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Abstract

The current trends in food production are aimed at creating products with reduced
energy value. The present study investigates the emulsion-foam structures of the
cream from churned cream with a 20% fat content used in decorating flour
confectionery. It is proposed to stabilise such systems by the introduction of
sodium alginate, 1-carrageenan or gelatin. It was determined that the emulsion-
foam structures of the cream samples under investigation belong to the class of
pseudoplastic non-Newtonian fluids. The different values of the conditional
dynamic limit of fluidity were determined: for sodium alginate ~ 100 Pa, for 1-
carrageenan ~ 35 Pa, for gelatin — 66 Pa, which is connected to a high level of
swelling of the hydrocolloids in cream and their differences in structure-forming
manners. Within 2 hours upon obtaining, all samples are characterized by a
decrease in the total deformation of the sample. For the samples under study,
plastic deformations exceeded springy deformations. In the structure of the
experimental samples, plastic deformations exceeded springy deformations: the
relative plastic deformation of the samples of emulsion-foam systems after
churning was 98... 99%. Over time a part of the springy deformation increased for
the samples with gelatin and sodium alginate, and decreased for the samples with
1-carrageenan.

Keywords: emulsion-foam systems, milk cream, hydrocolloids, gelatin, sodium
alginate, 1-carrageenan, rheological properties, springy-plastic properties

Introduction

Recently, more and more food products based on emulsion-foam systems, have
been created. Due to the recommendations of the World Health Organization on
the correction of the quantity and quality of fats entering the human body, namely
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that the total consumption of fats should not exceed 30% of all energy, and
industrial trans-fats should be excluded, the tendency is to turn to the development
of low fat natural cream systems.

A lot of confectionery and desserts are made using emulsion-foam systems, obtained by
churning milk cream (Zaouadi et al., 2019; Barata et al., 2019; Kaledina et al.,2017; Al-
Amin., 2019; Hartel et al.,2018; Schmidt et al., 2016; Goff et al., 2001) with a fat
content of at least 35% with sugar. The quality of such a system depends on the
maturation of the cream that is necessary to obtain a denser and foamy structure and low
churning temperature (0...6°C), which provides foam stability.

The process of cream foaming is based on the formation of a layer of protein-fat
globules around the bubbles of air that is dispersed in the system during churning
(Dewettinck et al., 2008, Nguyen et al, 2015). The initial churning stage involves
the stabilization of the trapped air bubbles by a temporary interfacial film of
soluble whey proteins and B-casein. The protein globules adsorbed on the surface
of the bubbles are thought to denature, leading to a viscous-springy membrane
formation around the air phase, which protects the emulsion from coalescence
(Schamm, 2006). Protein adsorption plays an important role in the capture of air
bubbles, but structure formation occurs due to the binding interactions between the
fat droplets and the air bubbles.

During churning, the fat globules lose segments of their natural membrane, thereby
exposing the hydrophobic surfaces of pure fat. There is partial coalescence of fat
droplets (destabilization). Gradually, these partially destabilized fat globules are
adsorbed around the air bubbles, forming a rigid framework. The fat frame formed
provides stability and texture for the final product.

The strength of the obtained foam depends on the size of the fat frame — the larger
it is, the more resistant the foam is. Therefore, reducing the fat content in emulsion
foam systems always requires the introduction of additional stabilizing additives,
usually hydrocolloids or substances containing natural hydrocolloids (Milliatti et
al., 2018, Yousefia et al., 2019, Javidi et al., 2019, Farahmandfar et al., 2019).
Many stabilization methods suggest the use of gelatin (Duan et al., 2018, Rahimah
et al., 2020, Lysyuk et al., 2007). However, the system with gelatin loses its
plasticity, acquires signs of jelly-like structure, and has a higher density. Another
trend is related to the use of fruit and vegetable raw materials as a source of pectin
substances and fibre. For example, researchers (Melnychuk et al., 2011) developed a
method of obtaining an emulsion-foam system of cream from milk cream with a fat
content of 30% with the addition of hydrolyzed carrot or pumpkin puree. The cream,
which contains 0.7-1% pectin, increased the stability of the cream over time. Ershova et
al., (2008) developed the technology of production and assortment of low-calorie
functional cream based on blending vegetable oils and a vegetable emulsifier - the root
of Aralia amanduria (Araiiamandshurica Rupr. Et Maxim) and the root of licorice
(Glycyrrnizaglabra L.). The developed assortment additionally includes fruit and berry
and vegetable purees in the recipe, which allow the formation of colour, taste and
aromatic properties of creams without artificial dyes and flavours. The use of vegetable
oils in the cream provides consumer benefits (for example, reducing cholesterol,
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providing a high level of essential fats, reducing acidity), while cutting the cost of raw
materials as compared to milk fat. However, problems arise when structuring and
stabilizing the structures of the final product. Muresan et al. (2018) studied the
possibility of improving the consumer and functional properties of recombinant churned
creams by developing model systems for food fats. These models contained anhydrous
milk fat mixed with different amounts (15%, 30%, 45%) of oleogel from rice bran.

Radzievska et al. (2013) substantiated and developed the technology of low-calorie
emulsion confectionery cream based on vegetable cream. The cream contained refined
deodorized sunflower oil, an aqueous solution of native potato starch, an emulsifier
E471 (mono- and diglycerides of fatty acids), sugar and cocoa powder. It was
experimentally established that the mass fraction of oil in the recipe of the cream should
be 25%; under such conditions there was no separation of water and delamination of the
emulsion, and the mass retained homogeneity.

In another study, the possibility of stabilizing the structure of the vegetable cream with a
fat content of 25% by introducing agar, pectin and gelatin was investigated (Romanova
et al., 2008). The rational concentrations of jelly-forming agents were: 0.36 - 0.67% of
agar; pectin — 0.44 - 1.02%; gelatin — 1.9 - 2.0%. In Srikaeo et al. (2020), the effect of
pectin and carrageenan on the physical properties and lipid digestion of churned cream
was evaluated, and hydrocolloids were shown to improve foaming properties and delay
the rate of lipid digestion.

Gurov (2007) improved the technology of low-calorie cream-churned semi-finished
emulsion-foam structure, which was stored in the form of liquid water-fat emulsion, and
churned when cooked. The product contained sodium caseinate, sodium alginate,
carboxymethylcellulose and vegetable fat. Based on the semi-finished product, scientists
proposed to develop creams with an emulsion-foam structure that meet the requirements
of healthy nutrition in terms of quality.

The technology of obtaining low-calorie churned semi-finished products (Lingerud,
2009), which have high functional properties after churning and a pleasant aroma was
proposed. The fat phase consisted of 10... 25% fat, 5... 60% unsaturated fatty acids,
and the rest was lactic fat.

The low-calorie emulsion-foam cream system proposed by Allen et al. (2005) included
water, coconut oil, hydrolyzed corn starch, powdered milk, whey protein, and oil
flavouring.

The information above confirms the interest of food industry professionals in reducing
the energy value of emulsion-foam systems as a basis for cream products. Scientists are
developing technologies aimed at regulating the fat phase, improving the process and
the formulation of the finished product in accordance with the concepts of modern
nutrition. A large part of the development is devoted to improving the technology of
semi-finished products based on cream of vegetable origin, the creation of a blending
basis for further churning (powdered milk with the addition of milk protein (sodium
caseinate), vegetable fats and industrial fats, emulsifiers, stabilizers. However, the use of
natural milk fats in technology is more necessary in terms of the benefits to the human
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body, and the issues of ensuring the stable quality of the emulsion-foam structure of
creams with reduced fat content need to be studied.

The purpose of this study was to determine the structural and mechanical properties
of emulsion-foam systems consisting of churned cream with a fat content of 20%,
stabilized with 1-carrageenan or sodium alginate.

The structural-mechanical properties of emulsion-foam systems were studied in
point of rheological parameters and springy-plastic deformation.

It can be stated that the rheological properties of emulsion-foam systems will
depend on the interaction with the rheology of the dispersion medium and the
characteristics of the suspended particles. In emulsion-foam systems, the rheology
of the dispersion medium usually plays a major role in the overall rheology of the
system. Gel-formers available in the dispersion medium develop a solid net over
time that provides stable indicators of the emulsion-foam stability. Accordingly,
they change the nature of the dispersion medium, affect the process of milk fat
destabilization, thereby changing the rheology of both the dispersion medium and
the system as a whole.

The volume fraction of the dispersed phase (air) will also be influenced. The
viscosity of the emulsion will increase with the increase in the volume fraction of
the dispersed phase, due to the energy dissipation (scattering) associated with the
fluid flow.

The reason of dissipation can be the thermal motion of molecules: when the
selected volume of matter moves, the molecules at the volume boundary, moving
chaotically, are constantly in contact with the molecules of other volumes, resulting
in a continuous exchange of momentum and matter between the volumes of the
medium.

Materials and methods

The following raw materials were used to make emulsion-foam systems for pastry
cream from churned cream: milk cream with a fat content of 20%; white crystalline
sugar (sucrose); food gelatin; sodium alginate, 1-carrageenan ('GERoeperGmbH’,
Germany).

The composition of the experimental samples, g/100g, and the physico-chemical
parameters of the raw materials are shown in Table 1.

The churning of all the cream samples was carried out using a hand mixer Bosch
MFQ4020 (Slovenia) with the speed of the whipping body of 300 rpm for 15
minutes.

For the preparation of the emulsion-foam system with sodium alginate, the
formulation amount of the structure-forming agent was mixed with sugar (sucrose)
in a 1:1 ratio, introduced into the cream, heated to a temperature close to 85-90°C
for complete dissolution, and then cooled to 8-12 °C. The cooled solution was
added to the main part of the cream and churned with the gradual addition of the
remaining sugar (sucrose).
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Table 1. Prescription composition of experimental samples, g / 100g,and physico-chemical
parameters of raw materials.

Formulation of the obtained samples, g/100g

Raw material Control Sample 1 Sample 2 Dry matter, %
sample

cream with 20% 27.00
fat 85.0 85.0 85.0 30.00
sugar 20.0 20.0 20.0 99.85
food gelatin 2.0 - - 88.00
sodium alginate - 0.72 - 88.00
1-carrageenan - - 0.72 90.00

For the preparation of creams with -carrageenan, the structure-forming agent was
mixed with all the recipe amount of sugar (sucrose), diluted with cream, heated to
complete dissolution in the temperature range of 90-95 °C and cooled to a
temperature of 6-10°C, after which the cooled solution was introduced while
churning the main part of cream.

The control sample was the formulation of the emulsion-foam structure of the
cream, for the preparation of which gelatin was soaked in the cream in a 1:10 ratio.
The mixture was heated up to the complete dissolution of gelatin in the temperature
range 60-65°C, then cooled to a temperature of 40-45 °C. The cooled solution was
introduced to the main part of the cream with the gradual addition of the remaining
sugar.

The rheological properties of cream samples were determined on a rotational
viscometer Rheotest RN 4.1 (Germany) according to the methods presented by
Erkebaev et al. (2006), Kovalevska (2010), Mezger (2006) and Volovik et al.
(1999). The shear stress was calculated by the following formula:

1=ZXa D
where: T is the shear stress; Z is the measurement steam constant (for the moving
cylinder H Z=2.89); a is a value on the scale of the recording device.
The maximum viscosity, Nmax, (Pa's) and the minimum viscosity, nmin, (Pa-s) were
calculated by the formula:

n== 2)

where: v is shear rate gradient, s* (0.3333; 0.6; 1; 1.8; 3; 5.4; 9; 16.2; 27.6; 48.6;
81; 145.8).

Based on the obtained results, the rheological viscosity n = f (y) and flow curves T
= f (y) were constructed (Figure 1); using the flow curves, a number of rheological
parameters were determined, namely the conditional static yield stress Py, which
corresponds to the beginning of the deformation of the sample, the conditional
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dynamic yield stress Pk, above which the deformation rate increases significantly,
and the shear stress corresponding to a completely destroyed structure, P, Pa.
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a b
Figure 1. Rheological flow (a) and (b) viscosity curves.

The strength of the supramolecular structure formed in the system was considered
as the value obtained from the difference between the values of the maximum
(minimum shear gradient) and minimum (maximum shear gradient) viscosity (Mmax
— Nmin, Pa‘s).

The conditional static yield stress, Py is defined as the shear stress with a minimum
shear gradient.

The conditional dynamic yield stress, P, is defined as the point of intersection of
the sample tangent and the yield curve of sample, constructed using at least three
values of the shear gradient at which the fluidity of the samples is observed.

The following ratios were considered in order to further characterize the
deformation behaviour of the system: Py1/Px the strength of structural connections -
the greater this ratio, the stronger the structural connections formed in the system;
Pm/Pi. — the destruction of the structure - characterizes the range of stresses in
which the destruction of the structure takes place.

The determination of the rheological parameters of emulsion-foam creams systems

was carried out at 2...4 °C immediately after obtaining them (0 min), then after 30,
60 and 120 min.

The springy-plastic characteristics of the studied creams were determined by
means of a ST-2 structrometer (LLC "Laboratory of Quality”, Moscow), which
provided information on the total deformation of the test samples, the development
of springy or plastic deformation; the calculation of the conditional strength of the
system; the specific work of plastic deformation and other structural and
mechanical characteristics. A detailed description of the configuration of the
structrometer is shown in Figure 2.

The operating principle of the structrometer is based on measuring the structural
and mechanical characteristics of the test sample of a cylindrical form, 3 cm in
diameter and 5 cm in height, located on a plate, under the action of load.
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Figure 2. Scheme of the structrometer ST — 2.

1 - frame; 2 - motor; 3 - gears; 4 - screw; 5 - nut; 6 - control unit; 7 - plate; 8 - measuring
head; 9 - barbell; 10 - the screw for fastening of a measuring head; 11 - the screw for
fastening of a body of penetration; 12 - variable indenter; 13 - sample of the studied food
product.

The main parts of the structrometer are the control unit (6) and the replaceable
measuring heads (8). In the upper part of the control unit there is a round table (7)
which moves vertically. Above the table there is a measuring head, which moves
along the bar (9).

The technical characteristics of the device: range of speed of table movement — 1-
100 mm / min; load measurement range - 0.1-100 N; load measurement error - no
more than 1%; displacement measuring range 0-43 mm,; relative error of time
measurement - less than 1 (Levit et al.,2014).

Measurements were performed at 4-8 °C, and the analysis was conducted
immediately after obtaining the samples (0 min), then after 30, 60, 120 min, and
following the formation dynamics of the structure development.

The investigation was carried out in the following conditions: touch force Fo = 0.5
N; table speed v = 0.1 m/60 s; maximum load F = 2 N per sample. The
experimental data obtained were expressed as deformation kinetics curves (Figure
3) (Erkebaev et. al., 2006). According to the deformation curves, the total
deformation of the sample (Hi, m), plastic deformation (Hz, m), and springy
deformation (Hs, m) as the difference between the total deformation of the sample,
Hi, and plastic deformation, H,, were determined and used to determine the
following:

—the relative plastic deformation, El,
H,
o= (H—l) ¥100% (3)
— the relative springy deformation, Esp, %:

Ep=(5) ¥100% @)
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— the conditional strength limit, o, Pa:

_ 4F 6
§=-—5x10 ()
— the specific work of plastic deformation, J/m3:
SM¢ M,
Agpec = mog Ve x 108 (6)

where: S is the area under the curves (the shaded part of the figure), mz, Mg is the
scale of the graph along the axis of the load force, N/m; Mx is the scale of the
figure along the axis of deformation, m/m; ¥ is the sample volume, ma.
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Figure 3. The curve of Kinetics of the samples’ deformation

Statistical analysis

The statistical processing of the result values was performed by sequential
regression analysis using the Microsoft Excel XP and Origin Pro8 software.

Results and discussion

The viscosity and flow curves of the cream samples tested are shown in Figures 4-6,
and the analysis of the results is included in Table 2.

As it can be seen from figures 4, 5 and 6, when increasing the shear stress, the
system collapsed and acquired fluidity that is characteristic of non-Newtonian
fluids as shear type or pseudoplastic non-Newtonian fluids (Chen et al., 2016,
UrRehman et al., 2017).

It was determined that the structure of the creams under study became more stiff
(higher viscosity) in time. For example, the value of the maximum viscosity for the
gelatin cream over 120 minutes after obtaining increased by almost 44%; for
creams with -carrageenan - by 37%, for creams with sodium alginate - by 22%.
This can be due to the development of a gel-like structural framework of
hydrocolloids, slowing the movement of macromolecules, and the final fixation of
aggregates in the frame by volume of the dispersion medium. The formation of the
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hydrocolloids’ gel-like structures in the cream was also reported in Camacho et al.
(2005), and Farahmandfar et al. (2017).
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Figure 4. Rheological flow (a) and viscosity curves (b) of emulsion-foam cream system
with gelatin and sucrose.
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Figure 5. Rheological flow (a) and viscosity curves (b) of emulsion-foam cream system
with sodium alginate and sucrose.
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Figure 6. Rheological flow (a) and viscosity curves (b) of emulsion-foam cream system
with t-carrageenan and sucrose.

Scientific studies demonstrated rheological properties (gelling and melting) and
microstructural properties (typical casein network with thin filamentary structures)
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of gelatin gels that were similar to the xanthan gum / carob gum combination (Pang
et al., 2016).

Among the maximum viscosity values registered for the emulsion-foam systems of
the creams with different structure-forming agents — alginate, carrageenan and
gelatin, there was a significant difference. In our opinion, it could be related to the
different degree of swelling of hydrocolloids and the different speed of swelling.
This process is due to the amount and reactivity of the hydrogen bonds. The
process of swelling of sodium alginate and i1-carrageenan in cream was studied in
detail (Zviahintseva-Semenets et al., 2016) and it was found that i-carrageenan
differs from sodium alginate by a smaller degree of swelling at temperatures within
the range 25...100°C. Accordingly, the degree of swelling of the sodium alginate
was higher, which in our opinion reflects on the viscosity of the dispersed medium.
The rheological indicators of pure colloidal solutions of gelatin, sodium alginate
and 1-carrageenan were further investigated (Kambulova et al., 2017), and it was
confirmed that the higher viscosity values of virtually non-destructive systems
were inherent to solutions with sodium alginate as compared to solutions with -
carrageenan and with gelatin.

The rheological parameters of the emulsion-foam systems of the cream in churned
creams are shown in Table 2. The table data show that when increasing the
rotational speed, all the systems manifested shear-thinning behaviour. For the
samples containing polysaccharides, different values of the the dynamic limit of the
system's ability to fluidity (Px2) at the beginning of the flow were observed: for
sodium alginate ~ 100 Pa and more, for 1-carrageenan ~ 35 Pa and more. These
mean that the structures with sodium alginate and i-carrageenan will withstand the
different intensity of mechanical loading. Such differences should be taken into
account when decorating semi-finished baked products.

The differences in point of rheological parameters can be explained by the
mechanism of gelation in dairy products. Sodium alginate forms a three-
dimensional gel grid characteristic to the calcium-alginate reaction mechanism.
Associates are formed due to the occurrence of nodal zones at the physical
junctions of the block of A-L-guluronic acid of one sodium alginate molecule with
the block of A-L-guluronic acid of another molecule of sodium alginate by the
“chain-Ca?*-chain” interaction (King, 2019, Jiao et al., 2019). In addition, dairy
systems witness the formation of preservatives like B-lactoglobulin, serum albumin
and sodium alginate, which contributes to the stabilization of the gel structure
(Ghorbani Gorji et al., 2018).

hydrogen bonds, or by an alginate-like mechanism of calcium bridge formation.
However, the content of ether sulphate, whose proportion in the molecule of 1-
carrageenan is up to 32%, prevents the formation of multilayered, even double helices,
thereby reducing the strength of the gel. Therefore, t-carrageenan gels have a soft,
elastic structure and are less susceptible to degradation as compared to sodium alginate
(Hotchkiss et al., 2016). The structure of the gelatin containing cream also undergoes
delamination with the formation of non-uniform systems and partial separation of the
liquid. However, the final viscosity (of the practically destroyed structure) of the
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creams with gelatin was 10-15 times higher than that of polysaccharides. An
explanation may be the gelation process of gelatin caused by the conformational
rearrangement of individual polypeptide chains into an ordered spiral-type network,
as well as the intramolecular interactions of gelatin with milk casein and the
formation of a “protein-protein” system (Harikedua, 1997). The texture of such gels
will depend on the concentration of gelatin and the pH of the medium (Luo et al.,
2019). Thus, the emulsion-foam system of the cream with sodium alginate can be
recommended for the formation of decorations for cakes and other structures. This
applies to creams, both immediately after manufacture and some time after
preparation in low temperature conditions.

Table2. Rheological parameters of the cream systems under study (n = 3, p <0.05).
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Cream from churned cream with gelatin (control sample)
¥=0.3333 y=3.0
Immediately after 167.34 26.68  140.66  55.8 66.0 73.7 0.84 1.32
churning +0.7 +0.2 +0.5 +04 104 0.4 +0.03  +0.03
190.76 3131 15945 66.5 78.0 86.7 0.85 1.30
+0.8 +0.2 +0.6 05 +05 +0.5 +0.04  £0.02
220.24 33.72 186.52 73.4 82.0 93.93 0.89 1.28
+0.8 0.3 +0.7 05 +05 +0.4 +0.03  +0.03
24105 35.64 205.41 80.3 88.0 100 0.91 124
+0.9 +0.3 +0.8 +05 +05 +0.6 +0.04  +0.04
Cream from churned cream with sodium alginate and sucrose
y=0.3333 y=48.6
193.36 2.26 191.1 61.6 89.0 95.37 0.68 1.55
+0.6 +0.08 +0.5 05 +0.8 +0.6 +0.05  +0.02
199.43 2.38 19705 665 96.0 102.6 0.69 1.54
+0.6 +0.04 +0.6 05 +05 +0.4 +0.06  +0.02
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225.44 2.56 222.88 75.1 104.0 110.7 0.72 147
+0.7 +0.05 +0.6 +05 +05 +0.5 +0.06  +0.03
Cream from churned cream with 1-carrageenan and sucrose
y=0.3333 y=145.8
43.35 0.39 42.96 145 32 40.46 0.452 2.8
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2 30 min after preparation
3 60 min after preparation

4 120 min after preparation

1 Immediately after churning
2 30 min after preparation
3 60 min after preparation

4 120 min after preparation

1 Immediately after churning
2 30 min after preparation
3 60 min after preparation

4 120 min after preparation
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1-carrageenan can form an associative gel network, either as a result of numerous

Also, we can conclude that the prepared i1-carrageenan creams should not be
subjected to intense further mixing, using whipping machines (for example, at a
speed of the working body of the whipping mechanism of 300 rpm), as the system
loses its integral structure. Such emulsion-foam systems of creams can be
recommended for interlacing semi-finished baked products, filling the cavities of
cakes and eclairs, etc. Studies of the springy-plastic characteristics of the emulsion-
foam systems of the churned cream were carried out immediately after preparation
(0 min), then after 30, 60 and 120 minutes following the formation dynamics of the
structure development. The deformation curves of the emulsion-foam structure of
the creams under study are seen in Figures 7-9.
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Figure 7. Curves of structural-mechanical quality indicators of the emulsion-foam cream
system with gelatin.

The appearance of the curves clearly confirmed that the structure of the obtained
creams changed over time. For all the samples investigated, 2 hours after
preparation the resisting curves changed their orientation, the area under the curve
(S) increased, while the registered deformation decreased. For the samples with
gelatin and sodium alginate, the load force used for the measurements increased
after 60 min. A detailed analysis of the curves is included in Table 3.
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Figure 8. Curves of structural-mechanical quality indicators of the emulsion-foam cream
system with sodium alginate.

The table data numerically prove that the total deformation of the emulsion-foam
structure of all the samples decreased with time, which is a confirmation of the
development of the gel frame of the structure-forming agents. That is, the structure
of the creams some time after preparation becomes stable. This is a positive factor
that proves the feasibility of hydrocolloid introduction to ensure the stability of the
emulsion-foam system. At the same time, the highest values of the total
deformation were recorded for the structures with i-carrageenan: depending on the
time after preparation, the index of total deformation was 0.01953 ... 0.01647. This
is consistent with the viscosity for 1-carrageenan creams, which are marked as the
lowest among polysaccharides.

For all the cream samples tested, the conditional strength limit or the nominal
maximum stress occurring under the action of loading, at which the maximum
uniform deformation over the entire length of the sample decreased over time, i.e.
within systems, the stress caused by the deformation of the sample decreased. This
is naturally due to the reduction of the total deformation of the samples and
indicates the overall system structuring.
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Figure 9. Curves of structural-mechanical quality indicators of the emulsion-foam cream
system with 1-carrageenan.

For all the samples, the development of plastic deformation exceeded by far the
development of springy deformation. In the total deformation, the proportion of
plastic deformation was 98-99%, and the rest was springy deformation. Some time
after preparation, the ratio changed: the springy fraction increased for the samples
with gelatin and sodium alginate, and decreased for the samples with 1-
carrageenan. For example, the relative springy deformation for the samples with
gelatin was 1.89 ... 7.31%, for the samples with sodium alginate - 0.59 ... 1.39%,
and for the samples with t-carrageenan - 0.51 ... 0.24%. This indicates that
plasticity developed in the samples of gel systems with i-carrageenan, and
springiness developed in the samples with gelatin or sodium alginate. As compared
to the control sample with gelatin, the creams with both polysaccharides were
characterized by greater plasticity.

These characteristics suggest that creams with polysaccharides will have more time
to be used to decorate different confectionery than the creams with gelatin. Some
time after preparation, they will have sufficient plasticity to be used to decorate
cakes and to fill semi-finished baked products.
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Table 3. Structural-mechanical quality indicators of the emulsion-foam cream systems

Indicators Time, min
0 30 60 120
Emulsion-foam system of cream with gelatin
Total deformation. m 0.01425 0.01135 0.00954 0.00520
' +4.10° +3-10°% 15-10* +3-10*
Plastic deformation. m 0.01398 0.01104 0.00922 0.00482
' 15-10° +4-10°% +3-10* +3-10*
Relative plastic deformation, % 98.11+0.4 97.27+0.5 96.65+0.4 92.69+0.4
Relative springy deformation, % 1.89+0.08 2.73+0.06 3.35+0.04 7.31+0.03
Conditional strength limit, Pa 8527.23 8319.25 7695.31 7383.34
’ +45.0 +34.0 +45.0 +40.0
Specific work of plastic deformation, J/m® 3.71+0.07 2.83+0.05 2.77+0.05 1.09+0.08
Emulsion-foam system of cream with sodium alginate
Total deformation. m 0.01365 0.01054 0.00956 0.00861
' +5-10°3 +6-10°3 +4.10% +3.10*
Plastic deformation. m 0.01357 0.01045 0.00947 0.00849
' +5-103 +4.10°3 +7-10% +5-10*
Relative plastic deformation, % 99.41+0.4 99.15+0.3 99.06+0.3 98.61+0.3
Relative springy deformation, % 0.59+0.08 0.85+0. 07 0.94+0. 09 1.3940. 09
Conditional strength limit, Pa 7695.31 759132 7175.35 6967.37
’ +38.0 +34.0 +35.0 +31.0
Specific work of plastic deformation, J/m* 2.95+0.05 2.38+0.05 2.33+0.05 2.21+0.05
Emulsion-foam system of cream with 1-carrageenan
Total deformation. m 0.01953 0.01852 0.01758 0.01647
' +5-10°8 +5-10°% +4.10% +3.10*
Plastic deformation. m 0.01943 0.01846 0.01753 0.01643
' +5-10°8 +6-103 +6-10°° +4.10°3
Relative plastic deformation, % 99.46+0.5 99.68+0.5 99.72+0.5 99.76+0.5
Relative springy deformation, % 0.51+0.06 0.32+0.04 0.28+0.04 0.24+0.04
Conditional strength limit, Pa 8319.25 7799.30 7591.32 7383.34
+38.0 +35.0 +30.0 +36.0
Specific work of plastic deformation, J/m® 5.87+0.05 5.38+0.03 5.01+0.03 4.90+0.03

The creams with gelatin develop a sufficiently resilient structure that can be
irreversibly destroyed during the test. This makes it impossible to use them for
decoration shortly after preparation.

For all the samples, including the sample with gelatin, the specific work of plastic
deformation decreased, characterizing the energy consumed by the sample for
deformation processes. For example, the specific work of plastic deformation for
the samples with gelatin was 3.71-1.09 J/m?, for the samples with sodium alginate -
2.95-2.21 J/m?3, and for the samples with i1-carrageenan — 5.87-4.90 J/m3. The
specific work of plastic deformation was in direct correlation with the total
deformation and, accordingly, its reduction reduced the following indicator.

Springy deformation changes were more pronounced in the creams with gelatin,
which indicates the development of the most elastic gel framework among all the
experimental systems. It showed the highest strength among all the samples - the
total deformation was reduced by 64% (from 0.01425 to 0.00520 m) as compared
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to sodium alginate, the total deformation of which was reduced by 37% (from
0.01365 to 0.00861 m). That is, the structure of the creams with -carrageenan were
characterized as the most stable when subjected to mechanical loading.

The introduction of different types of sugars changes the structural and mechanical
properties, such as springiness and plasticity, resistance to deformation, which
requires the determination of the state of the water forms of the dispersion medium
in the creams.

Conclusions

The present study focuses on the feasibility of using sodium alginate, 1-carrageenan
and gelatin to stabilize emulsion-foam systems in churned cream. Such systems
may form the basis for low energy value creams.

It was determined that the emulsion-foam structures of the cream samples studied
belong to the category of pseudoplastic non-Newtonian fluids. Different values of
the conditional dynamic limit of fluidity were determined: for sodium alginate ~
100 Pa and more, for 1 -carrageenan ~ 35 Pa, for gelatin - 66 Pa and more, which is
connected to a high level of swelling of the hydrocolloids in the creams and their
differences in structure-forming manners.

Two hours after preparation, all the samples were characterized by a decrease in
the total deformation. These actions point out the general structuring of the system
and ensure the feasibility of the introduction of hydrocolloids to obtain stable
emulsion-foam systems.

For the samples studied, the development of plastic deformations exceeded that of
springy deformations. In the structure of the experimental samples, plastic
deformations exceed springy ones: the relative plastic deformation of the samples
of the emulsion-foam systems after churning was 98... 99%. Over time a part of
the springy deformation increased for the samples with gelatin and sodium
alginate, and decreased for the samples with 1-carrageenan.

The emulsion-foam system of the cream with sodium alginate can be
recommended for use in decorating cakes etc. This applies to creams, both
immediately after manufacture and some time after preparation, in low temperature
conditions.

The creams prepared with 1-carrageenan should not be subjected to intense further
churning, using whipping machines (for example, at a frequency of the working
body of the whipping mechanism of 300 rpm), during which the system loses its
integral structure. Such emulsion-foam systems of creams can be recommended for
interlacing semi-finished baked products, filling the cavities of cakes and eclairs,
etc.

The emulsion-foam systems of the creams with gelatin developed more of a
springy structure some time after preparation when compared to the creams with
polysaccharides. Such systems are subject to irreversible deformation under the
influence of mechanical movement, so it is recommended not to use them to
decorate products some time after preparation; they should be used immediately.
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