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Bugueno enaue napamempis nusokomem-
nepamypnozo 3amopoNiCY8anHHs ma mepmi-
Hi6 30epizanisa Ha NOKA3ZHUKU AKOCMI MOJLOY-
Ho-Oinkoeux xonuenmpamie (MBK) 3i
cxonomun. /Jocnidiceno ocobaueocmi Hu3o-
Komemnepamypnux pazoeux nepexoodie ma
cxayeanns MBK. Bcmanoseaeno, wo 6uxo-
pucmanus niope KaaiuHu ma HYpasauHu K
KOAzyasHmie Cnpusiioms 30116 eHHI0 1 acmKu
36’a3an0i 601102u ma noxpauennio 3depeoice-
Hocmi npodyxmie. Busnaueno 3minu xoavo-
ponapamempuuHux Xapaxmepucmux KoH-
uenmpamie npu 36epieanni. Q0rpynmosano
pedcumu ma mepminu 36epieanns MBK

Kniouosi crosa: monouno-oinkoeuit Kom-
uenmpam, oupepenyianvna cKanyOua Kauo-
pumempis, Koavponapamempuuni xapaxme-
pucmuxu, mepmin 30epizanns

=, 0

H3yueno enusnue napamempos HU3KO-
memnepamypHozo 3amopanicueanus u cpPoKos
XpaneHus Ha nokazamenu Kawecmea MoJjou-
Ho-0enxoevix Konuenmpamos (MBK) u3
naxmot. Hccaedosanvt ocobennocmu Hu3Kko-
memnepamypnolx azoevix nepexooos u cme-
xnoeanuss MBK. Yemanoeneno, wmo ucnono-
306anue niope KanuHovl U KA0K6bL 8 Ka1ecmee
K0Azyasnmoe cnocoocmeyiom YeeauueHuro
001U C8A3AHHOU 61A2U U YAYHUEHUIO COXPAH-
Hocmu npodyxmos. Onpedenenvl U3MeHEHUS
ugemonapamempu1eckux XxXapaxmepucmux
Konuenmpamoe npu xpamnenuu. 06ocHosamwvl
pexcumol u cpoxu xpanenuss MBK

Kniouesvte caosa: monouno-6enxosuiii
Konuenmpam, oudppepenyuanvias cxanupy-
wan Kaiopumempus, yéemonapamempuye-
CKUue xapaKxmepucmuxu, Cpox XxpaneHus

u] =,

1. Introduction

Today there is no doubt that the leading role in nu-
trition belongs to natural products which can provide
the body with essential nutrients and energy. The level of
protein deficiency in the world is increasing [1], therefore
special attention should be paid to the content of proteins
in food products, especially of animal origin. After all, it
is they that contain more amino acids that are essential
to the human body, in comparison with their analogues of
plant origin.

Among the proteins of animal origin, a special place is
taken by milk proteins. These compounds determine the
biological value and caloric content of dairy products, are
well digested and assimilated by the human body. They
contain a significant amount of mineral and biologically
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active substances, and also have expressed hypotensive,
immunity-stimulating and antithrombotic properties [2].

A valuable source of milk proteins is protein-carbohy-
drate dairy raw materials, in particular, buttermilk [3],
which is becoming increasingly used in innovative food
technologies. One of the areas of buttermilk use is the
production of milk-protein concentrates (MPC). The use
of MPC will ensure more rational use of raw materials
and increase the economic efficiency of production of
protein concentrates. Products based on MPC will allow
expanding the range of food products and increasing their
biological value.

Today there are many methods of precipitation of
protein substances from dairy raw materials. But MPC,
obtained with the use of berry purees as coagulants, are
new products whose properties have not been investigat-




ed. As in the case of most protein concentrates, the main
purpose of these foods production is their further use in
food technologies as semi-finished products.

In view of the increased interest in this topic, the
study of the quality of the obtained MPC is of great sci-
entific and practical value. Herewith, the storage factor,
that has a direct impact on both organoleptic properties
and the shelf life of any product, will be decisive.

But the effect of storage, particularly at low tempera-
tures, on the quality and safety of MPC has not been
investigated. Therefore, the research of changes in the
structure and organoleptic characteristics of MPC in the
process of low-temperature treatment is important for
determining storage periods and conditions.

2. Literature review and problem statement

Today, changes in the quality of milk proteins in the
storage process are the object of interest of many food in-
dustry specialists. A significant step in this direction was
made by Japanese scientists, who have studied the change
in the quality of caseinates of milk proteins when stored
at low temperatures. It has been found that the lower
the storage temperature, the longer milk proteins can be
stored. However, the storage time cannot be extended for
more than 4 months. The reason for this limitation is pro-
tein flocculation, which occurs even at =20 °C [4].

In work [5], a change in the quality of cottage cheese,
enriched with the microparticulates of whey proteins, was
investigated. According to the literature data, the shelf
life of the obtained product exceeds that of the cottage
cheese by 30 %.

It is also known about the development of the technol-
ogy of cottage cheese with increased storage time [6]. The
technology involves the use of various yeast starters, pro-
tein coagulation methods and whey removal techniques.
In addition, scientists of the Institute of Dairy Industry
presented a methodology for improving the technology
of refrigeration storage of cottage cheese. The method
justifies the choice of optimal parameters of microwave
defrosting of cottage cheese, but requires experimental
confirmation [7].

It is known [8] about the studies to analyze changes
in the solubility of MPC obtained with the use of NaCl
and KCI, during long-term storage. It has been deter-
mined that storage at 4 °C and 25 °C with the addition of
chlorides reduces the harmful effect on the solubility of
the samples, while storage at 55 °C negatively affects the
solubility regardless of the salt content.

Scientists of the USA have studied changes in the
organoleptic parameters of protein bars during storage.
During the experiments, the bars were stored at 22 °C,
32 °C or 42 °C for 42 days. According to the results ob-
tained, the bars produced using MPC had a higher soft-
ness regardless of the storage temperature. At the same
time, the change in the color of the surface of the bars with
MPC was minimal when stored at 22 °C, but increased at
32°Cand 42 °C[9].

In work [10], the effect of storage temperature and
time on rheological properties and solubility of MPC
with a protein content of 85 % was investigated. It is
established that the conclusive complex module and
tension decrease exponentially with the increase in the

storage time of MPC. At the same time, when the storage
temperature increases, this effect is intensified. The solu-
bility also decreases exponentially over time, with whey
proteins remaining soluble, unlike caseins that become
lactosilated [11].

No solid research was conducted to determine the
effect of freezing and storage conditions on the structure
and organoleptic characteristics of MPC obtained with
the use of berry purees. Therefore, this problem remains
unresolved.

3. The aim and objectives of the study

The aim of this work is to determine the optimal
conditions for MPC freezing and to study changes in the
quality during the storage process.

To achieve this aim, the following objectives have been
identified:

— to study the influence of low temperatures on the
MPC structure and to determine the conditions of freez-
ing and storage of these products;

—to determine the rational storage time of MPC,
taking into account the change in the color-parametric
characteristics during the storage process.

4. Materials and methods of study of low-temperature
phase transitions and color-parametric characteristics
of milk-protein concentrates

The material for the research were MPC of buttermilk
obtained with the use of viburnum puree (MPCV) or
cranberry puree (MPCC) as coagulants [12].

Changes in the physical properties of food products,
depending on temperature, can be observed by means of
devices and techniques for thermal analysis [13], including
differential thermal analysis (DTA) and differential scan-
ning calorimetry (DSC). DTA and DSC are based on the
change of heat absorption that occurs during phase tran-
sitions when the temperature changes at a controlled rate.

More detailed materials and methods of study of low-tem-
perature phase transitions and color-parametric characteris-
tics of milk-protein concentrates are given in work [14].

5. Results of the study of structure and color of MPC
in the process of freezing and storage

Thermophysical properties, according to contempo-
rary researchers [15-17], are one of the most important
parameters in the evaluation of stability of food prod-
ucts when stored in a frozen state. Therefore, a study of
low-temperature phase transitions and glass transition
of MPC using the DSC method was conducted. For the
experiment, samples of concentrates weighing 1 g were
placed in a thin-walled stainless steel glass. The glass was
covered with a lid and cooled by immersion in liquid ni-
trogen. The low-fat cottage cheese was used as the control
sample.

The average cooling rate of the process was 200 °C/min.
The thermograms were recorded during heating at a rate of
0.5 °C/min. The temperature measurement error was +0.2 °C.
The obtained thermograms are shown in Fig. 1.
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Fig. 1. DSC — thermograms: a — control sample;
b— MPCC; ¢ — MPCV

In Fig. 1, it can be seen that the heat absorption leap 1
at the glass transition temperature Tg (—40...—80 °C for
the concentrates and —50...—60 °C for the control sample)
corresponds to the glass retransition, namely, the transition
of the substance from the glassy state into a supercooled
liquid.

The term “glass transition temperature” refers to a range
of temperatures at which the glassy material is softened and
converted to a liquid state. The value of the glass transition
temperature is determined by the point of inflection in the
area of heat absorption leap 1.

Fuzzy exothermic effect 2 at the crystallization tempera-
ture (Tc) is associated with the completion of ice crystalliza-
tion, which was interrupted by rapid cooling.

The endothermic peak 3, which corresponds to the
temperature of melting of eutectic compositions (Tme),
is also recorded on the MPCC thermogram. The intense
endothermic peak 4 at the melting temperature (Tm) corre-
sponds to the complete melting of ice in the samples of the
concentrates.

In addition to the structure that determines the techno-
logical properties and the way of further use of MPC, other
organoleptic characteristics are also important, as they es-
sentially affect consumers’ interest in the product, creating
demand for it. In the storage process, the change in most of
the organoleptic characteristics, such as appearance, taste
and smell, is quite noticeable, but it is more difficult to trace
the change of others, in particular, color.

The color of any product depends on its ingredient com-
position, technology, parameters and method of processing
for further use. For MPC, the color is due to the addition of
berry purees at the stage of coagulation of the clot, as well
as the temperature and time of protein precipitation. A color
change can be revealed during the organoleptic evaluation
of the product, but the data obtained will be subjective, not
to mention the human eye cannot catch a slight change in
shades. Therefore, it is expedient to estimate the change in
color-parametric characteristics with the help of computer
equipment and programs based on known methods for deter-
mining the color characteristics.

The CIEXYZ and CIELab methods were used to study
the colorimetric characteristics of MPC. Studies were con-

ducted immediately after making the MPC sample, as well
as after 30, 60 and 90 days of storage in a frozen state.

The reflection spectra of MPC samples are shown in
Fig. 2-5.
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Fig. 2. Reflection spectra of MPCC (1) and MPCV (2)
after making
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Fig. 3. Reflection spectra of MPCC (1) and MPCV (2) after
30 days of storage

Any curve of the spectral refractive index contains infor-
mation that the sample color corresponds to the color tone of
radiation of the spectrum part where the object reflects the
light most. The intensity of light, in turn, corresponds to the
curvature of the curve of the spectral refractive index, that
is, the degree of reflection selectivity.
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Fig. 4. Reflection spectra of MPCC (1) and MPCV (2) after
60 days of storage
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Fig. 5. Reflection spectra of MPCC (1) and MPCV (2) after
90 days of storage

The calculated color-parametric characteristics of
MPCYV are given in Table 1.

Table 1
Color characteristics of MPCV
MPCV sample
Parameter

After | After 30 days After 60 After 90

. days of days of

making of storage
storage storage
CIEXYZ system

x 0.3617 0.3639 0.3685 0.3801

Y 0.3723 0.3711 0.3856 0.4048

A, nm 578.9 579.9 576.9 575.5

T, % 37.2 371 38.6 40.5
P% 33.62 33.68 40.79 50.75
Spectral
color (domi- | Yellow Yellow Yellow Yellow
nant tone)
CIELab system

L* 84.94 77.31 56.47 57.93

a* 3.22 4.25 0.60 -1.26

b* 22.76 21.08 20.36 27.06

a*/b* 0.14 0.20 0.03 -0.05

Color-parametric characteristics of MPCC are presented
in Table 2.

There is an interconnection between the two systems due
to mathematical transformations, so the color indexes of the
Hunter system (CIELab) were obtained using appropriate
mathematical algorithms.

Table 2

Color characteristics of MPCC

MPCC sample
Parameter After 30 After 60 | After 90
After
. days of days of days of
making
storage storage storage
CIEXYZ system

x 0.3355 0.3737 0.3599 0.3569

Y 0.3427 0.3628 0.3745 0.3777

A, nm 585.1 585.4 577.7 575.8

T, % 34.3 36.3 37.5 37.8
P % 12.58 32.49 34.12 34.73
Spectral
color (domi- YEILZW(;OP Yel;licI)lw‘;or— Yellow Yellow
nant tone) 8 8
CIELab system

L* 85.18 61.82 50.68 52.87

a* 4.35 9.17 1.17 -0.53

b* 8.35 16.91 16.28 16.09

a*/b* 0.52 0.54 0.07 -0.03

6. Discussion of the results of the study of changes in the
structure and color of MPC in the process of storage

The results of the study of the MPC structure show
(Fig. 1) that the glass transition observed during the cooling
of all the samples is explained by the existence of bound wa-
ter in them. The latter does not have time to crystallize due
to the high cooling rates used in the experiments.

The molecular movements in the glassy state are limited
by vibrations and short-acting rotational motions. Thus,
amorphous concentrates can be considered relatively sta-
ble in the solid state. The substance thus has the form of
a mixture of ice crystals and solid amorphous inclusions.
It should be noted that when the temperature or relative
humidity increases, the materials pass from the glassy state
to the supercooled viscous liquid. Since the structure of the
studied products is amorphous, such transition will have a
negative effect on consistency. From this, one can conclude
that the concentrates must be kept below the temperature
Tg, that is, below —80 °C, when the whole liquid remains in
the solid state.

On the other hand, attention should be paid to the en-
dothermic peak 3 on the MPCC curve (Fig. 1, b). It can be
explained by the melting of the eutectic compositions that
have passed to a solid crystalline state at the cooling stage.
This can be an additional damaging factor in the low-tem-
perature storage of this semi-finished product. In this case,
the storage temperature of the concentrates is limited to the
melting point of the eutectic compositions, which is =45 °C.

The complete melting of ice in the studied samples corre-
sponds to the endothermic peak 4. The melting point for the
concentrates is 7..10 °C. The formation of ice macrocrystals



with the use of conventional freezing contributes to the de-
struction of the cell structure of the concentrates and, as a
consequence, the deterioration of the organoleptic properties.

Given the above, rapid freezing of the studied products
at —20...—30 °C with subsequent storage at this temperature
is rational.

The intensity of heat absorption leaps is higher for the con-
centrates obtained with the use of berry purees than for the
control sample. This indicates a larger amount of bound fluid
in the products, which allows reducing the crystallization at
the cooling stage and increasing the amount of glassy phase.
Since the growth of ice crystals leads to physical deforma-
tion of cells and, consequently, to significant changes in the
structure of foods, the reduction of crystallization in MPC
indicates the improvement of preservation in the frozen state.

The results of the study of diffuse reflection spectra of
the concentrates (Fig. 2) indicate the absence of maxima on
them, which proves the non-selectivity of reflection virtually
in the entire range of 400...750 nm. By this characteristic,
the color of the samples is close to white, for which the re-
flection indexes in the range of visible light approach 100 %.
However, the values of the reflection index of MPCC are
gradually reduced in the range of 400...650 nm. This indi-
cates the appearance of the purple-red shade, because the
accumulation of the substances responsible for this shade is
characterized by an increase in light absorption in the green-
blue part of the spectrum. At the same time, the sample color
is visually characterized as light pink.

The curve of reflection spectra of MPCV is charac-
terized by lower Rf values, which do not exceed 40 %. In
the mid- and long-wave areas of the spectrum (range of
500...750 nm), there is a slight increase in reflection inten-
sity, indicating the increased contribution of yellow and red
components of the color. Visually, the sample color is charac-
terized as light yellow.

Curves of reflection spectra of the samples after 30 days
of storage (Fig. 3) indicate a small difference between spectra
of diffusion reflection with respect to the previous data. The
spectral curve has no selective reflection; however, the reflec-
tion coefficients gradually increase. So, the increase is from
16 % to 75 % for MPCC and from 20 % to 100 % for MPCV.

The increase in reflection intensity for both samples falls
in the range of the spectrum of 600...750 nm, which corre-
sponds to orange-red shades. At the same time, the samples
after the first month of storage almost do not visually differ
from their directly produced analogues.

Spectral curves of diffuse reflection of MPCC and
MPCYV after 60 days of storage (Fig. 4) have a more com-
plex shape. The values of reflection indexes for MPCV
increase gradually, whereas for MPCC they are charac-
terized by a sharp increase in the red area of the spectrum
(650...750 nm). Simultaneously, the highest values of Rf
for MPCV and MPCC do not exceed 40 % and 55 %, respec-
tively, which indicates the darkening of the product.

After the 90-days storage of the samples, the curves of
reflection spectra are characterized by an even larger de-

crease in reflection indexes (Fig. 5), which are a maximum
of 36 % for MPCV and 32 % for MPCC. Taking into account
the previous data, one can conclude that with the extension
of the storage time for more than 30 days from the time of
making, the color of MPC significantly darkens. The largest
increase in reflection intensity for both MPC corresponds
t0 550...700 nm, that is, the yellow-red area of the spectrum.
Visually, the samples darken and acquire a yellow-orange
color with a white shade.

Comparing the data after making and during the storage
of MPCV (Table 1), it should be noted that for all the samples
the dominant spectral color is yellow. Although the brightness
parameter in the CIEXYZ system grows with increased stor-
age life (from 37.2 % to 40.5 %), the dominant wavelength is
gradually shifted to the yellow region of the visible spectrum
(from 578.9 nm to 575.5 nm). This is also indicated by the
purity of the tone, which gradually changes from 33.62 %
to 50.75 %, which indicates an increased contribution of the
yellow component of the spectrum to the total sample color,
that is, on the yellowing of MPCV during the storage process.

While analyzing Table 2, one can note; that the dom-
inant spectral color of MPCC during the first 30 days of
storage is orange. However, the next 30...60 days there is an
intense yellowing of the product. The brightness parameter
in the CIEXYZ system remains almost unchanged, mov-
ing from 34.3 % to 37.8 %, and the dominant wavelength
(585.1...575.8 nm) indicates a slight shift in the product
shade towards the yellow color. The purity of the tone, which
varies from 12.58 % to 34.73 %, also indicates a significant
yellowing of MPCC during the storage process.

The value of the parameter of light (L*) by the CIELab
system indicates a significant contribution of white color
to the total color of both products, as for all the samples it
amounts from 85 to 50 %. The calculated parameters a* and
b* in most cases have a value >0, that is, the dominant colors
of the products are red and yellow.

Therefore, one can conclude that storage of samples in the
frozen state for 30 days from the time of making almost does
not affect the organoleptic properties of the product. At the
same time, further storage promotes rapid darkening of MPC.

7. Conclusions

1. The influence of low temperatures on the MPC struc-
ture was investigated and it was determined that rapid freez-
ing of the studied products at —20...—30 °C with subsequent
storage at this temperature is the most rational, which is
connected with a lower content of free moisture and, conse-
quently, lower crystallization and destruction.

2.1t is determined that the rational storage time of
MPC, taking into account the change in the color-paramet-
ric characteristics during storage, is 30 days from the time
of making. Further storage leads to a deterioration of the
color-parametric characteristics of the product and, accord-
ingly, its organoleptic characteristics.
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