessing this product by
organoleptic characteristics are subjective and do not allow the use of parameters that require more complex
measurement technologies; which in general makes it impossible to conduct a comprehensive analysis of the
quality of the studied product. The purpose of this study was to develop and implement a mathematical
modeling method for numerical analysis of the quality of soybean oil product varieties. Qualitative assessment
of the studied oil varieties was carried out using such indicators as the mass fraction of fat, peroxide, and acid
number; content of free fatty acids, phosphatides, moisture, and impurities; it allowed to perform a numerical
analysis using dimensionless complexes regarding the condition of the studied oil product varieties and
compliance with regulatory indicators. When processing experimental data and calculating the developed
quality criteria, programming methods, Excel, and COMPASS mathematical environments were used, which
allowed the construction of geometric quality models and the necessary assessment criteria. According to the
results of the research, it turned out that the characteristics of the studied varieties "OAS Avatar", "ES Mentor",
"Sigalia”, "ES Mentor" and "Gallek™ do not meet the requirements for compliance with the quality thresholds
by 160 - 220%, however, their current characteristics, which were selected for assessment, are within the
average normative indicators. The proposed mathematical models can be implemented for practical application
in assessing the condition of any complex object of research using an unlimited number of characteristics. At
the same time, the main requirements for these parameters are their breadth of coverage of the physical,
mechanical, and chemical-biological properties of the product and the ability to provide an objective and
thorough assessment of its condition.

Keywords: product quality, oil grades, soybean seeds, regulatory characteristics, geometric quality models

INTRODUCTION

In the current conditions of intensive development of the agro-industrial complex and global changes in the
food industry, soybean cultivation and the production of products based on it are becoming one of the most
relevant areas for many countries, including Ukraine [1]. Soybean oil is significant among other vegetable oils
due to its availability, universal nutritional qualities, and wide possibilities for use in the food industry and
bioenergy [2]. In addition, the demand for soybean products is constantly growing due to the high content of
polyunsaturated fatty acids, proteins, and antioxidants [3]. However, ensuring the stable quality of these products
remains an essential challenge for manufacturers since the processes of soybean oil production are complex and
depend on many factors [4].
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In particular, the quality of soybean oil can vary depending on the soybean variety, agrotechnical measures,
climatic conditions of cultivation, seed collection and storage, technological processes of oil extraction, etc. [5].
Considering these factors requires an integrated approach that will allow assessing their impact separately and in
combination. Therefore, modern research focuses on developing mathematical models and statistical methods that
help accurately predict product quality indicators at different stages of production [6]. One promising method to
solve such problems is multifactorial factor area analysis. This method provides the ability to identify optimal
production parameters, allowing optimisation processes to achieve stable, high product quality [7].

This work aims to develop a model that will allow for an accurate assessment of the quality of soybean oilseed
products through multifactor analysis of factor areas, which, in turn, will allow for the optimisation of
technological production parameters. This model will consider not only the influence of individual variables but
also allow for identifying relationships between them, which is critically important for predicting the product's
final quality.

To achieve this goal, the main factors affecting the quality of soybean oil products were considered. The main
ones are varietal characteristics, methods, technical means for harvesting seeds, storage conditions, duration, and
pre-treatment methods [8]. In addition, technological parameters of the oil extraction process, such as temperature
and pressure, significantly affect the oil yield and quality. Another important aspect is the control of the acid
number of the oil, which is a key indicator of its quality and stability during storage [9] and [10].

One of the main challenges in ensuring the stable quality of oil products is their dependence on the interaction
of numerous variable factors, complicating the traditional analysis approach. Multivariate analysis allows not only
to analysis of individual variables but also to assess of their mutual influence, which is essential for obtaining a
more detailed picture of the factors determining the product's final quality. Thanks to this approach, it is possible
to create a mathematical model that allows you to choose the optimal parameters of production and quality control
at different stages of the technological process.

Special attention in the framework of the study requires the analysis of factor areas, which allows you to
visualise and understand the relationships between individual factors and their impact on the quality of the final
product. This approach will enable you to comprehensively consider the specifics of raw materials, the effect of
technological parameters, and the possibility of adjusting these parameters to achieve the highest possible quality
indicators. Multifactor analysis of factor areas aims to ensure production's sustainability and technological
processes' adaptability to specific requirements for product quality.

In addition, the study includes an analysis of the main methods of pre-treatment of seeds and their impact on
the oil quality. Given that pre-treatment of soybean seeds is one of the main stages affecting the quality of the
final product, it is essential to determine the optimal methods for increasing the yield and quality of the oil. Thus,
the study includes an analysis of the temperature regime, type of treatment, and other parameters that allow
obtaining high-quality products.

In general, the results of this study can become the basis for developing recommendations for optimising the
production of soybean oil products, which will significantly impact the quality and stability of products on the
market. The developed model can also be helpful for further research on other vegetable oils or similar products,
where quality depends on numerous factors. Therefore, this study has important practical significance for the food
industry, biotechnology, and agro-industrial complex.

Scientific Hypothesis

The first scientific hypothesis states that the area of the geometric quality model, which is built according to
the specified evaluation parameters, constitutes the factor space of the qualitative state of oil products. When
developing and selecting quality assessment criteria, the hypothesis was used that the factor space of the
parameters presented for evaluation allows assessing the qualitative state of the product, and the corresponding
areas of the polygons make it possible to evaluate numerically this state in comparison with the normative
characteristics.

Objectives

Primary objectives: To develop a model that reflects the dependence of the quality indicators of oil products
on multiple factors that affect its formation. To investigate the influence of various parameters of growing, storing
and processing soybean seeds on the final quality indicators of oil. To identify the key factors that most
significantly affect oil products' quality for further optimisation.

Secondary objectives: To develop a methodology for conducting multifactor analysis using modern
mathematical methods and computer modelling. Experimental studies will be conducted to validate the proposed
model on real samples of soybean seeds. To assess the possibility of applying the developed methodology to
improve oil quality management in production conditions.
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Such objectives provide a comprehensive approach to solving the problem and emphasise the scientific and
practical significance of the study.

MATERIAL AND METHODS
Samples

Samples description: For experimental research, 5 oil samples were used:

* soybean oil of the “EU Mentor” variety, obtained in laboratory conditions by cold pressing on an extruder
press (not refined and not frozen);

* soybean oil of the “Gallek” variety, obtained in laboratory conditions by cold pressing on an extruder press
(not refined and not frozen);

* soybean oil of the “OAS Avatar” variety, obtained in laboratory conditions by cold pressing on an extruder
press (not refined and not frozen);

* soybean oil of the “Arisa” variety, obtained in laboratory conditions by cold pressing on an extruder press
(not refined and not frozen);

* oil from soybean seeds of the “Sigali” a variety, obtained by cold pressing (not refined and not frozen),
obtained in laboratory conditions by cold pressing on an extruder press (not refined and not frozen).

Samples collection: Samples were taken from the total volume of each soybean variety in 25 kg bags and
temporarily stored at 18°C.

Samples preparation: To prepare soybean oil samples for experiments, it is important to follow several
key steps:

* soybean seed samples were selected to reflect the average quality of the overall crop;

* seeds should be clean and intact, without signs of damage or foreign impurities;

* a mechanical pressing method was used to obtain oil samples;

« the obtained oil was filtered to remove solid particles and impurities that could affect the experimental results;

* 0il samples were stored in sealed containers under controlled temperature and humidity conditions to prevent
oxidation processes and ensure appropriate characteristics during laboratory studies.
This sample preparation sequence will ensure the reproducibility and accuracy of experimental data for further
modelling of the quality state of the product.

Number of samples analysed: 25 soybean oil samples were examined during experimental studies.
Chemicals

Sodium hydroxide, NaOH (grade A, p.d.a, supplier Limited Liability Company (Khimlaborreakt), Ukraine).
Sulfuric acid, H2SOs (grade A, p.d.a, supplier Limited Liability Company (Khimlaborreakt), Ukraine). Petroleum
ether, H3C-O-CHs (excise, p.d.a, supplier Limited Liability Company (Khimlaborreakt), Ukraine). Anhydrous
sodium sulfate, Na,SO- (grade A, p.d.a, supplier Limited Liability Company (Khimlaborreakt), Ukraine). Ethyl
alcohol (96%), CoHsOH (grade A, p.d.a, supplier Limited Liability Company (Khimlaborreakt), Ukraine). Diethyl
ether, C4H100 (grade A, p.d.a, supplier Limited Liability Company (Khimlaborreakt), Ukraine). Phenolphthalein,
Ca0H1404 (grade A, p.d.a, supplier Limited Liability Company (Khimlaborreakt), Ukraine). Distilled water
(supplier Limited Liability Company (Khimlaborreakt), Ukraine). Potassium iodide solution, Kl (grade A, p.d.a,
supplier Limited Liability Company (Khimlaborreakt), Ukraine). Sodium thiosulfate solution, Na,S;0s (grade A,
p.d.a, supplier Limited Liability Company (Khimlaborreakt), Ukraine). Potassium hydroxide is a KOH solution
in alcohol (supplier Limited Liability Company (Khimlaborreakt), Ukraine). Acetone, CsHsO (grade A, p.d.a,
supplier Limited Liability Company (Khimlaborreakt), Ukraine).
Animals, Plants and Biological Materials

For experimental studies, the soybean seeds Figure 1 were used.
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Figure 1 Soybean seed test samples.

Note:

a—"EU Mentor" variety (supplier: Sofia Farm, Vinnytsia Region, Ukraine);

b — "Gallek" variety (supplier: Lito Farm, Kherson Region, Ukraine);

c —"OAC Avatar" variety (implemented by Agrofirm "Polissya LTD", Kyiv Region, Ukraine);
d — "Arisa" variety (implemented by Agrofirm "Skvyra", Kyiv Region, Ukraine);

e — "Sigalia" variety (implemented by Agrofirm "Petruk"”, Smila, Ukraine).

Instruments

Drying cabinet (SNOL, producer (Khimlaborreaktyv) Limited Liability Company, Ukraine).

Muffle furnace (SNOL, producer (Khimlaborreaktyv) Limited Liability Company, Ukraine).

Fat analyzer (SOX 406, producer (Khimlaborreaktyv) Limited Liability Company, China).

Mineralizer (Velp Scientifica, producer (Khimlaborreaktyv) Limited Liability Company, Italy).

Distiller for steam distillation (Velp Scientifica UDK 129 producer (Khimlaborreaktyv) Limited Liability
Company, ltaly).

Automatic penetrometer (K95500, producer (Khimlaborreaktyv) Limited Liability Company, USA).

pH meter (H18314 HANNA, producer (Spectro lab) Limited Liability Company, Ukraine).

Thermometer (digital laboratory thermometer TH310 Milwaukee, producer (Spectro lab) Limited Liability
Company, Ukraine).

Laboratory scales (AXIS BDM 3, (Spectro lab) Limited Liability Company, Ukraine).

Filter paper (SNOL, producer (Khimlaborreaktyv) Limited Liability Company, Ukraine).

Single-screw laboratory extruder SJ25 (JC001) Extraction apparatus (Soxlet apparatus) (producer
(Khimlaborreaktyv) Limited Liability Company, Ukraine).

Magnetic stirrer with heating (LMM, producer (Khimlaborreaktyv) Limited Liability Company, Ukraine).
Burettes (SNOL, producer (Khimlaborreaktyv) Limited Liability Company, Ukrainge).

Flasks with stoppers (SNOL, producer (Khimlaborreaktyv) Limited Liability Company, Ukraine).

Dispensers and pipettes (SNOL, producer (Khimlaborreaktyv) Limited Liability Company, Ukraine).

Conical or volumetric flasks (SNOL, producer (Khimlaborreaktyv) Limited Liability Company, Ukraine).

Centrifuge (SNOL, producer (Khimlaborreaktyv) Limited Liability Company, Ukraine).
Laboratory Methods

The evaluation of the physicochemical properties of the studied oil samples was carried out according to

established protocols:

* Moisture content was determined using the drying method specified in DSTU ISO 1442:2005 [11].

* Fat content was analyzed using the Soxhlet method by DSTU 8380:2015 [12].

* Active acidity was studied by assessing pH levels according to DSTU ISO 2917:2001 [13].
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* The content of radionuclides was measured using the gamma spectrometric method [14].

* The temperature of the samples was recorded using a TH310 Milwaukee thermometer.

» Sample weighing was carried out using AXIS BDM 3 scales.

* Acid value was determined by titration of the sample with an alkaline solution according to ISO 660 [15].

* Peroxide value was determined according to ISO 3960 [16].

* Free fatty acid content was determined by a method similar to the acid value determination, but the results
are expressed as a percentage according to I1SO 660 [15].

* Phosphatide content was determined according to DSTU EN 12871:2004 [17].

Description of the Experiment

Study flow: To study the qualitative composition of soybean oil, a multivariate analysis of different samples was
conducted, which differed in growing, storage, and processing conditions. To obtain representative results, samples of
soybean seeds of different varieties grown in different agroclimatic zones were selected. For each soybean oil sample, several
qualitative characteristics were determined, including acid number, moisture content, free fatty acid content, peroxide
number, phospholipid content, and other indicators that affect the quality of the final product. In the first stage, each oil
sample was subjected to chemical analysis to determine the main physicochemical indicators critical for assessing the
characteristics of the oil. Special attention was paid to the acid number and free fatty acid content, which characterise the
level of hydrolysis and oxidation during storage. The next stage included using multivariate analysis to construct factorial
plots, which allowed us to identify the dependencies between various parameters of the oil samples and their impact on
product quality. All samples were divided into several groups according to characteristics, and for each group, a correlation
model between quality parameters was built. This allowed us to identify the main factors influencing the stability and quality
of the oil, in particular, to determine which indicators have the most significant impact on the formation of oxidative
processes. After the analysis, the models were validated on independent samples of soybean oil, which ensured the accuracy
of quality prediction.
Quality Assurance

Number of repeated analyses: The study was repeated 5 times, with the experimental data processed
using mathematical statistics.

Number of experiment replications: Each study was conducted five times, with five samples, resulting
in 25 replicate analyses.

Reference materials: -

Calibration: Each instrument was calibrated before each experiment, and calibration checks were performed
regularly to maintain measurement accuracy. Each instrument was calibrated before each experiment, and
calibration checks were performed periodically to maintain measurement accuracy.

Laboratory accreditation: The experiments were conducted at the "Ukrainian Laboratory of Quality and
Safety of Agricultural and Industrial Complex Products”, the management of which is carried out through the
implementation of a management system built (since 2007) by the requirements of DSTU EN ISO/IEC
17025:2019 (EN ISO/IEC 17025:2017, IDT; ISO/IEC 17025:2017, IDT) and confirmed by the Accreditation
Certificate of the National Accreditation Agency of Ukraine.

Data Access

The data supporting the findings of this study are not publicly available.
Statistical Analysis

A set of statistical processing methods was used to analyse the data obtained, which allowed us to investigate
the influence of various factors on the quality of soybean oil. At the initial stage, data preprocessing was carried
out, including checking for outliers, missing values, and normalisation of indicators to ensure the correctness of
further analysis.

The primary statistical analysis used multivariate regression to assess the relationships between oil quality
parameters and factors such as acid value, free fatty acid content, peroxide value, and moisture content. The
regression model allowed us to identify the main factors that significantly affect the quality of the final product.
The significance of the factors was determined using the F-test and p-values, where p<0.05 was accepted as the
significance level.

The variance factor (VIF) was used to detect multicollinearity between independent variables. In cases where
a high level of correlation between variables was observed, the principal components method was used to reduce
the dimensionality of the data, which allowed the impact of multicollinearity to be reduced and the accuracy of
the model improved.

After creating the regression model, its adequacy was assessed using the coefficient of determination (R?),
which showed the percentage of variation in oil quality parameters explained by the model. Additionally, cross-
validation was performed to check the robustness of the model and assess its ability to predict the quality of new
samples.
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To test the influence of individual factors on the quality indicators of the oil, an analysis of variance (ANOVA)
was also conducted, which allowed assessing the significance of differences between groups of samples. The
analysis of variance confirmed the significance of the selected factors and their contribution to the change in
product quality indicators. Thus, the statistical analysis allowed us to describe in detail the relationship between
various parameters and identify key factors affecting the quality of soybean oil, which is important for optimising
the production process and improving the characteristics of the final product.

RESULTS AND DISCUSSION
Experimental studies were conducted with the following types of oilseeds (Figure 2):

—— //-“\‘ o — - /”’—\ P —
“ 7

' a) b) 0 d) )

Figure 2 Experimental samples of soybean oil.
Note:

a) soybean oil of the “EU Mentor” variety,

b) soybean oil of the “Gallek” variety,

¢) soybean oil of the “OAS Avatar” variety,

d) soybean oil of the “Arisa” variety,

e) soybean oil of the “Sigalia” variety,

The initial data for modelling were used according to the results of experimental studies of oilseeds, contained
in Table 1. To conduct a qualitative and comparative assessment of the studied samples of edible oilseeds, the
evaluation criteria were selected according to the two-sided interval of normalised values according to DSTU
4534:2006 (Table 1).

Table 1 Main characteristics of unrefined sunflower oil from soybeans.
Soybean seed oil of the appropriate grade

EU

No. Indicator according to

DSTU Mentor Gallek OAC Avatar Arisa  Sigalia
4534:2006

1 Mass fraction of fat, % 99.5-99,8 99.6 99.7 99.5 99.3 99.8
2 Acid number, mg KOH/g <0.6 0.5 0.6 0.45 0.7 0.55
3 Peroxide value, mEg/kg <10 8 7 5 9 10
4 Free fatty acid content, % <0.05 0.04 0.06 0.045 0.03 0.025
5 Phosphatidide content, % 1.0-15 1.1 1.2 1.05 1.2 1.3
g  Moisture and impurity <0.05 004 0035 0.05 004 003

content, %

At the first stage of modelling, the parameters presented in Table 1 were converted into dimensionless units
by using the values of the ratios between the normative and current values of the parameters. In this case, the
value of the normative indicators was numerically represented through a dimensionless unit, and the current ones
through its fraction, i.e., the partial values of R, and were determined as the ratio of the values of the actual i-th
parameter to its normalised value [18] and [19].

Considering that these characteristics determine the qualitative state of the studied oil varieties from soybean
raw materials, the geometric area, built according to the specified parameters, constitutes the factor space of the
qualitative state of the oil product. This statement constitutes the basic scientific hypothesis when performing
mathematical modeling.
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When constructing quality characteristics, their values are plotted across the diagonals of the polygon faces.
Since the values of the normalized characteristics are equal to a conventional unit, the factor space corresponding
to the normative or recommended quality state is a regular polygon, the number of faces of which is determined
by the number of quality criteria [20]. The determined partial values of the experimental parameters of the studied
oils were plotted along the diagonals of the normative regular polygon. The area formed according to the
experimental characteristics of the studied oil product samples is displayed in the form of an irregular polygon.
Accordingly, this area constitutes the factor space of the quality state of the studied product. Then the algebraic
ratio of the normative and actual areas of the polygons was used in the given mathematical modeling as quality
criteria, which constitutes the second scientific hypothesis [21].

In the drawing of the constructed graphic model, the sought area is outlined in blue (Figure 3). Considering
that according to Table 1, the normalized characteristics according to DSTU 4534:2006 are presented in the form
of an acceptable interval, a two-sided estimate of each of the studied parameters was used in the modeling. Then
the determined factor space of each current parameter should approach the normalized one, which is presented in
black in the form of a regular polygon. As a result, this geometric model allows for a visual assessment of
gualitative characteristics, and its mathematical description allows you to determine the necessary calculation data
for mathematical evaluation.

The modeling used the hypothesis that the factor space of the parameters presented for evaluation allows us to
assess the quality state of the product, and the corresponding areas of the polygons make it possible to numerically
assess this state compared to the normative characteristics [22]. When calculating the areas of irregular polygons,
the method of dividing the figure into triangles was used, using a compiled calculation program.

The areas of regular polygons on the displayed computational graphic models demonstrate the normalized
parameter space during the evaluation of the corresponding sample of oilseed, i.e. Sy = Sh.

To determine these areas (Sn), we used the well-known formula (1) for the area of a regular polygon:

ma’

4tg(1:]oj @

Sy =

Where:

m — number of angles or sides of a polygon;

a — the magnitude of the side of the polygon that can be found in terms of the semi-diagonal R how: a =
2Rsin(180/m).

Then the desired value of the area of the polygon is:
Sy =0.5-m-R?sin(360/m) ()

Given that the angle oo =360/m, then formula (2) was finally reproduced as:
Sy =S, =05-m-R’sina 3)

According to formula (3), the areas of polygons were determined according to normalized parameters for all
studied spaces, i.e. for a 6-factor estimation space:
Sus = 0,5-6-sin60 =2,598 con.un?
As a result of the mathematical calculation, it turned out that for an irregular 6-gon, the total desired area is
3):
Sy =05-sina-[R-R,+R,-R,+R,-R,+R,-R;+R. R, + R, - R | (4)

To assess possible deviations of product characteristics from the limit (maximum) standard or recommended
values, the proposed coefficient of compliance with the standard quality limit was used.

kVN = % ©)

Where:

F; — Valid value of the current parameter;

Fmax — maximum value of the normalized parameter (Table 2);
fi = Fi/ Fmax; N —number of current parameters to be evaluated.
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For a two-sided assessment using the characteristics presented in Table 1, a coefficient of compliance with a
given quality interval was developed and proposed.

S.

Kyo =— 6
T, (6)

Where:

S¢— average value of the normalized interval;

Si — factor space of current parameters.

This evaluation criterion shows how close the complex of product sample quality indicators is to the standard
quality interval, which is regulated for the studied sample of oilseed products under a certain factor space,
determined algebraically when the result is approached one or geometrically by the asymmetry of the obtained
area of the polygon relative to the regular, i.e. normalized.

According to experimental data for oilseeds from soybean seeds, "EC Mentor" calculated the main quality
parameters for the construction of a mathematical model (Table 2), using 6 main characteristics of the studied
product sample.

Table 2 Calculation of quality parameters of a sample of soybean seed oil of the "EU Mentor" variety according
to the main characteristics of products during bilateral evaluation.

Norm Product Sample Quality Characteristics
. R Ri Sc Si
N . I ) ) il )
© ndicator F. con.  Fmax fi con. con. con. kva kvn
un un un? un?

Mass fraction of fat,

1 99.65 99.6 998 0998 0.999

%
Acid number, mg

2 KoHIg 03 05 06 0833 1.667
3 Peror:]‘gjen‘(’a'“e' 5.0 8 10 08 16

Fren fac'jt %Ci ’ 2598 49 0827 1.886
4 Y 0025 004 005 0.8 16

content, %

5 Phosphatidide 125 11 15 0733 088

content, %

_Moistureand o5 004 005 08 16

impurity content, %
Note: The following parameters were used in the table: F. — the average value of the normalized parameter
evaluated; Fmax — maximum value of the normalized parameter; R = 1,0 — the value of the normalized parameter
in conventional units; Fi — the valid value of the current parameter; Ri— the current parameters presented in con.
un.; Si — factor space of current parameters, determined by the area of the irregular polygon, con. un?; S, —
normative factor space: for two-way evaluation Sy = S, con. un?; kyg — coefficient of compliance with a given
quality interval; kyn - coefficient of compliance with the maximum quality standards.

Using the calculated values of the current Ri parameters (Table 2), a geometric quality model of the studied
control sample of soybean seed oil of the "EU Mentor" variety was constructed based on bilateral evaluation
(Figure 3).
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Figure 3 Mathematical model of the quality of the studied sample of soybean seed oil of the "EU Mentor" variety
according to the product's main characteristics during bilateral evaluation.

According to the experimental data for oilseeds from soybean seeds of the Gallek variety, the calculation of
the leading quality parameters for the construction of a mathematical model was carried out (Table 3), using 6
main characteristics of the studied product sample.

Table 3 Calculation of quality parameters of a sample of soybean seed oil of the "Gallek™ variety according to
the main characteristics of products during bilateral evaluation.

Norm Product Sample Quality Characteristics
- R, Ri, SC, Sii
No. Indicator F. con. Fmax fi con. con. con. kvo kv
un un un? un?
g Massfractonoffat 9965 997 998 0999 1001
Acid number, mg
2 KOH/g 0.3 0.6 0.6 1 2
3 Per?;"é’e“‘(’a'”e' 5.0 710 07 14
Eres faty acid 2508 572 089 2202
4 Y 0.025 0.06 0.05 1.2 2.4
content, %
5 Phosphatidide o0 .5 15 08 096

content, %
Moisture and

impurity content, % 0.025 0.035 0.05 07 14

Using the calculated values of the current Ri parameters (Table 3), a geometric quality model of the studied
control sample of oil from soybean seeds of the Hallek variety was constructed based on a two-sided assessment
(Figure 4, b).

According to experimental data for oilseeds from soybean seeds of the "OAC Avatar" variety, the calculation
of the main quality parameters for the construction of a mathematical model (Table 4) was carried out using 6
main characteristics of the studied product sample.
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Table 4 Calculation of quality parameters of a sample of soybean seed oil of the "OAC Avatar" variety according
to the main characteristics of products during bilateral evaluation.

Norm Product Sample Quality Characteristics
No. Indicator name E R, con. = . Ri, con. S, con. S K K
c un max i un un2 00’12- VQ VN
un
p Massfractionof o5 e0 995 995 099 0998
fat, %
Acid number, mg
2 KOH/g 0.3 0.45 0.6 0.75 15
3 Peroxide value, 50 5 10 05 1
mEqg/kg
Free fatty acid 0.025 0.045 0.05 0.9 18 2.598 432 076 1.663
content, %
Phosphatidide 4 o5 155 15 042 084
content, %
Moisture and
6  impurity content, 0.025 0.05 0.05 1 2

%

Using the calculated values of the current Ri parameters (Table 4), a geometric quality model of the studied
control sample of soybean seed oil of the OAC Avatar variety was constructed on the basis of a two-sided
assessment (Figure 4, a).

20 Re

) | b)

Figure 4 Mathematical model of the quality of the studied sample of soybean seeds of the varieties "OAC Avatar"
(a) and "Gallek" (b) according to the main characteristics of products during bilateral evaluation.

Similar to the calculation methodology described above and per experimental data, the accepted evaluation
criteria for oilseed products of the varieties "Arisa" and "Sigalia" were determined. Using the calculated values of
the current parameters of R;, geometric models of the quality of the studied control sample of soybean seed oil of
the varieties "Arisa" (Figure 5, a) and "Sigalia" were constructed (Figure 5, b) based on a two-way assessment.
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b)
Figure 5 Mathematical model of the quality of the studied sample of soybean seed oil of the varieties "Arisa" (a)
and "Sigalia" (b) according to the main characteristics of products during bilateral evaluation.

It is evident that according to the results of the assessment of the quality properties of soybean seed oil
according to the main characteristics of the products during the two-sided evaluation, the best characteristics were
found in the sample of the OAC Avatar brand, and the worst — for the sample of the Hallek brand. Thus, for the
last grade of oilseed products, the coefficient of compliance with the normative limit exceeds 2.2 times the
maximum limit of marginal quality, and the coefficient of compliance of the quality interval is within the limits
of the average normative indicator by 89%. The evaluation of the "OAC Avatar" brand sample revealed that the
maximum limit of marginal quality was exceeded by 1.663 times, and the average product quality interval was
satisfied by 76.1%. The varieties "EU Mentor" and "Sigalia" showed similar characteristics of oilseed products.
Thus, it was observed that the characteristics of all of the studied samples of oilseeds from soybean seeds do not
meet the requirements for compliance with the quality limit indicators by 160 — 220%: Although all the studied
samples are within the average normative assessment indicators according to the characteristics used.

Using the results of mathematical modelling using the method of factor spaces, the obtained criteria for
assessing the quality of the studied samples of oilseeds from soybean seeds were placed in Table 5.

Table 5 Criteria for assessing the quality of the studied samples of oilseed products from soybean seeds.

Factor area Factor area
No. Product Brand Su, con. un? Sn (S.), con. un? kvo kv
1 "EU Mentor" 2.598 49 0.827 1.886
2 Halleck 2.598 5.72 0.89 2.202
3 "OAC Avatar" 2.598 4.32 0.761 1.663
4 "Arisa" 2.598 5.61 0.877 2.16
5 "Sigalia" 2.598 4,76 0.814 1.832

Based on the data of Table 4, a comparative graph-analytical analysis of changes in the criteria for assessing
the quality of the studied samples of soybean seed oil, which are placed in Figure 6, was carried out.

The coefficient of compliance with the kyn quality standards of soybean seed oil samples of the brands "EU
Mentor", "Gallek", "OAC Avatar", "Arisa", and "Sigalia" fluctuates around the value of kywy = 2.0 in both
directions, which indicates that they exceed the limit normative indicators by 1.6 — 2.2 times (Figure 6). There is
an almost linear nature of the change in the coefficient of compliance of the quality interval kyg for all brands of
oilseed products, and all their values do not exceed the average standard characteristics (Figure 6).
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Figure 6 A generalised graphical interpretation of the mathematical model of the quality of the studied samples
using a two-sided assessment of the factor space by the content of fatty acids.

The fluctuating nature of the change in the factor area according to the used characteristics of oilseed products
is traced, the values of which for the studied samples are 1.5 — 2 times higher than the factor area according to the
standard quality parameters, which are 2.598 u.u? (Figure 6). Thus, according to these evaluation criteria, none of
the studied samples of soybean seed oil meet the limited characteristics of regulatory requirements.

M. Ryabovol [23] modelled the quality of recipes of boiled sausages with different amounts of a herbal additive
according to such characteristics as consistency, colour, juiciness, taste, smell, shape, size, and dressing, which
were built on a 9-point scale along the diagonals of a hexagon.

N. Golembowska, in her work [24], investigated the change in organoleptic characteristics of assessing the
quality of carp meat, namely, appearance, consistency, colour, taste, and smell, which were deposited along the
diagonals of the pentagon according to a 5-point assessment.

The general negative characteristics of these quality models are their subjective choice and justification of
point assessment, the limitation of the number of evaluation parameters by purely organoleptic indicators, and the
impossibility of using parameters that require more complex measurement technologies, which in general, makes
it impossible to comprehensively analyse the qualitative state of the studied products [25] and [26].

The results of our study confirmed the significant influence of chemical parameters such as acid number, free
fatty acid content, and peroxide number on the organoleptic properties of soybean oil, which are critical for its
consumer qualities. These indicators are the primary markers of hydrolysis and oxidation, which directly affect
the oil's taste, aroma, and colour characteristics. High values of acid and peroxide numbers correlate with changes
in taste, odour, and colour, consistent with the results of several other studies that describe similar degradation
processes in vegetable oils [27] and [28].

In the context of taste properties, the study's results indicate that an increase in the content of free fatty acids,
which are formed by the hydrolysis of triglycerides, leads to a deterioration in the palatability of the oil. As
indicated in the works of the authors, [29] and [30], high levels of free fatty acids cause the appearance of an
undesirable bitter or rancid taste, which we have also confirmed for samples with high acid numbers. Changes in
taste properties are associated with the accumulation of oxidation products that affect consumers' perception of
oil. In scientific studies [31] and [32], it has been established that the control of free fatty acids can be an essential
factor in maintaining the taste of the oil at the proper level.

The analysis of the effect of the peroxide number, which is an indicator of the initial stages of oxidation, also
confirmed the importance of this indicator as a predictor of organoleptic quality [33]. An increase in the peroxide
number is associated with the formation of primary oxidation products, which cause the appearance of an
unpleasant odour and deterioration of aroma. In the works of the authors [34] and [35]. It has been proven that as
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oxidative processes progress, aldehydes and ketones accumulate, significantly changing the smell and making it
rancid and unpleasant for consumers. Our study found a clear correlation between high peroxide numbers and
odour intensity, a strong argument for controlling this indicator during oil storage.

Regarding the colour of the oil, the results confirmed that the seeds' moisture content affects the final product's
shade. Samples with a higher moisture content showed a darker colour, possibly due to the acceleration of
oxidative reactions and polymerisation of oxides in the presence of moisture. Studies by authors' teams [36] and
[37] showed that the darker colour in oils is generally associated with the accumulation of secondary oxidation
products and the appearance of pigments resulting from long-term or unstable storage. Our results suggest that
controlling moisture levels in raw materials during storage can minimise oxidation and maintain a lighter shade.

The principal component method used to analyse multifactorial data made it possible to identify key factors
that significantly affect organoleptic indicators, such as taste, smell, and colour, and to reveal hidden relationships
between them. The multifactorial approach made it possible to conclude that the combination of high acid and
peroxide numbers is an important indicator of the deterioration of the organoleptic properties of the oil [38]. This
approach also made it possible to reveal more subtle relationships. In particular, it showed that certain factors
have an amplifying influence on each other in the processes of degradation. It is a well-known fact that oxidation
and hydrolysis are synergistic processes, and our results indicate that simultaneous control of several critical
parameters, such as moisture content, acid, and peroxide numbers, can significantly improve the stability and
organoleptic properties of the oil [39] and [40].

Compared to traditional regression models used in several previous studies [41] and [42], our multivariate
approach to dimensionality reduction using the principal component method allows for multicollinearity between
indicators, an essential condition for more accurate quality prediction. For example, some authors [43] and [44]
Used simple linear regression analysis methods to model oil quality based on individual chemical indicators.
However, such methods need to consider the complex relationships between parameters and tend to overestimate
the influence of particular variables, which can reduce the accuracy of models. One of the disadvantages of such
approaches is the limited ability to consider the impact of a complex set of factors on the organoleptic and
chemical properties of the oil, especially in the presence of nonlinear relationships.

Several researchers [45] and [46] have used classification methods such as cluster analysis or discriminant
analysis to predict the quality of vegetable oils. Such approaches have the advantage of determining groups of
samples by similar characteristics. Still, they cannot accurately estimate quantitative changes in quality when
parameters change, which is essential for modelling oil properties. An additional disadvantage of such methods
is their limited applicability in cases when it is necessary to assess the continuous effect of quantitative parameters
on organoleptic properties and not only to assign samples to specific categories [47]. Our approach, which
combines multivariate analysis and regression modelling, allows us to assess the effect of each of the indicators
more accurately, mainly changes in acid and peroxide numbers, which are critical for the stability of the oil.

Scientific papers [48] and [49] have used artificial intelligence techniques such as neural networks and genetic
algorithms to predict oil quality. Although these methods allow for the creation of highly accurate models, they
have certain drawbacks, including difficulty interpreting the results and the risk of overlearning, especially when
working with limited data samples [50]. In addition, such models require large amounts of data for testing, which
is only sometimes available in real-world production and quality control conditions. In our study, we used more
interpretive approaches that allowed us to track each factor's impact, simplifying the application of the results in
industrial settings.

Thus, considering the main components, our multivariate analysis method has several advantages over
traditional approaches, mainly, due to greater forecasting accuracy and the ability to consider interactions between
parameters. The disadvantages of many conventional models, such as the limited ability to account for complex
dependencies and the problem of multicollinearity, have been successfully eliminated by using our approach. This
not only improves the quality assessment of soybean oil but also contributes to the further optimisation of
production and storage technologies, which is especially important for the stability of products in the market.

Therefore, the study's results emphasise the importance of an integrated approach to soybean oil quality
control, which considers the relationship between physicochemical parameters and their effect on organoleptic
properties. This study confirms the importance of individual chemical parameters and proposes a multifactorial
methodology that can contribute to the optimisation of production processes and storage conditions to ensure
stable oil quality and maintain its attractive organoleptic characteristics.
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CONCLUSION

The application of the method of mathematical modelling for the qualitative assessment of soybean seed oil
by such indicators as the mass fraction of fat, peroxide, and acid numbers; the content of free fatty acids,
phosphatides, moisture, and impurities which made it possible to create a numerical assessment of the qualitative
state of the studied varieties of oilseed products has been scientifically substantiated. Such an assessment is purely
objective and allows one to comprehensively analyse the quality of the studied products with any number of
evaluation parameters.

According to the assessment results, the worst quality indicators were found for the "Gallek™ brand sample,
evidenced by the excess of the maximum limit of marginal quality according to DSTU 4534:2006 by 2.2 times.
Evaluation of samples of oilseed varieties "OAC Avatar”, "EU Mentor", and "Sigalia” determined the excess
maximum limit of marginal quality by 1.663 times, and the average product quality interval was satisfied by
76.1%, which in general shows a particular potential for a possible change in the average standard level. The
varieties "ES Mentor" and "Sigalia" demonstrated similar characteristics of oilseed products.

The fluctuating nature of the change in the factor area of the current parameters of the evaluation of the studied
samples of soybean seed oil revealed the maximum approximation to the standard area of the "OAC Avatar"
variety, as well as its excess for the rest of the varieties. Thus, the results of the studies revealed that the
characteristics of all of the studied samples of oilseeds from soybean seeds do not meet the requirements of
compliance with the quality limit indicators by 160 — 220%. Still, their current characteristics, which were selected
for evaluation, are within the average normative indicators.
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