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Introduction 
 
The structure, texture and pattern of the cheese samples 
give characteristics of the bio-chemical and 
physicochemical processes correctness during the cheese 
production and, consequently, the quality of the finished 
product. 
 
The texture of a dense product is determined as the size and 
spatial arrangement of individual particles or components. 
The sizes of structure components and their distribution 
are analysed by various methods [1, 2]. 
 
Each variety of cheese samples has its own characteristic 
microstructure, but in general, for all rennet cheeses, it 
consists of the same structural elements. Macrograins 
contain various inclusions – micro-grains. These include 
fatty micro-grains, crystalline deposits of calcium salts and 
colonies of microorganisms [3]. 
 
Angular and oval micro-grains are often found in cheeses. 
They are usually located at the junction of some 
macrograins. Their appearance is explained by gases’ 

formation during the ripening period of the cheese 
production. The accumulation of gases in micro-grains 
provokes the formation of pores [4]. 
 
The nature of the cheese sample texture is determined 
primarily by its structure patterns - the size and 
distribution of macro- and micro-grains, and layers as well. 
Other factors influencing the texture of cheese are the 
protein decay rate and degree, the composition of the non-
decomposed paracasein complex (calcium content in 
cheese samples), the state and amount of such elements as 
moisture, fat, etc. in the cheese mass structure.  
 
The composition of the paracasein complex determines the 
curd ability to bind and retain moisture. The higher it is, the 
more calcium is in the complex and vice versa. The calcium 
content in the complex depends on the amount of lactic acid 
accumulated in the cheese mass. With a significant amount 
of acid, the process of calcium elimination from the complex 
is active, the mass swells poorly and the cheese acquires a 
prickly and crumbly consistency. 
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Abstract 
 

The microstructure of the mature “Pokrovskiy” cheese samples was analysed before drying, after freeze-drying and vacuum 
drying treatment. The obtained micrographs made it possible to analyse the cheese microstructure, to measure the size of 
fat globules and micro-capillaries. The inner structure of the “Pokrovskiy” cheese samples after freeze drying is more 
acicular than the one of the cheese after vacuum drying treatment. It is certain that vacuum and freeze drying treatment 
will not shrink the cheese. The structure of dry cheese samples after vacuum treatment is more vivid in comparison with the 
structure of freeze-dried cheese samples, which is determined by the peculiarities of the drying processes. Profiles of the 
elemental composition of the “Pokrovskiy” cheese samples before drying, after vacuum and freeze drying treatment were 
obtained. The dry cheese showed, that calcium phosphate was in the form of characteristic formations, similar in size and 
shape to formations in the cheese samples before drying treatment. 
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Experimental Section 
 

This section considers the result of freeze- and vacuum-
drying treatment impact on the “Pokrovskiy” cheese 
microstructure with a ripening period of 30 days. 
 

Many researchers performing the research of the cheese 
structural elements, rennet samples are frozen with solid 
carbon dioxide and sublimated [5, 6]. In these studies, the 
freeze drying treatment of the “Pokrovskiy” cheese was 
organized in the following sequence: self-freezing in a 
sublimator and subsequent sublimation of ice. Vacuum 
cheese drying treatment was performed at a residual 
pressure of 2-3 kPa; during the entire drying process 
period, the cheese had a positive temperature.  
 

Result Section 
 

Fig. 1 shows micrographs of the cheese “Pokrovskiy” 

structure before drying, after vacuum and freeze drying 

treatment. The given micrographs are of a fairly high 

quality. The cheese surface layer before drying treatment 

(Fig. 1 a) is flat and closed, which indicates the presence of 

a sufficiently large amount of moisture content. Content of 

moisture in the cheese “Pokrovskiy” is (45-47)%. Globules 

of fat (10-30) microns in size and micro-capillaries (2-7) 

microns in size in which moisture is destributed are evenly 

distributed over the cheese surface. 
 

After vacuum and freeze drying, the cheese structure 
patterns become "expanded" (Fig. 1 b, c). The structure and 
capillaries become visible, which were not visible in the 
micrographs of ordinary cheese. It should be established 
that the structure of the “Pokrovskiy” cheese after vacuum 
drying treatment is more developed than the structure of 
the freeze-dried cheese. This is due to the peculiarities of 
the moisture removal process. During freeze drying 
treatment, moisture is removed from frozen cheese by 
phase transition “ice-vapor”; the intensity of moisture 
removal is high, but significantly lower than during vacuum 
drying treatment. Moisture is removed evenly with 
minimal deformation effects on the structure.  

 

 
а 

 

 
b 
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 Figure 1. Micrographs of the “Pokrovskiy” cheese 
structure: a - before drying; b –after vacuum drying; 
c –after freeze drying 
 
 

 

Vacuum drying treatment takes place at a positive 

temperature, when the unit reaches the residual pressure 

mode and the heat supply is switched on, moisture boils up 

rather quickly under reduced pressure and tends to leave 

the protein mass of the cheese. Intensive vaporization and 

diffusion of moisture from the cheese surface occurs. Due 

to the rapid release of moisture to the outside, the structure 

of the cheese is deformed. Regardless of the way the cheese 

was dried, the capillary size ranges from 5 to 100 microns. 

Capillaries of these sizes are not visible in the “Pokrovskiy” 

cheese before drying treatment due to the fact that its 

structure is closed, and the capillaries themselves are filled 

with liquid. Moreover, large capillaries are located in the 

thickness of the cheese. 
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Figures 2, 3 and 4 show micrographs (magnification factor 
is of 500 times) and profiles of the elemental composition 

of the “Pokrovskiy” cheese before drying, after vacuum and 
freeze-drying treatment, respectively. 

 

   

 
  

Figure 2. Micrograph (magnification factor 
is of 500 times) of the “Pokrovskiy” cheese 
structure and elemental composition 
profile before drying treatment 

Figure 3. Micrograph (magnification 
factor is of 500 times) of the 
“Pokrovskiy” cheese structure and 
elemental composition profile after 
vacuum drying treatment 

Figure 4. Micrograph 
(magnification factor is of 500 
times) of the “Pokrovskiy” cheese 
structure and elemental 
composition profile after freeze 
drying treatment 

 

With a multiplicity of magnification of 500 times, as well as 

with 100 times magnification, it is seen that the structure of 

the cheese before drying treatment is closed and contains a 

large amount of moisture (Fig. 2). There are fat globules on 

the cheese surface. 
 

In vacuum-dried cheese, the protein matrix and the 

capillaries structure of the cheese mass are clearly visible. 

The structure of freeze-dried cheese is more acicular 

compared to vacuum-dried cheese. In the dry "Pokrovskiy" 

cheese after vacuum and freeze-drying treatment, fat is 

distributed in a thin film over the surface and is also inside 

the protein structure. During the drying process, fat 

globules that are less than 2 microns in size are dispersed.  
 

The presented micrographs of the “Pokrovskiy” cheese 

structure confirm that fat is not melted out during vacuum 

and freeze-drying treatment. This, in turn, testifies to the 

correct choice of operating parameters and high-quality 

indicators of dry cheeses. When the operating parameters 

of the drying process deviate from the rational ones (an 

increase in the drying temperature or heat load), 

destabilization and melting of fat occurs. Free fat is 

susceptible to oxidation, which leads to premature 

deterioration of the product.  
 

According to micrographs of dry cheeses, the thickness of 
the protein layers was determined to be from 5 to 15 
microns. In large capillaries, the thickness of interlayers is 
greater than in small ones. 
 

Comparison of the “Pokrovskiy” cheese micrographs before 

drying, after freeze-drying and vacuum drying treatment, 

prove that the cheese does not shrink during the process of 

vacuum and freeze-drying treatment. Since during freeze-

drying, moisture is removed from the frozen product, and 

during vacuum drying treatment, the rate of moisture 

removal is intense and uniform. 
 

Based on the elemental composition profiles, table 1 was 
compiled; it shows the elemental composition of mature 
“Pokrovskiy” cheese - ripening period 30 days. 
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Element 
“Pokrovskiy” cheese 
before 
drying 

after freeze 
drying 

after vacuum 
drying 

C 83,01 83,69 83,21 
N 10,44 10,72 8,15 
O2 2,81 1,77 3,55 
Na 0,08 0,15 0,48 
P 0,93 0,93 1,04 
S 0,59 0,37 0,52 
Cl 0,47 0,76 1,43 
K 0,04 0,11 0,25 
Ca 1,62 1,49 1,35 
Total 100,0 100,0 100,0 

 

 

Table 1: Elemental composition of mature “Pokrovskiy” cheese before drying, after freeze and vacuum drying treatment, % 

 
The sodium, chlorine and potassium content of dry cheese 
increases. This is due to the concentration of salts in the dry 
cheese. Calcium phosphate is well detected in dry cheese in  

 
the form of characteristic formations, similar in size and 
shape to formations in the cheese before drying treatment 
(Fig. 5). 

 
 

Figure 5: Linear spectrum of the element distribution in the dry "Pokrovskiy" cheese samples. 
 
Three characteristic peaks are highlighted in the linear 

spectrum confirming the presence of calcium phosphate in 

the dry cheese. Distribution of oxygen, sodium, sulfur, 

chlorine, potassium is even throughout the entire thickness 

of the cheese. 

 

Conclusions 
 

Basing on the data analysis of the mature “Pokrovskiy” 

cheese microstructure before and after freeze-drying and 

vacuum drying treatment, the following results were 

established: 

 
- micrographs of the “Pokrovskiy” cheese structure were 
made before drying, after vacuum and freeze drying, which 
made it possible to study the microstructure of the cheese, 
determine the size of fat globules and micro-capillaries. The 
structure of the “Pokrovskiy” cheese after freeze-drying is 
more acicular in comparison with vacuumdried cheese; 
- according to the “Pokrovskiy” cheese micrographs before 
drying, after freeze-drying and vacuum drying treatment, it 
is certain that vacuum and freezedrying do not cause 
cheese shrinkage. The structure of dry cheese after vacuum 
drying is more developed in comparison with the structure 
of freezedried cheese, which is explained by the 
peculiarities of the drying processes;  

- the capillary size of dry cheese samples after vacuum 
drying treatment is set from 40 to 100 microns; after freeze 
drying- from 5 to 60 microns; 
- based on micrographs of dry cheeses, the protein 
thickness layer was determined to be from 5 to 15 microns. 
The thickness of the protein layers between large 
capillaries is greater (10-15 microns) than between small 
ones (5-10 microns); 
- profiles of the elemental composition of the “Pokrovskiy” 
cheese was analysed before drying, after vacuum and 
freeze-drying treatment. According to the profiles obtained, 
it is determined that the mass fraction of carbon, 
phosphorus, sulfur and calcium after freeze-drying and 
vacuum drying treatment practically does not change. The 
content of sodium, chlorine and potassium in dry cheese of 
vacuum and freeze-drying treatment increases compared 
to cheese before drying treatment; 
- in dried samples of cheese, Calcium phosphate was 

detected as particular formations, similar in size and shape 

to formations in the cheese before drying treatment.  
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