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The object of research is the process
of fat oxidation at elevated and standard
temperatures.

Fats are used in chemical, phar-
maceutical, food and other industries.
Oxidative deterioration changes the
composition of fats, reduces the efficien-
¢y of chemical reactions involving fats
and the quality of final products. An
urgent task is to increase the oxidative
stability of fats.

The oxidative stability of fat com-
positions based on rapeseed, high-ole-
ic sunflower and palm oils by the induc-
tion period at a temperature of 110 °C
was investigated. The induction peri-
ods of the initial oils were 408.48 min.,
795.87 min. and 630.2 min., respective-
ly. Rational ratios of oils in the compo-
sitions were found: high-oleic sunflow-
er: palm (50:50) %; rapeseed: high-oleic
sunflower: palm (16.67:66.67:16.67) %;
rapeseed: high-oleic sunflow-
er: palm (33.33:33.33:33.33) %. The
induction periods of the mixtures are
650.57 min., 710.56 min. and 670.56 min.,
respectively.

The increase in the oxidative sta-
bility of the developed compositions
using the mixture of synthetic antiox-
idants  (butylhydroxyanisole, butyl-
hydroxytoluene and tert-butylhydro-
quinone) in an amount of 300 mg/kg
of fat mixture was studied. The induc-
tion periods of the developed composi-
tions were 910.80 min., 1279.01 min. and
1072.90 min., respectively.

The physicochemical parameters
of compositions with the addition of
antioxidants after 5 months of stor-
age at a temperature of (20%+2) °C
were determined. The peroxide values
of the compositions were 5.65; 3.28;
4.50 > O mmol/kg, respectively.

The research results make it possi-
ble to produce fats with increased oxida-
tive stability and necessary properties, to
predict induction periods of fat composi-
tions depending on the concentrations of
components. This will increase the prof-
itability of production and the quality of

Jats obtained
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1. Introduction

erties of fats as a result of oxidation complicate their use as

A significant problem in the production and use of fats
is various types of deterioration caused by hydrolytic and
oxidizing processes. Changes in the composition and prop-

components of lubricants, construction materials, food and
cosmetic products, as raw materials for biodiesel fuel, ete. [1].
The use of oxidized oils as raw materials impairs the quality
of finished products, requires an increase in the dosage of




catalysts, etc. [2]. Thus, during chemical transesterification,
a fat peroxide value of 1.0 2 O mmol/kg causes deactivation
of the sodium methoxide catalyst in an amount of 0.054 kg /t
of oil [3].

The rate of oxidation is determined by the structure of
fatty acids in triglycerides, temperature, etc. [4]. Oxidation
occurs as a chain free-radical process, the initiators of which
are active forms of oxygen [5]. Effective synthetic antioxi-
dants (inhibitors of the process) are propyl gallate (n-propyl
ester of 3,4,5-trioxybenzoic acid), phenolic compounds: bu-
tylhydroxyanisole, butylhydroxytoluene, tert-butylhydro-
quinone [6]. Phenolic antioxidants are used at elevated tem-
peratures. Propyl gallate loses its effectiveness at a melting
temperature of 148 °C [7].

Therefore, studies of the effectiveness of antioxidants
and the development of fat systems stable to oxidation are
relevant [8]. This issue is especially important when using
fats at elevated temperatures. For example, temperatures
of (90-115) °C are used during reactions of transesterifica-
tion, alcoholysis, glycerolysis of fats [9].

There are types of oils that have the greatest industri-
al importance. Thus, from the point of view of oxidative
stability, the use of high-oleic sunflower oil, in which the
content of oleic acid reaches (75.0-90.7) %, is promising.
Usually, this indicator in sunflower oil is (14.0-39.4) %.
The oxidative stability of high-oleic sunflower oil, including
at elevated temperatures, is 4 times higher than that of tra-
ditional [10]. Rapeseed oil is widely used as a raw material
in chemical processes, in particular, in the production of
biodiesel fuel based on fatty acid esters [11]. One of the com-
mon types of oils is palm oil. Due to the high content of solid
triglycerides (melting point of oil (32-43) °C), palm oil is
highly resistant to oxidative damage [12].

Thus, an important task is to increase the oxidative sta-
bility of fats, which are used in various directions. For the
production of fats with high oxidative stability at elevated
temperatures, it is promising to create fat compositions
based on fats, the use of which is technologically and eco-
nomically expedient. The simultaneous use of antioxidants
for such compositions will make it possible to obtain oxida-
tion-stable fatty raw materials for many industrial purposes.

2. Literature review and problem statement

Fats with increased oxidative stability are obtained by
developing appropriate fat compositions and using individ-
ual antioxidants and multicomponent antioxidant systems.

The work [13] investigated the increase in the oxidative
stability of rapeseed oil using plant antioxidants (extracts
of thyme and motherwort). But the applied antioxidants are
not effective at elevated temperatures for this type of oil.

The authors [14] examined the oxidative stability of
rapeseed oil and its mixtures with methyl esters of fatty ac-
ids obtained from palm oil. The rational ratio of components
is rapeseed oil: ethers (80:20) %. The disadvantage of the
work is the lack of data on the effect of initial palm oil on
the oxidative stability of mixtures, because usually the raw
material for various industries is oil in its primary form.

Changes in the composition of refined rapeseed oil
during heat treatment were investigated in [15]. When
heating the oil at 60 and 180 °C for 8 hours, the content of
phytosterols decreased by 10 and 40 %, and tocopherols by 7
and 30 %, respectively. Therefore, heat treatment of rapeseed

oil leads to a decrease in the content of natural antioxidants,
which further reduces oxidative stability. The disadvantage
of the work is the lack of data on the use of antioxidants and
the use of rapeseed oil as part of heat-stable fat mixtures, in
particular, with more heat-stable oils.

The work [16] considered the oxidative stability of
transesterified palm oil compared to mixtures of initial
palm oil with medium-chain triglycerides. After 48 cycles
of frying, the anisidine value of transesterified palm oil was
39.5 c. u. (for mixtures — 52.8 and 65.58 c. u.). This indicates
higher stability of transesterified oil. But it is advisable to
study the oil in its original form, since the composition and
properties of transesterified oil depend on transesterifica-
tion conditions, catalysts, etc.

The work [17] analyzed the oxidative stability of mix-
tures of palm and olive oils. Olive oil in an amount of more
than 20 % showed a negative effect on the stability of the
mixtures at temperatures of 120, 130 and 140 °C. But olive
oil is commonly used as a component of fat mixtures for
various purposes at standard temperatures and is not used
when heated.

In [1], the kinetics of oxidation of sunflower and sesa-
me oil mixtures were investigated. The 1:1 mixture had a
longer induction period at 100 °C compared to sunflower
oil (13.2 vs. 6.1 hours). The disadvantage of the work is
the lack of research results on the effect of antioxidants on
the stability of mixtures. In addition, the cost of sesame oil
is quite high. The cost of sesame oil is $17.5/1, sunflower
oil — $1.6/1.

The work [6] evaluated the oxidative stability of binary
mixtures of methyl ethers obtained from soybean, sunflow-
er, rapeseed, corn, cottonseed oils and used cooking oil.
Rapeseed oil esters showed the highest induction period val-
ues (more than 6 hours) and are therefore the most effective
biodiesel additive with low oxidation resistance. The study
shows the effectiveness of using rapeseed oil as a raw material
for the production of biodiesel fuel in terms of oxidation of
the finished product. However, there is no information on
the effectiveness of using mixtures of fats and antioxidants to
increase the oxidative stability of raw materials and products.

Therefore, it is necessary to develop effective tech-
nologies for increasing the stability of both initial fatty
raw materials and finished products obtained using fats.
Scientific research is devoted to the study of the oxidation
behavior of individual oils with and without the addition of
antioxidants, as well as mixtures of oils with certain com-
pounds (methyl ethers, etc.). But the study of the oxidation
resistance of valuable industrial oils and their mixtures, as
well as the effectiveness of using antioxidants for the max-
imum stabilization of fats and fat compositions, remains
an unsolved question. Thus, it is advisable to develop fat
compositions with increased oxidative stability based on oils
that have important technological properties, in particular,
high-oleic sunflower, rapeseed and palm oils.

3. The aim and objectives of the study

The aim of the research is to develop fat composi-
tions with increased oxidative stability based on rapeseed,
high-oleic sunflower and palm oils using synthetic antioxi-
dants. This will make it possible to obtain multipurpose fats
with increased resistance to oxidation at elevated tempera-
tures, to predict the oxidative stability of the fat composition



depending on the concentration of components. The study of
changes in the physical and chemical parameters of fat com-
positions during storage under standard conditions will allow
predicting the shelf life of fats under real storage conditions.

To achieve the aim, the following objectives were accom-
plished:

— to investigate the dependence of the oxidative stability
of fat compositions based on rapeseed, high-oleic sunflower
and palm oils on the concentration of components at elevated
temperatures;

—to determine the effect of the mixture of synthetic
antioxidants on the oxidative stability of fat compositions
with rational concentrations of components at elevated
temperatures;

—to investigate the effect of the mixture of synthetic
antioxidants on the change in the physical and chemical
parameters of fat compositions with rational concentrations
of components during storage under standard conditions.

4. Materials and methods of research

4. 1. The object and hypothesis of the research

The object of research is the process of oxidation of fat
compositions based on rapeseed, high-oleic sunflower and
palm oils at elevated temperatures and under standard con-
ditions.

The main hypothesis of the study is the effect of the
concentration of components and the presence of synthetic
antioxidants on the oxidative stability of the fat composi-
tion. The study assumed that concentrations of palm and
high-oleic sunflower oils have the most significant effect on
the induction periods of fatty compositions. A simplification
is adopted that the most effective is the simultaneous use of
three synthetic antioxidants (butylhydroxyanisole, butyl-
hydroxytoluene and tert-butylhydroquinone) to maximize
the oxidative stability of fats. Standard research methods
are applied.

4. 2. Examined materials and equipment used in the
experiment

The following reagents and materials were used:

— refined deodorized rapeseed oil according to DSTU 8175
(CAS Number 120962-03-0);

— refined deodorized frozen high-oleic sunflower oil ac-
cording to DSTU 9127 (CAS Number 8001-21-6);

— refined bleached deodorized palm oil according to
DSTU 4306 (CAS Number 8002-75-3);

— butylhydroxyanisole, purity 98.0 %
ber 25013-16-5);

— butylhydroxytoluene, purity 99.0% (CAS Num-
ber 128-37-0);

— tert-butylhydroquinone, purity 97.0 % (CAS Num-
ber 1948-33-0).

(CAS Num-

4. 3. Methods for determining the physicochemical
indicators of oils and fat compositions

Physicochemical indicators are determined using gen-
erally accepted methods given in the international doc-
umentation on the analysis of oils and fats. To determine
the mass fraction of moisture and volatile substances, the
standard method for determining this indicator, intended
for animal or vegetable fats and oils according to ISO 662,
was used. Method A was used, which is applied for liquid and

solid fats and oils (with different acid values) because liquid
(rapeseed and high-oleic sunflower) and semisolid (palm)
oils were studied. To determine the acid value, the standard
method was chosen — according to the international stan-
dard ISO 660. The method is based on the fact that a sample
of oil or fat is dissolved in an appropriate mixture of solvents,
and the acids present are titrated with an ethanol or metha-
nol solution of sodium or potassium hydroxide. The peroxide
value is determined according to ISO 3960. This regulatory
document defines a method for the iodometric determination
of the peroxide value of animal and vegetable fats and oils
with the visual determination of the endpoint.

4. 4. Methods for determining the induction periods of
oils and fat compositions

Induction periods were determined by the method of dif-
ferential scanning calorimetry (DSC) in isothermal mode at
a temperature of 110 °C according to ISO 11357-1, as it is an
operational and reliable method for measuring the degree of
oxidation of fats. DSC is a common method in thermal anal-
ysis. The DSC method is based on measuring the difference
in heat fluxes coming from the test sample and the control
sample for comparison. DSC allows you to measure char-
acteristic temperatures and the amount of heat released or
absorbed during thermophysical processes or chemical reac-
tions occurring in samples when the temperature changes. In
the course of processes related to the release or absorption of
heat (chemical reactions, phase transitions, etc.) in the sam-
ple, deviations from the monotonic dependence of the signal
on time (anomalies) are observed on the DSC curves. This
allows measuring the induction period in the test samples.

4. 5. Research planning and results processing

Scheffe’s three-factor simplex-lattice design was used
to plan research and calculate mathematical dependence.
The results were processed in the Stat Soft Statistica v6.0
package (USA) environment. Each experiment was repeated
twice. Scheffe’s simplex-lattice designs are used to optimize
the determination of the composition of three-component
systems. The designs include graphical visualization of the
results as “composition-property” diagrams, which allow ef-
ficient determination of rational concentrations of the three
test components and analysis of the simultaneous effects of
the components on the response function. Therefore, the use
of Scheffe’s design meets the objectives of the study.

The determined physicochemical indicators of test oil
samples (rapeseed, high-oleic sunflower and palm) are pre-
sented in Table 1.

Table 1
Physicochemical indicators of initial oils
Values of indicators for oils
Indicat . ish-olei
ndicator Rape- | High-oleic Palm
seed sunflower
Mass fragtion of moisturoc and 0.06 0.09 0.07
volatile substances, %
Acid value, mg KOH /g 0.15 0.18 0.1
Peroxide value, ¥» O mmol/kg 1.56 1.79 0.95

Thus, the starting oils meet the requirements of
DSTU 8175 (CAS Number 120962-03-0), DSTU 9127 (CAS
Number 8001-21-6), DSTU 4306 (CAS Number 8002-75-3),
respectively.



The dependence of the induction pe-
riods of mixtures of experimental oils (fat
compositions) on the concentrations of the
components was determined. The induc-

Table 3

Experimental (y.) and calculated (y.) values of the induction periods of

fat compositions

3 4 5 6 7 8 9 10

408.48(795.87|630.20 | 540.35 [ 510.25 |650.57 | 550.67 | 710.56 | 530.47 | 670.56

411.08(779.41|598.90 | 560.25 | 509.99 [669.16 | 540.44 | 689.60 | 539.35 | 699.80

tion period is a slow phase of the chemical | Exper- .
oxidation reaction, after which a rapid iment

. . number
chain process begins. Factors and ranges -
of variation: Yo T

—x; — mass fraction of rapeseed oil: LYo M-
(0-100) %;

— x5 — mass fraction of high-oleic sunflower oil: (0-100) %;

— X9 — mass fraction of palm oil: (0-100) %.

The response function (y) is the period of induction
of fat compositions, determined in the isothermal mode at
a temperature of 110 °C by the DSC method, min. In the
Stat Soft Statistica v6.0 package (USA), the coefficients of
the regression equation, the significance of the coefficients
according to the p-criterion (p>0.05), the calculated val-
ues of the response function, the coefficient of determina-
tion (0.840) are determined. p-criterion represents a 95 %
confidence probability. Table 2 shows the experimental
design matrix.

Table 2
Experimental design matrix
Factors of variation
]j:xperr— . Mass fraction of .
iment | Mass fractlgn of high-oleic sun- Mass frac.tlon of
number rapeseed oil, % flower oil, % palm oil, %
1 100.00 0 0
2 0 100.00 0
3 0 0 100.00
4 50.00 50.00 0
5 50.00 0 50.00
6 0 50.00 50.00
7 66.67 16.67 16.67
8 16.67 66.67 16.67
9 16.67 16.67 66.67
10 33.33 33.33 33.33

In the Statistica package, calculations were made using
the “3 Factor mixture design” module, which combines the
procedures necessary for data processing. Thus, the follow-
ing tabs are applied:

— Coeffs (calculation of equation coefficients, standard
error, 95 % confidence interval);

— “Observed, Predicted, and Residual Values” (determi-
nation of estimated values of the response function);

— “ANOVA” (analysis of variance).

5. Research results on the development of fat
compositions with increased oxidative stability

3. 1. Study of the dependence of the oxidative stability
of fat compositions on the components concentration at
elevated temperature

According to the experimental design given in Table 2,
the experimental values of the response function are deter-
mined, the calculated values are determined by equation (1).
The results are presented in Table 3.

The dependence of the induction period of the fat com-
position (y) on the mass fractions of the components in real
variables, in natural form, is as follows:

y=4.21-21+7.79-209+5.98x3. )

Based on the processing of the obtained experimental
data, the dependence of the induction period of the fat
composition on the mass fraction of the components was
constructed as a “composition-property” diagram (Fig. 1).

Mass fraction of palm oil, %
0 A

Mass fraction of
high-oleic
sunflower oil, %

Mass fraction of
rapeseed oil, %

Fig. 1. Dependence of the fat composition induction period
on the mass fraction of the components

Analysis of equation (1), the data in Table 2 and Fig. 1
shows the following. High-oleic sunflower oil has the maxi-
mum value of the induction period among the experimental
oil samples (795.87 min.), and rapeseed oil has the minimum
value (408.48 min.). An increase in the mass fractions of
high-oleic sunflower and palm oils in the fat composition
significantly affects the increase in the induction period. The
induction periods for experiments No. 4, 5, 7, 9 are close to
each other and exceed the induction period of the least sta-
ble of the test oils — rapeseed oil. The compositions corre-
sponding to experiments No. 6, 8, 10 have the greatest ox-
idative stability. In these cases, the induction periods are
longer than the induction periods of individual rapeseed
and palm oils. So, in terms of oxidative stability, the ratio-
nal ratios of oils in the compositions are as follows. Com-
position No. 1 — high-oleic sunflower: palm (50:50) %;
composition No.2 - rapeseed: high-oleic sunflower:
palm (16.67:66.67:16.67) %; composition No.3 — rape-
seed: high-oleic sunflower: palm (33.33:33.33:33.33) %.
The induction periods of the mixtures are 650.57 min.,
710.56 min. and 670.56 min., respectively.



3. 2. Determination of the effect of synthetic antiox-
idants on the oxidative stability of fat compositions at
elevated temperature

In order to determine the effect of synthetic antioxidants
on the oxidative stability of fat compositions, the mixture of
antioxidants butylhydroxyanisole, butylhydroxytoluene and
tert-butylhydroquinone in equal proportions was used. The
mixture of antioxidants was added to the fat compositions in
an amount of 300 mg/kg of the fat composition. The induc-
tion periods of compositions No. 1-3 with rational concen-
trations of components, determined by the DSC method at
a temperature of 110 °C, were 910.80 min., 1279.01 min. and
1072.90 min., respectively. Therefore, the use of the mixture
of antioxidants significantly increased the oxidative stability
of the developed fat compositions.

3. 3. Study of the effect of antioxidants on changes in
the physicochemical indicators of fat compositions under
standard conditions

When using fats, it is an urgent issue to preserve the initial
composition and properties under standard storage condi-
tions. The change in the physicochemical indicators of com-
positions with rational concentrations of components No. 1-3
during storage in standard laboratory conditions was studied:
temperature (20£2) °C, air humidity no more than 70 %. The
samples were stored in a leaky dark glass container. A com-
parative analysis of changes in the physicochemical indicators
of compositions with and without the addition of antioxidants
was performed. The results of the study are given in Table 3.

Physicochemical indicators of fat compositions

dard storage conditions has been developed. According
to equation (1), Table 2 and Fig. 1, the rational ratios of
oils in the compositions were determined. Composition
No. 1 = high-oleic sunflower: palm (50: 50) %; composition
No. 2 — rapeseed: high-oleic sunflower: palm (16.67: 66.67:
16.67) %; composition No. 3 — rapeseed: high-oleic sunflow-
er: palm (33.33: 33.33: 33.33) %. In this case, the induction
periods of the mixtures are 650.57 min., 710.56 min. and
670.56 min., respectively.

Oxidation of fats occurs as a chain free-radical process,
which is inhibited by antioxidants of various nature. In
particular, the phenolic antioxidants butylhydroxyanisole,
butylhydroxytoluene, and tert-butylhydroquinone are in-
hibitors that break chains by reacting with peroxide radicals.
The rate of fat oxidation is significantly influenced by the
structure of fatty acid residues in fat triglyceride molecules.
Fats that have the highest concentrations of unsaturated,
especially polyunsaturated, fatty acids in their composition
are more susceptible to oxidative damage. In particular,
methylene groups located in position 2 to the double bond
in the fatty acid radical are primarily attacked during oxida-
tion. Therefore, the selection of fatty raw materials with high
resistance to oxidation and the use of antioxidants — oxida-
tion inhibitors are decisive factors in the development of fats
with increased oxidative stability.

As evidenced by the data in Table 2, among the studied oil
samples, high-oleic sunflower oil has the highest oxidative sta-
bility (the induction period at 110 °C was 795.87 min). There-
fore, an increase in the mass fraction of this oil causes a maxi-
mum increase in the induction periods of fatty
compositions. The compositions correspond-
ing to experiments No. 6, 8, and 10 have the

Table 3

T " greatest oxidative stability (Table 2). In these
Values of indicators for fat compositions . . .

cases, the induction periods are longer than
) After storage for | After storage for | the induction periods of individual oils: rape-
Indicator Initial 5 mont{hs With- 5 mqnths with seed (408.48 min.) and palm oil (598.90 min.).
out antioxidants antioxidants So, in terms of oxidative stability, the rational
1 2 3 1 2 3 1 2 3 ratios of oils in the composition are as follows.
Mass fraction Composition No. 1 — high-oleic sunflower:
of moisture palm (50: 50) %; composition No. 2 — rape-
and volatile 0.07 1 0.0810.07100970.10 0.08 | 0.09 1 0.09 ] 0.08 seed: high-oleic sunflower: palm (16.67: 66.67:
substances, % 16.67) %; composition No.3 — rapeseed:
' high-oleic sunflower: palm (33.33: 33.33:

Ac‘iéagfémg 013 |0.17]0.14|0.190.23|0.20 | 0.15 | 0.18 | 0.16 33‘?33) o, paim (
Peroxide value An increase in the stability of the de-
1 0 mmol/kg, 13 | 14 | 1.4 | 869 |7.55|887 | 5.65 | 3.28 | 4.50 | veloped fat compositions was studied using

Table 3 shows that the peroxide values of samples stored
in the presence of synthetic antioxidants are significantly
lower than those without antioxidants. Acid values, which
characterize the degree of hydrolytic deterioration, are also
lower for samples with antioxidants. The mass fraction of
moisture increased insignificantly for all samples as a result
of storage. Therefore, the addition of synthetic antioxidants
reduced the rate of spoilage processes in the samples of the
developed fat compositions.

6. Discussion of the research results on increasing the
oxidative stability of fat compositions

A technology for obtaining fat compositions with high
oxidative stability under elevated temperature and stan-

a mixture of synthetic antioxidants: butyl-
hydroxyanisole, butylhydroxytoluene, and
tert-butylhydroquinone, applied in an amount of 300 mg/kg
of fat mixture. At the same time, the induction periods of the
compositions at a temperature of 110 °C were 910.80 min.,
1279.01 min. and 1072.90 min., respectively. Therefore, the
induction period of composition No. 1 increased by 1.4 times,
No. 2 by 1.8 times, and No. 3 by 1.6 times.

The change in the physicochemical indicators of the de-
veloped compositions with the addition of antioxidants after
5 months of storage at a temperature of (20+2) °C was stud-
ied. Peroxide values of compositions No. 1-3, which were
stored with antioxidants, after 5 months of storage, were 1.5;
2.3; 2.0 times lower than the peroxide values of compositions
without antioxidants, respectively. This is due to the action
of oxidation inhibitors, which cause chain breaks in reac-
tions with peroxide radicals. Consequently, the processes of
oxidative deterioration in oils are slowed down.



The obtained data on the rational concentrations of com-
ponents in fat compositions, as well as the effect of synthetic
antioxidants on the oxidative stability of the compositions,
will allow obtaining multipurpose oxidation-resistant fats.
The results of the research make it possible to predict the
induction periods of fatty compositions depending on the
concentrations of the components at elevated temperatures.
This is especially relevant since the industry usually needs
fatty raw materials with certain properties, in particular,
consistency, melting and crystallization point, etc. There-
fore, it is necessary to predict the oxidative stability of fat,
which has a certain composition and possesses the necessary
technological properties. The results regarding the effect
of antioxidants on the peroxide values of the compositions
under standard conditions allow estimating the shelf life
of fats in real storage conditions, without increasing the
temperature.

The works [1, 16, 17] present data on studies of the oxi-
dative stability of mixtures of various oils and oils with fat
derivatives. For example, the work [1] determined the kinetics
of oxidation of mixtures of sunflower and sesame oils. The
mixture of oils in a ratio of 1: 1 was more stable compared to
sunflower oil (13.2 vs. 6.1 hours). The authors of the work [16]
investigated the oxidative stability of transesterified palm oil
compared to mixtures of initial palm oil with medium-chain
triglycerides after 48 cycles of frying. The work [17] investi-
gated the oxidative stability of mixtures of palm and olive oils.
Adding more than 20 % olive oil is not advisable at tempera-
tures of 120, 130 and 140 °C. Therefore, one of the most im-
portant principles for the development of fats with increased
oxidative stability is the study of mixtures of fat components,
which correlates with the principle applied in this work. But
there is no data on the simultaneous use of technologically
important types of oils and fats, for example, those used in the
production of biodiesel, tropical oils, oils with high oxidation
resistance. There is also insufficient data on the stabilization
of such oils and fats by effective antioxidant systems. This
issue is solved in the present work.

A limitation of the research results is that the obtained
data refer to oils of a high degree of purification (refined
deodorized). When using unrefined oils, the presence of
accompanying substances and initial oxidation rates should
be taken into account. The effectiveness of antioxidants for
such oils may be low.

The weakness of the study is that only induction periods
of oils at elevated temperatures were determined. However,
data on changes in the oxidation indicators of oils and fats
when aged at elevated temperatures are also of scientific and
practical interest.

Promising areas of work on this topic are the study of
the oxidative stability of fats and the effectiveness of antioxi-

dants at temperatures above 110 °C. This will expand the use
of fats and compositions based on them.

7. Conclusions

1. On the basis of differential scanning calorimetry
studies, the dependence of the oxidative stability of fat
compositions based on rapeseed, high-oleic sunflower and
palm oils on the concentration of components at a tem-
perature of 110 °C was investigated. The following rational
concentrations of oils in fat compositions have been found.
Composition No. 1 — high-oleic sunflower: palm (50:50) %;
composition No.2 — rapeseed: high-oleic sunflower: palm
(16.67:66.67:16.67) %; composition No.3 — rapeseed:
high-oleic sunflower: palm (33.33: 33.33: 33.33) %. In this
case, the induction periods of the mixtures are 650.57 min.,
710.56 min. and 670.56 min., respectively.

2. As aresult of experimental studies, the effect of a mix-
ture of synthetic antioxidants butylhydroxyanisole, butylhy-
droxytoluene, and tert-butylhydroquinone on the oxidative
stability of fat compositions with rational concentrations of
components at a temperature of 110 °C was determined. The
induction periods of compositions No. 1-3 were 910.80 min.,
1279.01 min. and 1072.90 min., respectively.

3. Based on the studies, the effect of synthetic antiox-
idants on the change in the physicochemical indicators of
fat compositions during storage under standard conditions:
temperature (20+2) °C, air humidity no more than 70 % was
determined. The peroxide values of compositions No. 1-3,
which were stored with antioxidants, after 5 months of stor-
age, were 1.5; 2.3; 2.0 times lower than the peroxide values of
compositions without antioxidants, respectively.
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