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Introduction
The saving of the raw meat quality for a long time is 

possible due to refrigeration — freezing at low tempera-
tures. Preventing changes in the properties of meat occurs 
by reducing the rate of microbiological, physico-chemical, 
biochemical and histological processes as a result of main-
taining low temperatures.

In addition to long-term storage, freezing of meat 
solves many other problems: transportation to remote re-
gions and countries of the world, regulation of supplies 
in accordance with processing, reducing the amount of 
food waste.

For such country with so large territory as Russia, the 
need of the usage of frozen meat will be relevant for a long 
time. Data on the volume of frozen raw meat in Russia [1] 
are presented in Table 1. From 9.2 to 18.0 % (not including 
2014year, the record for the production of lamb) of meat 
produced in the country is subjected to refrigeration.

Frosted meat — steamed meat or chilled meat, subject-
ed to refrigeration to a temperature in the muscle thick-
ness at the depth 1 cm from minus 3 °C to minus 5 °C, at 
the depth of 6 cm — from 0 °C to 2 °C, during storage the 
temperature throughout the volume should be from minus 
2 °C to minus 3 °C.

Fresh meat — meat, obtained immediately after slaugh-
ter and processing of carcasses or half-carcasses, having a 
temperature in the muscle thickness not lower than 35 °C. 
Cooled — obtained immediately after slaughter and pro-
cessing of carcasses or half-carcasses, having a temperature 
in the muscle thickness not higher than 12 °C.

Chilled meat  — steamed or cooled meat, cooled to a 
temperature in the muscle thickness from 0 °C to 4 °C. The 
shelf life is 16 days.

Frozen meat  — fresh meat, or cold meat, or chilled 
meat, frozen to a temperature in the muscle column is not 
higher than minus 8 °C. Freezing of meat is carried out to 
preserve the quality and integrity of meat raw materials for 
its further use.

Deep freeze  — the state of frozen meat, which has a 
temperature in the muscle column not higher than minus 
18 °C. The beef with deep freeze can be stored up to 1 year, 
the pork — 6 months. This method of meat storage is the 
most reliable from the bacteria effects.

Meat dry (or shock) freezing — the meat, subjected to 
freezing in the air stream at the temperature minus 30–40 
°C (i.e., almost instantly). The meat can be stored at mod-
erate cooling (near 0 °C).

Defrosting meat — frozen meat, warmed to a tempera-
ture in the muscle thickness not less than minus 1 °C.

Main part
In the result of freezing the moisture, contained in 

the meat, came the ice as a result of heat removal at the 
temperature below cryoscopic. For example, the cryo-
scopic temperature for beef varies from minus 0.9 to mi-
nus 1.5 °C (Δt = 0.6 °C) depending on the pH level (r = 
+0.73, P < 0.01) [2].

In frozen meat in the form of crystals is the main mass 
water (more 70 %) [3]. Maximum crystal formation occurs 
in the temperature range from minus 2 °C to minus 8 °C [4].
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Abstract
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Table 1 . Dynamics of production frozen, frozen and thawed meat in Russia
Types of meat production

(t .tons)
2010
year

2011
year

2012
year

2013
year

2014
year

2015
year

Frosted meat of the cattle, frozen, deep frozen and defrozen 43 .0 38 .6 36 .0 1 .6 43 .2 51 .7

Frosted pork, frozen, deep frozen and defrozen 57 .6 61 .6 58 .5 67 .5 97 .1 108

Frosted lamb, frozen, deep frozen and defrozen, t 113 53 .0 29 .9 49 .0 544 124

Total (% of total meat and byproducts production) 18 .0 12 .5 9 .3 9 .2 34 .35 10 .4
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Modern methods of freezing are aimed at achieving 
uniform crystal formation, the formation of small crys-
tals, as well as preventing secondary crystallization, which 
leads to their increase. Large crystals are increasing the 
structural cell damage, which leads to the increase in the 
number of losses of the meat juice, the more intense loss of 
cell moisture and the high speed of the process of protein 
denaturation. These processes are reducing the quality of 
the defrosted product. However, large ice crystals are more 
stable in long-term storage than small ones. The process of 
increasing the size of ice crystals is faster at temperatures 
higher minus 18 °C, and is accelerated by temperature fluc-
tuations during storage, transportation and realization [5].

The degree stage of the structure damage of muscle tis-
sue also depends on the depth of autolytic processes in the 
meat to the time of freezing. The crystals are localized at 
the early stages of autolysis inside the muscle fiber during 
the meat freezing, violations of the structure are minimal. 
The greatest violations of the morphological structure oc-
cur when freezing meat in a state of rigor mortis. Optimal 
is the processing of meat in the early stages of autolysis 
with a high pH [4].

Additional difficulties are created by the size and thick-
ness of the frozen cut or half-carcass, high parameters of 
which leading to uneven freezing and do not allow the 
one-time formation of crystals throughout the volume.

Depending on the type of freezing medium, freezing 
methods are divided into freezing in air, liquid coolants 
and cryogenic liquids (with liquid nitrogen or carbon di-
oxide). Depending on the speed of the process, which af-
fects the formation of ice crystals, freezing is divided into: 
slow, intense and rapid. Rapid freezing contributes to the 
crystallization of water inside the cells, the formation of 
small crystals that reduce the degree of damage to the 
structure of cells.

Abroad, depending on the speed of freezing, the follow-
ing methods are distinguished: cryogenic freezing > freez-
ing in a high-speed freezer > freezing without air move-
ment [6].

Innovation processes of freezing food are studying at 
the present time to optimize the settings of the freezing 
(rate and time) and product quality, using high pressure, 
using ultrasound, electromagnetic fields, mechanical vi-
bration, etc. [7,8,9,10]. For this moment, none of these new 
methods have been widely used in the meat industry due 
to high capital and costs.

It is possible to get high-quality products through the 
use of cryogenic freezing technology, which allows you to 
freeze the meat for a few minutes using liquefied gas (liq-
uid nitrogen temperature — minus 195 °C) or dry ice (tem-
perature — minus 98 °C). The advantages of this method 
include the formation of microcrystalline structure, pro-
viding minimal loss of juice during defrosting, preser-
vation of taste and presentation of the product, hygiene, 
reduction of losses from shrinkage, inhibition of aerobic 
microflora [6]. To reduce high costs and wide use of this 

method, it is necessary to minimize gas consumption per 
unit of production [11].

The possibility of using radiofrequency freezing in ad-
dition to cryogenic freezing is being studied. The pork, 
frozen with pulses of low voltage (2 kV) showed the best 
cell structure, less number of intercellular voids and less 
destruction of the cell structure. As a result of this treat-
ment, small ice crystals are formed, well distributed in the 
intracellular region. The best microstructure of pork after 
radio frequency freezing is due to the ability of radio fre-
quencies to reduce the freezing point [7].

With the use of high pressure (from 200 to 400 MPa), 
there are the following strategies for freezing food: freez-
ing under high pressure, freezing under pressure, freezing 
with pressure relief [7].

Meat freezing technology with pressure relief («pres-
sure-shift freezing»), provides for cooling the meat to a 
temperature of minus 20 °C at elevated pressure [6]. In 
case of sudden pressure relief in the muscle tissue, there 
is an instant microcrystallization, which leads to the for-
mation of small uniform ice crystals. After defrosting the 
meat has improved quality due to minimal changes in tis-
sue structure and reducing the degree of protein denatur-
ation. However, studies on pork and beef have not shown 
commercial benefits of quality [10].

In order to study the effect of magnetic fields on the 
freezing process and the quality of meat raw materials (M. 
longissimus dorsi from black pigs) , a freezer was created, 
based on the principle of preserving the super-cooled state 
below the freezing point, due to the rotation of water mol-
ecules around its own axis, both inside and outside the cell 
under the action of magnetic fields — the «Cell Alive Sys-
tem «(CAS). The results of the study showed that freezing 
using magnetic fields (at minus 5 °C) resulted in a better 
moisture binding capacity compared to existing freez-
ing methods (in an intense air flow at minus 40 °С, using 
immersion freezing at minus 65 °С) due to the size of ice 
crystals. They had small crystal sizes throughout the freez-
ing time, and after defrosting, had no effect on the dete-
rioration of meat quality [12]. The use of electro-magnetic 
vibrations during freezing allows to reduce the number of 
bacteria and store products for a long time (2–3 years).

In the works on the use of ultrasound, positive effects 
were obtained for both freezing and defrosting of products 
[13,14].

The use of microwave radiation during freezing signifi-
cantly affects the crystallization process. The average size 
of ice crystals was much lower (62 %) than that of crystals 
formed during the traditional freezing process. The small 
size of the crystals resulted in less damage to the micro-
structure of meat [15].

The direction of research associated with the inhibition 
of recrystallization is developing. Secondary crystallization 
can be prevented by adding cryoprotectors (for example, 
proteins-antifreezes AFP [16], polyphosphates, sorbitol, 
sucrose, etc. or a combination thereof [6,17]. Their func-
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tion is to reduce the temperature of the beginning of the 
crystallization of moisture, which leads to a change in the 
growth of ice crystals and slows recrystallization. Formed 
small ice crystals retain their size in the frozen product 
throughout the period of its storage.

Introduction of cryoprotectors into chilled pork as part 
of brine before freezing improves the quality of meat af-
ter defrosting (storage temperature  minus 18 °C, storage 
time — 60 days.). In the experimental samples of the meat 
after defrosting, in contrast to the control samples, there 
was an increase in pH and water-binding capacity (reduc-
tion of meat stiffness), a decrease in damage to the struc-
ture of muscle fibers, the preservation of the structure of 
meat, the absence of undesirable sour smell [17].

Glycogen can be used as a cryoprotector [18]. With high 
hydration, glycogen can transfer into the bound state of 
intracellular water. Bound water does not undergo phase 
changes when exposed to low temperatures, reducing the 
amount of intracellular ice and crystal sizes. The high con-
tent of glycogen in meat can be provided by various feed-
ing strategies, reducing stress in animals before slaughter 
and slowing the decomposition of glycogen in the process 
of autolysis.

Recently, interest in the use of fresh meat has been re-
vived [19]. Unfortunately, the technology of meat process-
ing in the steam state is not in demand by the industry, 
including the freezing of meat in the steam state.

In domestic enterprises of the meat industry, the freez-
ing is mainly performed in the air in a single-phase or two-
phase manner. Fresh meat is subjected to a single-phase 
method of freezing. The two-phase method provides for 
cooling of meat and its subsequent freezing in a cooled 
state [20].

The advantages of freezing meat in the steamy state are:
— reduction of processing time;
— less weight lose during the deboning (2–3 % compared 

to 8–10 % — in the cooled state);
— production of the meat with higher sanitary and hy-

gienic characteristics;
— the possibility of using vertical deboning;
— reduction of refrigeration space and energy consumption.

The high initial temperature of meat is referred to the 
disadvantages (pork — 33–35 °C, beef — 36–38 °C), a short 
period during which its functional and technological prop-
erties are preserved (for pork -up to 3 hours, for beef, lamb 
and horse meat — up to 4–6) [19,21]. At the stage of defrost-
ing of meat, frozen in the steam state, there is the effect of 
rigor-thaw-thaw-rigor (muscle rigor), due to the high con-
tent of ATP in the steamed meat. The combination of high 
pH (>6,4) and temperature < 12 °C results in a sharp reduc-
tion in muscle size [21], leading to a decrease in water bind-
ing capacity and structural and mechanical properties. To 
neutralize this effect, to preserve the quality and reduce high 
weight loss (6.8 times more than when defrosting beef in a 
cooled state) allows the use of pre-tempering of raw materi-
als or its processing in a frozen state [22,23].

During the defrosting of the frozen meat to the cooled 
state, this effect is not observed. Meat subjected to two-
phase freezing in chilled form, as a rule, has no organo-
leptic differences from meat frozen in steam form, but due 
to the formation of crystals of larger sizes, there is more 
damage to tissue structures and, accordingly, higher mass 
losses during defrosting [22].

Abroad, contrary to Russia, the meat industry is widely 
used freezing meat in the steam state.

Defrosting (thawing) or partial defrosting (tempering) 
of frozen meat is usually used at various intermediate stag-
es of processing, as well as before the cooking [24] .

The quality of the defrosted product is influenced by the 
rate of enzymatic processes, as well as microflora, which 
has retained its viability during the freezing and storage of 
the product [25] .

One of the main problems of defrosting is the growth of 
microorganisms, therefore, when defrosting, temperature 
regimes should be strictly controlled [24].

Due to the processes occurring in the raw material as 
a result of storage, the original properties of meat after 
defrosting are not fully restored, even if the freezing and 
defrosting processes are carried out under optimal con-
ditions. It is recommended that the defrosting process be 
carried out slowly, since in this case there is a more com-
plete restoration of the structure of the meat and the bind-
ing of the protein structure of the defrosted water, which 
reduces the loss of meat weight [26] .

As a result of temperature decrease in the process of 
freezing in meat raw materials the course of microbiologi-
cal and biochemical processes changes. When storing meat 
raw materials and meat products below minus 10 °C, the 
growth of microorganisms and enzymatic processes are 
practically stopped, which minimizes quality losses, but 
does not stop until the end [6].

The microorganisms, depending on the ability to sur-
vive after freezing, frozen storage and defrosting, can be 
divided into:
• resistant (including Listeria, Staphylococcus and Strep-

tococcus spp.; survive up to 50 % of gram-positive bac-
teria),

• moderately resistant (most gram-positive bacteria, fun-
gi, and some yeast species) ;

• sensitive (gram-negative bacteria), freezing and storage 
in a frozen state does not guarantee complete removal 
of these «sensitive» organisms from frozen foods) [27].
The minimum temperature of growth of microorgan-

isms depends on factors such as pH, water activity (salt 
concentration) and the presence of oxygen.

It was experimentally established that the beginning of 
intensive reproduction of microorganisms on the surface 
of meat during defrosting is in the low plus range — at a 
meat temperature of 7 °C [28].

As a result of freezing, many pathogenic microorgan-
isms die, others return to life under favorable conditions. 
The mechanism of damage to microbial cells during freez-
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ing occurs as a result of mechanical defects caused by ice 
crystals, drying due to reduced water activity and oxidative 
damage [10]. Further research is needed to understand the 
physical and chemical interactions of the food matrix with 
the microbial cell during freezing and low-temperature 
storage, and the conditions under which the latter is able 
to restore its viability. This will identify ways to prevent the 
recovery of microbial activity. The understanding of these 
processes will lead to the fact that freezing in the future 
can be used as a reliable way of preserving food from food 
pathogens [29].

The safety of thawed meat can be guaranteed provided 
that the feedstock is of high quality and the refrigeration 
chain is stable.

In studies on the dynamics of the quantitative con-
tent and total composition of pathogenic microflora 
during storage of frozen beef with different initial mi-
crobial state, it was found that when storing beef in a 
frozen state, the rate of development of psychrotrophic 
microflora is 3.0–32.6 times higher than mesophilic. It is 
also noted that the higher the initial microbial contami-
nation of beef, the faster the rate of development of mi-
croflora in the process of storing meat in a frozen state, 
which helps to reduce the shelf life of frozen beef and 
reduce the hygienic and technological quality of meat. 
Therefore, when choosing the conditions of meat storage 
(temperature, duration), the initial microbial state of the 
carcass surface is important — the amount of psychro-
trophic microflora [30].

In the process of freezing and storage, hygienic prob-
lems may arise, leading to the detection of pathogenic 
microflora in frozen meat. Therefore, currently there is a 
need on the part of the meat industry for simple and fast 
methods of detection of pathogenic microflora in frozen 
meat, including Salmonella, thermophilic Campylobacter 
spp. and other pathogens [31,32,33].

All these factors must be taken into account when de-
frosting food products.

The defrosting process is undesirable to be carried out 
slowly, at temperatures above 10...15 °C , as conditions are 
created for the rapid growth and reproduction of patho-
genic and harmful organisms [27].

Processes that reduce the quality of meat are acceler-
ated at storage temperatures, especially above minus 5 °C 
(minus 5... minus 15 °C). For example, oxidation of myo-
globin (in fat deposits, in intramuscular lipids of lean meat 
due to oxidation of phospholipids) occurs most rapidly at 
a temperature of minus 10 °C.

Inhibition of growth of pathogenic and putrefactive mi-
croflora, it is possible to achieve with bioconservative with 
the use of protective cultures (e.g. lactic acid bacteria) sur-
vive in the cold processing, physical processing methods 
(ionizing irradiation, pressure treatment, etc.), packaging 
(including packaging under vacuum and in a gas atmo-
sphere, active packaging), comprehensive effects (includ-
ing a reasonable label) [34].

After defrosting, meat should either be processed im-
mediately or stored at temperatures below 4...5 °C or sub-
jected to culinary treatment. The growth rate of microor-
ganisms in thawed meat will be the same as in chilled meat 
(not frozen) under the same conditions of cold storage 
[24]. Defrosted at different periods of cold storage, during 
the next 2 days after defrosting at a temperature of 0 °C 
to 4°C retains the stability of microbiological parameters, 
normalized SanPiN 2.3.2.1078 and in sanitary and hygienic 
terms is completely safe for the production of meat prod-
ucts (data of the V.M. Gorbatov Federal Research Center 
for Food Systems of Russian Academy of Sciences).

Conclusion
Freezing, as a method of preserving food products, 

will remain relevant in the near future, as solving of many 
problems associated with the processing of meat. Research 
on the development of innovative freezing technologies are 
carried out in the direction of ensuring minimum losses of 
quality and safety of food products. The main problem of 
their widespread use remains high capital and operating 
costs. Cost reduction at Russian enterprises can contrib-
ute to the freezing of meat in the pair condition. Despite 
the numerous studies carried out on the freezing of fresh 
meat, and the advantages of this technology, so far the use 
of meat frozen in the steam state has not been widely used 
in domestic enterprises of the meat industry, which neces-
sitates further research in this direction.
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