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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 B’-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 120°C). 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—70°C 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

of monounsaturated fatty 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 high-
oleic 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:

9(x,b) =b, +Zn:blx1 + Zn:bkxk2 +
1=1 k=1

n-1 n
+2. 2 byxx;,

i=l j=i+l

(D)

where x € R" 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):

J(X) = iZ::Hyi —9(X,b) 2,

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 40°C (ASFC) and determined according
to the equation (3), was selected as the optimization
criterion.

_ ASFC,
ASFC,,

(2)

SFC 100, (3)

where ASFC_, is the difference between the solid fat
content at 40°C in the initial fat mixture and the
solid fat content at 40°C in the interesterification
product under conditions when the system reaches
equilibrium; ASFC, is the difference between the solid
fat content at 40°C in the initial fat mixture and the
solid fat content at 40°C 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 75°C 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, +bt+b, t>+b,t+b, > +b,tt, (4)
0 1 11 2 22 12

where DC is the degree of conversion (%); b, is a
constant; t is the process temperature (°C); t is the

duration of the process (min); b,, b;;, b,, b,,, b, 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* +0.127 +
+0.01t%> +0.01tz.

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

(3)

(2)Duration, T, min (L)

1) Temperature, t, °C(L) 10,406

Duration, 1, min (Q) -9.390
-5.979

Temperature, t, “C(Q)

1Lby2I 3.851

p=0.05
Standardized Effect Estimate {Absolute Value)

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 Temperature, t Duration, t Degree of

No. Coded level °C Coded level Minutes conversion (DC), %

1 -1 58 -1 164 72.50

2 -1 58 +1 376 87.20

3 +1 72 -1 164 56.90

4 +1 72 +1 376 82.50

5 —\2 55 0 270 89.10

6 +\2 75 0 270 74.00

7 0 65 —\2 120 61.40

8 0 65 +\2 420 94.20

9 0 65 0 270 87.30

10 0 65 0 270 86.50

11 0 65 0 270 85.60

12 0 65 0 270 84.00
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Model analysis of variance”

Table 2

Factor Sum of squares, | Degrees of |Mean square value, F-value . The level of
SS freedom, df MS significance, p-value

(1) Temperature (L) 216.938 1 216.9384 108.2887 0.001894
Temperature (Q) 71.610 1 71.6097 35.7453 0.009366
(2) Duration (L) 939.353 1 939.3532 468.8951 0.000216
Duration (Q) 176.621 1 176.6209 88.1635 0.002559
1L by 2L 29.703 1 29.7025 14.8265 0.030929
Lack of fit 54.162 3 18.0539 9.0119 0.051953
Pure error 6.010 3 2.0033 — —

The total sum of squares 1457.140 11 — — —

Note: * — Determination coefficient R?>=0.959. Adjusted determination coefficient R2,;=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 (R?
and R?,;) 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 62°C and reaction time
of 368 min. This is confirmed by the graphic image
(Fig. 2).

I > 90
I <82
<72

<62
<52
<42

/) LAY 10 3G

Fig. 2. Dependence of the degree of conversion of the initial
fat mixture on the temperature and duration of the process

As can be observed, the highest values of the
degree of conversion are observed in the temperature
range of 60—64°C 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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OIITUMIBAIIIA ITAPAMETPIB ITPOLECY
BUPOBHUIITBA XKMPOBUX CUCTEM 3
MIHIMAJIBHUM BMICTOM TPAHC-I30OMEPIB

11.0. Hekpacos, O.M. I'ydss, O.11. Hexpacos, T.0. bepeska

B naw wac 6 Yxpaini nepeeascna binvuicms meepoux xcupis,
WO BUKOPUCMOBYIOMbCA K PEeUenmypHi KOMHNOHEHMU XAp4oeux
npodyKkmie, 8UpoOAsIEMbCS Memooom yacmkogoi eidpoeerizauii. 1lei
Memo0 MoOUDIKYBaHHs Jcupie npuzeo0ums 00 YmeopeHHs y ix ckaaoi
3HAYHOI KINbKOCMI MPAHC-I30Mepi8 HCUPHUX KUCAOM, AKI He2amue-
HO 6nausaroms Ha opeaniam AoduHu. Jlosedero, wio niosuuwjeHui
8Micm 6KA3aHUX [30Mepie y CKAAOi HCUPOsUX NPOOYKmie npu3eo-
dumbs 00 niduUUeHHS PUBUKY PO3GUMK) CepUe80-CYOUHHUX 3aX80-
PI08AHb, A MAK0IC X80P0 NOpYUEeHHS Memaooaizmy. 3okpema, 610-
Kyembcs 0isi ainonpomeidie sucokoi wiinbHocmi, iHiyiroemocs sidkaa-
OJeHHs X0necmepuHosux OAAUOK HA CMIHKAX KPOBOHOCHUX CYOUH
AIOOUHU Ma NPOBOKYEMBCS PO3GUMOK amepockaeposy. Aemopamu
pobomU NPONOHYEMbCS GUPIULEHHS 8KA3AHOT NPOOAEMU WASXOM GU-
KopucmauHs nepeemepuikysants ycupie nio diero ainas, wo mae
HU3KY nepegae y NOPIGHAHHI 3 MPaduuiliHo MexHoA02i€r, a came
He BUKOPUCMOBYIHOMbCA 048 Kamanizy AYJcHi azeHmu, He 8i00y-
eacmucs 3a0pyOHeHHsT NPOOYKMI6 peakuyii kamanizamopamu, He
YMEOPWMbCS MUAa K NobiuHi npodykmu, maiiyce 606ii 3HU-
Jcyemucs memnepamypa nepebiey npoyecy, opeanizayis 6UpooHUY-
mea menul ckaaodHa i binv dewesa. Memoro pobomu 6yn0 éusHa-
YeHHs PAUiOHANbHUX napamempie peaxyii nepeemepu)ikysanms,
CAPSAMOBAHORO HA CUHME3 JCUPOBUX CUCIEM 3 MIHIMANLHUM 8MiCTOM
mpauc-izomepie. 3adaua 00caiodnceHHs 8UPIUYBANACh 3 GUKOPUC-
MmaHHAM Memodonoeii nosepxHi siokauxy. Kinemuxy peaxuyiti eiocme-
Jcyeany MemoooM iMHYAbCHORO A0ePHO20 MACHIMHO20 DE30HAHC).
O6pobky ma ananiz exchepuMeHMAalbHUX 0aHux 0y10 6UKOHAHO 3a
donomoeoro nakema Statistica 10. B pezyasmamu 6ya0 po3pobaero
Mamemamu4Hy modens, Ka 003605€ HA OCHOBI OAHUX U000 YMOB

npouecy nepeemepughiKy8amnHs npoeHO3Y6amu CMynins nepemeoperHs
6UXIOHOI cupoguHu 6 npodykmu peakuii. Bcmarnoeaeno payionanvhi
3HAYeHHS OCHOBHUX NAPAMEmpie CUHMe3y HCUPOBUX cucmem 3
MIHIMAAbHUM 6MICIOM MpaHc-i3omepie dcuprux kuciom. Ompu-
MaHi pe3yamamu cAy2y8amumymo HayKo8UM RiOTpYHMAM 045 po3-
POOKU MeXHOA02IT BUPOOHULMBA HCUPOBUX CUCMEM 3 NOKPAUeHUMU
nokasHukamu sKocmi ma be3nexu.

Kiiouosi ciioBa: nepeetepudikyBaHHs, XXUP, TPAHC-i30Mep,
MaTeMaTUYHE MOJEJTIOBAHHS, OTITHMi3allisl.
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Currently, the vast majority of solid fats, which are used as
Sformula 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
Jfor 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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