u 0

O6rpynmosano ckaad cmabinizayiiinoi cucmemu 0131 MACAAHUX nACM
HA OCHOBI CYXUX KOHUECHMPAMIE MOJIOUHOZ20 MA CUPOBAMKOBUX OLIKIB, WO
cnpusmume 3menuennio dediyumy oinka y pauioni xapuy8anisa cyuactoi
JH00UHU Ma 00360auUMb 000aMK060 NideUWUMU 30ANANCOBAHICMY CKAAOY
Macasanoi nacmu.

I3 ypaxyeannam Qynxuionansno-mexnonoiMHux xapaxmepucmux,
YMOG 2eleymeopenns ma cunepzizmy 00 ckaady cmadinizauiiinoi cucmemu
86edeno nonicaxapuou — Kapazinan ma 2yaposy xamiov.

Hocnidsceno ounamixy epaodienmy epanuuinozo Hanpyicenns GiaKosux
ma 6inK060-noicaxapuoHux cucmem 01 MacasHux nacm. Bcmanoeneno,
W0 2eJ1i HA 0CHOBI CYX020 KOHUEHMPAmMY MOJI0UHO20 OLIKA € NAACMUYHU-
MU cucmemamu, Maromov 00CMAMHIO MIYHICMb MA MUKCOMPONHI 8]1ACMU-
eocmi. JIna 3HudCeHH KiNbKICH020 eMicmy cmadinizauiiinoi cucmemu y
BUPOOHUUMET MACAANOT nAcCMU 13 CMPYKMYPHUM KAPKACOM, NOOIOHUM 00
8epuK06020 macaa, 00 ckaady cucmemu 6yno eeedeno Kapazinaw. Ane
30inbWenta 1020 Konuenmpauii 3ymoe068an0 Yymeopenns MiuHo 3uu-
mux zenie, nenpudamuux 0as upodoHuymea macasnux nacm. Iliosuwumu
cmilkicme cucmemu 00 YUKNIG <3AMOPONCYBAHHS — POIMOPOIHCYBAHHS>
00360151€ 86e0eHHs 2Yyapo8oi Kamedi. 3a NOKAZHUKOM ZPAHUMHOZ0 HANPY-
JHCEHHA NPU 3MINHIL weudKoCcmi 0edopmauii MoOenvHUX 3PA3KI6 6CMANOE-
JleHo payionanvie CniGBiOHOWEHHA CKAA008UX cmabinizauilinoi cucme-
Mmu. Jlo ii cknady 6xodamov: KoHuenmpam moaoumn0z0 0inka: Konyenmpam
cupoeamkosux 0inkie: syapoea kamedv: Kapazinaw y cnieeionouweni
10,0:3,0:0,3:0,05.

Busnaueno payionanviy xonyenmpayilo cmabiizyr01020 Komnonenmy
Ha 0CHOGI 3HeNHCUPeH020 MO0KA, ika cmanosuna 13,35 %.

Busnaueno noxasnux axmueHocmi 600U MOOeNbHUX 3PA3KIE 00paHUX
CMabi3y0Mux pewosun ma cymiuweil y 6uUHAUEHUX CNIBBIOHOUWLEHHAX.
Hosedeno, wo cmaodinizyoui penosunu 6UABAAIOMb GUPAINCEHT 80T020YMPU-
MY104i 6ACMUBOCMI, AKT NIOSUWYIOMLCA NPU IXHLOMY KOMOTHYBANHI.

Hosedeno edexmuenicmo po3podaenoi cucmemu 3a NOKAZHUKAMU
axmuenocmi 600u ma ewmanvnii cucmemu. Iloxaznux axmusnocmi 600u
o macasanoi nacmu 3 macogoro uwacmkoio xcupy 40 % cmanoeus 0,981,
wWo € 6au3vKUM 00 810n0610H020 NOKAZHUKA 6EPUKOB020 MACIA 3 MACOB0I0
uacmkoro ycupy 72,5 % (xonmpoas) — 0,979. Ilokasnux enmanvnii macas-
Hoi nacmu cmanosue 61,35 /uc/2, xoumponro — 61,13 [uc/2. Ile nosac-
HI0EMBCA 000aAMKOBUM 36’A3YEAHHAM 60J102U PYHKUIOHATIGHUMU 2pYna-
MU KOMROHeHmi6 0iNK060-NONICAXaAPUOH020 KOMNIEKCY MA C8i0MUMD NPO
mepmoounamiuny cmabdinbHicms MACAAHOL nacmu.

Busnaueno egexmuenicmo 3acmocysanns po3podienoi cucmemu y
MexXHON021i MACAAHUX NACM: NOKAZHUK MePMOCMILKOCMI MACAAHOT nacmu
3 macoeoro wacmkoro ycupy 40 % cmanoeus 0,87 (xkonmpoas — 0,91), po3-
Mip Kpanaunox 600noi pasu na 3pizi ne nepesuwyeas 0,2 mm

Kntouosi croea: macasna nacma, KoHueHmpam mMon04H020 diaxa, KoH-
ueHmpam cuposamx060zo 0iKa, 0i1K0680-NONICAXAPUOHUL KOMNILEKC

u] =,

1. Introduction
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These products include butter pastes, which are positioned

One of the main tasks for the dairy industry is the produc-
tion of quality and safe products that meet modern nutritional
requirements. The sedentary lifestyle, complicated ecological
situation, the absence of main nutrients in human nutrition,
cause the metabolic disorders, which is consequently accom-
panied by weight gain, leads to obesity, cardiovascular and a
number of other diseases. Therefore, at present there is a need
to restrict the consumption of high-calorie food products,
especially those based on animal fats.

One of the ways to solve the problem is to develop a
technology of analogs for high-calorie food products with
the ratio of nutrients that is maximally close to the scientifi-
cally-substantiated norms.

as low-calorie butter-like analogs. Butter-based pastes are the
products with a mass fraction of fat from 40.0 to 49.9 %, which
could represent the emulsion of both the reverse type “water
in fat” and the mixed type “water in fat” and “fat in water”.
According to international standards [1], such products are
denoted as the dairy spreads, or semi-fat butter [2].

Since butter-based pastes are characterized by high levels
of milk plasma, additional functional and technological in-
gredients are needed to ensure proper structural-mechanical
properties, organoleptic indicators of products and stability
during storage. The purposeful combination makes it pos-
sible to maximally efficiently exploit properties of separate
components of multicomponent dairy products [3]. Therefore,
development of stabilizing systems for butter-based pastes as




complex emulsion systems is relevant, since it would allow ob-
taining products with the predefined structure, from that sim-
ilar to the classical butter to the paste-like structure, thereby
improving the economic efficiency of production.

2. Literature review and problem statement

Reduced fat content defines the peculiarities in the
formation of butter paste structure. Thus, with an increase
in the plasma fraction, its importance in the formation of
the structure of butter grows. An important element of the
structure of such products is the presence of a large number
of continuous thin layers of milk plasma that penetrate the
entire monolith. Stabilization of the water phase in liquid fat
is achieved by the existence of mechanical strength of the
interphase adsorption layers formed by the proteins of milk
plasma and other surface-active substances at both surfaces.
A combination of a large number of the interphase adsorp-
tion layers that possess mechanical strength associated with
both phases is considered to be the second structure of such
products [4]. Therefore, the development of the stabilizing
systems for butter pastes would make it possible to pur-
posefully regulate the structure of finished products and to
ensure its stability during storage.

In order to stabilize the structure of low-fat products,
it is proposed to use gelatin, cellulose derivatives, pectin,
complex stabilizing systems Hamulsion, Palsgaard, which
include hydrocolloids - carrageenan, xanthan and guar
gums, modified starch, etc., which enables obtaining butter
pastes with different structure [5-7]. However, the largest
weight proportion among components of such stabilizing
systems is typically taken by modified starch. The applica-
tion of milk protein as a base of stabilizing systems would not
only stabilize the structure of the butter paste, but could also
contribute to increasing the biological value of the product
and would allow partial compensation for the deficiency of
protein in the diet of modern human.

In this regard, it is promising to use the whey protein
concentrate, which is the most balanced in terms of the
amino acid composition among most proteins and is inferior
only to the chicken egg protein. In addition, the application
of the dry concentrate of whey proteins makes it possible
to obtain the more plastic gels that render the products
tactile tenderness [8]. Furthermore, whey proteins exhibit
the emulsifying properties that are important for use in the
fat-based products, and have a high biological value, there-
fore, they could serve as an additional enriching component.
Thus, there is a method for producing butter paste using the
whey protein concentrate, obtained through ultrafiltration
[9]. It was established that the product forms a double struc-
tural frame created by whey proteins and crystals of the milk
fat glycerides. However, the use in the product composition
of the dry concentrate of whey proteins alone predetermines
a softer plastic consistency of a butter paste, which limits
the choice of the type of packaging for packing the product.
In addition, with an increase of the moisture content in the
butter paste, which would require an increase in the amount
of whey protein concentrate to be introduced, there is a risk
of the occurrence of a foreign taste in the product. Therefore,
it is advisable to combine the whey protein concentrate with
the more active structure-forming agents.

Numerous studies have proven the effectiveness of the
joint application of casein and whey proteins, which makes

it possible to enhance the biological value of the formulation
mixture, to improve the emulsifying and moisture-retaining
properties of the system [10]. Although the joint use of these
proteins results in a product with the consistency similar to
that of classical butter, the cost of such a stabilizing system
is rather high, which can negatively affect the economic in-
dicators of production.

In order to increase the efficiency of the stabilizing system,
the synergistic components are introduced to its composition.
Widely known in this field are the effects of interaction be-
tween milk proteins and individual polysaccharides, in partic-
ular carrageenan and galactomannans [11]. Therefore, in order
to reduce the cost of the developed stabilizing system, it is ex-
pedient to introduce polysaccharides to its composition, which
are the active structure-forming agents, and exhibit the syner-
gism when interacting with milk protein, thereby performing
the technological function: carrageenan and guar gum.

It is known that carrageenan, in the presence of protein,
not only forms a weak gel, but also creates an additional
structure due to the direct interaction with the positively
charged amino acids and through the divalent ions — with
the negatively charged amino acids of proteins at the surface
of casein micelles. In addition, carrageenan can prevent
moisture loss in a product during storage [12].

The guar rubber gels, although being not too strong,
are characterized by high resistance to the cycles of “freez-
ing-defrosting” [13]. Since the butter paste is expected to
be stored at negative temperatures as well, it is advisable to
introduce a component to the stabilizing system that would
exhibit stability during freezing.

Thus, development of the stabilizing systems, based on
the protein polysaccharide complexes, would make it possi-
ble to purposefully form the structure of butter pastes there-
by promoting the biological value of products.

3. The aim and objectives of the study

The aim of this work is to develop a stabilizing system for
the emulsion dairy products with an elevated biological value.
To accomplish the aim, the following tasks have been set:

- to substantiate the choice of components in the stabi-
lizing system for a butter paste and to determine the rational
ratio of components in the stabilizing system;

-to examine the index of water activity in the pro-
tein-polysaccharide complex at different ratios of compo-
nents and in the butter paste with its presence;

- to prove the efficiency of using the developed stabiliz-
ing system in a butter paste technology based on analysis
of the indices for enthalpy, thermal stability, distribution of
moisture, and organoleptic properties.

4. Materials and methods used in the study

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

The study was conducted within the framework of the
scientific research (R&D) “Scientific principles for the devel-
opment of resource-saving technologies of protein-containing
polyfunctional concentrates for food products for special pur-
poses” (State registration number 0117U001243), Ukraine.

The base of the stabilizing system for a butter paste was
the milk protein concentrate, with a mass fraction of dry



substances of 85 %, and the whey protein concentrate with a
mass fraction of dry substances of 96 %, obtained using the
ultrafiltration method.

In order to increase the efficiency of the stabilizing com-
plex at the expense of synergy from the interaction between
proteins and polysaccharides, the use of carrageenan and
guar gum is implied.

Since the base of the stabilizing system is a complex of
milk proteins, in order to utilize the synergistic interaction,
we used kappa-carrageenan E-407. Carrageenan is insoluble
in milk at a temperature of 20 °C, but reveals its thickening
and gel-forming properties when heated to 80 °C. For better
dissolution, kappa-carrageenan was used in a mixture with
potassium chloride.

Model samples were prepared on the basis of skimmed
milk (protein content is 3.2 %). To this end, the ingredients
under the specified experimental conditions were mixed in
the dry form, they then at continuous stirring were added
to the skimmed milk heated to a temperature of 35...40 °C,
whose mass was determined based on the estimation of ob-
taining the mixture with a total weight of 100 g (the ratio
of components was varied depending on the conditions for
a particular experiment; the sample preparation was the
same). The mixture, continuously stirred, was heated to
(82+2) °C, followed by cooling to (20+2) °C.

The rheological properties of model samples were de-
termined at the rotary viscometer “Reotest 2”7 (GRANAT,
Russia) with the measuring system cylinder- cylinder S/N
by acquiring the curves in the kinetics of deformation (flow).

Measurements were conducted at a temperature of 20 °C.
The measuring cylinder (rotor) N was selected in such a way
so that the gradient layer propagated along the entire thick-
ness of the layer of the product, placed in the annular gap of
the measuring device in the viscometer. The measurement of
shear stress 6 (Pa) was conducted based on 12 values for the
gradient of shear rate y in the range from 0 to 100 s™! during
the direct and reverse movement. For this purpose, the a
indicators were taken at the maximum angle of deviation of
the arrow in the instrument scale [14].

The shear stress (Pa) was calculated from formula:

0=Zq,

where Z s the cylinder constant, Pa/divide of the instrument
scale; a is the measured parameter, number of divisions in
the scale of the device.

The study into water activity (Aw) (relative humidity, %)
was performed at the HygroLab 2 (Rotronic, Switzerland)
water analyzer at a temperature of 20 °C in the measurement
range 0...1 Aw (0...100 % rh) [15].

The device “HygroLab 2” (Rotronic, Switzerland)
(Fig. 1) is a desktop laboratory humidity and temperature
analyzer with a display and control keys, which is connect-
ed simultaneously to 1 to 4 probes of water activity. The
analyzed sample is taken to the container and placed to the
measuring chamber. Atop it is a probe of water activity. The
measurement cycle lasts 3-5 minutes, after which the values
for water activity and temperature for each probe are shown
by the display.

The heat resistance of the butter and the butter paste
was determined by thermostating the sample, selected by
a special probe, with a diameter of 20 mm and a height of
20 mm at a temperature of (30+1) °C for (120+5) min, fol-
lowed by measuring the diameter of the sample. The coeffi-

cient of thermal stability was determined as the ratio of the
initial diameter of the cylinder (20 mm) to the final (after
thermostating). Thermal resistance is considered to be good
at the coefficient’ value >0.86; fair - from 0.70 to 0.85; and
unsatisfactory if it is <0.70 [16].

Fig. 1. Laboratory analyzer “HydroLab 2”

5. Results of studying butter pastes with
a protein-polysaccharide complex

One of the main indicators of effectiveness for using sta-
bilizing substances is the capability to form the structure.
When adding the milk protein concentrate to the skimmed
milk, warmed to 35...40 °C, in the amount of 15 % by weight,
there formed the dense plastic mass due to the hydration of the
surface layers of casein micelles and the gradual restoration of
the casein micelle structure. At further heating, the degree of
hydration of the fine-dispersed particles of casein increased,
the process of gelling did not occur, and the system lost its
structural strength.

The structuring of the system can be achieved by the
introduction of multi-base salts — phosphorus or citric-acid
salts of potassium or sodium. For a given series of studies,
sodium tripolyphosphate was used. The action of such salts is
associated with the adsorption of anions at the surface of the
protein. The anions of phosphorus or citric (or other polybase)
acids increase the negative charge of the protein and improve
its hydrophilic properties. In addition, the cations of salts (so-
dium and potassium) enter the exchange reactions with pro-
teins, resulting in that the low-soluble calcium para-caseinate
partially transfers into the readily soluble sodium caseinate
(potassium) [17].

To increase the efficiency of the stabilizing system, a com-
bination of dry concentrate of milk protein with kappa-carra-
geenan is proposed. The rational ratio between the dry milk
protein concentrate (DMPC) and carrageenan as part of
the stabilizing system is determined. To this end, the model
samples with such a composition (per 100 g of sample) were
produced: 1.0 g of dry salt of sodium tripolyphosphate and
carrageenan in the amount from 0.025 to 0.100 g were added
to 15.0 g of DMPC with an interval of 0.025 g (in the mixture
with dry potassium chloride (food), the ratio of 3:1). It was es-
tablished that as the dosage of carrageenan increased, the vis-
cosity grew in proportion to the amount of carrageenan, while
during cooling the formation of a gel-like structure occurred.

The dependence of the stress gradient on the rate of de-
formation of model samples at different ratios of DMPC to
carrageenan is shown in Fig. 2 (butter with a mass fraction of
fat of 72.5 % was used as control).

It was established that at the concentration of carrageen-
an not exceeding 0.05 %, the strong spatial structure is not
formed, the system is plastic and will organically combine



with the fat base. As the dosage of carrageenan is increased,
the density of the structure increases and at the concentration
of 0.1 % the spatial structure of the protein-polysaccharide
gel forms, which is subject to destruction under mechanical
stresses. The gradient of shear stress increases at initial ve-
locities, and then it almost does not grow, which indicates the
destruction of the structure of the protein-polysaccharide gel.
The introduction of the structured system to the butter paste
would worsen the tactile perception of the product. Therefore,
the ratio of DMPC: carrageenan of 15.0:0.075 is rational.
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Fig. 2. Dependence of shear stress on the deformation
rate of model samples based on the skimmed milk
stabilized by DMPC and carrageenan

The next stage was to determine the rational amount of
the concentrate of whey proteins obtained by ultrafiltration
(SPC-UF) as part of the stabilizing system.

To determine the rational correlation of DMPC: carrageen-
an: SPC-UF, model samples were prepared, whose components
were mixed in the ratios given in Table 1. Next, the ingredients
were mixed with skimmed milk in the quantities required to
obtain a sample with a total weight of 100 g.

Table 1

General characteristics of the structure of model samples on
the base of skimmed milk stabilized by DMPC, carrageenan

and SPC-UF
No Component content, weight, %
DMPC | Sodium tripolyphosphate | Carrageenan | SPC-UF
1 15.0 1.5 0.075 1.5
2 15.0 1.5 0.075 3.0
3 15.0 1.5 0.075 4.5
4 15.0 1.5 0.075 6.0

The resulting model samples were characterized by a ho-
mogeneous gel-like, dense, and sufficiently plastic, consistency.
With an increase in the content of SPC-UF above 4.5 %, the
consistency became too dense and somewhat lost plasticity.

The dependence of the stress gradient on the deformation
rate of the model samples for different content of SPC-UF in
the system is shown in Fig. 3.

It was established that the model samples were charac-
terized by the similar dependences of the indicator of stress
gradient on the deformation rate; this indicates the formation
of plastic gels.
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Fig. 3. Dependence of shear stress of the model samples based
on skimmed milk stabilized by DMPC, carrageenan, and SPC-UF

With an increase in the content of SPC-UF above 4.5 %,
a decrease in the stress gradient indicator is observed across
the entire scale of the deformation rate, indicating a decrease
in the strength of the gel structure because of the introduction
of SPC-UF. Therefore, for the further research, the follow-
ing ratio of components is accepted: DMPC: carrageenan:
SPC-UF - 15.0: 0.075: 4.5.

In order to reduce the cost of the stabilizing system, it is
proposed to introduce to its composition the guar gum, capa-
ble of forming sufficiently dense plastic gels, resistant to the
cycles of “freezing — defrosting”. To determine the rational
ratio of the four-component system, samples were prepared
in accordance with the conditions from Table 2. The mass
fraction of the mixture of components of the stabilizing
system in a model sample was 10.0 %. The process of prepa-
ration of the samples was conducted in a manner similar to
that described above.

The dependence of the stress gradient on the rate of de-
formation of the model samples at different ratios of DMPC,
carrageenan (CAR), SPC-UF and guar gum (GUAR) is
shown in Fig. 4.
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Fig. 4. Dependence of shear stress of the model samples
based on skimmed milk stabilized by DMPC, carrageenan,
SPC-UF and guar gum

It was established that with an increase in the content
of guar gum in the composition of a stabilizing system to
0.3 %, the stress gradient indicator increased by 60 Pa on
average. With a further increase in the content of guar gum to



0.4 %, the value for the stress gradient indicator was de-
creased. Since the stable amount of the stabilizing mixture
components (10.0 %) was used in the preparation of the model
samples, an increase in the proportion of guar gum predeter-
mined a decrease in the proportion of all other components, in
particular carrageenan, which negatively affected the indica-
tor of the stress gradient.

Table 2
General characteristics of the structure of model samples

based on skimmed milk stabilized by DMPC, carrageenan,
SPC-UF and guar gum

Component content, %
No DMPC 51(; %ﬁg;}iﬁte Carrageenan | SPC-UF | guar gum
1 10.0 1.0 0.05 3.0 0.1
2 10.0 1.0 0.05 3.0 0.2
3 10.0 1.0 0.05 3.0 0.3
4 10.0 1.0 0.05 3.0 0.4

The indicator of water activity in the protein-polysac-
charide complex at different ratios of components and butter
paste that contained it was investigated. The composition
of model samples of gels of stabilizing components, their
mixtures and the butter paste with a mass fraction of fat of
40.0 %, stabilized by the protein-polysaccharide complex, is
given in Table 3.

Table 3

The indicator of water activity in the protein-polysaccharide
complex at different ratios of components and the butter
paste that contained it

Component content, %

Component name in sample No.

1 2 3 4 5 6

Milk protein concentrate
(mass fraction of dry
substances is 85 %)

15.0 | 15.0 | 15.0 | 10.0 | 15.0 | 4.48

Whey protein concentrate,
obtained by ultrafiltra-
tion (mass fraction of dry
substances is 96 %)

Sodium tripolyphosphate | 1.5 | 1.5 | 1.5 | 1.0 | 1.5

1.35

0.45
0.025]0.025]0.002(0.025|0.008

Food potassium chloride | —

Carrageenan — 10.075]0.075 {0.050{0.075|0.022
Guar gum - - - 0.3 [0.45]0.14
Butter (mass fraction of
fat is 72.5 %) a a a a - [5847
Skimmed milk (mass | g5 | 05 4 | 789 | 85.7 [78.45|38.38

fraction of fat is 0.05 %)
Total

100.0{100.0( 100.0 (100.0{100.0{100.0

Values for the water activity indicator of the model sam-
ples of gels of stabilizing components, mixtures, and the but-
ter paste, stabilized by the protein-polysaccharide complex,
are shown in Fig. 5. We used, as control, butter with a mass
fraction of fat of 72.5 %.

Analyzing the data from Fig. 5, one can conclude that
the stabilizing substances exhibit the moisture-binding
properties, reducing the indicator of water activity of
model mixtures. With an increase in the concentration
of model solution (sample 4 - 14.352 g/100 g, sample 5 —
20.050 g/100 g), while maintaining the predefined ratio
of components in the stabilizing system, the water activity
indicator of sample 5 was lower compared to the respective
indicator of sample 4. However, with the further use of
model sample 5 in the production of a butter paste, we ob-
served heterogeneity of the product’s consistency with the
inclusions of dense particles. This effect can be explained
by the insufficient am ount of free moisture required for
the proper spatial arrangement of functional groups of the
protein-polysaccharide complex.
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Fig. 5. Water activity of the model samples of gels of

stabilizing components, their mixtures, and the butter paste,
stabilized by the protein-polysaccharide complex

Enthalpy of the system increased with the introduction
of stabilizing substances to the system (Fig. 6).
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Fig. 6. Enthalpy of the model samples of gels of the
stabilizing components, their mixtures, and the butter paste

stabilized by the protein-polysaccharide complex

The largest increase in the enthalpy index occurs when
we introduce the system to the composition, which is pre-
determined by the formation of the strong frame kappa-ca-
sein - carrageenan. The enthalpy index of the butter paste
is somewhat higher than that in butter, which is associated
with the additional binding of moisture in the butter paste
by the components of the stabilizing system. Thus, the butter
paste, produced using the developed protein-polysaccharide
complex, is a rather thermodynamically stable system, which
would ensure the stability of product quality indicators
during storage.

We determined the indicator of heat resistance of the
butter paste, produced in accordance with conditions from
Table 3, which was 0.87 (for control — 0.91). The butter
paste was characterized by clean, pleasant taste and aroma,
characteristic of butter, with a homogeneous, gentle plastic



consistency, with a good moisture distribution, without the
visible drop of plasma at the cut when applying a sheet of
filter paper impregnated with bromophenolblau.

6. Discussion of results of studying the development of a
stabilizing complex for butter pastes

Based on an analysis of experimental results, the com-
position of the protein-polysaccharide complex for butter
pastes with a mass fraction of fat of 40 % was substanti-
ated. Dry concentrates of milk and whey proteins, which
reveal the moisture-retaining and structurally-froming
properties, were selected as a base. In addition, the protein
complex will serve as an enriching component, which will
improve the balance of the butter paste composition and
contribute to the reduction of protein deficiency in the
diet of modern human.

The presence of SPC-UF gives products a gentle plas-
tic consistency due to the high dispersion of whey proteins
and the patterns in gel formation.

In order to maximally utilize functional capabilities
of the stabilizing substances, the composition of the pro-
tein-polysaccharide complex, including the synergists of
milk proteins - carrageenan and guar gum, has been sub-
stantiated. The following auxiliary substances were used:
to increase the hydrophilicity of milk proteins - sodium
tripolyphosphate, to create the optimal conditions for the
gelation of carrageenan - food potassium chloride.

The rational correlation between components of the
stabilizing system was defined: DMPC:SPC-UF: carra-
geenan: guar gum — 10.0: 3.0: 0.05: 0.3 - based on the
gradient of the limiting stress of model solutions of pro-
tein-polysaccharide gels.

In order to confirm the effectiveness of the developed
stabilizing system and predict the capability of storing the
butter paste with its use, the water activity indicator was
investigated. It was proven that the addition of skimmed
milk to a butter paste does not increase the water activity
indicator. The butter paste with a mass fraction of fat of
40 % is characterized by the same indicator of water ac-
tivity as the butter with a mass fraction of fat of 72.5 %.
This is explained by the additional binding of moisture by
the functional groups in the components of the protein-poly-
saccharide complex. Reducing water activity would slow

down the microbiological processes that occur during storage
and cause product damage. That is, the relatively low value
of water activity in a butter paste allows further studies into
microbiological parameters of butter pastes in order to justify
the regimes and storage terms that are closer to the respective
conditions for butter.

Based on the indicator of thermal stability, the organo-
leptic properties and moisture distribution, the butter paste,
which was made using the developed stabilizing system, could
be positioned as low-calorie analog of butter.

Thus, the result of our scientific research is the develop-
ment of the stabilizing system for butter pastes with the struc-
ture similar to that of butter. Introducing a wider range of sta-
bilizing components would make it possible to obtain butter
pastes with the predefined structural-mechanical properties.

Further study is required to reveal the patterns in the
crystallization of glycerides of milk fat in the presence of com-
ponents of the stabilizing system, as well as the subsequent
formation of the structure of butter pastes with a different
mass fraction of fat.

7. Conclusions

1. The choice of components for the stabilizing system for
a butter paste is substantiated. DMPC-UF and SPC-UF and
the polysaccharides carrageenan and guar gum, which provide
for the synergistic effect when interacting with protein, were
taken as the base.

2. The rational correlation of components in the stabilizing
system is determined — DMPC: SPC-UF: carrageenan: guar
gum - 10.0:3.0:0.05:0.3.

3. The thermodynamic stability of the butter paste with
the protein-polysaccharide complex is determined based on
the water activity indicator and the enthalpy of the system.
For the butter paste with a 40 % fat mass fraction, the water
activity and enthalpy indicators of the system are 0.981 and
61.35 J/g, respectively. For butter with a 72.5 % fat mass
fraction (control), they are 0.979 and 61.13 J /g, respectively.

4. The efficiency of using the developed stabilizing sys-
tem in the technology of butter pastes has been proven:
the indicator of thermal stability of the butter paste with a
mass fraction of fat of 40 % is 0.87 (control - 0.91), the size
of droplets in the aqueous phase at the cut does not exceed
0.2 mm.
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