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Abstract. The main methods of obtaining fractionated oils and fats
have been analysed. They involve three essentially different processes
of fractionation of acylglycerols: dry fractionation, aqueous
fractionation with a detergent, and solvent fractionation. Considerable
attention has been paid to determining the conditions for fractionation of
sunflower oil modified in its fatty acid composition. It has been
emphasised that using stearic sunflower oil free from trans fatty acids as
a source of fats is a topical task. The practical importance of complex
research on fractional crystallisation of stearic sunflower oil has been
substantiated. The experiments have allowed establishing the fatty acid
and triacylglycerol composition of the oil of the new line of sunflower
seeds of the saturated type X114B (stearic type). The structure of its
acylglycerols has been mathematically determined. Data have been
obtained that besides the increased stearic acid content (9.1% of the
total fatty acids), the oil under study also contains a significant amount
of the disaturated—monounsaturated fraction of acylglycerols (6.16%).
The method of fractionating sunflower oil of the stearic type, which has
been scientifically substantiated, involves one-stage fractional
crystallisation from the melt. The conditions of fractional crystallisation
have been experimentally established: the crystallisation temperature
range (+6 — +9°C), the crystallisation time (38 days), and the cooling
rate (<0.0051°C/s). The target fraction of sunflower oil of the stearic
type has been obtained. It differs from the original oil in its fatty acid
and acylglycerol composition. The yield of this oil fraction was 24.57%.
It has been found that the fatty acid composition of this fraction has a
content of palmitic acid increased by 0.9% and that of stearic acid
higher by 3.3%, while its linoleic acid content decreased to 41.9%. The
total amount of saturated fatty acids in the target fraction sample is
19.8% of all fatty acids. It has been found that the proportion of
disaturated-monounsaturated acylglycerols in the target fraction
increases by 3.27%. The resulting target fraction will be useful in flour
and confectionery technologies as a substitute for fats containing trans
fatty acids.

Key words: sunflower oil, crystallisation, fractionation, fractions,
fatty acids, acylglycerols.

remains high and is solved by classical modification

Introduction. Formulation of the problem

Today the Ukrainian oil and fat industry has but
limited choice of domestic natural fatty raw materials
available. These are liquid oils of the linoleic and oleic
group (sunflower and rapeseed) and solid or semi-solid
animal fats (pork, beef, lamb) [1]. Still, the demand for
solid plastic fats with certain desired properties
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methods (hydrogenation, transesterification) or by
using tropical oils and their fractionation products.
However, the World Health Organization (FAO/WHO)
has determined that the consumption of any amount of
industrial trans fatty acids is harmful to health. In 2003,
it was recommended to reduce the level of their
consumption to 1% of the daily calorific intake
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(2-3 g), and in 2009 year, to remove all industrial trans
fats from food. Currently, there are the European
Union’s recommendations on limiting trans fatty acids
in food: no more than 2% of the total content. A
consequence is the limited use of hydrogenated oils.
Besides, the World Health Organization (FAO/WHO)
has determined that fats containing triglycerides of
myristic, lauric, or palmitic acids increase the blood
level of low-density lipoprotein cholesterol, while the
triglycerides of stearic acid do not [2]. Sunflower oil
contains a spectrum of fatty acids that make it unique
as a healthy food. People’s interest in healthy nutrition
urges scientists to create new types of sunflower seeds,
in particular, those with a modified fatty acid
composition. Modified sunflowers can be a source of
solid plastic fats free from trans fatty acids. The
obtained target fractions of saturated sunflower oil not
only can become competitive, but will also contribute
to improving the nation’s health.

Analysis of recent research and publications

In recent years, new lines of sunflower seeds have
been developed. Their oil is significantly different in
its composition from the classical oil, namely it
contains an increased amount of saturated fatty acids,
in particular palmitic or stearic [3-6]. In the future, if
not today, processing of this oil by its modification
(fractionation) can expand the range of high-quality
solid plastic fats and reduce the need of the food
industry, in  particular, the fat-and-oil and
confectionery industries, for special-purpose fats.
Stearic acid-based fats can be a healthier alternative to
the existing ones, especially to hydrogenated fats.

Fractionation of oils and fats is based on the
differences in the solubility of the triacylglycerols that
make up these products. These differences are directly
related to a type of triacylglycerols in the fat system.
The type of triacylglycerols is determined by its fatty
acid composition and the distribution of fatty acids
over individual positions in the triacylglycerol
molecule. Triacylglycerols with different melting
points are separated into fractions with different
crystalline structures. More saturated triacylglycerols
with high melting points are separated from the less
saturated ones by filtration at certain temperatures [7].

Today, to obtain fractionated oils and fats, the
three essentially different processes of fractionation of
triacylglycerols are used [7-9]:

— dry fractionation — thermomechanical separation
of a mixture of acylglycerols by crystallisation of the
melt with subsequent separation of fractions by
filtration in a vacuum;

— agqueous fractionation with a detergent —
modified fractionation in the melt with isolation of
fractions by separation or centrifugation using aqueous
solutions of surfactants;

— solvent fractionation — separating a mixture of
acylglycerols in the melt using a solvent (acetone,
hexane, ethanol).
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The paper [10] investigates dry fractionation of
high-oleic-stearic oil in a heating block equipped with
a stirrer, the speed of which was 30 rpm. The
fractionation was carried out in the range of the heating
temperatures from +15°C to +30°C, with different
heating times and with the addition of crystallisation
centres — 16.5% of stearic powder with a high melting
point. The authors found that the addition of
crystallisation centres, as well as the fractionation
temperature, affected the composition of the final
fraction, namely:

— the content of unsaturated acylglycerols was far
lower (23.3%) without the use of crystallisation
centres, but in parallel, the final yield of the solid
fraction was higher (15.5%). The addition of
crystallisation centres increased the proportion of
unsaturated triacylglycerols in the final solid phase
from 30% to 33%, but the proportion of the solid
fraction decreased and amounted to 10-12%. Adding
crystallisation centres did not change the total time of
crystallisation;

— lower crystallisation temperatures led to an
increase in the yield of the solid fraction from 9.4% at
+19°C to 17.8% at +17.5°C. During fractionation at
higher temperatures (+19°C), the liquid phase
increased to 7.2%, and at lower temperatures
(+17.5°C), it decreased to 6%. The solid phase with a
high content of unsaturated acylglycerols (33.9%) was
obtained at +19°C, while at +17.5°C, the content of
these types of acylglycerols was only 23.8%. The
temperature range in which crystallisation occured was
relatively narrow, and the rational fractionation
temperature was +18.3°C.

However, at the last stage, to accelerate the filtration
of the solid fraction at +5, the authors [10] used hexane as
a solvent, which is not safe for human health.

In [11], it was studied how the fractionation
temperature (+15°C, +18°C, and +21°C) affected
refined, bleached, and deodorised mixtures of palm and
sunflower oils (20:80 and 40:60). It was found that a
lower fractionation temperature reduced the amount of
monounsaturated acylglycerols and increased the
amount of di- and polyunsaturated acylglycerols.
Besides, a lower fractionation temperature produced a
liquid fraction with a lower solid fat content and a
lower cloud point than a higher temperature did.
However, that study focused on a mixture of oils used
for fractionation and contained no data on the
characteristics of sunflower oil fractions.

In the paper [12], which continued the work [10],
solid stearins of sunflower oil high in olein and stearin
were obtained by solvent fractionation, with acetone
used as the solvent. Solvent fractionation was carried
out on a pilot mini-plant at temperatures from +15°C to
+17°C and at the oil to solvent ratio ranging 1:2 to 1:4.
The resulting stearins were filtered in a vacuum and
washed with fresh acetone, which was followed by
vacuum stripping to remove the solvent. Depending on
the conditions of fractionation, the authors obtained
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three types of solid stearins with 65%, 80%, and 95%
of disaturated—monounsaturated acylglycerols. The
authors of [12], as well as in [10], used a solvent
hazardous to human health, acetone.

The authors of [13] investigated the fractionation
of sunflower oil with a high content of olein and
stearin using hexane and acetone as solvents.
Fractionation with acetone was carried out at
temperatures from +5°C to +10°C using different oil to
solvent ratios. It was found that acetone was a more
suitable solvent than hexane, since it made it possible
to fractionate the oil at higher temperatures and at
lower degrees of supercooling. Also, the paper
considered combining dry fractionation and solvent
fractionation to obtain individual stearins.

In [14], solvent fractionation of sunflower oil with
an increased content of stearic and oleic acids was
carried out in one stage. It was found that various
stearic products could be obtained by adjusting the oil
to solvent ratio and regulating the fractionation
temperature. Stearins with the same melting profiles as
in cocoa butter were obtained from sunflower oil with
17% and 20% stearic acid content. The use of these
fractions as confectionery fats was discussed.

The studies described in the papers [12-14]
concern solvent fractionation. Though the presence of
a solvent increases the rate of fractionation, this
process remains costlier and less environmentally
friendly than dry fractionation is. Besides, the authors
of these works did not carry out studies of sunflower
oil with a stearic acid content lower than 17%.

Based on the above, it has been found that in the
future, recently developed high-stearic oilseeds can
certainly become a source of high-quality solid plastic fats
that are healthier alternatives to the existing ones,
especially to hydrogenated fats. Besides, studies of the
conditions for dry fractionation of saturated sunflower oil
are not sufficiently highlighted in the literature. Therefore,
research in this direction is of practical importance.

The purpose of this work is to study the
possibility and conditions of dry fractionation of
sunflower seed oil of the saturated (stearic) type. For
this purpose, it is necessary to achieve the following
objectives:

— to determine experimentally the fatty acid and
triacylglycerol composition and establish the structure
of the acylglycerols of the stearic-type sunflower
seed oil;

— to substantiate scientifically the fractionation
method and suggest the conditions for fractional
crystallisation of stearic sunflower oil;

— to determine experimentally the fatty acid and
acylglycerol composition in the target fraction of
stearic sunflower oil.

Research materials and methods

For the research, we used cold-pressed oil from
sunflower seeds of the line X114B of the stearic type
(from the work collection of the Yuryev Institute of
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Plant Cultivation of the NAAS, samples from the years
2013-2018), and sunflower oil, which meets the
requirements presented in DSTU 4492:2017.

The samples for determining the fatty acid
composition of stearic sunflower oil and its fractions
were prepared according to DSTU ISO 5509. The
resulting solution of methyl esters of fatty acids was
analysed according to DSTU ISO 5508 by gas-liquid
chromatography on a Shimadzu chromatograph
(Japan). The fatty acids were identified by comparing
their retention time with that of the standards.
The fatty acid content was calculated as a percentage
of their total.

The triacylglycerol composition of stearic
sunflower oil was determined according to ISO/TS
17383:2014 by capillary gas chromatography.

To determine the structure of acylglycerols of
stearic-type sunflower oil and its fractions, we used the
method described in [15]: the molar percentage of
triacylglycerols present in sunflower oil of the stearic
type and its fractions was calculated by the formulae
(1-3), where A, B, and C were the molar percentage of
fatty acids A, B, and C. The molar percentage of
triacylglycerols (%) only containing one fatty acid A is:

A3
= : )
10000
that containing two fatty acids A and B is:
2
p-3A B @)
10000
that containing three different fatty acids A, B, and C is:
ABC:G'A'B'C. @3)
10000

The temperature of stearic-type sunflower oil in
the Zhukov device was studied as follows. The oil was
poured into the Zhukov device by % of its volume. The
device was closed with a stopper so that the mercury-
containing tube of the thermometer was approximately
in the middle of the vessel. The device was placed in a
cooling bath (ice as the cooling agent) at a constant
temperature lower than the expected chilling point of
the oil. The oil was stirred by shaking of the device
periodically. Then the device was tilted, and in this
position, the fluidity of the oil was observed. The
experiment was continued by observing the decrease in
the temperature, until the moment when a pronounced
peak was visible on the horizontal part of the
solidification curve. During the experiment, the
temperature of the sunflower oil was measured every
60 seconds.

To carry out fractional crystallisation, a weighed
portion of sunflower oil (20-25 g) was preheated in a
25-50 ml beaker to +30 — +35°C to eliminate any
previous structure, and then cooled in a refrigerating
chamber with the temperature automatically
maintained at the values required by the experiment
(+6 — +9°C). The cooling rate was 0.005-0.0067°C/s.
The sample was held for a time interval required for
crystals of solid fractions to form. The fractionation
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temperature was monitored with a thermometer
(Fig. 1). The experiment was carried out without
stirring. Next, the solid part was separated. The
samples of stearic sunflower oil fractions obtained (the
target and the liquid ones), were used for subsequent
analysis. To confirm the reliability of the result, three
individual portions of oil were checked each time. The
completion of fractional crystallisation is usually
controlled either visually or by analysing the fractions
obtained isolated at specified time intervals. The
course and the completion of the fraction
crystallisation of stearic sunflower oil were controlled
by determining the fatty acid composition of the
samples of the oil fractions obtained. At each stage of
the crystallisation process, the fatty acid composition
of the oil was monitored in the most important periods,
namely before the start of crystallisation, upon
reaching the predetermined crystallisation temperature,
and while keeping a sample at this crystallisation
temperature until this parameter of the liquid fraction
stopped changing. The crystallisation process was
considered completed if the last two measurements of
the fatty acid composition of the liquid fraction gave
the same values.

Fig. 1. Fractionation of stearic sunflower oil

The experiments were planned and the data
processed by means of mathematical methods using the
Microsoft Office Excel 2003 (USA) software package.
The studies were carried out in triplicate. When
determining the fatty acid composition of oil lipids, the
relative error did not exceed 0.5% for the given degree
of probability P=95%.

Results of the research and their discussion

The experiments have allowed establishing the
fatty acid composition of lipids and the triacylglycerol
composition of stearic oil from sunflower seeds of the
X114B line. Fig. 2 shows the data obtained on the fatty
acid composition of the classic sunflower oil in
comparison with the stearic-type oil from sunflower
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seeds of the X114B line. It has been found that the
stearic-type sunflower oil has an increased stearic acid
content, which is 9.1% of all fatty acids (while in
classic sunflower oil, the maximum content of this acid
is only 3.8%), and besides, it has a slightly reduced
linoleic acid content, which is 45.2% (while for classic
sunflower oil, it ranges 48.3 to 74.0%). The total
content of saturated fatty acids (palmitic and stearic) is
15.6%. The triacylglycerol composition of stearic
sunflower oil is represented by 94.8% of triglycerides,
3.1% of diglycerides, and 1.6% of monoglycerides.
The results obtained are consistent with other
scientists’ research on new lines of sunflower seeds
with an increased content of saturated fatty acids,
published in [16] and presented in Table 1.

Linoleic —

Oleic __‘
=]
2 . M Classic sunflower
2 oil
T Stearic ;
- oSunflower oil of
) the stearic type
Palmitic 5

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Mass fraction of fatty acids, %

Fig. 2. Fatty acid composition
of sunflower oil lipids

It should be noted that the structure of the
acylglycerols of oils is an important characteristic of
the raw material since the composition of acylglycerols
is directly related to its physical characteristics and
technological properties. Table 1 gives the acylglycerol
composition of sunflower stearic oil calculated by the
formulae (1-3), namely the content of acylglycerol
groups of the types S;, S,U, SU,, Us (S and U are,
respectively, saturated and unsaturated acids).

According to the research results (Table 1), it has
been found that in the stearic sunflower oil, there is a
significant content of the disaturated—monounsaturated
fraction of acylglycerols (type S,U), which is 6.16%.
The results coincide with those obtained from studying
the structure of acylglycerols of the new line of stearic-
type sunflower oil X114B by enzymatic
hydrolysis [16], where the content of the disaturated—
monounsaturated fraction of acylglycerols was 6.65%
(these are the fractions that form the basis of special-
purpose fats). This makes it possible to assume that
fractionation of stearic-type sunflower oil allows
obtaining fats that with an increased melting point and
the corresponding composition of acylglycerols [16].
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Table 1 — Composition of acylglycerols of sunflower oil the of stearic type (according to [15])

S; % sU, % S,U % U, %
PPP 0.027463 OOP+OPO 2.996448 PPO+POP 0.49686 | OLL+LOL | 24.02615
StStSt | 0.075357 | OOSt+OStO | 4.195027 PPL+PLP 0.57291 | OOL+OLO | 20.83684
PPSt+PStP | 0.115343 LLP+LPL 3.983028 |  SISIL+SILSt | 1.122904 LLL 9.234541
StStP+StPSt | 0.16148 LLSt+LStL 5577499 | SIStO+StOSt | 0.973846 | 00O | 6.023629
POL+PLO+OPL | 6.910176 | PStO+POSt+StPO | 1.391208
StOL+StLO+OStL | 9.674246 | PStL+PLSt+StPL | 1.604148
Total 0.379642 33.33732 6.161875 60.12116
by [16] 0.25 36.37 6.65 56.73

P — palmitic acid (C16:0); St — stearic acid (C18:0); O — oleic acid (C18:1); L — linoleic acid (C18:2)

Dry crystal fractionation is typically used to
separate hard stearic and soft oleic fractions in natural
products containing both of these components in large
quantities [1]. This process works without additives and
makes it possible to obtain physiologically neutral
products, since there is no contamination through
additives. It has a high operational reliability, since there
is no danger of explosion due to the use of solvents. Nor
is there any load on water and air, since both remain
completely free of additives. Considering the above, to
obtain the target fraction of stearic-type sunflower oil,
dry fractionation was used, which consisted in one-stage
fractionation by crystallisation from the melt. It is an
entirely physical process of fat modification, which is
environmentally friendly since it involves using no
catalysts and chemically active substances.

To establish the temperature range of stearic
sunflower oil crystallisation, it has been studied, using a
Zhukov device, how its temperature depends on the
cooling time. Fig. 3 shows a pronounced peak observed
on the solidification curve in the temperature range of
+4 — +5°C. This peak indicates a release of the thermal
effect of the phase transition of fat and corresponds to
crystallisation of high-melting triacylglycerols. Thus, it
can be assumed that the temperature of fractionation of
stearic-type sunflower oil from the seeds of the X114B
line is within the temperature range +4 — +5°C.

Besides, fractional crystallisation of the melt of
sunflower stearic oil has allowed experimentally
determining the temperature above which fractionation

2

stops being practical: at temperatures above +9°C, either
there is no fractional distribution, or the resulting
fractions  have  unsatisfactory  physicochemical
characteristics.

The efficiency of separating liquid and solid
fractions is especially dependent on the cooling method,
which determines the shape and size of the crystals.
Rapid cooling leads to supersaturation, produces a lot of
small crystals, and results in the formation of an
amorphous, microcrystalline, soft residue with poor
filtration properties. This shape will form mixed
crystals. However, gradual cooling of the oversaturated
oil results in the formation of stable B and J'
macrocrystals, easily separable from the liquid fraction
by filtration. So, high-quality crystallisation requires
long and gradual cooling. It has been experimentally
established that an increase in the cooling rate up to
0.0167°C/s leads to the formation of many small
crystals, makes it impossible to carry out phase
separation (filtration), and thus prevents the formation of
the target fraction of stearic-type sunflower oil, which
fractionation is aimed at. Based on the research by the
scientists [6], it has been found that slow cooling in the
nucleation period (at the rate 0.005-0.0067°C/s) leads to
formation of more stable polymorphic forms. They have
a higher melting point and higher mass fraction of solid
triglycerols due to a decrease in the capture of the
mother liquor during crystal formation, which is typical
of dry fractionation.

oK
re R

y =-0.0052x +/16.6

3

R°=1

P
a
a1

+
D

™.

°C

Temperature,
[

\\:\

D

\\M

o

“MM

~T e

M»

)

[ I, BT o
° ) /

500 1000 1500

—_——

Temperature ——

2000 2500 3000 3500 4000

Time, sec

4500

Tangert

Fig. 3. Kinetic dependence of the temperature of stearic-type sunflower oil of the line X114B (°C)
on the cooling time (s) in a Zhukov device
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The cooling rate of stearic sunflower oil is clear
from Fig. 4 that shows the temperature conditions of
cooling the stearic-type sunflower oil to the
crystallisation temperature. A tangent to the
dependence (Fig. 4) is plotted, and its equations are
given on the coordinate plane, where the coefficient at
x in this equation is the value of the cooling rate of
stearic sunflower oil, namely ~0.0051°C/s. This is
consistent with the data [6] about carrying out dry
fractionation.

The most stable crystal structures are known to
form when slowly grown from the melt. Therefore,
fractionation is usually a long process. In this process,
it is important to detect the moment when
crystallisation is completedn, since during long-term
fractionation of the studied oil, not only dinaturated but
also monounsaturated acylglycerols are released. This
leads to a decreased yield of the liquid fraction, a lower
melting point of the high-melting fraction, and
complications in the filtration process [1,13].

In this study, to control the course of fractionation,
a chemical method was chosen as more accurate. It
consists in determining the fatty acid composition of

the liquid fraction of stearic sunflower oil. This is
different from the work [17], where the same purpose
is achieved by determining the changes in a physical
parameter of oil, namely in the the refraction angle of
the liquid fraction of sunflower oil. Fig. 5 presents the
kinetic dependences of the change in the content of
saturated fatty acids in the liquid fraction of stearic-
type sunflower oil on the time of crystallisation.

On analysing the graphical dependences (Fig. 5), it
has been found that an increase in the crystalliszation
time led to a gradual decrease in the content of
saturated fatty acids in the liquid fractions of stearic-
type sunflower oil. After the completion of
crystallisation, the content of palmitic acid in the liquid
fraction of the oil was 5.5%, which was 1% less than in
the original stearic sunflower oil. The stearic acid
content was reduced to 8.5%, and the total amount of
saturated fatty acids was up to 14.0%. So, the results of
the studies confirm that the fatty acid composition of
the liquid fraction of stearic sunflower oil can be used
to control the course of the fractionation process. The
data obtained coincide with the results of work [16].
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Fig. 4. Conditions of cooling sunflower oil of the stearic type to the crystallisation temperature +9°C
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Experimentally, by the method of crystallisation
from the melt (Fig. 1), the target fraction of sunflower
oil of the stearic type was obtained, its yield being
24.57% (Fig. 6), and the yield of the liquid fraction,
respectively, 75.43%.

a b
Fig. 6. Target fraction of stearic sunflower oil:
a—at +20°C, b — at +6°C

In the target fraction of stearic-type sunflower
oil obtained by crystallization from the melt (Fig. 1),
the fatty acid composition of lipids and the
composition of acylglycerols have been experimentally
determined and analysed. The data obtained are given
in Tables 2, 3. The fatty acid composition of lipids of
the target fraction of stearic sunflower oil (Table 2) is
represented by such saturated fatty acids as palmitic
and stearic (7.4% and 12.4% respectively) and by
unsaturated fatty acids: oleic (38.3%) and linoleic
(41.9%). This composition differs from that of the
initial oil (Fig. 2) in the content of palmitic and stearic
acids (increased by 0.9% and by 3.3% respectively)
and in the linoleic acid content that decreases to 41.9%.
The total amount of saturated fatty acids in the sample
of the target fraction is bigger by 4.2% and makes up
19.8% of the total fatty acids.

Table 2 — Fatty acid composition of lipids in the target
fraction of sunflower oil of the stearic type

Essential Mass fraction of fatty acids, % of the
fatty acids total fatty acids
Cis0 7.4
Cigo 124
Ciga 38.3
Cigo 41.9
ZC]_G and Clg 19.8

The composition of acylglycerols of the target
fraction of stearic-type sunflower oil is represented
by monoacid, dicacid, and triacid triacylglycerols,
which contain both saturated and unsaturated fatty
acids, as well as by trisaturated (type S;) and
triunsaturated (type Us), monosaturated—
diunsaturated (type SU,) and the target disaturated—
monounsaturated fraction of acylglycerols (type
S,U). The results of calculating the composition of
acylglycerols of the target fraction, according to the
formulae (1-3) of the method described in [16]
(Table 3), confirm the tendency for a 3.27% increase
in the target disaturated—monounsaturated fraction of
acylglycerols. The target fraction of stearic
sunflower oil also contains more acylglycerols of the
S; and SU, types (by =0.38% and =4.87%
respectively). Besides, the target fraction of
sunflower stearic oil has a slightly lower content of
acylglycerols of the U; type: 51.58% versus 60.12%
of the initial oil (Table 1).

Systematisation and analysis of the research data
on sunflower oil with an increased content of
glycerides of saturated fatty acids (stearic sunflower
oil) reveals the specific feature of this oil, namely its
ability to form a solid fraction at low temperatures. So,
it can be stated that fractionating this oil by
crystallisation from the melt makes it possible to obtain
fractions, liquid and target. They differ in their
contents of saturated fatty acids and the corresponding
composition of acylglycerols, which is different from
that of the initial oil. Besides, they have different
melting and crystallisation temperatures. However,
further research is necessary. New methods of
intensifying the fractionation process should be
searched for in order to accelerate fractional
crystallisation of sunflower oil, establish rational
parameters of this process, and study melting and
crystallisation of the target oil fraction. It should also
be studied how the latter can be used in food
technologies, since processing stearic-type sunflower
oil by fractionation can expand the range of high-
quality solid plastic fats.

Table 3 — Composition of acylglycerols in the target fraction of sunflower oil of the stearic type

Ss % SU, % S;U % Us %
PPP 0.040522 OOP+0OPO 3.256496 PPO+POP 0.629192 | OLL+LOL | 20.17196
StStSt 0.190662 OO0St+0StO 5.456831 PPL+PLP 0.688333 | OOL+OLO | 18.43881
PPSt+PStP | 0.203707 LLP+LPL 3.897454 StStL+StLSt 1.932763 LLL 7.356006
StStP+StPSt | 0.341347 LLSt+LStL 6.530869 StStO+StOSt 1.766702 000 5.618189
POL+PLO+OPL | 7.125179 | PStO+POSt+StPO | 2.108645
SOL+StLO+OStL | 11.93949 | PStL+PLSt+StPL | 2.306846
Total: 0.776239 38.20632 9.432482 51.58496
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Conclusions

1. The experiments have allowed establishing the
fatty acid and acylglycerol composition of oil from the
new line of sunflower seeds of the stearic type X114B.
It has been found that sunflower oil of the stearic type
contains a greater amount of stearic acid (9.1%), and a
reduced content of linoleic acid (45.2%). The total
content of saturated fatty acids (palmitic and stearic) is
15.6%. The acylglycerol composition of sunflower oil
of the stearic type is characterised by a significant
content (6.16%) of the disaturated—monounsaturated
fraction of acylglycerols (type S,U), and the contents
of acylglycerols of the S;, SU,, and U; types are,
respectively, 0.38%, 33.34%, and 60.12%. The
triacylglycerol composition of stearic sunflower oil is
represented by 94.8% of triglycerides, 3.1% of
diglycerides, and 1.6% of monoglycerides.

2. The method of obtaining the target oil fraction
has been scientifically substantiated. It consists in one-
stage fractional crystallisation from the melt. It is an
environmentally friendly method of modifying stearic-
type sunflower oil, which involves using no catalysts
or chemically active substances. The following
conditions for fractional crystallisation of stearic
sunflower oil have been suggested: the fractionation
temperature range +6 — +9°C, the cooling rate
0.0051°C/s, and the crystallisation time 38 days.

3. In the target fraction of sunflower oil of the
stearic type, the fatty acid and acylglycerol
composition has been experimentally determined. It
has been found that in comparison with the initial
stearic-type sunflower oil, the target fraction of
sunflower oil of the stearic type obtained by one-stage
fractional crystallisation from the melt contains a
greater amount of stearic and palmitic acids (12.4%
and 7.4%) and a smaller amount of linoleic acid
(41.9%). The total content of saturated fatty acids
(palmitic and stearic) in the target fraction of stearic
sunflower oil is 19.8%. The acylglycerol composition
of the target fraction of sunflower oil of the stearic type
is characterised by an increased content (up to 9.43%)
of the disaturated—monounsaturated fraction of
acylglycerols (type S,U). The contents of acylglycerols
of the Sz, SU,, and Us; types are, respectively, 0.78%,
38.21%, and 51.58%.

4. It has been found that sunflower oil of the
stearic type can form a solid fraction at low
temperatures. Fractionating this oil by crystallisation
from the melt makes it possible to obtain fractions,
liquid and target. They differ in their contents of
saturated fatty acids and the corresponding
composition of acylglycerols, which is different from
that of the initial oil.
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Yy kpaiHChKHIt HAYKOBO-IOCTIIHHIT iHCTHTYT oniif Ta xmupiB HarioHansHOi akageMii arpapHux Hayk YKpaiHu
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%kahespa OBOUIBHUIITBA i 3AKPHTOTO TPYHTY

’Hauionansuuii yHiBepcuTer 6iopecypcis i mpupogokopucTysanss Ykpainm, By [epois OGopomm, 15,

M. KuiB, Ykpaina, 03041
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AmnoTauisi. [IpoBeneHo aHani3 OCHOBHHX METOJIB OfepkKaHHs (hpakuiioBaHUX Ol Ta )KUPIB, B AKUX 3aCTOCOBAHO TPH
ICTOTHO pI3HHX TIPOIECH (paKLilOBaHHS AUMITIINEPOTiB — cyXe (pakiifoBaHHs, BoJHE (ppaKIilOBaHHSI 3 JETEPreHTOM Ta
(paxuioBaHHs 3 PO3YMHHUKOM. 3Ha4YHY yBary MpUALICHO MUTAaHHIO BH3HAYCHHS yMOB (ppaKIifoBaHHS OJIii COHSIIHUKOBOT 31
3MIiHEHHM KUPHOKUCIOTHHM CKJIaaoM. IliKpecieHo akTya bHICTh BUKOPUCTAHHS OJii COHSIIHUKOBOI CTEApHHOBOTO THITY SIK
JDKepesia JKHpIB, 0 He MICTATh TPAaHC-i30MepH >KUPHHUX KHCIOT. OOIPYHTOBAHO JOIUIBHICTE KOMIDIEKCHHX JIOCHTIIKECHb 3
(dpakuiitHoi KpucTamizamii oJii COHAINIHUKOBOI CTEapHHOBOTO THITy. EXCIIepHMEHTanbHO BCTAHOBICHO XKUPHOKUCIOTHHH Ta
TPHALMITIIIEPUHOBUAN CKIaA OJii HOBOi JiHII HAaCiHHS COHAIIHUKY HacudeHoro Tumy X114B (cteapuHOBHil TuI).
MaremMaTu4HO BU3HAYEHO CTPYKTYpy Ii amminriineponiB. OTpUMaHO JaHI IIOJO HAsBHOCTI B JOCTIKYBaHId omii OKpiM
IiABUIIIEHOTO BMICTY CT€apMHOBOI KHCIOTH, a came 9,1% Bifg cyMH *KHPHHX KHCJOT, IIe¢ W 3HAYHOTO BMICTy AIHACHYCHO-
MOHOHEHAcH4YeHOI (hpaKIlii aIIITIineponiB y KigbkocTi 6,16%. HaykoBo oOrpyHTOBaHO MeTOJ MpOBEACHHS (DPAKI[IFOBAHHS
oIl COHSIIHMKOBOI CTEapHMHOBOTO THITy — OJHOCTamiiHa ¢pakmiiiHa Kpucramizamis 3 po3mwiaBy. EkcriepiMeHTaIbHO
BCTaHOBIICHO YMOBH (hpaKIiifHOT KprcTami3allii - iHTepBal TeMIepaTyp Kpucranisaiii (+6...+9°C), yac kpucramizaiii (38 1id)
Ta MBUAKICTH oxonomkeHHs (=0,0051°C/c). OmepkaHO IIBOBY (PAKIitO OJil COHSIIIHUKOBOI CTEAPHHOBOTO THITY, IO
BIJIPI3HSAETBCS BiJl BUXIAHOT OJii »KUPOHHCIOTHM Ta AIMJINTIINEPOJFHUM CKIIAQJO0M, BUXIA i€l ¢pakiii oii ckiaB 24,57%.
BcTaHoBIEHO, MO JKUPHOKUCIOTHUH CKIAA XapaKTepPU3yeThCsl 30LMBIICHHSIM BMICTy HaiabMiTHHOBOI kuciaotu Ha 0,9% Ta
creapuHOBOi — Ha 3,3% y HO€gHAHHI i3 3HIDKEHAM BMICTy JiHONEBOI kuciota a0 41,9%. CymapHa KiIbKiCTh HACHYEHHX
KHUPHUX KHCIOT y 3pa3Ky IimboBOi (pakmii ctaHoBUTE 19,8%. 10 cymMm >XKHpHHX KHCIOT. 3’SICOBAaHO, IIO MiHACHYCHO-
MOHOHEHACHUYCHA YacTKa alWITIINEpONiB y IiMboBiH ¢paxuii 30inemyersest Ha 3,27%. OTpumana mimbpoBa ¢paxmis Oyne
KOPHCHOIO JJII BUKOPHCTAHHSI B TEXHOJIOTISIX OOPOIIHSHUX Ta KOHJUTEPCHKUX BHUPOOIB 3aMICTh JKHPIB, IO MICTSTh TpaHC-
i30MepH KUPHUX KHUCIIOT.

Karwou4oBi cioBa: oist COHSITHIKOBA, KpUCTANTi3allis, ppakiiroBanHs, Gpakilii, >KAUPHi KUCIOTH, allHITIIIIEPOIIH

Crucok Jiteparypu:

1. JocmimkeHHs CKIamy alFuIITiIepHHIB OJIil HACIHHS COHAIIHHUKY HacuueHoro tumy / I'magxuit @.®. ta in. // Bicauk HTY «XII». 2012.
Ne 63. C. 33-38.

2. Tom S. Fats and fatty acids in human nutrition — report of an expert consultation. Food and Nutrition Paper 91 // Food and Agriculture
Organization of the United Nations. Geneva. 2010. P. 55.

3. Biochemistry of high stearic sunflower, a new source of saturated fats / Salas J.J. et al // J. Progress in Lipid Research. 2014. Vol. 55.
P. 30-42. DOI: http://doi.org/10.1016/j.plipres.2014.05.001

4. Pleite R., Martinez Force E., Garcés R. Increase of the stearic acid content in high-oleic sunflower (Helianthus annuus) seeds // J. Agric.
Food. Chem. 2006. Vol. 54, Isssue 25. P. 9383-9388. DOI: https://doi.org/10.1021/jf061654f

5. Kupuuenko B.B., Konomarkas B.IT. Cenexiust I0ACOTHEYHHKA Ha MOBBILICHHE aIAlITHBHOTO MOTEHIMAA U KadecTBa Macia // Macio-
xupoBoit komruiekc. 2010. Ne 4. C. 24-28.

6. Fernandez-Moya V., Martinez-Force E., Garcés R. Oils from improved high stearic acid sunflower seeds. J. Agric. Food. Chem. 2005.
Vol. 53, Issue. 13. P. 5326-5330. DOI: https://doi.org/10.1021/jf0503412

7. O'Bpaiten P. XKupsr u macrna. IIpon3sBoacTso, coctas u cBoiicTBa, npumenenue. CI16.: ITpodeccns, 2007. 752 c.

8. Texuomoris MmoaubikoBauHux kupis: migpyanuk / [magkuit @.O0., Tumuenko B.K., lemumos .M. ta in. Xapxkis: HTY “XIII”, 2012. 210 c.

9. Kysuemnosa JI.M., [lammaenko B.1O., lemunos L M. ®paxuiroBaHHs TPOMYHUX Oiii: HaykoBe Bumanus. K.: Arpap. Hayka, 2015. 48 c.

10. Dry fractionation and crystallization kinetics of high-oleic high-stearic sunflower oil / Bootello M.A. et al // J. Am. Oil. Chem. Soc. 2011.

Vol. 88, Issue 10. P. 1511-1519. DOI: https://doi.org/10.1007/s11746-011-1827-7

11. Physicochemical characteristics of palm oil and sunflower oil blends fractionated at different temperatures / Hasmadi M. et al // J. Food
Chemistry. 2005. Vol. 91, Issue. 4. P. 731-736. DOI: https://doi.org/10.1016/j.foodchem.2004.06.045

12. Evaluation of high oleic-high stearic sunflower hard stearins for cocoa butter equivalent formulation / Bootello M.A. et al // J. Food
Chemistry. 2012. Vol. 134, Issue. 3. P. 1409-1417. DOI: https://doi.org/10.1016/j.foodchem.2012.03.040

13. Effect of solvents on the fractionation of high oleic-high stearic sunflower oil / Bootello M.A. et al // J. Food Chemistry. 2015. Vol. 172,
Issue. 1. P. 710-717. DOI: https://doi.org/10.1016/j.foodchem.2014.09.136

14. Production of stearate-rich butters by solvent fractionation of high stearic-high oleic sunflower oil / Salas J.J. et al // J. Food Chemistry.
2011. Vol. 124, Issue. 2. P. 450-458. DOI: https://doi.org/10.1016/j.foodchem.2010.06.053

15. Kim G. Y. Engineering the crystallization behavior of triacylglycerols using high behenic acid stabilizers. Ontario, Canada, 2017. 95 p.

16. CtpykTypa alMIIilepyuHiB Oii HOBUX JiHIA HACIHHS COHSIIHMKY HacudueHoro tumy / Kymums K.B. ta in. / CximHo-€Bpomneichkuii
XKypHaI nepeIoBux TexHomorii. 2013. Ne 2/6 (62). C. 7-10.

17. PauionanbHi yMOBHM (pakiiiiHOi KpucTamizaimii COHSIIHMKOBOI OJii mambMiTHHOBOro Tumy 3 pos3unHy / Kynmns K.B. ta in. //
CxigHO-E€BpoIelHChKUI )XypHAI ITepeoBHX TexHomorii. 2014. Ne 1/6 (67). C. 8-12.

Xapuosa Hayka i Texnonorist / Food science and technology 79 Volume 15 Issue 3/ 2021


mailto:vikucya@gmail.com
mailto:matveeva7390@gmail.com
mailto:vkhareba@ukr.net
http://doi.org/10.1016/j.plipres.2014.05.001

