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Abstract

The research is devoted to the determination of the properties of the components of the developed milk-containing thermo-
stable fillings and the establishment of the dependence of the effective viscosity on the temperature of the model system. In the work,
studies are carried out for a model system containing xanthan gum; a model system containing tara gum; model system containing
gelatin; a model system containing xanthan gum and tara gum; a model system containing xanthan gum, tara gum and gelatin; a
model system containing xanthan gum, tara gum and sugar; model system containing xanthan gum, tara gum, skimmed milk pow-
der; a model system containing xanthan gum, tara gum and maltodextrin.

In this work, the dependence of the effective viscosity on the temperature of the model system is established. To achieve the
aim, the following objectives are set:

— determination of the dependence of the effective viscosity on the temperature of model systems with xanthan gum, tara
gum, gelatin, sugar, skimmed milk powder and maltodextrin with different concentrations of these components;

— establishment of the temperature range in which a sharp increase in the effective viscosity of the investigated model sys-
tems begins.

An increase in the temperature of the system prevents gelation due to an increase in the intensity of Brownian motion and a
decrease through it in the duration of the existence of bonds that arise between macromolecules. At the same time, a decrease in tem-
perature promotes gelation, since this increases the number of contacts between macromolecules, which contributes to an increase
in the strength of the so-called spatial network.

In the article, the dependences of the effective viscosity on the temperature of model systems with xanthan gum, tara gum, gelatin,
sugar, skimmed milk powder and maltodextrin with different concentrations of these components are obtained. Based on the obtained
dependences, the established temperature ranges in which a sharp increase in the effective viscosity of the studied model systems begins.

Keywords: xanthan gum; tara gum; structure formation; gel strength, polysaccharides, viscosity, rheological properties,
thermal stability.
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1. Introduction

One of the technological operations in obtaining the developed fillings is the dispersion of
a mixture of components with water at a speed of rotation of the moving parts of the dispersant of
1500 rpm. Obviously, the energy consumption for the dispersion process and the load on the mov-
ing parts of the dispersant substantially depend on the effective viscosity of the model system to be
mixed. In this case, it is possible to influence the efficiency of the dispersion process by varying
the rotation frequency of the moving parts of the dispersant and directly by the rheological char-
acteristics of the model systems. The determination of the energy efficiency of the mixing process
depending on the frequency of the moving parts of the disperser was not carried out, since this
direction of research is limited by the technical characteristics of the selected apparatus.

It should also be noted that the amount of added components is determined by the formula-
tion of the developed filling and affects a number of technological factors of its production, limits
the possibility of changing their amount to change the corresponding rheological properties.

However, it is possible to change the effective viscosity of the developed model systems by
changing the temperature of the mixture during dispersion.

2. Literature review and problem statement

In work [1], the authors carried out research on the technological, physicochemical and rhe-
ological properties of gel bases based on hydrocoloids for the further development of gel food prod-
ucts. The objects of research are xanthan gum, guar gum and locust gum, as well as gel bases with
different concentrations of these gums. Three methods of studying the technological conditions for
the preparation of gel bases are investigated. All experimental gel samples are characterized by a
non-Newtonian pseudoplastic flow type. When studying the dependence of the structural viscosity
on the shear stress of the samples, it was found that the viscosity of xanthan gels prepared by three
methods decreased with an increase in the shear stress. This dependence characterizes xanthan gels
as structured dispersed systems. The most suitable is the preparation of gels by the third method,
which consisted of swelling the hydrocolloid for 40 minutes in water at room temperature, heating
to 60 °C and cooling. The viscosity of the samples prepared in this way (with the same concentra-
tion of gelling agent) is higher and the gel structure was homogeneous.

Optimal concentration of gelling agents to ensure effective structure. The base is 0.5 %.
These gels have a high strength of structural links and a wide range of structural failure stresses;
they also meet the necessary organoleptic properties: they have a more uniform structure, without
lumps and do not delaminate during the technological process. In this work, studies of the rheolog-
ical properties of gel bases based on hydrocolloids have been carried out, but the dependence of the
effective viscosity on the temperature of model systems has not been studied, and the regularities
of systems at different temperatures of hydration have not been established.

In work [2] the properties of gels of tara gum mixed with cap-Carrageenans or xanthan gum
are given. Tara gum is a natural gelling polymer that can form a gel when mixed with cap-Car-
rageenans and xanthan gum. The synergistic effect of the gel is possible due to intermolecular
interactions. In the work, studies of the rheological properties of gel bases based on hydrocolloids
are carried out, but the dependence of the effective viscosity on the temperature of model systems
was not investigated and the regularities of systems at different temperatures of hydration were not
established.

The results of an analytical review of binary combinations in [3], on the basis of which two
binary combinations were discovered — “xanthan gum-Konjac gum” and “xanthan gum-tara gum”
are presented. It has been found that the use of the combination allows a jelly-like system to be ob-
tained. In the course of experimental studies, the authors confirm the synergistic interaction in the
systems “xanthan gum-Konjac gum” and “xanthan gum-tara gum”, and also chose a rational ratio
of the mixture of xanthan gum-tara gum as 60:40.

3. The aim and objectives of research

The aim of the presented research is to establish the dependence of the effective viscosity on
the temperature of the model system. To achieve the aim, the following objectives are set:
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— determination of the dependence of the effective viscosity on the temperature of model
systems with xanthan gum, tara gum, gelatin, sugar, skimmed milk powder and maltodextrin with
different concentrations of these components;

— establishment of the temperature range in which a sharp increase in the effective viscosity
of the investigated model systems begins.

Since there is not enough data to solve the above issues, it is necessary to deepen and expand
research in determining the effective viscosity of model systems with xanthan gum, tara gum, gel-
atin, sugar, skimmed milk powder and maltodextrin with different concentrations.

4. Materials and methods of research

The studies were carried out on a rotational viscometer. The rheological curves were used
to determine the effective viscosity for the shear rate, which corresponds to the rotation frequency
of the moving parts of the disperser 1500 rpm. The measurements were carried out at various tem-
peratures of the model system in the temperature range from 30 to 80 °C.

Next, the experimental data were approximated by a polynomial function of the form:

f(x)=a0+2an-x". (D

The dependences obtained for the corresponding model systems were plotted in the coordi-
nates 1 (Pa-s)xT (°C).

According to the research results in [3], a group of authors chose the appropriate ratio of the
mixture of gums for further research.

5. Research results

The main formulation components of all the model systems used for the developed fillings
are xanthan gum and tara gum. Fig. 1 shows the dependence of the effective viscosity on the tem-
perature of model systems, which contains xanthan gum and tare gum of various concentrations.
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Fig. 1. Dependence of the effective viscosity on the temperature of the model system with
xanthan gum and tara gum with different concentrations of the components:
1 —0.36 % xanthan gum, 0.24 % tara gum; 2 — 0.48 % xanthan gum, 0.32 % tara gum;
3 — 0.6 % xanthan gum, 0.4 % tara gum

The figure shows that an increase in the concentration of components in the model system
is accompanied by an increase in its effective viscosity. This is obvious from the same depen-
dences obtained separately for model systems with xanthan gum and tara gum, shown in Fig. 2, 3
respectively.

It can be seen from the given dependences that the dependence for a low concentration of the
component in the model system, both for xanthan gum and tara gum, is the lowest relative to the
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axis on which the effective viscosity 1 is plotted. According to the highest position relative to the
Oxn axis is occupied by the dependence of the effective viscosity on the temperature of the model
system with the highest of the investigated concentrations of these components.
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Fig. 2. Dependence of the effective viscosity on the temperature of the model system with
xanthan gum with concentration, %: 1 —0.6; 2 —0.8; 3 — 1
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Fig. 3. Dependence of the effective viscosity on the temperature of the model system with
tara gum with concentration, %: 1 —0.6; 2 —-0.8; 3 — 1

In this case, the dependences of the effective viscosity of model systems on their tempera-
ture in the temperature range from 30 ° C to 50 °C are nonlinear. So for a decrease in the tempera-
ture of the mixture from 50 °C to a temperature of 40 °C, the effective viscosity, for example, of a
model system with a concentration of xanthan gum of 0.6 %, and a gum of tare — 0.4 %, increases
1.6 times. And for a temperature decrease from 40 °C to a temperature of 30 °C, the effective vis-
cosity increases 1.8 times. At the same time, for a decrease in temperature in the range from 60 °C
to 50 °C for the same sample, the effective viscosity increases only 1.4 times.

With an increase in temperature in the range from 50 °C to 80 °C, the character of the given
dependences approaches linear.

In order to identify the temperature of the model system, relative to which there is a sharp
increase in the effective viscosity of the system, the experimental data were approximated by a
linear function of the form:

f(x)=b,+b-x. @

The range of approximation data was chosen as follows. The first point of the data set,
for which the linear approximation was carried out, on the temperature scale corresponded to
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the maximum temperature for which the experimental studies were carried out. So for the data
from Fig. 1-3 it is equal to 80 °C. The last point was chosen based on the correlation coefficient
between the obtained linear approximation function (2) and the polynomial approximation func-
tion (1). The correlation coefficient was at least 0.95.

In Fig. 1-3, the linear approximation function is shown by the solid line of the correspond-
ing color. The dashed line indicates the minimum effective viscosity, which this model system has
in the temperature range studied in the experiment.

Graphically, by the form of linear and polynomial approximation functions, it is possible to
determine the temperature range in which a sharp increase in the effective viscosity of the model
system begins.

Approximation functions for other model systems were determined using the same tech-
nique; they are shown in Fig. 4-7.

The presented dependences of the effective viscosity of the model systems from Fig. 4, 5—8
on their temperature have the same character as the dependence for a mixture of xanthan gum and
tara gum. However, they have a number of features.

6. Discussion of research results

So for the model system containing xanthan gum (0.6 %), tara gum (0.4 %) and sugar with
a concentration of 10, 20, 30 and 40 %, the sample with a sugar concentration of 40 % stands out.
For an increase in sugar concentration by 10 %, it has a significantly higher effective viscosity in
comparison with other samples. It is explained by a high sugar concentration with the possible for-
mation of crystals due to the low amount of the liquid phase, that is, water. As a result, the model
system acquires properties that are closer to an elastic-viscous body.
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Fig. 4. Dependence of the effective viscosity on the temperature of the model system with
xanthan gum (0.6 %), tara gum (0.4 %) and sugar with concentration, %:
1-10;2-20;3-30;4-40

For a model system with xanthan gum (0.6 %), tara gum (0.4 %) and gelatin with a concen-
tration of 1, 2, 3 % (Fig. 5), the dependences of the effective viscosity on the temperature of a given
system with different concentrations of gelatin differ from each other. other in the temperature
range from 40 °C to 80 °C within no more than 5...8 %. However, in the temperature range from
30 °C to 40 °C, the dependences diverge, especially for the model system with a gelatin concen-
tration of 3 %. As can be seen from Fig. 6, the dependence of the effective viscosity on the tem-
perature of the sample with a gelatin concentration of 3 % is higher relative to the axis on which
the effective viscosity is plotted in comparison with other dependences. With an increase in the
concentration of gelatin solutions, their viscosity increases nonlinearly along a curve that is in-

63

Food Science and Technology



Reports on research (2020), kEUREKA: Life Sciences»

projects

Number 5

versely convex to the concentration axis. One of the reasons for the sharp increase in viscosity with
increasing concentration is the formation of structures in the system, that is, gelation.
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Fig. 5. Dependence of the effective viscosity on the temperature of the model system with
xanthan gum (0.6 %), tara gum (0.4 %) and gelatin with concentration, %: 1 —1;2-2;3 -3

Bonds are formed between the gelatin molecules, which lead to the formation of associates.
An increase in the temperature of the system prevents gelation due to an increase in the intensity
of Brownian motion and a decrease through it in the duration of the existence of bonds that arise
between macromolecules. At the same time, a decrease in temperature promotes gelation, since this
increases the number of contacts between macromolecules, which contributes to an increase in the
strength of the so-called spatial network.

It is this property of gelatin solutions that is reflected in the nature of the dependence of the
effective viscosity on the temperature of the model system with xanthan gum (0.6 %), tara gum
(0.4 %) and gelatin. As a result of gelation in gelatin in the temperature range from 30 °C to 40 °C,
especially for a sample with a gelatin concentration of 3 %, an increase in effective viscosity occurs
compared to other samples.

8

0

Fig. 6. Dependence of the effective viscosity on the temperature of the model system with gelatin
with concentration, %: 1 —1;2-2;3 -3

The dependences of the effective viscosity on the temperature of model systems with xan-
than gum (0.6 %), tara gum (0.4 %) and skimmed milk powder with concentrations of 5, 10 and
15 % are shifted relative to the axis on which the effective viscosity is plotted in proportion to the
concentration change dry skim milk.

64

Food Science and Technology



Reports on research (2020), <KEUREKA: Life Sciences»
projects Number 5

The viscosity of milk, as a rule, is influenced by emulsified and colloid-soluble particles, in
particular the concentration of fat, the size of fat globules and their size distribution, the presence
of agglomerates of fat globules. However, since the system contains skim milk, its addition reduces
the amount of solvent in the system, corresponding to an increase in the concentration of the con-
stituents in this model system. As a result, there is a corresponding change in the effective viscosity
of the model system with xanthan gum, tara gum and skimmed milk powder.

1600
1, Pa's 3
1400
1200 i 2-
1000 : e 1
I P, .~ A R e N
200 f
600
T, °C
Mg 45 50 55 60 65 70 5 20

Fig. 7. Dependence of the effective viscosity on the temperature of the model system with
xanthan gum (0.6 %), tara gum (0.4 %) and skimmed milk powder with a concentration, %:
1-52-10;3-15
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Fig. 8. Dependence of the effective viscosity on the temperature of the model system with
xanthan gum (0.6 %), tara gum (0.4 %) and maltodextrin with concentration, %:
1-252-53-175

The dependences of the effective viscosity on the temperature of the model system with
xanthan gum (0.6 %), tara gum (0.4 %) and maltodextrin with a concentration of 2.5, 5, and 7.5 %
differ from each other by no more than 3...6 %. This indicates that the addition of maltodextrin with
a concentration of 2.5...7.5 % does not significantly affect the effective viscosity of the specified
model system.

7. Conclusions

Dependences of the effective viscosity on the temperature of model systems with xanthan
gum, tara gum, gelatin, sugar, skimmed milk powder and maltodextrin with different concentrations
of these components were determined. It has been established that for the model system containing
xanthan gum (0.6 %), tara gum (0.4 %) and sugar with a concentration of 10, 20, 30 and 40 %, the
sample with a sugar concentration of 40 % is especially prominent. For an increase in sugar concen-
tration by 10 %, it has a significantly higher effective viscosity in comparison with other samples.
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The dependence of the effective viscosity on the temperature of the model system with
xanthan gum (0.6 %), tara gum (0.4 %) and maltodextrin with a concentration of 2.5, 5, and 7.5 %
was found to differ from each other by no more than 3...6 %. This indicates that the addition of
maltodextrin with a concentration of 2.5...7.5 % does not significantly affect the effective viscosity
of the specified model system.

The dependences of the effective viscosity on the temperature of model systems with xan-
than gum (0.6 %), tara gum (0.4 %) and skimmed milk powder with concentrations of 5, 10 and
15 % are determined; they are displaced relative to the axis on which the effective viscosity is
plotted proportional to the change in the concentration of skimmed milk powder.

The temperature range is established in which a sharp increase in the effective viscosity of
the studied model systems begins, namely in the temperature range from 30 °C to 40 °C, especially
for a sample with a gelatin concentration of 3 %, an increase in the effective viscosity occurs in
comparison with other samples.

The dependence of the effective viscosity of the model systems on their temperature in the
temperature range from 30 °C to 50 °C has been found to be nonlinear. Thus, for a decrease in the
temperature of the mixture from 50 °C to a temperature of 40 °C, the effective viscosity of the
model system with a concentration of xanthan gum of 0.6 %, and of a tara gum — 0.4 %, increases
1.6 times. And for a temperature decrease from 40 °C to a temperature of 30 °C, the effective vis-
cosity increases 1.8 times. At the same time, for a decrease in temperature in the range from 60 °C
to 50 °C for the same sample, the effective viscosity increases only 1.4 times.

Thus, the dependences of the effective viscosity on the temperature of model systems with
xanthan gum, tara gum, gelatin, sugar, skimmed milk powder and maltodextrin with different
concentrations of these components are obtained. Based on the obtained dependences, the estab-
lished temperature ranges in which a sharp increase in the effective viscosity of the studied model
systems begins.
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