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1. Introduction

At present, development of the food industry directly de-
pends on the implementation of resource potential of the raw
materials used in the composition of food products. Thus,
the formation of final nutritious properties, on the one hand,
is the basis for the development of a range of food products,
and, on the other hand, is possible only under conditions of
using technological properties of raw ingredients.

Among a wide variety of food raw materials, milk and
products of its processing are the most valuable due to their
nutritional properties. Industrial processing of milk into
cream, cheese, butter, casein in traditional ways is associated
with receiving skimmed milk, which, given its volumes of
production and chemical composition, has been for a long
time regarded as a secondary byproduct.

The technological properties of milk imply the proper-
ties, which define the course of certain technological pro-
cesses: solubility, moisture-retaining, foam-forming and
emulgation capacities, heat resistance, the capability for

rennin and acid coagulation, gel-formation, and concen-
trating, which are determined by properties of the protein
substances of milk.

Coagulation of milk proteins (mostly of casein) is one of
the important physical and chemical processes, which under-
lies industrial technologies of cottage cheese, cheese desserts,
and fermented milk drinks. Fundamentalization of existing
concepts of the role of calcium and the regularities of coagula-
tion of milk proteins, understanding the relationship between
the composition, structure and functional and technological
properties of casein allow predicting the possibility of its
structural modifications. The most important of them are the
increase in hydrophilicity, the ability to dissociate, the unifor-
mity of distribution of the surface charge and, accordingly, the
correction of functional and technological properties.

The important technological properties of milk are
thermo- and acid resistance, the regulation of which will ex-
tend the range and create new food products. This direction
of technological studies is relevant and requires scientific
substantiation.




2. Literature review and problem statement

At present, the problem of the joint use of skimmed
milk and fruit and berries raw materials is interesting, gi-
ven the creation of food products with new consumer prop-
erties. However, this food system is not stable over time
and during thermal treatment because of the functional
and technological properties of proteins of casein fraction.
According to the literature data [1—3], during the decrease
in active acidity (pH), as a result of the introduction of acid
containing raw materials, there is a shift in equilibrium of
the colloidal system and the loss of stability, accompanied
by delamination of the system. As a result of the studies,
scientists [3, 4—7] found that an important factor under
conditions of decreasing pH is the accumulation of ionized
calcium that is freed from the calcium—containing acids of
colloidal phase and takes part in the coagulation of milk
proteins during thermal treatment. In literature [8, 9], there
is a reference to the fact that the transition of calcium from
the ionized condition to calcium containing compounds by
using sodium alginate leads to the increased acid- and ther-
mal stability of skimmed milk.

At present, scientists [8—11] have proposed chemical
and physical methods of regulating composition of the salt
system of cow milk, which contributes to the physical and
chemical stability of its colloidal phase during action of
technological factors (active acidity, temperature). One of
the promising methods of increrasing stability is the ion
exchange, which in practice is implemented both by using
ion-exchange materials (ionites) and by introducing the
salts of stabilizers. In addition, the regulation of composi-
tion of the salt system due to the introduction of the salts
of phosphates and citrates (salts of stabilizers) contributes
to the stabilization of the system in terms of active acidity
[9, 10], but is not justified, given the creation of food prod-
ucts with prolonged terms: the system is stable for some time,
and then the uncontrolled growth of acidity is observed and,
consequently, a loss of stability. The use of ionites [8] allows
creating the systems, which are more stable to the decrease
in active acidity and thermal processing; however, there is
accumulation of by-substances of synthetic materials, which
are used as ionites during sorption. The above mentioned
facts form the background for the search for and implementa-
tion of more effective ways of the ion exchange, which, on the
one hand, will be safe for the health of consumers, and, on the
other hand, will contribute to obtaining systems with high
thermo- and acid resistance. This will create technologies
of food products based on dairy (skimmed milk) and acid
containing (fruit and berry) raw materials.

Conducted studies revealed the expediency of using so-
dium alginate, a complexing agent [11], which is able to bind
calcium ions [12, 13] (and in this case — ionized calcium of
skimmed milk) with the formation of gel, which can be ex-
tracted from skimmed milk or from the systems based on it.

As of today, the information on technological principles
of using sodium alginate as an ion exchanger, used in order
to increase the colloidal stability of skimmed milk, has not
been found in literary sources. Instead, scientists [14] made
attempts to introduce the technologies that imply the use of
salts of alginic acid for decontamination of milk from radio-
nuclides of strontium. However, the expediency of using the
salts of alginic acid was determined by scientists in terms of
using them as a sorbent in relation to compounds of heavy

metals, rather than in the context of the studied problem.
These facts explain the feasibility of studies on the use of
sodium alginate as a sorbent of ionized calcium of milk.

Scientific substantiation of parameters of regulating the
technological properties of milk by sorption of ionized calci-
um by the complexing agent sodium alginate is an important
task, the solution of which will significantly enhance the re-
source potential of milk as raw material, increase efficiency
of the technological process, develop a wide range of com-
petitive products of high consumer properties for different
groups of population of Ukraine.

3. Aim and tasks of the study

The aim of the work is the study of influence of tech-
nological factors on the sorption of ionized calcium (Ca®")
of milk, slimmed by the complexing agent sodium alginate
(AlgNa) in the framework of enhancing its thermo- and acid
stability.

To accomplish the set goal, the following tasks were
solved:

—to determine the impact of the concentration AlgNa
and the amount of the introduction of its solutions at various
ratios of milk: solution AlgNa on the degree of decalcination;

— to explore influence of conditions of sorption (area of
sorbent, character and temperature of sorption, active acid-
ity of milk) on the amount of the extracted ionized calcium
from milk;

—to define impact of the content of ionized calcium on
the thermal stability of milk;

—to explore conditions of the course of reaction of ion
exchange with regard to the content of calcium in milk in
different forms.

4. Materials and methods of studying the influence of
technological factors on the sorption of calcium by
complexing agent sodium alginate from skimmed milk

The subjects of the study were:

— drinking skimmed cow milk;

—sodium alginate (manufactured by Danisco company,
mark FD 127, Denmark), which is allowed to be used by the
Central body of the executive power in the sphere of health
protection of Ukraine;

—skimmed milk, the regulation of the composition of
the salt system of which was carried out by the sorption of
ionized calcium by AlgNa solution.

It is possible to get acquainted in more detail with the
methods of research into the influence of technological fac-
tors on the sorption of calcium from skimmed milk by the
complexing agent sodium alginate in paper [15].

5. Results of study of influence of technological factors
on the sorption of calcium from skimmed milk by
the complexing agent sodium alginate

It was predicted that the process of sorption of Ca®* by
the complexing agent AlgNa will be affected by a variety of
technological factors, the boundary values of which were
defined in analytical way and are listed in Table 1.



Table 1

Technological factors and their boundary values that were
examined in order to substantiate technological parameters
of sorption of Ca?*

Unit of
Name of technological factor | measure- | Boundary values
ment
AlgNa concentration in the o 10..2.0
solution
Ratio milk:complexing agent - (100:10)...(100:50)
Sorption area m? (3:10°3)...(15-10°%)
Sorption temperature °C 2..40
pH of skimmed milk unit 5,0..5,5
Character of sorption - Static or dynamlc
(stirring)
Stages of process with introduc- B 13
tion of complexing agent
Duration of process S (0,5-60%)...(24-60%)

Among the above mentioned technological factors, at
the first stage of the study we explored the process of sorp-
tion with stable parameters: temperature (t=21,0£0,5 °C),
frequency of stirring (every 5-60 s) for 24-60% s, pH of
milk — 6.6+0,1.

Results of the study of kinetics of sorption of Ca?* from
milk by the solution of AlgNa with concentration of 1,0 %
and 2,0 % at different ratio of milk:solution AlgNa can be
seen in Fig. 1.

Cecal’, m
120 o 8
1
NS
115 =
L ]
° 2
110
%\\ﬁL—«——_‘,__
L]
1 stage 11 stage
105 4
0 3 6 9 12 15 18 21 24
76025
a
Cca?*, mg %
120
N
[
115 »
¢ L ] 2 3
Sy
110
Rr—‘—. N e
T [ Y
I stase —
Stage Ilstage T %
105 f
0 3 6 9 12 15 18 21 24
T:602,s

Fig. 1. Kinetics of sorption of Ca?* from milk by the solution
of AlgNa at ratio milk:solution AlgNa: 1 — 100:10;
2 —100:20; 3 — 100:30: @ — at 1,0% concentration of AlgNa;
b — at 2,0% concentration of AlgNa

The data of Fig. 1 demonstrate that the introduction
of solutions of AlgNa to milk and curing over a certain
period of time leads to a decrease in the content of Ca?" in
its composition. It was established that under conditions of
using the solution AlgNa of 1,0 % concentration, the max-
imum amount of sorbed calcium is 10.3+0,1 % of the total
(Fig. 1,a, curve 2) at the concentration of 2,0 % — 11.7+
+0.1 % (Fig. 1, b, curve 3). An increase in the total content
of complexing agent leads to an increase in Ca?* which is
sorbed, The introduction of the 1,0 % solution of AlgNa at
the ratio milk: solution AlgNa as 100:10 causes the sorption
of 417£0,1 % Ca?" (Fig. 1, a, curve 1), and at the ratio of
100:20 — 10.3+0,1 % (Fig. 1, a, curve 2) that indicates the
expedience of using AlgNa in a larger amount.

Experimental data on the influence of the sorption area,
the different values of which were achieved with the intro-
duction by droplets of the solution of AlgNa and as a layer of
certain mass at the ratio of 100:10, on the kinetics of sorption
of Ca?* from milk by the solution of AlgNa, revealed an in-
significant difference regarding the residual calcium content
for various sorption areas (Fig. 2).
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Fig. 2. Kinetics of sorption of Ca?* from milk by the solution
of AlgNa depending on the sorption area, 103 m% 1 — 3,0;
2 —15,0: @ — at 1,0 % concentration of AlgNa; b — at 2.0 %
concentration of AlgNa

The data presented in Fig. 2 display that the content
of calcium under conditions when the sorption area is
3,010%m? and 15,010 m? after curing it for 6-60%s
is: using the solution of AlgNa of 1,0% concentration —
115,5+1,0 mg % and 115,0=1,0 mg %, 2,0 % concentra-
tion (Fig. 2, b) — 111,5£1,0 mg % and 110,9%1,0 mg %,
respectively. Taking into account the resulting data, the
complexing agent was consequently introduced to the
skimmed milk by droplets.



The kinetics of sorption of Ca®* from milk by the solution
of AlgNa of 1,0 % and 2,0 % concentration at different values
of pH was established (Fig. 3).
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Fig. 3. Kinetics of sorption of Ca?* from milk by the solution
of AlgNa at pH 6,0 (1) 5,5 (2), 5,0 (3):
a— at 1,0 % concentration of AlgNa; b — at 2,0 %
concentration of AlgNa

An analysis of the obtained data (Fig. 3, a, b) shows that
the nature of change in the content of Ca®" in milk at pH
5,0<pH<6,0 is similar. At pH 6.6: we observed a decrease in
the content of Ca?*, the concentration of AlgNa in the solu-
tion and the sorption duration under conditions of increasing
the mass of the introduced complexing agent (ratio).

With regard to the process of sorption, accompanied by
a decrease in the content of Ca?" in milk and the formation
of «AlgNa—Ca?*», the uniformed distribution of complexing
agent in the system is important. Conducted experimental
studies suggest the feasibility of stirring every (15...20)x
x60 s, which provides for the progress of the sorption process
with the formation of «AlgNa—Ca?"» systems, and from the
physical point of view — AlgSa granules that have the same
structural and mechanical properties in all the volume of
reacting mixture.

Removal of Ca?" from skimmed milk is a dynamic pro-
cess, the development of which depends on many factors.
However, the existence of two stages (Fig. 1), which are
characterized by different sorption speed, allows determin-

ing the expediency of the phased introduction of complexing
agent (Fig. 4).
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Fig. 4. Kinetics of sorption of Ca?* from milk under
conditions of staged introduction of the solution of AlgNa:
1 — | stage (ratio of milk:solution of AlgNa — 100:10);

2 — |l stage (ratio of milk:solution of AlgNa — 100:(10+10));
3 — Ill stage (ratio of milk:solution AlgNa — 100:
(10+10+10)): @ — at pH of milk — 6.6;

b — at pH of milk — 5.5

An analysis of experimental data (Fig. 4) enables us to
point out that regardless of pH of milk, a staged introduction
of the solution of AlgNa leads to a general decrease in the
content of calcium in milk with the same speed, which at pH
6,6 and pH 5,5 is (0,4...0,5)-10" % /s and (0,8...1,0)-10°3 %s.

Along with the study of kinetics of sorption of Ca®* from
milk under conditions of a staged introduction of the solu-
tion of AlgNa, we carried out studies of the staged introduc-
tion of acid containing raw material (Fig. 5). The obtained
results suggest a more intensive decrease in Ca?" in milk
under conditions of a staged introduction of the solution
of AlgNa and acid containing raw materials along with the
stage introduction of only a complexing agent to the system.

It was established (Fig. 5) that under conditions of sorp-
tion (t=9-60% s, pH 5,5), the total content of calcium during
the phased introduction of the solution of AlgNa decreases
t0 90,7+0.1 mg %. A phased introduction of the solution of
AlgNa and of correctors of solubility to the system contrib-
utes to a decrease in calcium to 88,0+0,1 mg %.

Taking into consideration the process of regulation of
composition of the salt system of milk, it is important to
determine the sorption capacity of solutions of AlgNa de-
pending on temperature (Fig. 6). While substantiating the
value of pH of skimmed milk (pH 5.5), we considered the



amount of Ca2", where an increase in pH up to 6.6 leads to a
decrease in the content of Ca?*. Decreasing pH to 5.0 in the
process of curing at temperatures 30...40 °C contributes to
destabilization of the colloidal system of milk, resulting in
its delamination with the formation of whey and casein in
the form of agglomerates. The starting content of calcium in
milk was 120,0£1,0 mg %.
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Fig. 5. Kinetics of sorption of calcium Ca%* from milk under
conditions of a staged introduction: 1 — solution of AlgNa;
2 — solution of AlgNa and acid containing raw materials:
a — pH of milk — 6.6; b — pH of milk — 5,5
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Fig. 6. Content of calcium in milk (pH 5,5) depending on the
sorption temperature

The study of influence of temperature on the change in
calcium content in milk under conditions of a staged intro-
duction of the AlgNa solution enables us to state that a slight
decrease in the studied index is observed along with an in-
crease in temperature (Fig. 6). Thus, at temperature 2 °C and

40 °C, the content of calcium in milk (pH 5,5) decreased to
89,0+0,1 mg % and to 86,0+0,1 mg %, respectively.

Results of the study of thermal stability of milk with
the regulated composition of salt system are presented in
Table 2.

Table 2

Thermostability of milk with regulated composition of salt
system depending on the amount of sorbed Ca®"

Alcohol | Thermostability of milk depending on the amount of
concentra- sorbed Ca®*,%
tion, % 0 [10 [ 11|13 |15 |18 | 19| 20| 23 | 26
68 e e T e S S R
70 - - =1 -1+ + |+ +
72 - - =1 -=-1-1-|-=-1+1+1+
75 - -1 -1-1-1-1-1-1-1-

To determine the composition and the patterns of change
in the existence of the states of calcium, we studied its
quantitative content in milk (pH 5.5), in true solution and
in colloid phase; in particular, calcium bound with caseins

(Fig. 7).
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Fig. 7. Change in content of CaZ*: 1 — milk (pH 5.5);
2 — true solution (pH 4,6); 3 — calcium caseinate (pH 4,6)

The data in Fig. 7 demonstrate that under conditions
of sorption of Ca®" by a complexing agent, we observed a
decrease in Ca?" in milk from 120,0+1,0 mg % to 110,5+
+1,0 mg % and changes in calcium content in true solution
from 94,0+0,9 mg % to 78,5+0,7 mg %. In this case, the
content of calcium, which is bound with casein, in the process
of regulation of the salt system composition remains practi-
cally unchanged regardless of the duration of the process

6. Discussion of results of studying the influence of
technological factors on the sorption of calcium sodium
by the complexing agent sodium alginate from
skimmed milk

During the stoichiometric interaction of AlgNa and
ionized calcium, calcium alginate (AlgCa) is formed — a
new phase of the system “solution AlgNa — milk”, which is
characterized by low chemical potential and can be removed
from the system. Reaching the stoichiometric balance is an
inertial process, that is why under conditions of formation
and development, the system “solution AlgNa—Ca?" of milk”
polymer is being in several states. At the initial stages of
the process, at any ratio of reacting components, there is a



thickened system that contains [AlgNa]>>[AlgCa], which is
possible under conditions [AlgNa]>>[Ca?']; in the course of
the process of ion exchange, there happens the formation of
the ionotropic gel with pronounced plastic properties, that
is, “soft” gel, which is possible under conditions [AlgNa]>
>[Ca®']. The measure of plasticity and elasticity of this
system will depend on the proportion of AlgCa in AlgNa,
and with the sufficient content of Ca®", the elasticity will
increase and the plasticity will decrease for the AlgNa solu-
tions of different concentrations. As the progress of chemical
reaction of substitution of Na® with Ca%* will be accompa-
nied by an increase in hydrophobicity, we observe the separa-
tion of the water phase, and under conditions of great excess
of Ca®", xerogels appear as a result of competition for water.

It is important to understand that the occurrence in
the system, which is common by a solvent, of a new (by the
colloid state) phase and its development in the direction of
AlgNa—AlgCa will be accompanied by the mass transfer.
Taking into account the fact that the molecular weight of
AlgNa is 542300 Da [13], and that of ions of calcium is 40,
according to the Einstein equation, which describes the
diffusion movement of particles of low- and high molecular
substances in a liquid, the only possible development of the
system is the diffusion of calcium ions to the solution of
AlgNa. Under these conditions, milk will be depleted in the
content of Ca®*, and the AlgNa solution, on the contrary,
will be enriched due to its sorption.

The result of the ion exchange will be the occurrence of
a new phase, and its further transformation from the state
“gel AlgNa—Ca®"” to “gel AlgCa”. Understanding the above
mentioned processes allows defining the prospects of creat-
ing new technological systems on the basis of substantiation
and determination of rational parameters of the sorption of
Ca?* by the complexing agent AlgNa.

Conducted studies confirmed theoretical research into
the possibilities of using sodium alginate for bonding and
removing ionized calcium from milk. According to Fig. 1,
we established an increase in the total content of calcium
in milk, where it is possible to predict that the process of
sorption occurs due to ionized calcium as a single reactive
form that is contained in its composition. The amount of
the sorbed Ca?" will be proportional to the product of the
concentration by the mass of the introduced solution of
AlgNa. It was established that an increase in the concen-
tration of AlgNa by 2 times leads to the 13,6 % increase
in calcium, which was sorbed, which enables us to draw a
conclusion about the inertial character of the salt balance
in milk.

The experimental data (Fig. 1) show that the introduc-
tion of the same amount of AlgNa (0,2 g) to milk in solutions
of 1,0 % concentration with the ratio of 100:20 (Fig. 1, a,
curve 2) and of 2,0 % concentration with the ratio of 100:10
(Fig. 1, b, curve 1) leads to the sorption of relatively less
amount of Ca%*, which is 10 % and 8 %, respectively. The
latter is probably explained by viscosity and the ratio of
milk: solution of AlgNa. An increase in viscosity helps to
slow down the process of sorption, and an increase in the
ratio, vice versa, accelerates the process by increasing the
contact of AlgNa with Ca?*, which allows using it with less
concentration, but in larger quantity. It should be noted,
that the conducted analysis [16] and experimental research
(Fig. 1) indicate that the ratio of AlgNa and Ca?" of milk
does not attain the stoichiometric values, regardless of the
conditions of sorption.

Based on the determination of influence of the sorption
area, we defined the feasibility of introducing a solution of
sodium alginate by droplets, and although a slight difference
in the process of sorption by the amount of sorbed ionized
calcium was observed according to the results of the study,
it was not decisive. However, it should be noted that the
study of the process of granules formation was covered in the
paper of scientists [13]. Under these conditions, the process-
es of stirring are important during the course of sorption,
when with a decrease in the duration we observed obtaining
granules with different properties, which complicates their
further use in the food products technology; the increase
in duration does not lead to improving the properties of the
obtained granules.

One of the important factors of influence on the system
is the introduction to its composition of fruit and berries
along with milk. This will result in the disruption of col-
loidal stability and an increase in the solubility of calcium
containing salts and, consequently, the accumulation of
ionized calcium that is immediately sorbed by the solution
of sodium alginate. It was established that the speed of sorp-
tion in the course of decreasing pH from 6,0 to 5,0 increases
by 2,5 times: at pH 6,0 and 5,0 (Fig. 3, @) the sorption speed
is 0,410 %/s and 1,0 - 1073 %/s, respectively, and the total
amount of calcium, sorbed for 6:60% s is 9,3 % and 21,5 % of
the starting content, respectively. The obtained results are
fully consistent with theoretical research.

It should be additionally noted that the decrease in ac-
tive acidity to pH 5,0 leads to obtaining unstable systems, in
particular, the existence of casein particles. On completion
of the process of sorption, they are not likely to be visually
observed as a result of bonding ionized calcium.

The inertia of the process of bonding ionized calcium
under the defined conditions (Fig. 1) does not make it pos-
sible to intensify the process of sorption. Effective solution
(Fig. 3, 4) is a phased introduction to the system of a com-
plexing agent and acid containing raw materials. Thus, a
comparison of the results (Fig. 3, 4) makes it possible to
define that a staged process allows for a more efficient use of
the complexing agent.

Conducted analytical studies of the temperature effect
indicate an increase in the solubility of calcium containing
salts during the rise in temperatures, however, the salt bal-
ance in milk forms other patterns, in particular, an increase
in temperature promotes the transition of salts of calcium to
a colloidal form. On the one hand, during heating, the equi-
librium in the salt system is shifted towards the formation
of colloidal components and, on the other hand, an increase
in temperature leads to the intensification of mass transfer
processes as a result of a more rapid movement of ions. Of
course, temperature under conditions of lowering pH of
milk is an important factor that initiates the process of Ca®*
deposition on casein micelles (thermo-calcium coagulation).
Considering the obtained results (Fig. 6), where, depend-
ing on temperature, the amount of sorbed calcium changes
slightly, and taking into account the stability of the system
and the inexpediency of complication in the technology, it
is a priority to conduct the process of sorption of Ca?" at
temperatures 2...6 °C.

The process of regulating the composition of the salt
system of milk leads to increasing its colloidal stability,
which in turn contributes to the more thermostable systems.
Taking into the consideration the conducted studies regard-
ing the phased introduction of complexing agent and acid



containing raw materials, the research into thermal stability
of milk by alcohol trial (Table 2) makes it possible to state
that the process of regulation of the composition of the salt
system of milk leads to an increase in its thermal stability.
The established regularities are fully consistent with the
research of scientists [3], which indicate the relationship
between the content of ionized calcium and thermal stability
of milk. However, of not less importance is the buffer capac-
ity of milk, which in this case is a deterrent to the increase
in acidity in the system. We should also point out that an
increase in pH is characteristic for all of the studied systems,
the results of the thermal stability of which are presented in
Table 2, which is explained by the ion exchange reaction and
accumulation of sodium ions in the system.

Not less important is to determine a change in the content
of calcium in different forms contained in milk. The sorption
of ionized calcium will cause the release of the latter from cal-
cium containing salts in terms of systems tending to restore
the balance, which is undesirable in view of the transition of
bio-accessible calcium, which is contained in compounds with
caseins, to ionized state. An analysis of the obtained experi-
mental data presented in Fig. 7 makes it possible to determine
that the regulation of the composition of the salt system of
milk leads to a decrease in calcium content, mainly due to ion-
ized calcium. The establishment of a new equilibrium under
condition of the introduction of complexing agent causes the
release of Ca?", which is likely to be found in the composition
of calcium containing salts (phosphates and calcium citrates),
with the exception of calcium bound with casein.

7. Conclusions

1. Introduction of the complexing agent sodium alginate
leads to a decrease in calcium content in skimmed milk.
It was established that a determining factor of sorption is
the concentration of sodium alginate and the ratio of milk:
solution of AlgNa.

2. The sorption area and its character, as well as tempera-
ture of the process, are not determining factors with regard
to bonding and removal of calcium. With this in mind, it is
expedient to set the modes of sorption based on the require-
ments of the course of technological process of production of
certain food products.

3. During the process of sorption of ionized calcium from
skimmed milk, it is advisable to use a staged introduction of
the sorbent and acid containing raw material, which leads to
obtaining the same speed of the process and contributes to a
relatively larger amount of sorbed calcium.

4. The sorption of ionized calcium from skimmed milk
with well grounded parameters allows obtaining food sys-
tems with high indices of thermal and acid resistance, which
opens up the prospects for the creation of new food pro-
ducts — dairy drinks, cocktails, etc., the formulation of
which includes milk and fruit and berry raw materials.

5. The course of reaction of ion exchange in milk depend-
ing on the form of calcium (ionized or as a part of casein-
calciumphosphate complex) proceeds in different ways. In
addition, the maximum intensity of the process is observed
under condition of existence of free ionized calcium.
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Zlosedena nepcnexmuenicmo 6UKOPUC-
MAHHS CYX020 OIIK060-8Y2/1€600H020 HANIG-
¢abpuxamy (CBEBH) y mexnonoezii opisc-
03068020 micma, OMpuUMan020 NPUCKOPEHUM
cnocobom. Jlocaidxceno cmpyxmyprno-me-
XaHiuMi, NPYHCHL0-eAACMUUHI MaA Peoo-
2luHi enacmueocmi micma 6 3ajnedldcHocmi
6i0 xonuenwmpauii CbBH. Bcmamnoseneno,
wo euxopucmanuss CHBBH 6 mexnonoeiu-
HOMY npoueci supobHuumea OpixncoIHC060-
20 micma naodae MoONCIUBICMb KOpezysamu
cuny 6opowna ma uialecnpsamos8ano 6nauea-
mu Ha peoJioziuHi 81ACMUBOCHIL Micma

Kmouoei cnoea: cyxuil 0inxoeo-eyene-
800HUll Hanieabpuxam, cyxa xapmonssi-
Ha Odobaska, Opixcoicoee micmo, cmpyk-
MYPHO-MeXaHiuHi 81ACMUBOCMI, PeONO2iUHI
senacmueocmi

T ]

Hoxazana nepcnexmuenocms ucnonv3o-
8aHus CYx020 0eaK080-Y2/1€600H020 NOJY-
¢aopuxama (CBYII) 6 mexnonozuu oposic-
JHCe6020 mecma, NOJYUEeHHO020 YCKOPEHHLIM
cnocooom. Hceaedosanvt cmpyxmyphno-me-
Xanuveckue, ynpyeo-3aacmuitvle U peoso-
euneckue ceolicmea mecma 6 3a6UCUMOCMU
om xouuenmpauuu CBYII. Ycmanoeneno,
umo ucnonvzoeanue CBYIl 6 mexunonoeu-
YeCKoM npouecce nPouzBoocmea oOpoxyciice-
6020 mecma Oaem 603MONCHOCMb KOppPU-
2UpoBamv Cuny MYKU U UeleHanpasieHHo
8IUAMb HA PeoJlo2uUecKue C8olicmea mecma

Kmoueevie cnoea: cyxas 6enxogo-y-
2J1e600HAsL CMeCb, cyxas KapmodeavHas
dobasxa, Opoicicesoe mecmo, cmpyxmyp-
HO-Mexanuueckue ceolcmea, peojiozuye-
cKue ceoilicmea
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1. Introduction

Bread and bakery products have very large physiolog-

Significant changes in the conditions of life and labour
of society caused imbalance between consumer demand
and proposals in the market of bread and bakery prod-
ucts, which necessitates extending their product range for
the production of new products with improved consumer

properties [1].

ical importance in human nutrition as they are related to
the products of mass consumption and possess digestibility
that does not decrease over the course of daily use. Bread is
characterized by favorable consistence and structure that
provides the most efficient work of the digestive system and
contributes to the fuller assimilation of other products by
the human organism. Bread provides about 50 % of the daily




