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OPTIMIZATION OF THE COMPOSITION
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JKupu € nesid’emnoio cxnadosoio xapuysanns aoounu. Iliosuwenuil emicm mpanc-izomepis 6 ix cxaadi o6y-
MOBIIOE HUSKY CEPULEO-CYOUNHUX 3AX60PI0BANL MA X60P00 nopyuenis memabonizmy. [epcnexmusnum nioxoodom
00 eupiwenns npoodaeMu MIHIMI3AUIL MICTY MPANC-I30MePI6 HCUPHUX KUCIOM Y CKAAOL XAPUOGUX NPOOYKMIG
€ CMBOPEHHS. HCUPOBUX CUCTNEM HOB020 NOKOLIHHS — 0]1€02e]i8, Ki € 00 €Kmom npedcmasienozo 00CHIOHCEHHSL.
Sk ducnepcitine cepedosuuye o1e0zenie 6Yio UKOPUCTANO BUCOKOOLCIHOBY COHAUMNUKOBY 0110, U0 Ha 6IOMINY 610
o2l mpaduuitinux copmie 0ae MONCIUBICMb OMPUMYBAMU CUCTREMU 3 NIOBUULEH0I0 CMIUKICMIO 00 oKkucHenns. [luc-
nepcHoI0 (asoio BKA3AHUX ICUPOBUX cUcmeM OYI0 06Pano GONCONUNULL BICK, MPUNATLMIMUN MA MOHOAUULLITUCPUNU.
Bubip xomnaexcy 6Ka3anux KOMROHEHMIE IDYHMYBABCS HA iX BLACTMUBOCIIAX CMEOPIOBAMIL 6 0ONC0ZENAX MPUCUMIPHY
CIMPYKMYpPY 3 3a0AHUMU MEPMOMEXAHIUNUMU Xapakmepucmukamu. B menepiuniii uac 6paxye ingopmayii wooo
3ANeAHCHOCNE OCHOBHUX XAPAKMEPUCTIUK 01e0zeis 6i0 cnigsionoulenns inzpedienmis ix ducnepcnoi ¢asu. 3oxpe-
Ma, 00HUM 3 HAUGIILW NPOOICMHUX MICUD MEXHON0ZI 0J1e02ei8 € iX MepMOCMAbINbHICG, AKA CYMIMESO GNAUBAE
na napamempu supooHULMea, Mpancnopmyeanis, a maxkoic na ymosu i mepminu 3bepizanns. /{ns eupiuenns
8KA3a1020 3a60anis 6 POGOMI 3ACMOCOBANO MEMOOOL02i10 NOGePXHI GIOKAUKY. Busnauenns negidomux snavens
sexmopa napamempic 30iUCHI0BALOCH WLSAXOM 3ACMOCYBANHS ANZOPUMMIE pezpecitiozo ananidy. Minimizauyis
pynxyionany i0XULY GUKOHYEALACH WLAXOM 3HAX0ONCCHIS BION0GIOHUX KOMOTHAYIT eKCNePUMEHMALLHUX PAJIG
npeduxmopis. B pesyrvmami docaidxcerv pospobieno mamemamuuiy Mooeiv, aka 0036015€, GUXOOIUU 3 OAHUX
PO KOMNOHEHMHULL CKAAO 0]1e02elis, npoznodyeamu ix mepmocmadiivnicmo. OOrpyHMOBaAH0 PAUiOHANbHI MACOB]
YACMKU KOMNOHEHMIE OUCnepcoi gasu oeozerie: emicm 60xcoaunozo 60cky 3,27 % mac.; emicm mpunaivmi-
muny 3,07 % mac. ma emicm monoayunenivepunis 4,70 % mac., npu axux 00cseaemocs MAKCUMAIbHE 3HAUECHHS
pynxuyii 6ioxaury. Ompumani pe3yivmamu Ciy2yeamumyms HayKOGUM NIOTPYHMAM O4s PO3POOKU MEXHOLOZIUHUX
napamempis npoMuUci08020 UPOOHUUMEA HCUPOBUX CUCTNEM HOBO20 NOKOLIHI, YMOG i mepMinis ix sbepizanns ma

Mpancnopmyeamms..

Kmouosi cnoBa: mexi0102is 01€02€71i6, NPOMUCTIOBE GUPOOHUMBO ICUPOBUX CUCTREM, MEPMOMEXANIUNT XAPAaAK-

MePUCTNUKU, MEPMOCMAOIILHICTD 01€02e116.

1. Introduction

Modern requirements for improving the quality and
safety of food products lead to the improvement of existing
and development of new technologies. In particular, bio-
catalytic technologies are being developed for the synthesis
of lipid systems enriched in omega-3 polyunsaturated fatty
acids [1]. Studies are carried out to obtain prebiotic and
synbiotic emulsion fat systems and health-whey vegetable
drinks [2, 3].

Another direction to improve the quality of food pro-
ducts is solving the problem of minimizing the content of
trans-isomers of fatty acids in their composition. Today, the
Ukrainian market is filled with food products based on fats,
which are produced by the method of partial hydrogenation
and, as a result, contain a high content of trans-fatty acid
isomers. At the same time, the results of modern nutricio-
logical studies show the presence of a link between the
consumption of these fats and a breakdown in the body of
enzymes, cell membranes, an increase in blood cholesterol
levels and an increased risk of cardiovascular diseases [4, 5].
Trans-isomers not only do not turn into the usual me-
tabolites of cis-acids, but also affect the efficiency of their
formation [6]. For example, with trans-trans-linoleic acid,
arachidonic acid is not formed — the most important com-
ponent of biological membranes and the precursor of regu-

latory substances that are very necessary for the body —
eicosanoids. Moreover, trans-isomers in large quantities
reduce the rate of arachidonic acid formation with cis-cis-
linoleic [7]. The use of excessive amounts of trans-isomers
leads to a deficiency of essential fatty acids in the body.

Therefore, the development of technology for the pro-
duction of fat systems with a minimum content of trans-
isomers is an important task.

2. The ohject of research
and its technological audit

The object of this research is the prescription composition
of oleogel in the form of fat systems of a new generation.

For research, the following fatty ingredients ware used
as a source of raw materials: high-oleic sunflower oil, served
as a supplier of monounsaturated fatty acids, beeswax, tri-
palmitin and monoacylglycerols. A feature of these prescrip-
tion components is the almost complete absence of fatty
acid trans-isomers in their composition.

One of the most problematic places in the oleogel tech-
nology is their thermal stability, which significantly affects
the parameters of production, transportation, as well as
storage conditions and periods.

To identify the relationship between the coefficient of
thermal stability and the oleogel formulation, a technological
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audit is conducted, the purpose of which is determina-
tion of the relationship between the specified parameters.

The obtained dependences allow to establish the ra-
tional content of the oleogel ingredients.

3. The aim and ohjectives of research

The aim of research is composition optimization of fat
systems of the new generation.

To achieve this aim it is necessary to solve the fol-
lowing objectives:

1. To develop a mathematical model that establishes
the relationship between the thermal stability coefficient
of the oleogel and its composition.

2. To determine the rational content of beeswax, tripal-
mitin and monoacylglycerol, which provides the maximum
values of the thermal stability coefficient of the investigated
fat systems.

4. Research of existing solutions
of the prohlem

One of the promising areas for solving the problem of
reducing the content of trans-isomers in food products is
the creation of a new generation of fat systems, namely,
oleogel.

Oleogel is a colloidal system, where the dispersion me-
dium is oil, and the dispersed phase is complex organic
compounds of lipid nature, in particular, partial acylgly-
cerols, waxes, fatty acids, sterols, and other.

An analysis of modern scientific works has shown that
an important factor in the development of the produc-
tion technology of the oleogel is the substantiation of
the nature of the ingredients of the dispersed phase and
their ratio. For example, in [8], a comparative analysis
of the use of a number of waxes as a dispersed phase for
the oleogel, which are used in ice cream, is performed.
Research results have shown that wax-based oleogels based
on rice bran provide better structure and improved thermal
stability of ice cream compared to carnauba or candelilla
waxes. In [9], beeswax was proved in comparison with
other waxes to provide oleogels with better adhesion and
cohesive properties. These findings are supported by sub-
sequent studies [10], which show the effectiveness of using
beeswax-based oleogel as a substitute for animal fat in food
systems. According to the authors of the works [11, 12],
the introduction of monoacylglycerol in the amount of up
to 7 % in oleogel allows to obtain fat systems that will
have the textural and thermal properties of soft marga-
rines, however, unlike the others, they will not contain
trans fatty acid isomers. The results of the study [13]
show the relationship between the crystallization condi-
tions and the formation of the structure of the oleogel on
the basis of monoacylglycerol. In [14], it is shown that
the interaction of tripalmitin with waxes contributes to
the formation of a three-dimensional crystalline structure
with improved thermomechanical properties in oleogels.
A number of studies are devoted to studying the effect
of binary mixtures of gelling agents on the properties of
fat systems. In particular, the joint effect of B-sitosterol
and stearic acid on the microstructure, texture, and ther-
mophysical properties of oleogel with the sunflower oil
as dispersion medium is studied in [15]. The interaction
between lecithin, monoacylglycerols and phytosterols in the

oleogel composition are analyzed, respectively, in [16, 17].
In the works of other authors [18], using the methods of
cryoscopic electron microscopy and Raman spectroscopy,
the synergetic effect of waxes and lecithin is established
during the formation of the oleogel structure. The use of
ternary mixtures of gelling agents will expand the range
of properties of the oleogel and select a lipid system with
specified characteristics for each food product [19].
Thus, the results of theoretical and experimental stu-
dies of the design of oleogel show the promise of using
waxes, monoacylglycerol and tripalmitin as a gelling agent
and their complex use as part of fat systems. Along with
this, currently there are not enough scientifically based
approaches to the development of technologies of these
multicomponent fat systems. One of the first steps in this
direction is the optimization of their formulation.

5. Methods of research

To optimize the oleogel composition, the response surface
methodology is used [20]. This method is a combination of
mathematical and statistical techniques aimed at modeling
processes and finding combinations of experimental predictor
series in order to optimize the response function, which
is described in general form by the following polynomial:

n n n-1 n
y(va)=ay+ Y ax+ Y qx2+ Y, Y, a;xx;,
= P

i=1 j=irl

(1)

where x e R" — the vector of variables; a — the vector of
parameters.

The determination of the unknown values of the vec-
tor of parameters a is carried out by applying regression
analysis algorithms and minimizing the deviation functional:

J@)=3

i=0

2

; (2)
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where m — the amount of experimental data.

The simulation and processing of experimental data is
performed in the environment of the Statistica 10 package
(StatSoft, Inc., USA).

The method for determining the thermal stability of
the oleogel is based on the exposure of samples of a cer-
tain size and shape at a temperature of (30+1)°C for
2 hours, followed by the determination of the coefficient of
thermal stability, which is determined by the ratio of the
diameters of the samples before and after thermostating.
The arithmetic average of three parallel determinations
is taken as the final result.

6. Research results

The coefficient of thermal stability (TS) is chosen as
the criterion for optimizing the oleogel composition. The
varied independent factors in the experiment are the wax
content (W, wt. %), tripalmitin content (TP, wt. %) and
monoacylglycerols content (MAG, wt. %).

Regarding the oleogels that are investigated, a response
function is chosen that looked like a second-degree poly-
nomial:

TS = b() + b1W + b11'W2 + szP‘l’ sz"TP2 + bgMAG +
+ by MAG? + by W-TP + b3 W-MAG + by;- TP-MAG, (3)
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where TS — the coefficient of thermal stabi-
lity; b() — a constant; b1, b11, bz, b22, b3, b33,
bia, by3, bys — coefficients for each element
of the polynomial; W — wax content, wt. %;
TP — the content of tripalmitin, wt. %;
MAG - monoacylglycerols content, wt. %.

Central composite rotatable design is
used that is most suitable for the chosen
optimization method [20]. The choice of
levels and intervals of variation of the factors
is carried out according to the results of
previous experiments: the content of bees-
wax and tripalmitin varies in the range
of 0.3-5.0 % by weight, and the content
of monoacylglycerols is in the range of
0.1-5.00 % by weight.

The design matrix and the experimental
values of the response function are presented
in Table 1. To reduce the effect of systematic
errors caused by external conditions, the
sequence of the experiments is randomized.

To test the significance of the regression
coefficients (3), a Pareto chart is constructed,
presented in Fig. 1 (L — the linear effect,
Q - the quadratic effect).

Tahle 1
Design matrix and response function

No.of | Wawcoment | e | Therml

experi- stability

ment Coded wt % Coded wt % Coded wt % | coefficient

level level level

1 0 2.65 0 2.65 0 2.55 0.80
2 +1 4.05 -1 1.25 -1 1.1 0.80
3 0 2.65 0 2.65 [+1.682| 5.0 1.00
4 0 2.65 | -1.682 | 0.3 0 2.55 0.61
5 -1 1.25 -1 1.25 +1 4.0 0.60
6 -1 1.25 -1 1.25 -1 1.1 0.43
7 0 2.65 | +1.682 5 0 2.55 0.58
8 -1 1.25 +1 4.05 -1 1.1 0.40
9 0 2.65 0 2.65 [-1.682| 0.1 0.50
10 -1 1.25 +1 4.05 +1 4.0 0.65
11 +1 4.05 -1 1.25 +1 4.0 0.85
12 +1 4.05 +1 4.05 +1 4.0 0.85
13 +1 4.05 +1 4.05 -1 1.1 0.65
14 0 2.65 1] 2.65 0 2.55 0.90
15 0 2.65 1] 2.65 0 2.55 0.82
16 +1.682 5 0 2.65 0 2.55 0.80
17 -1.682 | 0.3 0 2.65 0 2.55 0.35
18 0 2.65 0 2.65 0 2.55 0.80

The specified Pareto chart (Fig. 1) shows standardized
coefficients, sorted by absolute values. Analysis of the
data shows that the quadratic effect of monoacylglycerol
content, the linear effect of tripalmitin content, and the
interaction effects of the parameters is insignificant, since
the evaluation columns of these effects do not cross the
vertical line, is a 95 % confidence level.

(1)Wax content, wt.%(L)

(3)MAG content, wt.%(L)

Wax content, wt.%(Q)

Tripalmitin content, wt.%(Q)

MAG content, wt.%(Q)

(2)Tripalmitin content, wt.%(L)

-6.32183

-5.79329

2Lby3L 1.708005
-1.69835
1Lby3L -1.26244
1Lby2L -1.26244
-1.02591
p=0.05

Standardized Effect Estimate (Absolute Value)

Fig. 1. Pareto chart for testing the significance of regression coefficients:

MAG - monoacylglycerols

With this in mind, the indicated regression terms are
eliminated from the model. The resulting equation with
the calculated coefficients is:

TS=0.080+0.282-W —0.035-W? —
—~0.004-TP+0.076-MAG. (4)

The adequacy of the developed model was checked by
the analysis of variance (ANOVA), the results of which
are presented in Table 2.

The data given in Table 2, in particular, the lack of
loss of consistency (significance level p<0.05) and the
values of the coefficients of determination (R? and RZy),
close to one, allow to conclude that the resulting model
adequately describes the response.

The cumulative effect of the content of components on
the thermal stability of oleogel described by a polynomial
is graphically is represented in Fig. 2—4.

The analysis of the obtained dependences leads to the
following conclusions. The increase in the formulation of
the oleogel content of beeswax from 0.30 to 3.30 wt. %
causes the growth of thermal stability. Further increase
in the content of the specified component is not rational,
since it practically does not affect the response. How-
ever, when varying the content tripalmitin from 0.30 to
3.10 wt. % there is an increase in thermal stability, and
with a further increase — a decrease in this indicator.
In turn, an increase in the content of monoacylglycerol in
the investigated fat systems causes a monotonous increase
in the response, while the maximum values of the thermal
stability coefficient are observed already with the mass
fraction of the specified component from 4.0 % and higher.

These conclusions are confirmed by a detailed study
of the patterns of influence of these parameters by pro-
cessing the polynomial (4) in Statistica 10, which allows
to establish rational values of the mass fractions of the
oleogel components. The maximum value of the thermal
stability coefficient is achieved with the following gelatin
content: beeswax — 3.27 wt. %; tripalmitin — 3.07 wt. %
and monoacylglycerol — 4.70 wt. %.
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Tahle 2
ANOVA for the model
Factor Sum of squares, 55 | Degree of freedom, df | Mean square, M5 F-value The level of significance, p-value
(1)Wax content, wt. % (L) 0.244362 1 0.244362 107.8069 0.001906
Wax content, wt. % (&) 0.084373 1 0.084373 37.2236 0.008846
Tripalmitin content, wt. % (&) 0.070083 1 0.070083 30.9180 0.011475
(3)MAG content, wt. % (L) 0.167376 1 0.167376 73.8423 0.003313
Lack of fit 0.039392 10 0.003938 1.7379 0.355891
Pure Error 0.006800 3 0.002267 - -
The total sum of squares 0.589850 17 - - -
Coefficient of determination A%=0.921
Adjusted coefficient of determination HEEII-:U.BSB

F '

EI I >038 g

2 M <0775 s B >09
% Bl <0675 % <09
z ©]<0.575 [1<08
% [ <0475 i <07
z B <0375 g B <06
# M <0275 i

<05

Fig. 2. The dEpendI::ct!l!]eui“::; ;E?ﬂr?;?;a?:sit:iigtzu;[::gticiem of the oleogel Fig. 4. The dependence of the thermal stability coefficient of the oleogel
on the tripalmitin and monoacylglycerols content

7. SWOT analysis of research resulis

Strengths. The strengths of this research should include
mathematical modeling and experimental confirmation of
the results on the rational content of the components of
fat systems of the new generation. The obtained data are
the scientific basis for the development of technological
parameters of industrial production, conditions and periods
of storage, as well as transportation of finished products.

Weaknesses. The weaknesses of the developed product
include: higher cost than traditional fat systems and poor
consumer awareness of the new product and its benefits.

Opportunities. As for the capabilities of the fat sys-
tems of the new generation, this is: competitors in the
products-analogues have a high content of trans-isomers
of the fatty acids harmful to human health, an insufficient
range of fat and oil products for a healthy diet.

Threats. The threats to the entry of a new product
on the consumer market include:

Fig. 3. The dependence of the thermal stability coefficient of the oleogel — possibility of the emergence of new fat systems with
on the wax and monoacylglycerols content equivalent properties;
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— conservatism of the population;

— decrease in consumer purchasing power.

Based on the SWOT analysis, the following strategic
solutions are proposed:

— when conducting marketing activities, it is necessary

to focus on the absence of trans-isomers from among

the proposed fat systems, which increases their safety

and nutritional value;

— it is advisable in the formation of prices to focus

on the limited purchasing power of the population;

— develop an appropriate packaging design with in-

formative markings.

All of these approaches will contribute to raising con-
sumer awareness of new fat systems and entering new
markets.

1. A mathematical model is developed that allows, based
on the data on the oleogel composition, to predict their
thermal stability. In this case, the methodology of the
response surface is applied, and the determination of the
unknown values of the parameter vector is carried out
by applying regression analysis algorithms.

The analysis of the obtained dependences led to the
conclusion that an increase in the content of beeswax
from 0.30 to 3.30 wt. % in the oleogel formulation causes
the growth of thermal stability. Further increase in the
content of the specified component is not rational, since
it practically does not affect the response. However, when
varying the tripalmitin content from 0.30 to 3.10 wt. %
there is an increase in thermal stability, and with a further
increase — a decrease in this indicator.

2. The optimum values of the mass fractions of the oleo-
gel components are determined: the content of beeswax is
3.27 wt. %; content of tripalmitin is 3.07 wt. % and the
content of monoacylglycerol is 4.70 wt. %. The maximum value
of the thermal stability coefficient is reached at these values.
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