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Currently, the vast majority of solid fats, which are used as formula components of food
products, are produced in Ukraine by partial hydrogenation. This method of fats modification
leads to the formation of a significant amount of trans-isomers of fatty acids, which
negatively affects the human body. It is known that the increased content of these isomers
in the composition of fat products results in an increased risk of developing cardiovascular
and metabolic diseases. In particular, the action of high-density lipoproteins is blocked,
the deposition of cholesterol plaques on the walls of human blood vessels is initiated, and
the development of atherosclerosis is provoked. We suggest resolving this problem by
using interesterification of fats under the action of lipases, which has some advantages as
compared with traditional technology. For instance, alkaline agents will not be used for
catalysis, the reaction products will not be contaminated with catalysts, soaps will not be
formed as by-products, the temperature of the process will be almost halved, and the
organization of production will be less complicated and cheaper. The purpose of the work
was to determine the rational parameters of the interesterification reaction aimed at the
synthesis of fat systems with a minimum content of trans-isomers. The research objective
was achieved by using the response surface methodology. The kinetics of reaction was
studied by pulsed nuclear magnetic resonance. The processing and analysis of experimental
data was performed by means of the Statistica 10 package. As a result of investigations, a
mathematical model was developed that allows predicting the degree of conversion of
starting materials into reaction products based on the data on the conditions of the
interesterification process. Rational values of the main parameters for the synthesis of
fatty systems with a minimum content of trans-isomers of fatty acids were specified. The
obtained results can serve as a scientific basis for the development of technology for the
production of fat systems with improved quality and safety characteristics.
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Introduction
In recent years, a new concept of nutrition has
been worldwide developed. This concept implies not
only a pleasant taste of food but also its safety and
usefulness for the human body. In all developed
countries, this issue is considered in the rank of public
policy.
Taking into consideration a significant increase
in morbidity among the population of Ukraine and
the dominance of the food factor in the pathogenesis
of diseases, one of the most pressing social problems
of our time is the development of new domestic
food technology aimed at protecting and maintaining
human health [1,2].

Currently, oil and fat industry in Ukraine
produces a wide range of special fats intended for
the confectionery, bakery, dairy, and other food
industries. The vast majority of these fats contain
undesirable spatial isomers of natural unsaturated
fatty acids (trans-isomers). The results of many studies
have shown that trans-isomers of fatty acids disrupt
the functioning of enzymes and cell membranes in
the human body, increase blood cholesterol and raise
the risk of heart disease [3,4]. A high content of
trans-isomers (up to 60%) is found in edible
hydrogenated fats, which are produced by partial
hydrogenation of vegetable oils [5]. Food products
made of such hydrogenated fats are not plastic
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enough and, as a rule, have a large-crystalline
structure that is unstable during storage.
These shortcomings can be overcome by the
use of the process of interesterification to modify
fatty raw materials. In this case, completely
hydrogenated fats and solid natural fats, such as palm,
palm kernel and coconut oils, mixed with liquid oils
can be used as raw materials. The interesterification
of these mixtures not only reduces the content of
the high-melting fraction of triacylglycerols, but also
significantly increases the number of different
triacylglycerols in the fat system, stimulates its
crystallization into a ’-polymorphic form, which is
desirable for many foods.
Today, interesterification of fats on an industrial
scale is carried out under the action of alkaline
catalysts at high temperatures (up to 1200C). The
disadvantages of this process are contamination of
the reaction products by the catalyst and the
formation of soaps as by-products [6].
The use of interesterification under the catalytic
effect of lipases instead of the traditional one has a
number of advantages. They are as follows: mild
reaction conditions (temperature of 65–700C and
atmospheric pressure); a subsequent bleaching or
washing are not required; it is possible to adjust the
degree of interesterification; natural substances are
used that do not pollute the environment;
organization of production is less complex and
cheaper. Another important advantage is the ability
to obtain edible fats with a natural distribution of
acyls in acylglycerol molecules [7]. It is known that
there are mainly acyls of unsaturated acids in the
second position in acylglycerols, which are found in
natural fats [8]. With interesterification by lipases,
this natural distribution remains. Therefore, during
digestion of both natural and modified fats in this
way, the same elements of fat components enter the
blood from the intestines [9].
Currently, the main difficulties on the way to
the widespread dissemination of this technology are
as follows: insufficiently deep knowledge of the
process (as compared with traditional methods); still
relatively high cost of the catalyst used; and
insufficient awareness and lack of systemic experience
with this technology in domestic enterprises.
The aim of our study was to determine the
rational parameters of the interesterification reaction,
aimed at the synthesis of fat systems with a minimum
content of trans-isomers, which will be further used
as formula components of high-quality food products.
Experimental
In order to study the interesterification of fats,
high-oleic sunflower oil, which served as a supplier
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of mono unsaturated fatt y acids, and fully
hydrogenated rapeseed oil, were used as a starting
material. A feature of these components is an almost
complete absence of trans-isomers of fatty acid in
their composition. Furthermore, the use of higholeic sunflower oil instead of the traditional one is
aimed at increasing the oxidative stability of the final
product.
For optimization, the response surface
methodology was used. This methodology [10] is a
combination of mathematical and statistical
techniques aimed at modeling processes and finding
the combinations of experimental series of predictors
in order to optimize the response function, which is
generally described by the following polynomial:
n
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where x  R n is the vector of variables and b is the
vector of parameters.
The unknown values of the parameter vector,
b, were determined by using the algorithms of
regression analysis and optimization (minimization)
of the deviation functional (2):
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where m is the amount of experimental data (y).
A central composite rotatable design was used
in our study.
The degree of conversion of fatty raw materials
(DC, %), which was specified by changing the solid
fat content at 400C (SFC) and determined according
to the equation (3), was selected as the optimization
criterion.

SFC 

SFCi
100,
SFC

( 3)

where SFC is the difference between the solid fat
content at 400C in the initial fat mixture and the
solid fat content at 400C in the interesterification
product under conditions when the system reaches
equilibrium; SFCi is the difference between the solid
fat content at 400C in the initial fat mixture and the
solid fat content at 400C in the interesterification
product under the specified conditions of the
experiment (i).
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The analysis of the solid fat content in the
samples was carried out using pulsed nuclear magnetic
resonance. This method is based on measuring the
attenuation of magnetic induction signals from
protons of solid and liquid fat by means of pulsed
nuclear magnetic resonance with automatic
calculation and induction of the value of the solid
fat content. A Minispec mq 40 pulsed NMR
spectrometer (manufactured by Bruker, Germany),
which had an operating frequency of 40MHz, was
used for the research. The samples were analyzed in
accordance with ISO 8292:2008 in three parallels.
The interesterification process was performed
under vacuum with constant stirring (450 rpm). The
reaction was carried out under the catalytic effect of
Novozym 40086 enzyme (Novozymes, Denmark).
This catalyst is a Rhizomucor miehei sn–1,3-specific
lipase immobilized onto silica gel. The content of
the catalyst in the reaction mixture was 10 wt.%
(with respect to fats). Independent varied factors
were temperature and duration of the process. The
choice of the levels and factor variability intervals
was conducted according to the results of our previous
experiments: the temperature of the process varied
from 55 to 750C and the duration varied from 120 to
420 minutes.
Results and discussion
Regarding the process under study, the
following response function, which has the form of
a polynomial of the second stage, was selected:

DC  b 0  b1 t  b11t 2  b 2   b 22  2  b12 t ,

duration of the process (min); b1, b11, b2, b22, b12 are
the coefficients for each element of the polynomial.
The design matrix and experimental values of
the response function are shown in Table 1.
The analysis of experimental data was performed
by using the Statistica 10 package (StatSoft, Inc.).
The following model equations were obtained:

DC  147.37  7.01t  0.07t 2  0.12 
(5)

0.012  0.01t.

In order to check the significance of the
regression coefficients (5), the Pareto chart was
constructed (Fig. 1).

(4)

where DC is the degree of conversion (%); b0 is a
constant; t is the process temperature (0Ñ);  is the

Fig. 1. Pareto chart (L is the linear effect and Q is the
quadratic effect)

The analysis of the data presented in Fig. 1
Table 1

Design matrix and response function values

Experiment
No.
1
2
3
4
5
6
7
8
9
10
11
12

Temperature, t
0
Coded level
C
–1
58
–1
58
+1
72
+1
72
–2
55
+2
75
0
65
0
65
0
65
0
65
0
65
0
65

Duration, 
Coded level
Minutes
–1
164
+1
376
–1
164
+1
376
0
270
0
270
–2
120
+2
420
0
270
0
270
0
270
0
270
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Degree of
conversion (DC), %
72.50
87.20
56.90
82.50
89.10
74.00
61.40
94.20
87.30
86.50
85.60
84.00
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Table 2

Model analysis of variance*

Factor
(1) Temperature (L)
Temperature (Q)
(2) Duration (L)
Duration (Q)
1L by 2L
Lack of fit
Pure error
The total sum of squares

Sum of squares,
SS
216.938
71.610
939.353
176.621
29.703
54.162
6.010
1457.140

Degrees of
freedom, df
1
1
1
1
1
3
3
11

Mean square value,
MS
216.9384
71.6097
939.3532
176.6209
29.7025
18.0539
2.0033
–

F-value
108.2887
35.7453
468.8951
88.1635
14.8265
9.0119
–
–

The level of
significance, p-value
0.001894
0.009366
0.000216
0.002559
0.030929
0.051953
–
–

Note: * – Determination coefficient R2=0.959. Adjusted determination coefficient R2adj=0.924.

shows that all columns cross a vertical line, which is
a 95% confidence probability. Thus, we can conclude
that all regression coefficients in Eq. (5) are
significant.
The adequacy of the obtained model was
checked by the analysis-of-variance method, the
results of which are shown in Table 2.
The data shown in Table 2, in particular, the
non-significant lack of fit (significance level p>0.05)
and the values of the determination coefficients (R2
and R2adj) which are close to 1, allow us to conclude
that the resulting model adequately describes the
response.
The analysis of the critical points of regression
(5) in the Statistica 10 environment made it possible
to determine rational values of the parameters that
correspond to the following maximum degree of
conversion: temperature of 620C and reaction time
of 368 min. This is confirmed by the graphic image
(Fig. 2).

As can be observed, the highest values of the
degree of conversion are observed in the temperature
range of 60–640C and the duration of the reaction is
more than 300 min.
A decrease in the interesterification effectiveness
when rational temperatures and process duration are
exceeded is explained by a corresponding decrease
in lipase activity, which is due to the changes in its
molecule conformation and partial denaturation of
the apoenzyme and the inhibition of the enzyme by
reaction products.
Conclusions
A mathematical model that allows predicting
the degree of conversion of a starting material into
interesterification products based on data on reaction
parameters has been obtained.
Rational values of the main parameters for the
synthesis of fatty systems with a minimum content
of trans-isomers of fatty acids have been specified.
The obtained results will serve as a scientific
basis for the development of technology for the
production of fat systems with improved quality and
safety characteristics.
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ÎÏÒÈÌ²ÇÀÖ²ß ÏÀÐÀÌÅÒÐ²Â ÏÐÎÖÅÑÓ
ÂÈÐÎÁÍÈÖÒÂÀ ÆÈÐÎÂÈÕ ÑÈÑÒÅÌ Ç
Ì²Í²ÌÀËÜÍÈÌ ÂÌ²ÑÒÎÌ ÒÐÀÍÑ-²ÇÎÌÅÐ²Â
Ï.Î. Íåêðàñîâ, Î.Ì. Ãóäçü, Î.Ï. Íåêðàñîâ, Ò.Î. Áåðåçêà
Â íàø ÷àñ â Óêðà¿í³ ïåðåâàæíà á³ëüø³ñòü òâåðäèõ æèð³â,
ùî âèêîðèñòîâóþòüñÿ ÿê ðåöåïòóðí³ êîìïîíåíòè õàð÷îâèõ
ïðîäóêò³â, âèðîáëÿºòüñÿ ìåòîäîì ÷àñòêîâî¿ ã³äðîãåí³çàö³¿. Öåé
ìåòîä ìîäèô³êóâàííÿ æèð³â ïðèçâîäèòü äî óòâîðåííÿ ó ¿õ ñêëàä³
çíà÷íî¿ ê³ëüêîñò³ òðàíñ-³çîìåð³â æèðíèõ êèñëîò, ÿê³ íåãàòèâíî âïëèâàþòü íà îðãàí³çì ëþäèíè. Äîâåäåíî, ùî ï³äâèùåíèé
âì³ñò âêàçàíèõ ³çîìåð³â ó ñêëàä³ æèðîâèõ ïðîäóêò³â ïðèçâîäèòü äî ï³äâèùåííÿ ðèçèêó ðîçâèòêó ñåðöåâî-ñóäèííèõ çàõâîðþâàíü, à òàêîæ õâîðîá ïîðóøåííÿ ìåòàáîë³çìó. Çîêðåìà, áëîêóºòüñÿ ä³ÿ ë³ïîïðîòå¿ä³â âèñîêî¿ ù³ëüíîñò³, ³í³ö³þºòüñÿ â³äêëàäåííÿ õîëåñòåðèíîâèõ áëÿøîê íà ñò³íêàõ êðîâîíîñíèõ ñóäèí
ëþäèíè òà ïðîâîêóºòüñÿ ðîçâèòîê àòåðîñêëåðîçó. Àâòîðàìè
ðîáîòè ïðîïîíóºòüñÿ âèð³øåííÿ âêàçàíî¿ ïðîáëåìè øëÿõîì âèêîðèñòàííÿ ïåðååòåðèô³êóâàííÿ æèð³â ï³ä ä³ºþ ë³ïàç, ùî ìàº
íèçêó ïåðåâàã ó ïîð³âíÿíí³ ç òðàäèö³éíîþ òåõíîëîã³ºþ, à ñàìå
íå âèêîðèñòîâóþòüñÿ äëÿ êàòàë³çó ëóæí³ àãåíòè, íå â³äáóâàºòüñÿ çàáðóäíåííÿ ïðîäóêò³â ðåàêö³¿ êàòàë³çàòîðàìè, íå
óòâîðþþòüñÿ ìèëà ÿê ïîá³÷í³ ïðîäóêòè, ìàéæå âäâ³÷³ çíèæóºòüñÿ òåìïåðàòóðà ïåðåá³ãó ïðîöåñó, îðãàí³çàö³ÿ âèðîáíèöòâà ìåíø ñêëàäíà ³ á³ëüø äåøåâà. Ìåòîþ ðîáîòè áóëî âèçíà÷åííÿ ðàö³îíàëüíèõ ïàðàìåòð³â ðåàêö³¿ ïåðååòåðèô³êóâàííÿ,
ñïðÿìîâàíîãî íà ñèíòåç æèðîâèõ ñèñòåì ç ì³í³ìàëüíèì âì³ñòîì
òðàíñ-³çîìåð³â. Çàäà÷à äîñë³äæåííÿ âèð³øóâàëàñü ç âèêîðèñòàííÿì ìåòîäîëîã³¿ ïîâåðõí³ â³äêëèêó. Ê³íåòèêó ðåàêö³é â³äñòåæóâàëè ìåòîäîì ³ìïóëüñíîãî ÿäåðíîãî ìàãí³òíîãî ðåçîíàíñó.
Îáðîáêó òà àíàë³ç åêñïåðèìåíòàëüíèõ äàíèõ áóëî âèêîíàíî çà
äîïîìîãîþ ïàêåòà Statistica 10. Â ðåçóëüòàòè áóëî ðîçðîáëåíî
ìàòåìàòè÷íó ìîäåëü, ÿêà äîçâîëÿº íà îñíîâ³ äàíèõ ùîäî óìîâ

ïðîöåñó ïåðååòåðèô³êóâàííÿ ïðîãíîçóâàòè ñòóï³íü ïåðåòâîðåííÿ
âèõ³äíî¿ ñèðîâèíè â ïðîäóêòè ðåàêö³¿. Âñòàíîâëåíî ðàö³îíàëüí³
çíà÷åííÿ îñíîâíèõ ïàðàìåòð³â ñèíòåçó æèðîâèõ ñèñòåì ç
ì³í³ìàëüíèì âì³ñòîì òðàíñ-³çîìåð³â æèðíèõ êèñëîò. Îòðèìàí³ ðåçóëüòàòè ñëóãóâàòèìóòü íàóêîâèì ï³ä´ðóíòÿì äëÿ ðîçðîáêè òåõíîëîã³¿ âèðîáíèöòâà æèðîâèõ ñèñòåì ç ïîêðàùåíèìè
ïîêàçíèêàìè ÿêîñò³ òà áåçïåêè.
Êëþ÷îâ³ ñëîâà: ïåðååòåðèô³êóâàííÿ, æèð, òðàíñ-³çîìåð,
ìàòåìàòè÷íå ìîäåëþâàííÿ, îïòèì³çàö³ÿ.
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content of these isomers in the composition of fat products results in
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In particular, the action of high-density lipoproteins is blocked, the
deposition of cholesterol plaques on the walls of human blood vessels
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the action of lipases, which has some advantages as compared with
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aimed at the synthesis of fat systems with a minimum content of
trans-isomers. The research objective was achieved by using the
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package. As a result of investigations, a mathematical model was
developed that allows predicting the degree of conversion of starting
materials into reaction products based on the data on the conditions
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