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Abstract

The aim of this article is to investigate changes in the structure, color and microbiological parameters of milk-protein
concentrates (MPC) made of buttermilk with the use of cranberry or viburnum purees in the process of storage. Necessary
results were obtained after analyzing phase transitions, changes in color-parametric and microbiological characteristics of the
studied products.
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Low-temperature phase transitions and their influence on the structure of MPC were investigated using the method of dif-
ferential scanning calorimetry. This method was used to obtain information on the change in the temperature function, depending
on the change in heat absorption typical for melting, crystallization, or glass transition of components of MPC. The obtained depen-
dences indicated an increase of heat absorption leaps of concentrates in relation to control, which indicates an increase in the amount
of bound moisture and, accordingly, a decrease in significant changes in the structure of concentrates in the process of storage. In
addition, it was found that rational was the rapid freezing of MPC at a temperature of —20...-30 °C.

The CIE XYZ and CIELab methods were used to evaluate the change in the color-parametric characteristics of MPC. Ac-
cording to the data obtained, red or yellow spectral tone dominates for the samples, but with an increase in the storage time, one can
see a significant shift in the color of both concentrates towards the yellow color. It is also established that with increasing of storage
time there is a gradual darkening of MPC. It was defined, that rational was the shelf life of up to 30 days from the time of studied
products making.

It was also determined that with the use of deep freezing of the MPC, the storage time has no significant effect on the devel-
opment of the microflora.

Keywords: preservation of quality, milk-protein concentrates, differential scanning calorimetry, color-parametric charac-
teristics; microflora; storage.
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1. Introduction

It is known that one of the greatest food deficiencies today is the protein deficiency [1]. Lack
of protein in the nutrition causes slowing growth and development of children; deep changes in
the functioning of the liver, disorders of the activity of the inner secretion glands, changes in the
hormonal background, deterioration in the absorption of nutrients, problems with the heart muscle,
deterioration of memory and working capacity of adults.

World experience convincingly suggests that the most effective way of providing the pop-
ulation with the necessary nutrients, namely proteins, is the production of special foods based on
concentrates of milk proteins. The valuable protein raw materials for these products are secondary
products of the dairy industry, including buttermilk. Such raw material contains almost the entire
protein, carbohydrate and mineral complex of whole milk, but is characterized by a low content of
fat [2, 3]. In addition, volumes of production of buttermilk are significant, which makes it expedient
for using in the technology of products of special purpose [4].

These data indicate the rationality of the concentration and subsequent use of buttermilk
proteins, in particular in the form of milk-protein concentrates (MPC), which are obtained with the
use of wild berries of cranberries and viburnum as coagulants [5]. Such concentrates are intended
to improve the taste, increase the safety, nutritional and biological value of products on their basis.

Taking into attention the increase of demand for protein concentrates [6, 7], it is expedient to
study their quality and properties more observantly, particularly in the fields that have not yet been
considered in detail by leading scientists. Therefore, the study of factors that influence the storage
of MPC, in particular its structure and organoleptic characteristics, is an urgent task. That is why
the aim of this work was to determine the rational method and conditions of freezing of MPC, as
well as to analyze their impact on the quality of the studied concentrates.

In order to achieve this aim, the effect of low temperatures and storage time on the structure,
color-parametric characteristics and microbiological purity of MPC was studied, which enabled to
determine the freezing regimes and the rational terms of storage of these products.

2. Materials and Methods

As the object of research were chosen MPC of buttermilk, obtained by the method of
thermoacid coagulation. Berry purees were used as coagulants: viburnum puree for making of
MPCYV and cranberry puree for making of MPCC [5]. Low-fat cottage cheese was chosen as the
control sample.

The differential scanning calorimetry (DSC) method was used to study the change in MPC
properties with the change in storage temperature. This method is based on the analysis of phase
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transitions, and considers changes in the heat absorption of samples as a function of temperature,
which varies with a given speed [8—10].

The study of low-temperature phase transitions of MPC was performed on a differential
scanning calorimeter developed by the Institute of Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine. Scheme of structure and block diagram of calorimeter are shown
in Fig. 1, 2. The DSC method was used to obtain information on the temperature of the phase
transition, the enthalpy related with the processes of melting, crystallization and glass transition of
MPC components.

EN
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Fig. 1. Scheme of structure of differential scanning calorimeter

The device is based on the traditional design of Kalve calorimeter. In copper calorimetric
block 1 there are four cavities, with calorimetric container (2-5) installed in each (Fig. 1). Each
of the calorimetric containers is a copper cup surrounded by a battery of thermocouples, which
are connected in series. The outputs of the thermocouples of calorimetric containers are con-
nected in couples in a differential schema. The container 2 is connected to the container 3 and
the container 4 with the container 5. Thus, in the calorimeter there are two independent chan-
nels for simultaneous examination of two samples. During the experiments, a special design
of thermocouples with high thermal conductivity was used in order to provide a small thermal
inertia of calorimetric containers. This is important for the operation of the calorimeter in the
temperature scan mode.

The calorimetric block is surrounded by heat screens 6 and 7, between which the heater 8 is
located. In the middle of the calorimetric block there are two openings where the thermometers of
the resistance 9 and 10 are installed. The resistance thermometer 9 is used in the system of automat-
ic temperature control of the calorimetric block. It is connected to the software temperature control
block 13, which controls the operation of the heater 8 through the control device 14. The resistance
thermometer 10 is designed to measure the temperature of the calorimetric block. It is connected to
the temperature measurement block 11. The calorimetric block temperature is recorded by device
12. At the same time, two signals are recorded from each of the pairs of calorimetric containers at
the same time. The calorimetric block is placed in a hermetic stainless steel chamber 15, which is
located in a Dewar vessel with liquid nitrogen. A chamber with a calorimetric block may either be
located above the surface of liquid nitrogen or be immersed in liquid nitrogen.

The investigated sample 16 is placed in a thin-walled glass of stainless steel (wall thickness
of 0,1 mm), closed tightly with a lid and installed in a calorimetric container. In the other container
the same empty cup is installed. Two independent measurement channels allow to record thermo-
grams of two samples at the same time in absolutely identical conditions of temperature scanning.
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This method of study allows to record very small differences in the thermophysical properties of
two samples (Fig. 2).
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Fig. 2. Block diagram of differential scanning calorimeter

Color evaluation methods of CIE XYZ and CIELab systems were used to evaluate the color
properties [11]. The CIEXYZ method is based on measuring of the spectral coefficients of diffuse
reflection of samples (Rf, %) and mathematical processing using the SFScan software. The ob-
tained color coordinates and graphs constructed on the basis of these coordinates allow to deter-
minate the indicators such as the purity of the tone (P, %), the brightness (T, %) and the dominant
wavelength ().

Another method for determining the color characteristics used in the work is the CIELab
method based on the Hunter tricolorometric system, and which allows to characterize the color
by parameters of brightness (L) and color components (a for green-red components and b for
blue-yellow).

After obtaining of the coordinates by the CIE XYZ method, using mathematical processing
one can obtain the correlation between the two systems. This allows to get a more complete de-
scription of the color-parametric indexes of the studied products.

The diffuse reflection coefficients of the samples were determined on a spectrophotometer
SF-2000 (“OKB SPECTRUM?”, Russia) with a prefix of diffuse and mirror reflection SFO-2000,
which allows spectra measuring in the range 300...800 nm with the spectral cleft 0,05...0,25 mm,
the range of angle variation between the normal to the surface of the sample and the direction of
illumination — from 0° to 45°, the range of the angle between the normal to the surface of the sample
and the reflection direction — from 0° to 45°.

The calculations for the received spectra were processed in the software SFScan.

The microbiological quality assessment of the concentrates was made by identifying the
quantitative and qualitative composition of microorganisms. Microbiological parameters were de-
termined according to the following methods:

—the total quantity of mesophilic aerobic and facultative anaerobic microorganisms
(QMAFAM) — by the method based on the ability of mesophilic aerobic and facultative anaerobic
microorganisms to multiply on dense nutrient agar at 30...31 °C during 72 hours in accordance with
the State Standard 8446:2015 [12];

— bacteria of the Escherichia coli group (BECG) — by the method based on the ability of
BECG to ferment lactose in a Kessler medium with the formation of acid and gas in result at 37 °C
during 24 hours in accordance with the State Standard ISO 4832:2015 [13];

— pathogenic microorganisms, including salmonella — according to the State Standard prEN
ISO 6579-1:2014 by inoculating on selective mediums and establishing their specific enzymatic and
serological properties [14];

— quantity of Staphylococcus aureus — using the Beard-Parker agar medium according to the
State Standard ISO 6888-1:2003 [15].
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2. 1. Experimental procedures

When using a differential scanning calorimeter, the automatic temperature control sys-
tem operates in the temperature range from —196 °C to +100 °C and allows either maintaining a
constant temperature value of the calorimetric block, or scanning the temperature at a rate from
0,06 °C/min to 2,5 °C/min.

In this work, samples of MPC weighing 1 g were placed in a thin-walled glass of stainless
steel, covered with a lid and cooled by immersion in liquid nitrogen. The average cooling rate was
200 °C/min. The thermograms were recorded at a heating rate of 0,5 °C/min. The temperature
measurement error was 0.2 °C.

To measure the color-parametric characteristics, the intensity of the dark spectrum of the
spectrophotometer was measured before the measuring of diffuse reflection spectra, then the spec-
trum of the reflection of the comparison sample was measured (in all experiments, the standard
white sample No. 1 from a set of standard samples of HCOO-1 for SFO-2000 was used), after that
the reflectance spectra of all studied samples were measured. For this, the cuvette was filled with a
studied sample, placed in the prefix of diffuse reflection SFO-2000, and the diffuse reflection spec-
tra were automatically measured in the range of 400...800 nm with a step of 10 nm.

After that, using the built-in SFScan software, the color characteristics of the studied sam-
ples were calculated based on the obtained reflection spectra. By means of mathematical processing
of spectra of the studied samples, the color characteristics were determined in a tricolorimetric
coordinate system.

Preparation of samples for microbiological research was made according to the State Stan-
dard IDF 122C: 2003 [16]. All studies were made in accordance with the current normative docu-
mentation of Ukraine and the world [12—-16].

3. Results

The results of differential scanning calorimetry indicate that the process of glass transition
is typical for all studied samples. This can be explained by the presence of bound water in their
structure, which crystallizes not completely during the cooling process due to the high rate of
temperature change. The structure of concentrates thus has the form of a mixture of ice crystals
and solid amorphous inclusions, which makes possible to assume that it is stable in the solid state.

The obtained dependences of heat absorption on temperature (thermograms) of the studied
samples gave the following results:

1) The temperature of MPC glass transition is placed in the range —40...—80 °C, which is
wider than the range that is typical for control (—50...—60 °C). It should be noted that when tem-
perature changes in the direction of 0 °C, the bound water of MPC will pass into the state of super-
cooled viscous liquid. For the MPC studied, as well as for any products with amorphous consisten-
cy, such a transition will have negative consequences in terms of the harmlessness of the structure.
Therefore, it would be advisable to choose a mode of freezing, which involves MPC storing at a
temperature below —80 °C.

2) The melting point of the eutectic compositions of MPC is —45 °C. Since, at the cooling
stage, the eutectic compositions have converted to a solid crystalline state, their melting with the
temperature increase will contribute to damage to the structure of the studied products. In this case,
it is expedient to limit the temperature of storage of concentrates by a temperature corresponding
to the melting of the eutectic compositions, namely —45 °C.

3) Full melting of ice in the MPC passes at a temperature of —7...—10 °C. This temperature
corresponds to the destruction of ice macrocrystals, which is typical for the use of conventional
freezing for the storage of concentrates. Given the significant deterioration of the organoleptic
properties of MPC, the use of this freezing method is not expedient.

Analyzing the obtained data, one can conclude that in order to ensure the high quality of
MPC in the process of storage, it is rational to use the method of rapid freezing up to —20...-30 °C,
with subsequent storage at this temperature.

It should also be noted that the intensity of heat absorption leaks indicates an increase in the
amount of bound liquid in the MPC in comparison with the control. This reduces crystallization
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and increases the glass transition during freezing. Consequently, the structure of concentrates un-
dergoes a less degree of destruction, what indicates the priority of MPC in the context of maintain-
ing a high level of quality during the storage in a frozen state.

The results of the analysis of color-parametric characteristics of MPC indicate the following:

1) The dominant spectral tone at the time of making for the MPCC sample is orange, but
with the prolongation of storage time there is a significant shift in color towards yellow. In the case
of MPCYV, yellow is the dominant spectral color of the sample from the moment of its making.

2) Brightness parameters in the CIEXYZ system almost do not change over the entire stor-
age time (37,2..40,5 % for MPCV and 34,3...37,8 % for MPCC), however, the dominant wavelength
for both MPC gradually shifts to a yellow area of the visible spectrum (578,9...575,5 nm for MPCV
and 585,1 ..575,8 nm for MPCC).

3) The parameter of tone purity, by contrast, undergoes significant changes during the sam-
ples storage period. So for MPCV it grows from 33,62 % to 50,75 %, and for MPCC — from 12,58 %
to 34,73 %. The resulting growth indicates an increase in the contribution of the dominant tone to
the overall color of the products, that is, the yellowing of MPC samples in the process of storage.

4) The contribution of the white tone to the total color of both products at the time of making
amounts approximately 85 %, according to the parameters of the light (CIELab system). However,
with an increase in storage time, the amount of white in the overall color range decreases signifi-
cantly (to 57,93 % for MPCV and 52,87 % for MPCC). This indicates a gradual darkening of the
product with prolongation of the storage time.

5) The parameters a* and b* in both cases have a value >0, which indicates red and yellow
colors as dominant for both samples.

On the basis of the given data it can be concluded that the most rational is to store the sam-
ples in frozen state during 30 days from the time of making, because further storage will contribute
to a rapid darkening and yellowing of both types of MPC.

The dynamics of changes in the microbiological indexes during storage is shown in Table 1.

Table 1
The dynamics of changes in the microbiological indexes of MPC during storage

The content of microorganisms .
Normative documents

Indicator After mak- After 30 days After 60 days After 90 days [11-14]
ing of storage of storage of storage
MPCV
Bacteria of the Escherichia coli group
in 0,01 g of the product not found not allowed
Pathogenic microorganisms, including
salmonella, in 25 g of the product not found not allowed
S. aureus in 0,01 g of product not found not allowed
Microscopic mushrooms, NCU/g 7 7 5 4 50
Yeast, NCU/g 6 5 5 3 100
MPCC
Bacteria of the Escherichia coli group
in 0,01 g of the product not found not allowed
Pathogenic microorganisms, including
salmonella, in 25 g of the product not found not allowed
S. aureus in 0,01 g of product not found not allowed
Microscopic mushrooms, NCU/g 8 7 5 5 50
Yeast, NCU/g 6 5 5 4 100
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The analysis of the data presented in the table 1 shows that the duration of MPC storage al-
most does not affect the development of the microflora. Thus, subject to storage at —20...—25 °C for
90 days, the indicators of microbial damage in most cases do not change and stay within the normal
limits. Changes are observed only in the decrease in the number of yeast and microscopic fungi,
but they are negligible. Consequently, it can be assumed that subject to storage of the studied MPC
at a temperature of —20...-25 °C, the storage period is not important.

4. Conclusions

On the basis of the studies made, the phase transitions of the studied samples of MPC were
analyzed and changes of heat absorption were considered. According to the results obtained, it was
found that from all methods of freezing the most rational to maintain the high quality of studied
MBC is using the rapid freezing to a temperature —20 ...—30 °C. The further storage of concentrates
should also pass over this temperature.

The evaluation of the color-parametric characteristics of MPC was performed with the use
of CIE XYZ and CIELab methods. The obtained data indicate that it is rational to store the studied
products during 30 days from the time of making. The determined term is intended to prevent dark-
ening and yellowing of concentrates and, accordingly, impairment of their quality.

It is determined that storage of concentrates in frozen condition does not have a significant
effect on the development of microflora.

The obtained results were used to determine the storage regimes and shelf life of MBC ex-
perimental consignment at the Obukhiv Dairy Plant.

The researches presented in this article have advantages and disadvantages. Thus, the
use of differential scanning calorimetry for analyzing phase transitions and changes in the
structure of MPC allows to set the rate of temperature change for each experiment, which is
especially attractive when it comes to studying the effect of different freezing methods on
the structural characteristics of the product. At the same time, for more complete information
on changes in the structure of the studied products, it is rational to use DSC additionally in
combination with other methods of research — microscopy, methods of research of rheological
characteristics, etc.

The proposed methods can be used to study microbiological purity, structural and col-
or-parametric characteristics of various types of protein concentrates, co-precipitates and isolates,
cottage cheeses and products based on them, as well as to analyze the dynamics of changes in these
parameters in the process of the studied products storage.
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