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ABSTRACT
Research object: rheological characteristics of fermented milk pastes with spices.
Investigated problem: according to the results of the degree of syneresis and rheological properties, the consistency of the product is characterized. This allows to improve
and optimize the technological process for the production of fermented milk products.
Main scientific results: the results of the dispersion analysis of spices show that their
particle size is in the range of 250 … 400 microns. This size is optimal for the extraction of biologically active substances of spices, which will contribute to greater
assimilation by the human body. And also optimally to avoid caking of raw materials
and the manifestation of moisture-absorbing properties.
It was found that the degree of syneresis of fermented milk pastes with spices is within
10 %. With the addition of cinnamon and fenugreek spices, the degree of syneresis is
lower compared to other examples. This is due to the fact that spices contain a solution
of fiber, which allows them to retain free moisture. The spice cinnamon is a dried bark
that naturally contains polysaccharides, while fenugreek contains up to 30 % mucus,
which also has a high moisture-absorbing capacity. With such a low serum separation,
the stabilizing effect is sufficient to prevent spontaneous whey separation.
Based on the results of the rheological properties of the product, it was established
that fermented milk pastes belong to viscoplastic systems with a normal consistency.
There was a slight difference in the shear stress index for pastes based on fermented
milk low-fat soft dietary cheese and sour cream with a fat mass fraction of 20 % – by
an average of 50 Pa. This characteristic is due to the hydrophilic characteristics of the
protein.
The area of practical use of the research results: scientific research concerns the
technology of dairy products in the food industry.
Innovative technological product: the obtained scientific result is an opportunity to
improve the technological process of fermented milk products.
The scope of implementation of an innovative technological product: the results
obtained give grounds to assert the ability to translate into a real industrial creation.
© The Author(s) 2021. This is an open access article under the Creative Commons CC BY license

1. Introduction
1. 1. The object of research
Fermented milk pastes are products made from fermented milk cheese and/or sour cream
with the addition of flavoring fillers.
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The consistency of fermented milk pastes is an important aspect of their quality. Therefore,
the object of the study is to study the rheological properties of fermented milk pastes while developing a new technology.
1. 2. Problem description
One of the important characteristics of fermented milk products is consistency, which can
be characterized by rheological properties. These include shear, compression and surface properties. Shear properties most fully characterize the consistency of fermented milk products. They
characterize the behavior of a product under stress conditions, the main indicators of which are
stress, deformation and deformation rate [1, 2].
Fermented milk pastes are characterized by a thixotropic structure of the coagulation type.
Therefore, their consistency depends on the correct process taking place in the production of fermented milk products [3].
1. 3. Suggested solution to the problem
It is found that the formation of rheological properties of fermented milk products affects the
content of casein [4]. With an increase in the protein concentration, the rate of gelation increases as
a result of an increase in the contacts of intermolecular spatial bonds.
It is known that the strength of the curd, the degree of its recovery after destruction and syneresis depend on the microorganisms of the starter culture and the technology for the production
of the fermented milk product. In particular, the use of ferments capable of producing mucus, even
in small quantities, improves the rheological parameters of fermented milk products [5].
The product’s resistance to syneresis is also an important quality indicator. The strength
of the bonds between particles, the form of the connection, and the interactions between different
proteins and functional ingredients affect homogeneity and syneresis [6, 7].
Therefore, the study of the rheological properties of fermented milk pastes is relevant for the
optimization of technological processes.
The aim of research is to study the rheological characteristics of fermented milk pastes with
spices. This will improve and optimize the technological process for the production of fermented
milk products.
2. Materials and Methods
For the study, let’s select fermented milk pastes, the formulation of which was developed by
preliminary research (Table 1) [8].
Table 1
Spice compositions
Composition, No.

Component composition

Recommended ratio of components

1
2
3
4
5

allspice, ginger, cinnamon
cloves, allspice, ginger
anise, cloves, ginger, black pepper
allspice, ginger, cardamon, fenugreek
anise, ginger, nutmeg, black pepper

1:1:1
0.8:1:1
1:0.8:1:1
1:1:0.8:1.2
1:1:1:1

Recommended content for f/m pastes based on
Cheese f/m
sour cream
0.3–0.33
0.27–0.28
0.37–0.38
0.39–0.4
0.4–0.44

0.33–0.36
0.28–0.29
0.38–0.4
0.4–0.42
0.44–0.48

The dispersed composition of grinding dry spices was evaluated by the average particle
diameter, determined mechanically using a set of sieves.
The degree of syneresis of the pastes was determined by the centrifugal method. The experimental sample, after mixing, was introduced into centrifuge measuring tubes in an amount of
10 cm3 and centrifuged for 30 min at a speed of 3000 min-1. The volume of released serum (cm3)
was determined every 5 min [9].
The rheological properties of fermented milk pastes were determined on a Rheotest II rotational viscometer with a cylinder-cylinder S/N measuring system by taking the deformation (flow)
kinetics curves [10].
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The obtained measurement results and the graphical presentation of the experimental data
were carried out using standard statistical processing programs Microsoft Excel 2010. The accuracy of the results obtained was provided by a three to fivefold repeatability of experiments.

Disperse composition
of spices, microns

3. Results
For the complete extraction of soluble biologically active substances, spices must be crushed
before using in fermented milk pastes. This will also contribute to the greater absorption of extractives
by the human body. The results of the dispersed analysis of spice particles are shown in Fig. 1.
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Fig. 1. Disperse composition of spices

Syneresis degree, %

According to the results of dispersed analysis, the main fractions of spice particles are in the
range of 250 … 400 microns. This particle size is optimal for the extraction of biologically active
substances of spices, as well as to avoid caking of raw materials.
One of the main characteristics of fermented milk pastes is the degree of syneresis, which
characterizes their water-holding properties. For the research, the developed spice compositions
were used, given in Table 1.
The degree of syneresis of fermented milk pastes with spices is shown in Fig. 2. From the
data obtained, it can be seen that this indicator is at the level of 10 %. With such a low serum separation, the stabilizing effect was sufficient to prevent spontaneous serum separation.
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Fig. 2. Syneresis degree of fermented milk pastes
With the addition of the cinnamon included in the composition 1 and with the addition of
the fenugreek included in the composition 5, the degree of syneresis is lower compared to other
samples. This is due to the fact that spices contain a solution of fiber, which allows them to retain
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free moisture. The spice cinnamon is a dried bark that naturally contains polysaccharides, while
fenugreek contains up to 30 % mucus, which also has a high moisture-absorbing capacity.
To assess the consistency of the product, the rheological properties of fermented milk pastes
were investigated. Based on the results obtained, rheological curves of the dependence of the shear
stress and strain rate of the studied samples, shown in Fig. 3.

Shear stress, Pa

350

R² = 0.9883

300

2

250

1

200

R² = 0.9774

150
100
50
0

0

20

40

60

80

100

Straing rate, 1/s

Fig. 3. Dependence of stress on the rate of deformation of fermented milk pastes with spices:
1 – fermented milk paste for new sour cream; 2 – fermented milk paste based on fermented
milk cheese
From the analysis of the dependences of the shear stress on the strain rate, it was found that
fermented milk pastes based on soft, low-fat dietary fermented milk cheese and sour cream with
a fat mass fraction of 20 % exhibit a similar character. There was a slight difference in the shear
stress index – on average by 50 Pa, which is due to the hydrophilic characteristics of the protein.
4. Discussion
To assess the quality of fermented milk products, it is advisable to study their ability to
syneresis. It was investigated [6–9] that with an increase in the content of dry substances with
hydrophilic properties, the amount of free moisture decreases. And thus the degree of syneresis
decreases.
It was found that the degree of syneresis of fermented milk pastes with spices is within 10 %
(Fig. 2). When spices are added with a fineness of 250…400 microns (Fig. 1), the separation of
whey will be insignificant, which will prevent spontaneous separation of moisture. This is due to
the fact that spices contain a solution of fiber, which allows to retain free moisture.
It has been studied [1, 2, 4] that the structure of fermented milk products is determined by
many factors. From mechanical stress, fermentation parameters, etc. the structural characteristics
of the product depend. The efficiency of the technological process can be increased by examining
the rheological properties of the fermented milk product.
Analyzing the data obtained, it can be assumed to what type of rheological bodies the fermented milk pastes belong. According to the results of rheological properties, it was found that
fermented milk pastes belong to viscoplastic systems with normal consistency. The shear stress
index for them is in the range from 100 to 500 Pa. There was a slight difference in the shear stress
index for pastes based on fermented milk low-fat soft dietary cheese and sour cream with a fat mass
fraction of 20 % – by an average of 50 Pa.
The application of these research methods is limited. Such methods are suitable for the study
of structured dairy products, which are characterized by a weakly structured, viscoplastic, plastic
and elastic system. Although there are certain restrictions on the description of deformation processes, the results of the research carried out can be used to optimize and improve the technology
of fermented milk products.
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5. Conclusions
1. According to the results in the composition of fermented milk pastes, spices with a fineness of 250…400 microns are used. With this particle size, spices will better show their moisture-absorbing properties. It was investigated that the degree of syneresis of fermented milk pastes
with spices is within 10 %. With such a low serum separation, the stabilizing effect is sufficient to
prevent spontaneous whey separation.
2. Based on the results of the rheological properties of the product, it has been established
that fermented milk pastes are viscoplastic systems with normal consistency. There was a slight
difference in the shear stress index for pastes based on fermented milk low-fat soft dietary cheese
and sour cream with a fat mass fraction of 20 % – by an average of 50 Pa. This characteristic is due
to the hydrophilic characteristics of the protein.
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