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Fats as complex mixtures of acylglycerols with lipid and non-lipid substances are an

integral part of human nutrition. The presence of acylglycerols of trans-isomers of fatty

acids causes many cardiovascular diseases and metabolic disorders. A promising approach

to solving the problem of minimizing the content of these undesirable compounds in food

recipes is to create a new generation of fat systems, oleogels, which are the subject of this

study. High-oleic sunflower oil was used as a dispersion medium of oleogels, which allows

obtaining systems with increased resistance to oxidation, as opposed to the oils of traditional

kinds. Sunflower seed wax and tocopherols are chosen as a dispersed phase of these fatty

systems. The choice of these components was based on their properties to create a three-

dimensional structure in oleogels with specified thermomechanical characteristics. Currently,

there is a lack of information on the influence of the content of the dispersed phase on the

technological parameters of oleogels, namely oxidative resistance and sorption properties.

The purpose of the presented work was to study these features of oleogels and establish

their dependences on their composition. To solve this problem, the yield surface method

is used in the work. The unknown values of the parameter vector were determined by

using regression analysis algorithms. Deviation functionality was minimized by finding the

appropriate combinations of the experimental series of predictors. A mathematical model

was developed which allows predicting oxidative stability and sorption properties of oleogels

based on the data on their composition. The suitable mass fractions of the components of

the dispersed phase of oleogels have been determined as follows: tocopherol content is

0.10–0.14 wt.% and the sunflower seed wax content is 1.8–4.0 wt.%. The results obtained

can serve as a scientific basis for the development of technology for the industrial production

of oleogels as new generation fatty systems.
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Introduction

Modern requirements for improving the quality
and safety of food products require the improvement
of existing and development of new technologies. In
particular, biocatalytic processes of the synthesis of
lipid systems enriched with omega-3 polyunsaturated
fatty acids attract special attention [1]. Another area
of improvement of food products in terms of their
safety is to solve the problem of minimizing the
content of trans-isomers of fatty acids in their
composition [2,3]. The results of modern nutritional
research show a relationship between the
consumption of these fats and an increased risk of

metabolic syndrome, diabetes and cardiovascular
diseaseû due to increased blood lipoproteins of low
and very low density. Moreover, they block the action
of high-density lipoproteins, which initiates the
deposition of cholesterol plaques on the walls of
human blood vessels and provokes the development
of atherosclerosis [4,5].

Currently, the volume of production of the so-
called fast food is growing rapidly. The amount of
frying fats used in the frying of these products is
measured worldwide in millions of tons per year.
The quality of cooked food depends on the choice
of frying fat. The variety of frying fats does not allow
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choosing a single ideal recipe. Its choice is influenced
by the following factors: the nature and safety of fat,
the current technology, the nature if fried products,
storage conditions and terms, nutritional value and
cost. In Ukraine, the vast majority of solid fats in
recipes are produced by the method of partial
hydrogenation, which causes the presence of a
significant number of trans-isomers of fatty acids in
their composition. The problem of safety and quality
of frying fats is especially important since the main
group of consumers of these products is the younger
generation, for whom the negative impact of fat
oxidation products on health is extremely important.

A promising direction for solving the problem
of producing high-quality frying fats and their safety
is the synthesis of appropriate fatty systems by
designing oleogels with a minimum content of trans-
isomers.

Oleogel is a colloidal system, where the
dispersion medium is oil and the dispersed phase is
complex organic compounds of lipid nature, in
particular acylglycerols, waxes, fatty acids, sterols,
etc.

Some of the main characteristics of oleogels as
frying fats are oxidative resistance and sorption
properties. The purpose of the presented work was
to study these properties of oleogels and determine
their dependences on the composition of these fatty
systems.

Experimental

The object of the study was oleogels, the
dispersion medium of which is a refined high-oleic
sunflower oil and the dispersed phase is a sunflower
seed wax and tocopherols (vitamin E).

Oleogels were prepared according to the method
described elsewhere [6]. The sunflower seed wax
content (W, wt.%) and the tocopherol content (E,
wt.%) were chosen as independent factors that varied.
The choice of levels and predictor variation intervals
was made based on the results of previous
experiments.

The oxidative resistance of oleogels was
evaluated by the accumulation of primary oxidation
products, the content of which being determined
through the peroxide value measuring [7]. Sorption
properties were determined from the oil content of
the products, which was established gravimetrically
by exhaustive extraction using a Soxhlet extractor
[8].

To establish the relationship between the
oxidative stability and sorption properties of oleogels
and their composition, the response surface method
was used. It is a mathematical technique aimed at
modeling processes and finding combinations of

experimental series of predictors to optimize the yield
function. It is generally described by the following
equation:
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      (1)

where nx R  is the vector of variables, and a is the
vector of parameters.

The following polynomials of the second degree
were chosen for the mathematical description of the
studied features of oleogels:

2 2

0 1 2 3 4 5PV a a W a W a E a E a WE;      (2)

2 2

0 1 2 3 4 5OA a a W a W a E a E a WE,      (3)

where PV is the peroxide values of oleogels (mmol
½O2 per kg); OA is the oil absorption of products
(wt.%); W is the sunflower seed wax content (wt.%);
E is the tocopherol content (wt.%); a0 is a constant;
and a1, a2, a3, a4, a5 are the coefficients for each
polynomial element, correspondingly.

Experimental data were processed by the
Statistica 10 (StatSoft, Inc., USA) software package.
A central composite rotatable plan was used, which
allows varying all process parameters simultaneously,
thereby reducing the number of experiments and
considering the interaction between all variables.

Results and discussions

The design matrix and experimental values of
the response functions are given in Table 1. To reduce
the impact of systematic errors caused by external
conditions, the sequence of experiments was
randomized.

To check the significance of the regression
coefficients (2), a Pareto chart was plotted (Fig. 1).

The chart (Fig. 1) shows standardized
coefficients, which are sorted by absolute values. Data
analysis shows that the quadratic effect of the
sunflower seeds wax content is insignificant because
the column for estimating this effect does not cross
the vertical line, which is a 95% confidence
probability. With this in mind, this regression term
was removed from the model. Similarly, the
significance of the regression coefficients (3) was
tested. According to the results obtained, the
significance of the linear and quadratic effect of
tocopherol content was established.

This work allowed deriving the following
equations of the models:

2PV 40.2 1.5W 503.5E 1814.7E

10.3WE;

    

   (4)
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2OA 18.4 0.5W 0.3W .     (5)

The adequacy of the model obtained (Eqs. (4)

and (5)) was checked by the analysis of variance,

the results of which are presented in Tables 2 and 3.

The data given in Tables 2 and 3, in particular

the absence of loss of consistency (significance level

p>0.05) and the determination coefficient values (R2

and R2
adj) which are close to one, prove that the

obtained models adequately describe the yield

function.

Described by polynomials (4) and (5), the total

effects of sunflower seed wax and tocopherol contents

on the oxidative stability of oleogels and their sorption

properties are graphically presented in Figs. 2 and 3.

Analysis of the obtained dependences (Figs. 2

and 3) allows us to draw the following conclusions.

The content of tocopherols does not affect the

sorption properties of oleogels but is the dominant

factor in their resistance to oxidation. The minimum

values of the peroxide value, which correspond to

the highest oxidative resistance, are observed in the

Sunflower seed wax content, W Tocopherol content, E Experiment 

number encrypted level wt.% encrypted level wt.% 

Peroxide value, PV, 

mmol ½O2/kg 

Oil absorption, OA, 

wt.% 

1 –2 0.50 0 0.100 8.3 18.5 

2 +2 5.00 0 0.100 5.7 10.1 

3 +1 4.35 –1 0.065 10.6 10.4 

4 0 2.75 0 0.100 6.5 15.3 

5 –1 1.15 +1 0.135 5.1 16.8 

6 0 2.75 0 0.100 6.2 15.2 

7 0 2.75 +2 0.150 5.2 14.0 

8 +1 4.35 +1 0.135 4.8 10.6 

9 0 2.75 –2 0.050 17.7 15.9 

10 0 2.75 0 0.100 6.4 14.8 

11 0 2.75 0 0.100 7.0 15.9 

12 –1 1.15 –1 0.065 13.2 17.1 

Table  1

Design matrix and values of response functions

Fig. 1. Pareto chart: L – linear effect and Q – quadratic effect
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Factor 
Sum of 

squares, SS 

Degrees of 

freedom, df 

Mean square,  

MS 
F-value 

The level of significance, 

p-value 

(1) Sunflower seed wax 

content (L) 
5.4034 1 5.4034 46.648 0.006422 

(2) Tocopherols content (L) 124.7911 1 124.7911 1077.334 0.000062 

Tocopherols content (Q) 34.0348 1 34.0348 293.826 0.000433 

1L by 2L 1.3225 1 1.3225 11.417 0.043125 

Lack of fit 2.8698 4 0.7175 6.194 0.082992 

Pure error 0.3475 3 0.1158   

The total sum of squares 168.7692 11    

Determination coefficient R
2
=0.981 

Adjusted determination coefficient R2
adj=0.970 

 

Table  2

Analysis of variance for the model expressed by Eq. (4)

Table  3

Analysis of variance for the model expressed by Eq. (5)

Factor 
Sum of 

squares, SS 

Degrees of 

freedom, df 

Mean square, 

MS 
F-value 

The level of 

significance, p-value 

(1) Sunflower seed wax content (L) 76.76954 1 76.7695 371.4655 0.000305 

Sunflower seed wax content (Q) 2.80915 1 2.8092 13.5927 0.034593 

Lack of fit 4.59131 6 0.7652 3.7027 0.154991 

Pure error 0.62000 3 0.2067   

The total sum of squares 84.79000 11    

Determination coefficient R
2
=0.940 

Adjusted determination coefficient R2
adj=0.925 

 

Fig. 2. Dependence of oleogel peroxide value (PV) on sunflower seed wax (W) and tocopherols (E) content
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range of 0.10 to 0.14 wt.% of tocopherols. The effect
of sunflower seed wax content on the studied
parameters is less pronounced and is noticeable
starting from the mass fraction of 1.8%. In turn, an
increase in the content of this component in the
studied fatty systems significantly affects their sorption
properties. In particular, the oil content of the
products decreases monotonically and reaches the
minimum values at the sunflower seed wax content
of 4 wt.% and above.

Conclusions

We have developed a mathematical model,
which allows us to predict oxidative resistance, and
sorption properties of oleogels based on their
compositions. The intervals of effective values of mass
fractions of oleogel components were determined as
follows: tocopherol content is 0.10–0.14 wt.% and
the sunflower seed wax content is 1.8–4.0 wt.%. At
these concentrations, the maximum value of the yield
functions is reached. A further increase in the content
of these components in the composition of oleogels
is inappropriate. In particular, an excessive
concentration of tocopherols leads to a prooxidative
effect; an increase in the content of sunflower seed
wax has little effect on the response, but significantly
impairs the rheological properties of oleogels.

The obtained results can serve as a scientific
basis for the development of technology for the
production of oleogels as novel special-purpose fatty
systems.
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ÎÊÈÑÍÞÂÀËÜÍÀ ÑÒ²ÉÊ²ÑÒÜ ² ÑÎÐÁÖ²ÉÍ²
ÂËÀÑÒÈÂÎÑÒ² ÎËÅÎÃÅË²Â ßÊ ÆÈÐÎÂÈÕ ÑÈÑÒÅÌ
ÍÎÂÎÃÎ ÏÎÊÎË²ÍÍß

Ï.Î. Íåêðàñîâ, Í.À. Òêà÷åíêî, Î.Ï. Íåêðàñîâ, Î.Ì. Ãóäçü,
Ò.Î. Áåðåçêà, Ñ.Ì. Ìîëü÷åíêî

Æèðè ÿê ñêëàäíà ñóì³ø àöèëãë³öåðèí³â ç ðå÷îâèíàìè
ë³ï³äíîãî òà íåë³ï³äíîãî õàðàêòåðó º íåâ³ä’ºìíîþ ÷àñòèíîþ
õàð÷óâàííÿ ëþäèíè. Íàÿâí³ñòü â ñêëàä³ àöèëãë³öåðèí³â òðàíñ-
³çîìåð³â æèðíèõ êèñëîò îáóìîâëþº íèçêó ñåðöåâî-ñóäèí-
íèõ çàõâîðþâàíü òà õâîðîá ïîðóøåííÿ ìåòàáîë³çìó. Ïåð-
ñïåêòèâíèì ï³äõîäîì äî âèð³øåííÿ ïðîáëåìè ì³í³ì³çàö³¿
âì³ñòó âêàçàíèõ íåáàæàíèõ ñïîëóê ó ðåöåïòóðàõ õàð÷îâèõ
ïðîäóêò³â º ñòâîðåííÿ æèðîâèõ ñèñòåì íîâîãî ïîêîë³ííÿ –
îëåîãåë³â, ÿê³ º îá’ºêòîì äàíîãî äîñë³äæåííÿ. ßê äèñïåðñ³é-
íå ñåðåäîâèùå îëåîãåë³â áóëî âèêîðèñòàíî âèñîêîîëå¿íîâó
ñîíÿøíèêîâó îë³þ, ùî íà â³äì³íó â³ä îë³¿ òðàäèö³éíèõ ñîðò³â
äàº ìîæëèâ³ñòü îäåðæóâàòè ñèñòåìè ç ï³äâèùåíîþ ñò³éê³ñòþ
äî îêèñíåííÿ. Äèñïåðñíîþ ôàçîþ âêàçàíèõ æèðîâèõ ñèñ-
òåì áóëî îáðàíî â³ñê íàñ³ííÿ ñîíÿøíèêà ³ òîêîôåðîëè. Âèá³ð
âêàçàíèõ êîìïîíåíò³â ´ðóíòóâàâñÿ íà ¿õ âëàñòèâîñòÿõ ñòâî-
ðþâàòè â îëåîãåëÿõ òðèâèì³ðíó ñòðóêòóðó ³ç çàäàíèìè òåð-
ìîìåõàí³÷íèìè õàðàêòåðèñòèêàìè. Íà äàíèé ìîìåíò áðà-
êóº ³íôîðìàö³¿ ùîäî âïëèâó âì³ñòó äèñïåðñíî¿ ôàçè íà òåõ-
íîëîã³÷í³ ïàðàìåòðè îëåîãåë³â, à ñàìå íà îêèñíþâàëüíó
ñò³éê³ñòü ³ ñîðáö³éí³ âëàñòèâîñò³. Ìåòîþ äàíî¿ ðîáîòè áóëî
âñòàíîâëåííÿ çàçíà÷åíèõ õàðàêòåðèñòèê îëåîãåë³â òà çíàõî-
äæåííÿ ¿õ çàëåæíîñòåé â³ä ðåöåïòóðíîãî ñêëàäó. Äëÿ âèð³-
øåííÿ âêàçàíîãî çàâäàííÿ â ðîáîò³ çàñòîñîâàíî ìåòîäîëî-
ã³þ ïîâåðõí³ â³äêëèêó. Âèçíà÷åííÿ íåâ³äîìèõ çíà÷åíü âåê-
òîðà ïàðàìåòð³â çä³éñíþâàëîñü øëÿõîì çàñòîñóâàííÿ àëãî-
ðèòì³â ðåãðåñ³éíîãî àíàë³çó. Ì³í³ì³çàö³ÿ ôóíêö³îíàëó â³äõèëó
âèêîíóâàëàñü øëÿõîì çíàõîäæåííÿ â³äïîâ³äíèõ êîìá³íàö³é
åêñïåðèìåíòàëüíèõ ðÿä³â ïðåäèêòîð³â. Â ðåçóëüòàò³ ðîçðîá-

ëåíî ìàòåìàòè÷íó ìîäåëü, ÿêà äîçâîëÿº, âèõîäÿ÷è ç äàíèõ
ïðî êîìïîíåíòíèé ñêëàä îëåîãåë³â, ïðîãíîçóâàòè ¿õ îêèñ-
íþâàëüíó ñò³éê³ñòü ³ ñîðáö³éí³ âëàñòèâîñò³. Îá´ðóíòîâàíî
ðàö³îíàëüí³ ìàñîâ³ ÷àñòêè êîìïîíåíò³â äèñïåðñíî¿ ôàçè îëå-
îãåë³â: âì³ñò òîêîôåðîë³â 0,10–0,14 ìàñ.%, âì³ñò âîñêó íà-
ñ³ííÿ ñîíÿøíèêà 1,8–4,0 ìàñ.%. Îòðèìàí³ ðåçóëüòàòè ñëó-
ãóâàòèìóòü íàóêîâèì ï³ä´ðóíòÿì äëÿ ðîçðîáêè òåõíîëîã³¿
ïðîìèñëîâîãî âèðîáíèöòâà îëåîãåë³â ÿê æèðîâèõ ñèñòåì
íîâîãî ïîêîë³ííÿ.

Êëþ÷îâ³ ñëîâà : îëåîãåëü, âîñê, òîêîôåðîë,
îêèñíþâàëüíà ñò³éê³ñòü, ìàòåìàòè÷íå ìîäåëþâàííÿ.
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Fats as complex mixtures of acylglycerols with lipid and
non-lipid substances are an integral part of human nutrition. The
presence of acylglycerols of trans-isomers of fatty acids causes
many cardiovascular diseases and metabolic disorders. A promising
approach to solving the problem of minimizing the content of
these undesirable compounds in food recipes is to create a new
generation of fat systems, oleogels, which are the subject of this
study. High-oleic sunflower oil was used as a dispersion medium
of oleogels, which allows obtaining systems with increased
resistance to oxidation, as opposed to the oils of traditional kinds.
Sunflower seed wax and tocopherols are chosen as a dispersed
phase of these fatty systems. The choice of these components
was based on their properties to create a three-dimensional
structure in oleogels with specified thermomechanical
characteristics. Currently, there is a lack of information on the
influence of the content of the dispersed phase on the technological
parameters of oleogels, namely oxidative resistance and sorption
properties. The purpose of the presented work was to study these
features of oleogels and establish their dependences on their
composition. To solve this problem, the yield surface method is
used in the work. The unknown values of the parameter vector
were determined by using regression analysis algorithms. Deviation
functionality was minimized by finding the appropriate
combinations of the experimental series of predictors. A
mathematical model was developed which allows predicting
oxidative stability and sorption properties of oleogels based on
the data on their composition. The suitable mass fractions of the
components of the dispersed phase of oleogels have been
determined as follows: tocopherol content is 0.10–0.14 wt.% and
the sunflower seed wax content is 1.8–4.0 wt.%. The results
obtained can serve as a scientific basis for the development of
technology for the industrial production of oleogels as new
generation fatty systems.

Keywords: oleogel; wax; tocopherol; oxidative resistance;
mathematical modeling.
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