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Use of oilseeds as organic raw materials for the food industry
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Abstract. In the modern period, research on the creation of waste-free technologies and sustainable development
of the food industry are relevant due to the need for rational use of natural resources and reduction of the
environmental burden on ecosystems. The study was devoted to studying the possibilities of using oilcake, the
residue after oil extraction from oilseeds, in the food industry. The study aimed to determine the effect of adding
sunflower, rapeseed, soybean and flaxseed oilcake on the nutritional value, organoleptic properties and economic
feasibility of food production. In the experimental part, the necessary analyses were carried out for bread, bars and
biscuits made with the addition of oilcake in different proportions (10, 20, 30%). Study results showed that the use
of oilcake significantly increases the content of proteins, fats and vitamins in products, improves their taste and
texture, and reduces production costs. The greatest savings were achieved by adding 30% sunflower oil oilcake
to the bread, about 10% compared to the control sample. Products with the addition of oilcake in proportions of
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10-20% had better organoleptic characteristics, without any noticeable effect on the taste, texture and overall
perception of the products. The addition of 30% oilcake in most cases led to a deterioration in taste, especially in
the case of rapeseed and mustard oilcake. Based on the research, it is possible to conclude that soybean oilcake
is the best among the tested products for use in the food industry. The results of the experiments confirmed that
oilcake can be effectively used as an ingredient in the food industry, helping to reduce production waste, increase
the nutritional value of products and reduce their cost. This opens new opportunities for the development of
innovative food products and contributes to the sustainable development of the food industry. The use of soybean
oilcake can significantly improve the nutritional properties of breads, bars and biscuits, while also expanding the

range of functional foods

Keywords: oilcake; waste-free technologies; sustainable production; functional foods; agricultural enterprise

INTRODUCTION

In the modern food industry, one of the main areas of
focus is the search for new sources of raw materials
that will increase the nutritional value of products,
reduce their cost and help reduce production waste.
The oilcake, which is the residue left over from the ex-
traction of oilseeds, has significant potential for use
in food production due to its rich composition of pro-
teins, fats, vitamins and minerals. Currently, studies are
exploring the possibility of using oilcake in the food
industry. For example, sunflower oilcake is used as
an additive in animal feed and for biofuel production
(Abedini et al., 2022). However, the use of oilcake in
human food remains an area that has not been suffi-
ciently explored.

Indian scientists R. Rani & L.S. Badwaik (2021)
noted that the removal of fats from the dry residue
of oilseeds improves the functional properties of such
dry mass, an example being the analysis of sunflow-
er, soybean and mustard seed oilcake. The removal
of fats can make the oilcake more homogeneous and
suitable for use in the food industry. This is especially
relevant to produce products with a specific texture,
such as bakery products. A noteworthy study of the
impact of adding oilseed waste to sweets was also
conducted in Turkey, where the dry residue after de-
greasing Abelmoschus esculentus seeds was obtained
and added to muffins. As determined, the introduction
of Abelmoschus esculentus seed oilcake into the recipe
of muffins in concentrations from 0 to 20% increased
their nutritional value, reduced the glycaemic index
and improved oxidative stability (Akcicek et al., 2024).
However, this crop is not widely distributed in colder
climatic zones. On the other hand, most of these stud-
ies focus on single types of oilcake and do not provide
a comprehensive assessment of different types of oil-
cake and their impact on different types of products. At
the same time, G. Difonzo et al. (2021) provided opti-
mistic data on the use of oilcake in the diet of people
on a gluten-free diet, both in terms of functional and
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organoleptic parameters. This indicates the prospects
for further study and a vector for future research.

When studying oilseed by-products, it is necessary
to address the possible biochemical toxicity of their
composition, as noted by I. Smeu et al. (2022). Their
study also noted that the regulation and control of this
category of goods is insufficient for further commercial-
isation and requires additional attention. Solving the
problem of quality control can increase the economic
potential of using green crop processing technologies
in the global market. The potential risks of using dry,
defatted crop residues, such as soybean oilcake, were
also reported in the Indian review by Z. Aksoylu Ozbek
& P.Glng Ergonil (2020), which notes the impact of an-
ti-nutrients on the gastrointestinal tract of young ani-
mals. However, research on the health effects of oilcake
in the human diet is still insufficient.

Thus, this study aimed not only to confirm the pos-
sibility of using oilcake as an ingredient in the food in-
dustry but also to provide specific recommendations for
its use in oilseed processing processes to reduce waste
and improve the nutritional value of products.

MATERIALS AND METHODS

The experimental part of the work on the study of the
use of residues after oil extraction in the food indus-
try was carried out in several research institutions in
Ukraine (Institute of Food Biotechnology and Genomics
of the National Academy of Sciences of Ukraine, Nation-
al University of Food Technologies, Ukrainian Research
Institute of Oils and Fats), which had the necessary in-
frastructure and equipment.

First, the crops for further analysis were selected.
The choice of oilseeds for the study was based on sev-
eral key factors, including their availability, chemical
composition, economic feasibility and relevance to the
food industry.These crops are the widely consumed sun-
flower (Helianthus annuus), rapeseed (Brassica napus),
soybeans (Semelita Saidina), flax (Linum usitatissimum)



and mustard. The raw material for the study was dry
residues from soybean, sunflower and flax processing,
which were provided by industrial enterprises special-
ising in oil production and farming and oilseeds culti-
vation. This provided access to high-quality oilcake for
further experimental research.

The collected oilcake was dried in an oven at 60°C
to a stable moisture level (5-7%). The dry oilcake was
then ground in a mill to a powdered state for easy use in
recipes. The developed recipes for bread, bars and bis-
cuits with different proportions of oilcake (10, 20, 30%)
were used to make samples that were subsequently
analysed for vitamins and minerals, total energy value,
and the organoleptic characteristics of these products.
Control samples were also made without the addition
of oilcake according to standard technological process-
es. The study used modern laboratory equipment from
leading global manufacturers to ensure the accuracy
and reliability of the results required for a comprehen-
sive study of the properties of oilseed oilcake and its
potential in the food industry.

The obtained samples were used for study and
analysis: laboratory scales Sartorius Quintix 213-1S
(high-precision scales with an accuracy of 0.001 g, de-
signed for analytical work, Germany), Memmert UF110
drying oven (universal drying oven with adjustable tem-
perature up to 300°C, Germany), Retsch ZM 200 oilcake
grinder (high-speed mill for grinding dry samples with
adjustable particle size, Germany), analyser, that uses
near-infrared (NIR) spectroscopy to quickly and accu-
rately determine the content of proteins, fats, moisture
and other components in food products PerkinElmer DA
7250 NIR Analyzer (USA), Agilent Cary 60 UV-Vis spec-
trophotometer (with a range of 190-1100 nm, designed
for the analysis of vitamins and minerals, USA).

To conduct the organoleptic evaluation of the
samples, a group of 10 experts with strong taste buds
was selected, who gave the appropriate scores based
on certain criteria, such as taste, smell, texture and
appearance, on a 5-point scale, where 1 is the worst
score and 5 is the best. The results were averaged for
each parameter. The taste characteristics of the prod-
ucts made with the addition of the respective test
samples were also analysed. The products were cod-
ed for blind tasting and presented to the panellists.
Experts filled in questionnaires to rate each product
on a 5-point scale. The parameters evaluated were
taste, smell, texture, appearance and overall impres-
sion. Three types of products with sunflower oilcake
were selected for evaluation: bread, biscuits and en-
ergy bars. Sunflower, rapeseed, soybean, flax and mus-
tard oilcake were added to the products in a certain
ratio (10, 20 and 30% of the total dry ingredients). The
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ethical and safety aspects of the study were compiled
following the Law of Ukraine No. 3221-1X (2023), as
well as International Ethical Guidelines... (2016). The
survey participants were informed about how their
anonymity would be ensured, as well as understood
the purpose of the survey and agreed to the use of
their personal information necessary for the study. All
risks were also warned of in advance. To ensure the
accuracy and reproducibility of the results, recipes
that comply with accepted standards used in the food
industry, such as DSTU ISO 8586:2019 (2019) and
DSTU 9188:2022 (2023), were selected.

RESULTS

Research on the use of oilseed oilcake in the food
industry has broad prospects for improving technol-
ogies, optimising production and improving product
quality to meet modern sustainability requirements
and consumer preferences. In addition, formulating a
rational approach to food use can help avoid difficul-
ties associated with the disposal of edible residues
in the food industry. When considering oilseeds, it is
worth noting that the scope of their use is not limited
to agriculture, although it is a significant part of it. In
addition to the obvious use of vegetable oils in the
pharmaceutical and cosmetic industries, they can also
be used as raw materials for the technical production
of lubricants, varnishes, soaps, and plastics, or as an
environmentally friendly substitute for fuel. This indi-
cates the generation of a large amount of dry waste,
which often has no further use, although its chemical
and biological composition is often not inferior in nu-
tritional value and benefits to oil extract.

Considering various literature sources, the feasibili-
ty of using the oilcake of some of the above crops in the
food industry is not unambiguous. For instance, rape-
seed, which is popular in Europe due to its adaptability
to different climatic conditions, can be toxic to some
consumers. Due to glucosinolates and their breakdown
products (isothiocyanates), rapeseed oilcake can cause
thyroid disorders and other health problems. Therefore,
a detailed study of various aspects of both the chem-
ical composition of dry oilseed residues and their or-
ganoleptic characteristics is important for determining
the most optimal ways to fully process plant material.
The detailed analysis of the chemical composition of
oilcake from five oilseeds for the content of proteins,
fats, carbohydrates, vitamins and minerals conducted in
this study demonstrated that soybean oilcake has the
highest content of proteins and fats, and is additionally
enriched with vitamins and minerals, which indicates
its partial advantage in nutritional value over other
samples in comparison (Table 1).
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Table 1. Chemical composition of oilcake of different oilseeds

Parameters Sunflower Rapeseed
Proteins (%) 321 38.5
Fats (%) 12,5 15.7
Carbohydrates (%) 27.8 21.4
Fibre (%) 16.3 179
Vitamin E (mg/100qg) 34.5 22.3
Calcium (mg/100g) 270 198
Iron (mg/100g) 6.2 7.8

Source: compiled by the authors

After selecting the types of oilseeds and obtain-
ing dry residue from them, the next step was to adapt
the recipes for biscuits, energy bars and bread with
the addition of oilcake in different percentages. At
the same time, there was a risk of changes in the
consistency of the finished products, as well as a neg-
ative impact on their taste, texture and appearance.
The crushed oilcake was stored in airtight containers

Soybean Mustard Flax
40.5 29.2 35.3
19.3 14.2 131
23.1 28.4 30.2
15.2 18.6 171

9.8 19.6 154
277 210 250
15.7 9.5 8.1

until use to prevent moisture from entering. To en-
sure reproducibility of the results obtained during
the study, the same percentages of added oilcake (10,
20 and 30%) were used, and a control sample was
prepared for each product. Classic products with af-
fordable prices were used in the preparation, namely:
flour, oatmeal, honey, sugar, butter, yeast and water
(Table 2).

Table 2. Recipes for products with added oilcake
Sample with 10%

Product Ingredient Control sample
Bread Flour, g 500
Oilcake, g 0 50
Water, ml 300 300
Yeast, g 10 10
Bars Oat flakes, g 200
Oilcake, g 0 20
Honey, g 100 100
Cookies Flour,g 300
Oilcake, g 0 30
Oil, g 150 150
Sugar, g 100 100

Source: compiled by the authors

Food products obtained with the addition of rape-
seed and soybean oilcake were subjected to detailed
chemical analysis as promising targets for further re-
search. The inclusion of oilcake in the bread improved

Sample with 20% Sample with 30%

oilcake oilcake oilcake
450 400 350
100 150
300 300
10 10
180 160 140
40 60
100 100
270 240 210
60 90
150 150
100 100

its nutritional value by increasing the protein and min-
eral content (Table 3). However, as the concentration of
oilcake increased, the volume of bread decreased, and
its texture changed.

Table 3. Energy value of bread made with rapeseed and soybean oilcake

Soybean

Soybean

Sonb oilcake (20%)

Parameters oilcake (10%)

Calorie content (kcal) 250 245 240
Proteins (%) 8.5 10.5 125

Fats (%) 4 5.5 7
Carbohydrates (%) 45 42.5 40
Fibre (%) 2.5 3 3.5
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Soybean Rapeseed Rapeseed Rapeseed
oilcake (30%) oilcake (10%) oilcake (20%) oilcake (30%)
235 245 240 235
14 10 12 135
8.5 5 6.5 8
37.5 42 39.5 37
4 3 3.5 4
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Table 3, Continued

el Conte] oiIE:IY: ?:3%) oiIE:IY: ?33%) oilf:z: ?23%) oiﬁiﬁiﬁ%‘% oilE:E:s(eZ%d%) oilE:E:s&%d%)
Vitamin E (mg/100g) 0.5 1 1.5 2 1 1.5 2
Calcium (mg/100g) 20 25 30 35 25 30 35
Ferum (mg/100g) 1 1.5 2 2.5 1.5 2 2.5

Source: compiled by the authors

However, the resulting modified biscuit structure in the overall nutritional value were also observed
provided it positive textural characteristics,and changes  compared to the control sample (Table 4).

Table 4. The energy value of cookies made with rapeseed and soybean oilcake
Soybean Soybean Soybean Rapeseed Rapeseed Rapeseed

ELEITE D Control  iicake (10%) oilcake (20%) oilcake (30%) oilcake (10%) oilcake (20%) oilcake (30%)
Calorie content (kcal) 500 490 480 470 495 485 475
Proteins (%) 6 8 10 12 7.5 9.5 11.5
Fats (%) 25 27 29 31 265 285 30.5
Carbohydrates (%) 60 57 54 51 57.5 54.5 51.5
Fibre (%) 4 5 6 7 5 6 7
Vitamin E (mg/100q) 1 1.5 2 25 1.4 1.9 24
Calcium (mg/100g) 30 35 40 45 35 40 45
Iron (mg/100g) 1.5 2 2.5 3 2 2.5 3

Source: compiled by the authors

The addition of rapeseed and soybean oilcake to  content of vitamin E and iron per 100 g of the finished
the energy bars resulted in a significant increase in the  product, while the calorie content decreased (Table 5).

Table 5. Nutritional value of energy bars made with rapeseed and soybean oilcake
Soybean Soybean Soybean Rapeseed Rapeseed Rapeseed

LRI Control  iicake (10%) oilcake (20%) oilcake (30%) oilcake (10%) oilcake (20%) oilcake (30%)
Calorie content (kcal) 400 390 380 370 395 385 375
Proteins (%) 10 12 14 16 11.5 13.5 15.5
Fats (%) 15 17 19 21 16.5 18.5 20.5
Carbohydrates (%) 50 46.5 43 39.5 47 435 40
Fibre (%) 5 6 7 8 6 7 8
Vitamin E (mg/100g) 0.8 13 1.8 23 1.2 17 22
Calcium (mg/100g) 50 55 60 65 55 60 65
Iron (mg/100g) 2.5 3 3.5 4 3 3.5 4

Source: compiled by the authors

These data show that the addition of both soybean in recipes. First, an expert group of 10 people tasted
and rapeseed oilcake significantly increases the con-  samples of oilcake from 5 different types of oilseeds,
tent of proteins and some vitamins and minerals,witha and the average result was tabulated (Table 6). Soybean
slight decrease in calorie content.However,organoleptic  oilcake received the highest scores for all parameters,
properties and economic factors must also be addressed  including taste (4.5) and texture (4.3). This indicates
when determining the optimal proportions of oilcake  high quality and suitability for use in the food industry.

Table 6. Evaluation of organoleptic parameters of dry residue of oilseeds

Sample Taste Odour Texture Appearance
Sunflower oilcake 4.2 3.8 4 4.1
Rapeseed oilcake 4 39 3.8 4

Soybean oilcake 4.5 4.2 43 4.4
Flaxseed oilcake 3.6 3.4 3.9 3.8
Mustard oilcake 4.1 4 4 4.2

Source: compiled by the authors
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The smell of the bars with rapeseed and flaxseed
oilcake was rated the lowest among the other sam-
ples. This may indicate the presence of specific aro-
matic components in these oilcakes that affect con-
sumer perception of the product. Flaxseed oilcake also
received the lowest overall score, indicating the need
for further study and improvement of technologies

and processing of plant material. To ensure that the
results obtained previously were representative of the
blind tasting method, participants were asked to fill
out questionnaires, where they had to rate the taste,
aroma, texture and appearance of the product on a
5-point scale. The evaluation results are presented in
tables below (Tables 7-9).

Table 7. Evaluation of organoleptic parameters of bread

Parameter Taste
Control 4.5
Soybean oilcake (10%) 43
Soybean oilcake (20%) 4
Soybean oilcake (30%) 3.5
Rapeseed oilcake (10%) 4.2
Rapeseed cake (20%) 3.9
Rapeseed oilcake (30%) 3.4
Rapeseed oilcake (10%) 4.1
Rapeseed oilcake (20%) 3.8
Rapeseed oilcake (30%) 3.2
Mustard oilcake (10%) 4
Mustard oilcake (20%) 3.6
Mustard oilcake (30%) 3
Sunflower oilcake (10%) 4.4
Sunflower oilcake (20%) 4.1
Sunflower oilcake (30%) 3.7

Source: compiled by the authors

Table 8. Evaluation of organoleptic parameters of bread

Parameter Taste

Control 4.8
Soybean oilcake (10%) 4.6
Soybean oilcake (20%) 4.3
Soybean oilcake (30%) 4
Rapeseed oilcake (10%) 4.5
Rapeseed oilcake (20%) 4.2
Rapeseed oilcake (30%) 3.9
Rapeseed oilcake (10%) 4.4
Rapeseed oilcake (20%) 4.1
Rapeseed oilcake (30%) 3.7
Mustard oilcake (10%) 4.3
Mustard oilcake (20%) 3.9
Mustard oilcake (30%) 3.5
Sunflower oilcake (10%) 4.7
Sunflower oilcake (20%) 4.4
Sunflower oilcake (30%) 4.1

Source: compiled by the authors

Table 9. Evaluation of organoleptic parameters of energy bars

Parameter Taste
Control 4.7
Soybean oilcake (10%) 4.5
Soybean oilcake (20%) 4.2
Soybean oilcake (30%) 3.8
Rapeseed oilcake (10%) 4.4

Ukrainian Black Sea Region Agrarian Science, 28(2), 65-76

Aroma Texture Appearance
4.4 4.5 4.6
4.2 4.3 4.4
3.9 4 4.1
3.4 3.6 3.7
4.1 4.2 43
3.8 3.9 4
3.3 3.5 3.6

4 4.1 4.2
3.7 3.8 39
3.1 3.3 34
39 4 4.1
3.5 3.6 3.7
29 3.1 3.2
43 44 4.5

4 4.1 4.2
3.6 3.7 3.8

Aroma Texture Appearance
4.7 4.8 4.9
4.5 4.6 4.7
4.2 4.3 4.4
39 4.1 4.2
4.4 4.5 4.6
41 4.2 4.3
3.8 39 4
43 44 4.5

4 4.1 4.2
3.6 3.8 39
4.2 4.3 4.4
3.8 39 4
34 3.6 37
4.6 4.7 4.8
4.3 44 4.5

4 4.1 4.2

Aroma Texture Appearance
4.6 4.7 4.8
4.4 4.5 4.6
4.1 4.2 43
3.7 3.9 4
43 44 4.5
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Parameter Taste
Rapeseed oilcake (20%) 4.1
Rapeseed oilcake (30%) 3.7
Rapeseed oilcake (10%) 43
Rapeseed oilcake (20%) 4
Rapeseed oilcake (30%) 3.5

Mustard oilcake (10%) 4.2
Mustard oilcake (20%) 3.8
Mustard oilcake (30%) 33
Sunflower oilcake (10%) 4.6
Sunflower oilcake (20%) 4.3
Sunflower oilcake (30%) 3.9

Source: compiled by the authors

For bread, the lowest scores were obtained for sam-
ples using mustard oilcake, especially at higher per-
centages. Therefore, for the further application of this
technology in large-scale food production, it is neces-
sary to focus on the development of this recipe. The
expert group highly appreciated the organoleptic char-
acteristics of the biscuits with the addition of defatted
dry sunflower residue.

Based on the results of chemical analysis, organo-
leptic evaluation and economic analysis, it is possible
to conclude that the proposed technology is feasible,
as well as to formulate the direction of further research
and prospects for the use and processing of oilseeds.
The results of the study showed that soybean and rape-
seed oilcakes demonstrated high protein composition
and functional properties, which makes them the most
promising for use in the food industry. While rapeseed
oilcake has potential for use in the food industry due
to its high protein and healthy fats, it also contains

Table 9, Continued

Aroma Texture Appearance
4 4.1 4.2
3.6 3.8 39
4.2 4.3 4.4
3.9 4 4.1
34 3.6 3.7
4.1 4.2 4.3
3.7 3.8 3.9
3.2 34 3.5
4.5 4.6 4.7
4.2 4.3 4.4
3.8 3.9 4

antinutrients that can cause anaemia if consumed over
a long period. The taste characteristics of products made
with modified formulations are also controversial, as
they may not be suitable for products with neutral or
delicate flavours. To overcome these problems, addi-
tional technological processes may be required, such as
detoxification, solvent purification, and others, but for
a clearer understanding of the algorithm of action, this
topic needs to be studied in more detail in future re-
search papers. Thus, it is possible to conclude that the
addition of oilcake to food products can improve their
nutritional value, but careful consideration should be
given to the choice of culture and percentage of addi-
tion to avoid deterioration of organoleptic properties.
Moreover, after analysing the cost of food products with
the addition of previously recycled raw materials, the
attractiveness of introducing this technology becomes
even more obvious (Table 10). Sunflower oilcake pro-
vides the greatest savings,and mustard oilcake the least.

Table 10. Summary analysis of the cost of bread with the addition of oilseed oilcake (per 100 kg of bread), UAH

P Cost of Cost of flour Other Electricity Salary Packaging Total cost
oilcake ingredients expenses materials of sales

Control 0 1,500 500 50 100 30 2,180
Soybean oilcake (10%) 80 1,350 500 50 100 30 2,110
Soybean oilcake (20%) 160 1,200 500 50 100 30 2,040
Soybean oilcake (30%) 240 1,050 500 50 100 30 1,970
Rapeseed oilcake (10%) 100 1,350 500 50 100 30 2,130
Rapeseed oilcake (20%) 200 1,200 500 50 100 30 2,060
Rapeseed oilcake (30%) 300 1,050 500 50 100 30 1,990
Rapeseed oilcake (10%) 90 1,350 500 50 100 30 2,120
Rapeseed oilcake (20%) 180 1,200 500 50 100 30 2,050
Rapeseed oilcake (30%) 270 1,050 500 50 100 30 1,980
Mustard oilcake (10%) 110 1,350 500 50 100 30 2,140
Mustard oilcake (20%) 220 1,200 500 50 100 30 2,070
Mustard oilcake (30%) 330 1,050 500 50 100 30 2,000
Sunflower oilcake (10%) 70 1,350 500 50 100 30 2,100
Sunflower oilcake (20%) 140 1,200 500 50 100 30 2,030
Sunflower oilcake (30%) 210 1,050 500 50 100 30 1,960

Source: compiled by the authors
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The use of oilcake in the food industry is an eco-
nomically viable solution if the right crop and percent-
age are chosen. Soybean and sunflower oilcake are
particularly beneficial, as they provide the lowest cost
while maintaining or even increasing the nutritional
value of the products. Flax and mustard oilcake have
the highest cost, which can reduce their economic at-
tractiveness despite their potential nutritional benefits.

DISCUSSION
The choice of oilseeds for further research was based
on the prevalence of certain crops and the problem of
their waste disposal, and a detailed literature analysis
addressed possible problems in the processing of ex-
perimental data.

In general, the processing and utilisation of agri-
cultural waste has become a hot topic among various
scientific groups as food demand grows. Several studies
point out that there are not enough ways to solve this
problem (Ginni et al.,2020; Valencia et al., 2024). On the
other hand, a review by Portuguese scientists provides
ways to implement such processing safely, account-
ing for environmental safety (Berenguer et al., 2023).
In their research, they used green extraction methods,
which are a promising area in the face of environmen-
tal impact from various sources of environmental pol-
lution, such as military operations, industrialisation,
and others. However, such methods also have disadvan-
tages, namely the use of solvents that are not universal,
and therefore the extracts obtained from them have a
nutrient-poor composition, although in this case the dry
residue, on the contrary, will contain a greater variety of
useful compounds. However, in this study, the empha-
sis is shifted towards the utilisation of waste generated
during oilseed processing, so the use of green extrac-
tion methods is likely to be detrimental to obtaining
reproducible results.

Waste bioprocessing was also discussed in earlier
scientific papers, which noted the prospects for its fur-
ther use in value-added products (Jin et al., 2018; Sin-
gh et al., 2022; Tsykhanovska et al., 2023). According to
Czech scientists J. Barta et al. (2021), a noteworthy idea
for the further sale of oilseed oilcake is also its use as
a substrate to produce antibiotics or enzymes. A similar
study was conducted on the fermentation of Cannabis
sativa meal, the author of which noted positive chang-
es in the biochemical composition of products during
the controlled fermentation of yoghurt and kefir on the
matrix of dry oilseed residue (Lopusiewicz et al., 2022).
However, although this is an innovative approach, it re-
quires significant financial support, and its subsequent
profitability when applied to technological processes is
not fully optimised.

Ukrainian Black Sea Region Agrarian Science, 28(2), 65-76

Moreover, |. Usman et al. (2023) highlighted the po-
tential medicinal properties of oilseed waste and con-
sider their role in society to be more valuable than is
accepted in the world scientific community. To confirm
such statements, well-funded studies are needed, but
whether this is economically feasible remains a ques-
tion. Another thing is the implementation of affordable
solutions, an algorithm that can be easily implemented
even on a limited budget. Although there are currently
sufficient sources of information to formulate general
theses and gaps in the study of the potential use of
defatted dry residues from the production of vegetable
oils and other agricultural products, it is of particular
interest to compare different types of such crops, to find
patterns between the properties of edible oilseed oil-
cake and those used in the cosmetic and pharmaceuti-
cal industries (Krzyzostan et al., 2024).

Several scientific papers mention the use of ses-
ame, pumpkin, soy, flax and other meals (Teh & Bekh-
it, 2015). Most of them are used as animal feed, but
some are also used in other areas (Raksha-Slusare-
va et al., 2019; Koki¢ et al., 2024; Nouska et al., 2024).
Thus, oilcake is used not only as animal feed but also
for pest management in agriculture. The oilcake has
properties that can help in the management of nem-
atodes, and microscopic worms that cause damage to
plants (Abedini et al., 2023). Although the environmen-
tal friendliness of these methods is questionable and
not yet well understood, it is also worth understanding
that such innovations require comprehensive consid-
eration and calculation of risks. Healthy food is gaining
popularity, with large companies seeking to offer glu-
ten-free products with a high protein content (Kiewlicz
& Rybicka, 2019). The oilseed oilcake is well suited to
be added to the diet of athletes or other people follow-
ing a protein diet.

Experimental innovative additions to food prod-
ucts are a good marketing strategy, i.e. in addition to
increasing the nutritional value of products, changing
recipes can also affect their consumer appeal. Scientists
from several countries have also come to similar con-
clusions when studying functional natural foods (Sam-
akradhamrongthai et al., 2021). Sunflower oilcake has
already been widely used in the food industry, which
is why there is more comprehensive data on the safe-
ty and biochemical composition of potential products
made from it (Kachel-Jakubowska et al., 2016; Graho-
vac et al., 2024). As such, B.G. Subasi et al. (2021) noted
that sunflower oilcake can be modified according to the
needs and desired organoleptic properties of the prod-
ucts formed from it. Given its satisfactory flavour and
low cost, it is possible to conclude that sunflower oil-
cake is a noteworthy object for research. Degreased dry



oilseed residues have significant prospects for use in
the food industry due to the presence of plant proteins,
amino acids, vitamins and fatty acids necessary for the
human body (Cestonaro et al., 2024). However, further
research is needed to identify new beneficial properties
and potential harms that these products may have.

Addressing flaxseed, known for its high content of
omega-3 fatty acids, linolenic acid, proteins and dietary
fibre, as a raw material for obtaining samples, it was
noted that there is a contradiction in the position of
different scientists regarding its use in the food and
agricultural industries. Although flaxseed oilcake has a
high nutritional value (Wirkijowska et al., 2019), its use
in the food industry faces certain challenges, such as
high fibre content, presence of toxic substances, limited
fat stability, allergenicity, impact on texture and specif-
ic flavour properties (Taglieri et al., 2022). Overcoming
these shortcomings requires additional technological
solutions and adjustments to production processes. In
this study, the use of flaxseed oilcake compared to the
dry residues of other oilseeds studied showed the worst
performance, but the main characteristics of taste and
chemical parameters are sufficient for use as food or
additives to food, so this crop should not be excluded
from further research in a similar direction.

CONCLUSIONS
The study showed that oilcake from various oilseeds
can be effectively used in the production of bread, en-
ergy bars and biscuits. Flax and sunflower were cho-
sen as the main oilseeds for the study due to their
availability, high yields, valuable chemical properties,
economic feasibility and relevance to the food in-
dustry. These factors provided optimal conditions for
research and further use of products with the addi-
tion of oilcake. Based on the research, it is possible
to conclude that soybean oilcake is the best among
the tested products for use in the food industry. High

Shevchuk et al.

biscuits, as well as help reduce production waste and
increase the profitability of food products.

The best results were obtained by adding 10-20%
oilcake, which improved the nutritional value of the
products without significantly deteriorating their or-
ganoleptic properties. Rapeseed oilcake had certain
disadvantages due to its high content of glucosi-
nolates, which could affect the taste of products. The
economic analysis confirmed the feasibility of using
oilcake as an additional raw material in the food in-
dustry. Most studies describing research on the use
of oilcake in the food industry mainly focus on spe-
cific types of oilcake and limited product types. For
instance, as of 2024, sunflower oilcake is used as an
additive to animal feed and for biofuel production, as
well as in certain bakery and confectionery products.
However, there has been no comprehensive approach
to the study of different types of oilcakes and their
impact on different types of food products.

The research novelty is determined by the system-
atic approach to the study of the use of oilcake from
different oilseeds in various food products. The chem-
ical analysis, organoleptic evaluation and economic
analysis of bread, bars and biscuits with the addition
of oilcake was used to conclude the feasibility of using
oilcake in different types of products. The optimal pro-
portions of oilcake addition were also determined to
achieve the best results. On the other hand, this work
also has several limitations, including a small variety
of proportions of oilcake use and the lack of studying
the impact of oilcake addition on the shelf life of new
food products, which can be implemented in further re-
search. Among the samples studied, the worst results
were observed for the dry residue of flaxseed, but fur-
ther study of this topic may open new ways of modern-
ised technology for the utilisation of oilseed waste with
a specific biochemical composition.

protein and fat increase the nutritional value of prod- ACKNOWLEDGEMENTS
ucts, which is well received by consumers in terms of  None.
organoleptic properties and helps to reduce produc-
tion costs. The use of soybean oilcake can significantly CONFLICT OF INTEREST
improve the nutritional properties of bread, bars and  None.
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AHoTauif. Y cyvacHuid nepioa, LOCNIAKEHHS, CNPSMOBAHI Ha CTBOPEHHs 0e3BiAXOAHUX TEXHOMOTMIM Ta CTanoro
PO3BUTKY Xap4yoBOi MPOMMCIOBOCTI, CTafI0 AKTyallbHOK TEMOK 4vepe3 noTpeby B paLioHaNbHOMY BUKOPUCTAHHI
NPUPOAHUX PECYPCIB i 3HMXKEHHI €KONIOTIYHOIO0 HAaBaHTAXKEHHS Ha ekocucTeMu. JaHa HaykoBa poboTa npucBgYeHa
LOCNIAXKEHHIO MOX/IMBOCTEN BUKOPUCTAHHS MaKyXM, 3a/IMLLKIB MiCAs eKCTPaKLii 0nii 3 ONiMHUX KYNbTYp, Y Xap4oBii
NPOMMCNOBOCTI. MeTOK AOCNIAXKEHHS CTaI0 BUSHAYEHHS BMNMBY A0AABAHHSA MaKyXM COHALIHMKA, pinaky, Coi Ta IbOHY
Ha Xap4oBY LLiHHICTb, OPraHONENTUYHI BNACTMBOCTi Ta EKOHOMIYHY AO0UiNIbHICTb BUPOBHMLTBA XapYOBMX NMPOAYKTIB.
B excnepuMeHTanbHiM YacTuHi 6ynmn npoBeneHi HeobxiaHi aHani3u ans xniba, 6aToHUMKIB i NeYMBa, BUTOTOBNEHUX 3
[0AaBaHHAM MaKyxu B pi3Hux nponopuiax (10 %, 20 %, 30 %). Pe3ynbtaTvt LOCNIOXKEHHS NOKA3aM, LLLO BUKOPUCTAHHS
MaKyXu 3Ha4yHO NigBULLYE BMICT BifKiB, XUpIB i BiTaMiHiB y NpoAyKTax, NOKPALLYE iX CMAKOBi XapaKTepUCTUKM
Ta TEKCTYypY, @ TAKOX 3HMXYE COBiBapTiCTb BMPOOHMUTBA. Haibinbly ekoHoMito 3abe3neynno popasaHHa 30 %
COHSALHMKOBOI MaKyxu A0 xNiby,6,113bko 10 % B NOPiBHSAHHI 3 KOHTPONbHUM 3pa3KoM.[1poAyKTHM 3 4OAABAHHAM MAKYXM
B nponopuiax 10-20 % manu Kpalli opraHONENTUYHI XapaKTEPUCTMKM, €3 MOMITHOro BM/MBY Ha CMak, TEKCTYpY Ta
3aranbHe CNpuUrHATTA NpoaykTiB. JoaaBaHHa 30 % Makyxu y 6inblUOCTi BUNAAKiB NPU3BOAMNO A0 NOTipLIEHHS CMaKky,
0C06/IMBO Y BMMNAAKY MaKyxu pinaky Ta ripuuui. Ha ocHOBi mpoBegeHUX AOCNiOXeHb MOXHAa 3pobuUTU BUCHOBOK,
O MaKyXa COi € HAWKPALLOH cepen AOCNIAXYBaHMX O19 BUKOPUCTAHHS B XapyoBil NpoMmncnoBocTi. Pesynbratu
NpoBeAEeHUX eKCNEePUMEHTIB NiATBEPXKYIOTb, WO MakKyXxa Moxe Oyt edeKTUBHO BMKOPUCTaHa fK iHrPemieHT y
Xap4o0Biv MPOMUCIOBOCTI, CNPUSOYM 3MEHLLEHHIO BiAX0AiB BUPOOHMLTBA, NiABULLEHHIO Xap40BOi LLIHHOCTI NPOAYKTIB
i 3HMXKEHHIO ix cobiBapTocTi. Lle BigKpMBaE HOBI MOXIMBOCTI AN pO3POOKM iHHOBALIMHUX XapyYOBUX MPOAYKTIB Ta
CMNpUSIE CTaNoMy PO3BUTKY Xap4OBOi MPOMMCIOBOCTI. BUKOPUCTaHHS MaKyxu COi MOXe 3HaYHO MOKPALUMUTU MOXKMUBHI
BN1IACTUBOCTI XNiba, 6aTOHUYMKIB | NeUYMNBa, PO3LLIMPHOOYM TAKOX aCOPTUMEHT DYHKLLIOHANbHUX NPOAYKTIB XapyyBaHHS

KniouoBi cnoBa: Makyxa; 6e3BiAX0Hi TEXHONOrIi; CTane BUpOOHMUTBO; DYHKLIiOHANbHI Xap4oBi NPOAYKTH; arpapHe
niAnpUMEMCTBO
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