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Abstract. The article presents the results of studies of the effect of freezing
on the change in the physicochemical, microbiological and technological
properties of goat milk and the preservation of its qualities of cheese
suitability. A statistically significant dependence of the composition of milk
on the duration of storage in a frozen state was revealed. There was no
significant effect of freezing and defrosting modes on the quality indicators
of milk. It has been established that changes in the technological properties
of frozen goat milk after defrosting, such as the duration of coagulation and
the ability to syneresis, are insignificant in comparison with defrosted cow's
milk.

1 Introduction
Products made from goat milk belong to the premium sector and are in demand as dietary
and hypoallergenic. The range of products is diverse – drinking milk, yoghurts, ice cream,
but most of all, cheeses are made. Goat milk production is highly seasonal, especially in small
farms. This necessitates its accumulation and reservation before processing for several days,
and freezing is the most accessible way to preserve it [1, 2].
In the dairy industry, freezing is used to extend the shelf life of butter, cottage
cheese, natural cheeses intended for the manufacture of processed and thermized cheeses. In
a number of countries, cream is frozen in small quantities, which, after defrosting, is used in
the manufacture of butter and food products [3-6]. Data on the effect of freezing on the
properties of cheese suitability for both goat and cow's milk are practically absent in the
literature. In milk, which is a complex polydisperse system, when the temperature drops
below the cryoscopic temperature, all its components change. First of all, the process of water
crystallization begins with the formation of crystallization centers and further growth of
crystals, fat globules are deformed, their protective shell is damaged, torn and allows them
to stick together, forming fat drops visible to the eye. After defrosting, the content of free fat
in dairy products increases [8]. Works of a number of authors [9] showed that when cow's
milk is frozen, casein micelles remain in their native state. Studies of buffalo milk showed a
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decrease in the level of β-casein in milk after storage at minus 20 °C for 20 weeks [10].
Freezing-induced destabilization of casein micelles occurs after long-term storage at
temperatures above minus 15 °C. During defrosting, a protein precipitate may form. In
addition, the precipitate of casein is accompanied by a decrease in the concentration of
calcium, phosphorus and citrate ions. Lactose undergoes crystallization during freezing of
milk, which contributes to the formation of casein flakes in frozen milk [7, 8]. It has been
proven that high freezing rates contribute to a more uniform distribution of small ice crystals
in the matrix of any product, while slow freezing usually leads to the formation of large
needle-shaped ice crystals [11, 12]. The freezing process has an impact on the safety of milk.
The works of a number of researchers found that freezing to minus 20 °C reduces the number
of somatic cells by 29%. [13]. Researchers [14] did not find a statistically significant effect
of freezing on the total number of viable cells of psychrophilic microflora
In addition to the general safety and quality requirements, milk for cheesemaking is
subject to a number of additional requirements that are included in the concept of “cheese
suitability”. An analysis of literary sources shows that there is no data on the effect of freezing
and defrosting processes on the properties of goat milk, and there is not enough information
on the effect of low-temperature reservation regimes on the indicators of cheese suitability
of cow's milk.
Based on the relevance of the problem, the purpose of this work was to study the effect
of the process of freezing and defrosting goat and cow's milk on the preservation of specific
properties of cheese suitability.

2 Objects and Methods
2.1 Research objects
Goat milk-raw, frozen and defrosted goat milk, raw cow's milk, frozen and defrosted cow's
milk.
2.2 Research methods
2.2.1 Determination of the mass fraction of fat, protein, lactose, as well as mineral salts,
density, acidity, freezing point and dry skimmed milk residue was carried out using
MilkoScan FT 2 and Foss Analytical A/S instruments.
2.2.2 The control of mesophilic aerobic and facultative anaerobic microorganisms of raw
milk was carried out according to the “Russian Standard GOST 32901-2014”. The method is
based on counting colonies growing on a solid nutrient medium at a temperature of (30±1)
°C for 72 hours.
2.2.3 The determination of somatic cells was carried out according to the “Russian Standard
GOST 23453-2014”.
2.2.4 The rennet test, which determines the ability of milk to rennet coagulation, was
evaluated according to the “Russian Standard GOST 32901-2014”.
2.2.5 Method for studying the process of rennet coagulation: 800 cm3 of the studied milk is
added into measuring cups on 1 dm3; placed in a thermostat at a temperature of 37 °C; 1.0
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cm3 of an aqueous solution of rennet with an activity of 100 thousand AU is added to each
sample. The unit fixes the values of the modulus of elasticity of the curd (G'). The installation
is based on the “hot wire” method described in [15].
2.2.6 The syneretic ability of the gels was studied by adding 20 cm3 of milk with rennet,
prepared according to paragraph 2.2.5, into measured graduated centrifuge tubes with a
volume of 40 cm3. The samples were kept in a thermostat at a temperature of 37 °C for 1 h.
After the time had passed, the samples were centrifuged in a laboratory centrifuge for 20 min
at 6000 rpm. The volume of whey released after centrifugation and the resulting curd was
measured.
2.2.7 Mathematical processing of experimental data was carried out by methods of
dispersion, correlation and regression analyzes using special software packages.

3 Results and discussion
In order to study the effect of freezing and defrosting regimes on the physicochemical,
microbiological and technological properties of goat and cow’s milk, a three-factor
experiment was carried out, where the variation factors were: the duration of storage of frozen
milk (5 days and 35 days) – X1, the milk freezing temperature (minus (18±1) °С and minus
(50±1) °С) – Х2, and defrosting temperature ((10±1) °С, (20±1) °С and (40±1) °С) – X3.
After exposure in a frozen state and defrosting, physicochemical parameters, safety
criteria and technological properties were controlled in milk. An analysis of the experimental
data showed that the studied factors in the ranges of variation did not have a significant effect
on the physicochemical composition of milk (Table 1).
Table 1. Physicochemical and microbiological parameters of goat and cow’s milk before
freezing and after defrosting

Name of indicator
Mass fraction of fat, %
Mass fraction of protein,
%
Nonfat dry milk, %
Mass fraction of lactose,
%
Mass fraction of mineral
salts, %
Density, kg/cm3
Number of somatic cells,
thousand cells/cm³
QMAFAnM, CFU/cm3

Before freezing

After defrosting

goat milk
4.02±0.1

cow’s milk
3.62±0.1

goat milk
4.04±0.1

cow’s milk
3.60±0.1

3.16±0.2

3.18±0.2

3.13±0.2

3.16±0.2

8.76±0.5

8.31±0.5

8.72±0.5

8.30±0.5

4.61±0.1

4.72±0.1

4.58±0.1

4.70±0.1

0.72±0.04

0.63±0.04

0.69±0.04

0.61±0.04

1029.14

1028.47

1028.34

1028.17

1048±120

472±90

790±110

373±90

(1.6±0.4)×103

(7.8±0.7)×104

(2.2±0.5)×103

(1.1±0,9)×105

When studying the effect of freezing and defrosting modes on the number of somatic
cells, a regression model {1} has been obtained, which allows us to conclude that the
dependence is statistically significant. The main factor influencing the output parameter is
the duration of milk holding in the frozen state (X1). Factors X2 and X3 are excluded from the
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equation because they did not have a statistically significant effect on the output parameter.
Freezing milk under the conditions of the experiment has caused a decrease in the number of
somatic cells in comparison with the control by (18-30)%, depending on the duration of
storage. The results obtained are consistent with the literature data [11]. However, it should
be taken into account that the decrease in the number of somatic cells after freezing cannot
be considered as a factor that increases the level of safety, because their number is only an
indirect indicator of the inflammatory state, therefore, the control of the number of somatic
cells when receiving milk should be carried out before freezing.
{1}
У=5,3·Х1+706,8
The process of freezing milk, regardless of its modes and duration of storage, in
comparison with the control sample in the framework of this experiment, did not lead to
statistically significant changes in the total bacterial contamination.
When assessing the compliance of milk quality with the requirements of cheese
suitability, not only safety and quality indicators are important, but also technological
properties, such as the ability to form a dense curd under the action of rennet and the ability
of this curd, during further technological procedures, to dehydrate, i.e. to syneresis and
release of a clear whey.
In order to study the technological properties of defrosted milk, a study was made of the
process of its enzymatic coagulation. Milk was frozen at minus (18±1)°C and stored for 20
days; defrosting was carried out at (10±1)°C, (20±1)°C and (40±1)°C. Figures 1 and 2
provide the results of observations.

Fig. 1. The process of rennet coagulation of
goat milk

Fig. 2. The process of rennet coagulation of cow's
milk

It has been established that in the process of rennet coagulation of frozen milk after
defrosting, the enzymatic phase is lengthened, which leads to an increase in the duration of
coagulation and the time of curd formation. For goat milk subjected to freezing, the duration
of the enzymatic phase of rennet coagulation increases by 36%, and for cow's one – by 64%.
The temperature regimes of defrosting have not had an additional effect on the ability of both
goat and cow’s frozen milk to rennet coagulation.
Figure 3 shows the results of the influence of the milk freezing process on the syneretic
properties of curds. The difference in the level of syneresis (the amount of released whey)
between the control and experimental options for goat milk was (5±1)%, which is within the
error of the method. At the same time, for cow's milk, the difference in the level of syneresis
was (15±1)%, which is a statistically significant result.
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Fig. 3. The amount of whey released from curds of goat and cow’s milk

For both types of milk, a trend towards a decrease in the yield of rennet curd from frozen
milk has been observed. This trend is more typical for cow's milk. The mass fraction of a
curd obtained from frozen cow's milk is (35±1)% less than the mass fraction of a curd
obtained from milk without freezing. For goat milk, this difference was (16±1)%.

4 Conclusion
As a result of the research, it was found that the freezing regimes, the storage time of frozen
milk and the temperature regimes of defrosting do not have a significant effect on its
physicochemical parameters and the level of bacterial contamination. It has been established
that as a result of storing frozen milk, the number of somatic cells decreases, which can lead
to falsification of the results of assessing the level of safety.
The data on the assessment of cheese suitability and technological properties of frozen
milk show that after defrosting both goat and cow’s milk, the ability to rennet coagulation
deteriorates. At the same time, the reservation of milk by freezing has a lesser effect on the
properties of cheese suitability of goat milk than cow's one.
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