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Abstract

Many meat processing enterprises use the frozen raw meat. Its defrosting and thawing is a crucial technological operation that
fundamentally affects the quality of food products. The experience and knowledge obtained directly in the workshop in the process
of thawing the raw materials and their using to obtain a specific finished product are of great importance. Defrosting and thawing
of the frozen beef meat, as one of the stages of raw meat processing, still remains a challenging process in industrial food produc-
tion. The importance of this process is constantly increasing due to the growing volumes of frozen raw materials processed in food
enterprises. Scientific research shows that one of the most efficient methods of defrosting and thawing is the process of meat thawing
with saturated water steam under vacuum. When applying the steam the raw materials is heated at its least and minimal losses
are observed, while the duration of the process is significantly reduced. This work examines the process of beef meat defrosting and
thawing with simultaneous shaking and crumpling the frozen mass, which can be called as massaging of raw materials. As studies
have shown, this method of thawing makes it possible to reduce losses down to almost zero and obtain raw materials with good
structural characteristics for the production of a finished product with a wide range of consumer properties. The obtained experi-
mental curves of changes in the mass and temperature of raw materials make it possible to analyze the kinetics of heat transfer and
mass transfer processes at the macro- and micro levels of the food system, which serve as the basis for modeling and controlling the
technological process. This study presents the results of conventional defrosting and thawing of the raw meat but combined with
massaging. Studies of the parameters of processing modes have shown that the proposed program makes it possible to use efficiently
the design and technological features of the defroster-massager in order to obtain the raw beef for the production of high-quality
food products. The results of experimental studies and their analysis allow making conclusion about the prospects of applying this
process for the other types of raw meat materials before the main technological processing of raw materials.

For citation: Nikolaev, N.S., Kornienko, V.N. (2023). Study of the process of the frozen raw beef defrosting with its simultane-
ous massaging in industrial conditions. Theory and Practice of Meat Processing, 8(3), 252-261. https://doi.org/10.21323/2414-

438X-2023-8-3-252-261

Introduction

The freezing method plays a quite significant role in
preserving the quality of highly-perishable food, including
meat and meat products [1,2]. The freezing as the storage
method is an important way of maintaining the nutritional
value and organoleptic properties of meat and meat prod-
ucts during its processing, storage and transportation, and
it’s therefore widely used in the meat industry and their
cold supply chains [3,4,5].

Currently, the overwhelming number of meat process-
ing enterprises run on frozen raw materials, approximately
70% of which is frozen meat (in the form of blocks and
boneless meat cuts) [6]. On the one hand, it happens due to
the shortage of chilled raw materials for the production of
high-quality products. On the other hand, the frozen raw
materials allow the enterprise to run in a stable pace.

However, storing the frozen meat has its own “disad-
vantage” — the process of defrosting and thawing is neces-

sary for the subsequent processing of the meat [7]. In this
regard, thawing of raw meat is becoming increasingly im-
portant as a technological process that affects the quality of
the finished product due to inevitable physical and chemi-
cal changes during its defrosting [8].

The use of frozen raw meat in various technological
processes implies its thawing in such a way as to get as
close as possible to the quality of the raw material before
thawing (chilled state) [9,10]. In practice, this is quite diffi-
cult to do, especially since long-term storage causes chang-
es in the color of meat, intramuscular composition of fatty
acids, oxidation of lipids and proteins, as well as moisture
loss during defrosting [11].

In addition, as a rule, the initial characteristics of raw
meat and freezing regimes when it arrives at a processing
plant from various suppliers are unknown. Thus, a number
of works provide research data on the quality indicators of
beef under the influence of the freezing-thawing process,
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depending on various characteristics of muscle fibers [3]
and characteristics of cattle breeds [12]. In this regard, the
experience and knowledge gained directly in production
in the process of defrosting and thawing raw materials and
using them to obtain a specific finished product has great
practical importance.

The scale of qualitative changes in meat during its thaw-
ing depends on many factors [7], the main ones are the
defrosting and thawing methods [13], duration (speed)
[14] and temperature conditions of the process [15]. In this
case, it is necessary to create conditions that ensure the
most complete recovery of the original properties (char-
acteristics) of the product. To do this, at a minimum, it is
necessary to limit overheating of the product surface and
loss of moisture, which causes the significant losses in the
meat quality due to undesirable physical, biochemical and
microbiological changes. Therefore, to improve the quality
of defrosted and thawed meat, it is important to apply ap-
propriate thawing methods [9].

According to the method of energy supply, defrosting
processes can be divided into two large groups [1,6]. The first
is classical methods based on the supply of heat to the surface
of the product due to a temperature difference. This method
uses warm air, water irrigation or the immersion of the fro-
zen mass in a liquid medium [1,9]. This method is quite cheap
and easy to use, but it has a range of significant disadvantag-
es. The most modern defrosting methods of this group are:
defrosting of a frozen mass in a water bath [14], exposure to
the condensing saturated water steam under vacuum or vice
versa at the elevated pressure [16], applying of infrasound or
ultrasound [17,18,19] using ultra-high pressure, etc. [20].

The second method is the method of supplying energy
through the use of physical fields: an alternating electric
field [21], an electromagnetic field of a certain frequency
(high-frequency and ultra-high-frequency heating, micro-
wave radiation, infrared heating) [22,23,24].

The above specified literature sources outline the advan-
tages and disadvantages of these defrosting and thawing
methods, their effect on the quality indicators of meat and
other food products, as well as the results of their compara-
tive analysis with each other and with traditional the meth-
ods. For example, in [25] the effect of various defrosting
methods using physical fields and traditional methods on
frozen meat was studied. The authors, based on an analysis
of the published data and the results of their own research,
concluded that defrosting and thawing methods in a physical
field reduce losses and preserve the color and texture of the
thawed meat. In comparison to the meat samples defrosted
and thawed at room temperature, the losses in pork, beef
and lamb were approximately 43%, 45% and 43% lower re-
spectively when ultrasound was used. At the same time, the
oxidation of proteins and lipids in meat decreases and the
content of bound and immobilized water within increases.

One of the ways to improve the defrosting process is
the combined application of methods from the first and
second groups [26,27,28] or their combination with other

physical processes. For example, it’s possible to modify the
vacuum-steam method of meat thawing combining the
initial stage of freeze-drying or the new vacuum-sublima-
tion-rehydration method of thawing [29,30] with gamma
irradiation for frozen beef in vacuum packaging and its
subsequent thawing [31], or combining of the frozen meat
exposure to a low-voltage electrostatic field together with
high-moisture way of thawing of pork steaks [23].

Promising defrosting option, successfully implemented
in the meat processing plants, is thawing the frozen block,
lump or ground raw materials in a saturated steam envi-
ronment at the reduced pressure [6,33]. Analysis of exist-
ing domestic methods of defrosting meat by the Russian
[34,35] and foreign researchers have shown that it has a
number of significant advantages compared to other meth-
ods [29,36,37]. For example, the duration of defrosting
is reduced by 30-50% compared to the “air showering”
method, and vacuum defrosters occupy way bless space
compared to the air blowing chambers or industrial HF
and UHF ovens, which are also more energy-consuming
and require high-potential energy. At the same time, the
vacuum environment has a beneficial effect on the sanitary
condition of raw materials as it prevents the spread of bac-
terial contamination [33].

The additional positive effect can be achieved by com-
bining the process of defrosting and thawing of raw meat
with massaging [6,34]. The massaging of the raw materi-
als ensures uniform heating, improves its quality, prevents
overheating, and reduces losses. At the same time, thawing
and salting raw meat in a vacuum increases protein hydra-
tion, water-holding capacity and moisture absorption of
muscle tissue, which prevents the loss of meat juice [34,35].
Thus, massaging simultaneously with defrosting the raw
materials in vacuum defroster-massagers is an efficient and
increasingly popular method.

In the scientific works of the Russian authors devoted to
the defrosting of food raw materials, the main principles of
the process are shown [38,39,40] and rational modes of its
implementation are proposed depending on the methods
of frozen meat defrosting [41,42,43].

The analysis of data sources has shown that modern
methods of defrosting and thawing meat and their techni-
cal implementation are quite well developed, and therefore
the main purpose is not to find the new processing meth-
ods, but to select and define on the scientific base selection
the rational modes, taking into account the characteristics
of raw meat and the “history of the meat freezing”. Regard-
less of the defrosting method, the main technological pa-
rameters of the process are the ambient temperature and
duration of the process. The higher is the coolant tempera-
ture, the faster is the defrosting process and the higher the
quality of the product. But from the certain threshold these
two parameters conflict with the quality of raw meat. High
temperature leads to denaturation of the surface layers of
the product, and increasing the duration increases the per-
centage of losses due to the dripping of meat juice.
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The search for the rational processing parameters that
allow obtaining the raw materials with the required prop-
erties is a sophisticated task consisting of optimizing the
thermodynamic characteristics of the coolant and the
physicochemical properties of the exposed meat. Its solu-
tion is complicated by the fact that the freezing regimes
for raw materials are usually unknown and it is not always
possible to link these two processes into a single thermo-
dynamic chain that guarantees the required quality of raw
materials. In addition, it is necessary to take into account
that thawing is an irreversible process in relation to freez-
ing (this fact is confirmed by the nature of the curves of
these processes and their different rates of occurrence
[44]). The humidity of the coolant (air, steam, air-steam
environment) also plays a big role. For example, defrost-
ing in water leads to washing oft the protein substances
and disruption of the structure of the surface layers, while
air stream forms a surface dry crust and inhibits the heat
transfer process.

The peculiar feature of this study is that the process of
defrosting and thawing of the raw meat by the steam vac-
uum method is combined with its massaging. This com-
bined method was studied in an industrial environment at
a meat processing plant according to a predetermined pro-
gram. The purpose of the study of the frozen meat block
behavior during its technological processing in a rotary-
type mechanism was to determine the efficiency of the
proposed program for this type of meat raw material and
the effect of the defrosting and thawing process modes on
its tested parameters.

Objects and methods
The frozen blocks of beef of the 1 quality grade weigh-
ing from 8 to 15 kg were selected as the object of research.

The process of vacuum defrosting of raw meat was studied

in a defroster-massager of the brand ScanMidiTRI 10 from

the company GEA, which is used in a number of Russian
meat processing plants (Figure 1). The key features of this
device are as follows:

o cylindrical drum (working volume — 10 m’, internal
diameter — 2 m, opening size of the hatch for loading
and discharge the of raw materials — 0.9 m) with a vol-
ume filling degree of 66%;

o hydraulical tilting of the drum in both directions and
axial mixing of the raw materials for its massaging or
tumbling due to 5 asymmetrical blades and a “smart”
blade at the bottom of the drum;

« to create the necessary defrosting and thawing param-
eters the device is equipped with systems for supplying
the saturated water steam, for creating a vacuum and
for adding the curing ingredients.

o this piece of machinery is equipped with the control
panel with color touch screen from GEA, which allows
creating and saving the variety of work programs;

« the temperature of the coolant and processed raw ma-
terials is controlled using built-in factory temperature

sensors, and the control panel allows controlling and
adjust the operating parameters of the program;

« the availability of precision strain gauges ensures pre-
cise control of the raw materials mass and its change
during processing.

Figure 1. Schematic diagram of a vacuum defroster massager:
1 — electric motor; 2 — defroster drum; 3 — cooling jacket;
4 — system for vacuum creating and regulating; 5 — system

for spraying the saturated water steam; 6 — system of cooling

and supply of propylene glycol to the cooling jacket

The initial drum load during the experiments account-
ed for 2,510 kg. The controlled parameters of the defrosting
process using the standard sensors of the device were as
follows:
 temperature inside the frozen meat block (remote stan-

dard temperature sensor, rod-shaped with a screw spi-

ral at the end) and on its surface (remote built-in py-
rometer);

 water steam temperature was measured using built-in
factory temperature sensors;

o the steam pressure inside the drum was measured with
a standard built-in vacuum gauge;

» mass of defrosted raw materials (this parameter is mea-
sured with strain gauges installed in the defroster frame
support);

» process time was measured with a timer.

The main advantage of the defroster is that, with its func-
tional versatility, it allows full automation of the technologi-
cal process, consisting of defrosting and simultaneous mas-
saging of the raw materials. The low rotation speed of the
drum eliminates surface damage to the raw meat as much
as possible and creates favorable conditions for its massag-
ing. The rotation of the drum allows even heating of the raw
materials blocks. One of the advantages of this equipment
is the opportunity to regulate the technological process if it
deviates from the required processing parameters.

Results and discussion

Table 1 shows the program for defrosting and thawing
of the raw meat in a defroster massager.

This program corresponds to the raw materials with
outside temperature of the block = minus (4-6) °C, inter-
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nal temperature of the block = minus (7-10) °C and a total
maximum weight of raw materials up to 2,900 kg.

Table 1. Parameters of the raw meat defrosting program
(recommended by the equipment manufacturer)

Steam ) = = g
8 regulation 2 2 i = E 2 -E
2 Q g & e = = -
o £ e g 5 & & 3 g
& E & 2 & E = 2
- o L < [y ,5 7]
7] o ﬁ > - 1= = 5}
ffomon £ EF 3EE I OC
T3 ° ° & B EeEZREi 3
: = V= = Q
2 & = S AREE IS Er 3
1 15 60 0 heating 50 15 mild 10
2 90 60 0 heating 50 15 mild 10 60 800
3 90 60 0 heating 50 15 mild 10 40 800
4 45 60 0 heating 50 15 mild 10

The technological processing parameters were deter-
mined experimentally during the research process and ad-
justed in accordance with the goals and objectives of the
research, as well as taking into account the recommenda-
tions of the equipment manufacturer.

Structurally, the defrosting program consisted of 4
stages. Each stage has its own duration and implements
certain functions. The raw materials are most affected at
stages 2 and 3. At these stages of technological processing,
the working environment features the highest parameters
of time and thermodynamics. Despite the step-by-step dif-
ferences in the impact parameters, in general the program
creates a mild mode of defrosting the raw materials, in-
cluding the kinematics of its movement along the ribs lo-
cated on the internal surface of the drum at a low speed of
rotation, which provides the necessary conditions for the
homogenous heating and massaging.

The results of the process of defrosting and thawing
raw meat in the form of graphs are shown in the Fig-
ures 2-4. The peculiarity of these graphs is that the giv-
en curves reflect as much as possible all real spikes and
fluctuations of the parameters. This makes it possible to
obtain a true picture of the process of industrial defrost-
ing of the frozen raw materials, taking into account its
characteristics at each moment in time, which does not
violate the general idea of the tendency of the processes
being observed.

Beef features denser structure compared to most other
types of meat raw materials and lower thermo physical
characteristics, therefore processes of the heat transfer and
mass transfer occur in it at a low speed, as evidenced by
the total duration of the defrosting process. To increase the
speed, it’s possible to increase the rotation speed of the de-
froster drum and the steam pressure up to a certain value.
The consistency of raw meat at the exit of the machinery,
and therefore the quality of the finished product in the
form of its structure and organoleptic properties, largely
depends on the results of these processes.

The kinetics of the process of defrosting and thawing
of the frozen raw meat and its completion is mainly con-

trolled by temperatures. Figures 2 and 3 show the changes
in heating temperature at the inlet, outlet and inside the
drum, as well as on the surface and inside the tested block
of frozen beef during its defrosting.

The analysis of the above graphs, first of all, draws
attention to two points: the low speed of the defrosting
process and the relatively high driving force of the heat
exchange process. If the speed of the defrosting process
is expressed through the rate of temperature increase in
the raw material, then for beef it will be on average 0.51
degrees/hour (0.0085 degrees/min). The low speed of the
defrosting process is explained by the low coeflicient of
thermal conductivity in the raw material (depending on
the grade of the raw material, the thermal conductivity
coeflicient is ~ 0.45 W/(m-K)) [45], which plays a key role
in the heating process (Figure 2). To increase the speed of
the defrosting process, it’s possible to increase the driv-
ing force of the heat exchange process, in this case by in-
creasing the parameters of the heating medium, i. e. water
steam. But an uncontrolled increase in the temperature
of the heating medium can lead, as mentioned above, to
initial denaturation of the protein surface, which is un-
acceptable from the point of view of maintaining due
product quality. The drawn graph (Figure 2) shows that
the driving force of the heat exchange process when de-
frosting beef varies within the range of (20-30)°C (at a
steam temperature of no higher than 20°C) and does not
have any significant fluctuations. Small fluctuations in the
temperature difference between steam and raw materials
ensure a relatively constant rate of the heat exchange pro-
cess, which guarantees stable efficiency throughout the
entire process of defrosting and allows obtaining a high-
quality product.

25
20
15

Temperature, °C

0 1 2 3 4 5 6 7 8 9 10 11 12
Duration, hours
Figure 2. Change in temperature depending
on the duration of the defrosting and thawing process:
1 — inside the drum; 2 — inside the beef block (2* — trend line);
3 — on the surface of the block (3* — trend line)
Mathematical processing of the experimental data in
the Figure 2 allowed obtaining a correlation dependence of
the temperature within the meat block and on the surface
of the beef block (trend lines 2* and 3*, respectively) from
the duration of the meat defrosting process (the equation
(1) and the Table 2):

— 3 2
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Table 2. Numerical values of the coefficients included
in the equation (1)

Temperature of the meat block,

Coefficients in Unit of °oC
th ti
€ e?Iu)a o1 measurement On the surface Within the
of the block, £_, block, ¢, ,
a °C/h? -0.0125 -0.0100
b °C/h? 0.1834 0.1860
[ °C/h 0.1834 0.3671
d — 9.3143 4.7701
Squared mixed correlation for the equation (1)
R? — 0.9822 0.9623

The value of the approximation reliability (squared
mixed correlation R2) when calculating the changes over
time in the values of the external and internal temperatures
of a block of meat indicates a high close relationship between
the quantities included in equation (1) and the statistical re-
liability of the obtained empirical dependence for compa-
rable conditions of the defrosting process. The mathematical
model (regression equation (1) expressed in the form of a
third-degree polynomial), obtained as a result of processing
the experimental data presented in the Figure 2, has its ad-
vantages and disadvantages. The main advantages of the re-
sulting model are its simplicity and good convergence with
the experimental data, and its disadvantages are its discrete-
ness and formalized nature, which initially does not reflect
the physical essence of the processes that take place in the
object. The resulting mathematical model has its practical
value and can be considered as a certain stage in modeling of
biotechnological processes in order to predict the properties
of the obtained product, taking into consideration the pat-
terns of their occurrence and mutual impact.

To provide the additional control over the temperature
of the heating medium, the measurements were taken sep-
arately at the inlet and outlet of the drum machinery. The
results are shown below in the graph (Figure 3).

35

30

25

Temperature, °C
=

0 1 2 3 4 5 .6 7
Duration, hours

Figure 3. Change of heating temperature at the inlet (1) and outlet
(2) of the drum during the frozen beef defrosting

g§ 9 10 11 12

Thermographs of the heating medium prove that the
required processing conditions for raw meat are complied
with and that the defrosting process occurs under relative-
ly stable conditions, i. e. without sharp fluctuations of the
heating medium parameters.

Figure 4 below shows a curve of dependence of the beef
blocks mass change on defrosting time. The peculiar fea-
ture of the process in an environment of saturated water
steam is the steam condensation, which gradually increas-
es the total mass of the raw material.

2640
2620
2600
2580
2560
2540
2520
2500
0 2 4 6 8 10 12
Duration, hours
Figure 4. Change in the total mass of the beef blocks depending
on the defrosting process duration

Weight, kg

From the graph in Figure 4 it is visible that the increase
in the mass of raw materials during the defrosting process
occurs stepwise, incrementally. Moreover, the intervals of
the raw materials mass increment are different. From this
it can be concluded that the temperature-time interaction
between the raw materials and steam is not smooth. In ad-
dition, this interaction implies the process of absorption of
water condensate by the raw meat. The moisture formed
during two parallel processes: defrosting and condensation
must be absorbed by the raw materials, and only in this
case a high-quality product can be obtained. But starting
from a certain moment the moisture-absorbing capacity of
the raw material becomes insufficient to solve this prob-
lem, and therefore a certain amount of salt is added to the
defroster. For beef, the last increment of the meat mass oc-
curs during a period of ~ (7-8) hours, when 25 kg of salt
was added to the defroster so that the product absorbs all
free moisture. The process of defrosting beef lasts no more
than 12 hours, which is an advantage in comparison with
the other methods. During the process (defrosting + mas-
saging), the weight gain of the product amounted to 114 kg.

Thus, the defrosting modes being considered make it
possible not only to defrost raw meat to cryoscopic tem-
perature in a time not exceeding 10 hours, but also to bind
free moisture released during technological processing
(moisture during steam condensation and defrosting of
raw materials) to a hygroscopic state. This makes the beef
consistency suitable for producing high quality whole
muscle food.

The considered experimental graphs allow formulating
a physical model of the defrosting process based on the
phenomenological parameters of the process being stud-
ied, which are the temperature and mass of the raw mate-
rial. Defrosting of the raw meat is a complex process and
it is accompanied by the following physical processes that
can be controlled:

« heating from the initial temperature up to the temper-
ature of the beginning of defrosting, phase transition
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from a frozen state to a defrosted state, heating of the

defrosted raw materials up to the final temperature;

« condensation of water steam on the surface of the raw
meat;

o diffusion of moisture into the raw meat;

« massaging the raw meat.

These processes are related to each other and occur si-
multaneously, excluding moisture diffusion and massaging.
The efficiency of this combination begins to manifest itself
after the raw material reaches cryoscopic temperature.

The nature of changes in temperature and mass of the
raw materials over time makes it possible to analyze the
patterns of thermal and mass transfer processes at the
macro level and predict phenomena that take place at the
micro level, which is necessary to determine and evaluate
the sustainable and costs-eflicient technological process-
ing modes.

The considered experimental graphs show that the
main phenomenological parameters of the process under
study are the temperature and mass of the raw material.
Changing these parameters allows prediction of the heat
transfer and mass transfer processes occurring in raw meat
and technological equipment in general. Moreover, the
most important role in forming the quality of raw materi-
als during defrosting is played by mass transfer processes.
The structure of raw meat depends on these processes.
Temperature provides only the conditions for the transfer,
or more precisely, the rate of mass transfer processes [39].

First of all, the mass transfer processes affect the yield
of the finished product, which is one of the main economic
parameters of the technological process and can serve as a
criterion for its completion [38]. The yield of the finished
product is understood as the ratio of the final product mass
to the initial raw material (main raw material) mass. In our
case, the product yield was 104%. The change in yield can
occur mainly due to the moisture penetration into the prod-
uct from the surrounding media during the technological
processing or loss of the moisture from the meat mass.

The conditions for the mass transfer processes in the
defroster-massager can be conditionally divided into two
stages: the first stage takes place before reaching the cryo-
scopic temperature on the surface of a piece of raw meat;
the second takes place after reaching the cryoscopic tem-
perature on the surface of the meat block. The first stage
is characterized by the condensation of saturated water
steam and free moisture formation. Due to low tempera-
tures and frozen moisture in the product, it is unlikely
that significant mass transfer processes can occur during
this period. Heating increases the speed of movement of
molecules and, provided there is a temperature gradient,
the process of heat transfer occurs. In turn, temperature
affects the change in the molecules bond energy, which
is reflected in the kinetic dependencies of chemical re-
actions and diffusion expressed through the kinetic con-
stant and coeflicient of the diffusion transfer, respectively.
At the initial moment of heat treatment at a raw mate-

rial temperature not exceeding (25-30) °C, which corre-
sponds to the conditions of technological processing in a
defroster in the second period, swelling of muscle fibers
can be observed due to external moisture formed during
condensation of steam.

The nature of mass change during heat exposure, de-
pending on the type of meat raw material and production
technology, can be described, essentially, by one of the
curves in Figure 5, obtained by the authors and presented
in the study [39].

Mass of the raw material, M

Duration of the thermal treatment, T

Figure 5. Change of mass of the various types of raw materials
depending on the duration of the heat exposure process:

1 — raw materials with a high fat content, prone to dehydration;
2 — raw materials in which the processes of dehydration and
swelling occur simultaneously; 3 — raw materials with a high

content of components prone to swelling

For raw materials consisting of muscle tissue with a
high fat content, curve 1 is quite distinctive and specific
(Figure 5). The change of raw materials mass occurs main-
ly due to the release of free moisture and part of the im-
mobilized moisture by both diffusion and filtration. Most
defrosting methods are characterized by this very mass
transfer process which is their serious drawback.

Meat products have become widespread in which the
moisture, that increases the yield, is specially injected into
the product during the pre-processing process: when pre-
paring minced meat, when brine forcing into the meat and
similar operations. Moisture introduced in a free state upon
contact with the components of the raw material (mainly
protein) forms more or less strong bonds, thereby passing
into an immobilized state or more bound state. The part of
the added moisture may remain in a free state or weakly
bound state. The kinetic picture of the yield increase is di-
rectly affected only by the tightly bound part of the forced
moisture. In this defroster, constant gentle massaging of raw
meat and the addition of special ingredients (salt) allows
firm binding of the moisture formed during steam conden-
sation and thereby increases the yield of raw materials after
its defrosting. The variety of moisture forms leads to the fact
that during heat exposure, moisture transforms from one
form into another without leaving the product mass. This
explains the change in mass during heat treatment, corre-
sponding to curve 2 (Figure 5). In this case, loosely bound
moisture is able to leave the product faster than moisture
contained within the tissues of the product itself.
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The increase in mass in an atmosphere of saturated
water steam can be characterized by the dependence in
the form of curve 3. This mainly applies to raw materials
containing a lot of components prone to swelling. Thus,
the change in the yield of raw meat during heat exposure,
within the accepted assumptions, is explained by the occur-
rence of two opposite processes: dehydration and swelling.
The conditions for the heat exposure process, as well as the
ratio of muscle and connective tissue proteins, determine
the kinetics of the process of changing of the raw materials
yield. In a defroster, the change of the raw materials mass
occurs due to the swelling of muscle fibers with free mois-
ture from the steam condensation, since dehydration of
raw meat occurs only at temperatures close to (40-42) °C,
when denaturation-coagulation processes begin.

In order to give the mathematic description of the out-
put change over the time line, the basic mass transfer equa-
tion is used [39,40]:

M
T K, -A (2)
Where:
M — is the mass of the product, kg;
V — is the volume of the product, >
T — time, s;
A — driving force of the process, (unit of movement. f);
K, — mass transfer coefficient, kg/(m?-s- (unit of move-

M
ment. f));

Since mass yield of raw materials increases or decreases
due to the transfer of several components in different ways,
the equation (2) will have the following form:

>M
V.t
where XM — total increment of the product mass, kg

= ¥K, -A (3)

It is obvious that the adopted expression for the output
mass is related to the quantities included in the expression
(3) as follows:

M +2M
r=—2 _14 M (4)

M M

0 0

where:
M, — is the mass of raw materials at the beginning of the
process, kg.
M' — is the yield of the raw material, fraction of a unit

In equation (2) the ratio makes sense to increase the
volume concentration. In this regard, the equation (1) can
be considered as an equation of chemical kinetics for the
reaction of the 1" order with a shifted reference point along
the ordinate axis.

To approximate the dependence of yield on process du-
ration within the limited time interval, it is possible to use
functional dependencies that include rate constants of the
dehydration and swelling processes, taking into account
the specifics of the initial conditions. The obtained depen-
dencies can be used to optimize the duration of heat treat-
ment of the newly designed types of meat products based

on non-traditional sources of meat raw materials and food
additives.

Using the obtained experimental data, thermal techni-
cal parameters were calculated based on balance correla-
tions, which allowed evaluating the efficiency of steam
thermal energy directly for the process of beef defrosting.

The amount of heat expended in the process of beef de-
frosting is determined using the modified Planck equation:

Q=M:[C,(t,~ 1) + 7, -ww+Cpr(t, ~ £ K] (5)

init.
where:
C  — is the specific mass heat capacity of the product after
freezing, kJ/(kg-K);
Cy — specific mass heat capacity of the unfrozen beef,
K/ (kg-K);
M — mass of beef before defrosting, kg;
t,., — temperature of beef at the beginning of the defrosting
process, °C;
t,, — beef temperature at the end of the defrosting process, °C;
t , — cryoscopic temperature of the product, °C;
r., — heat of phase transition (specific heat for ice melting),
kJ/kg;
w — product moisture;
w — fraction of frozen moisture;

According to scientific research, all moisture is frozen
out at the freezing temperature (minus 60 °C), which is ex-
tremely rare in real practice [46]. Most often, the freezing
process is run at temperatures from minus 18 °C to minus
25°C, and under these conditions the proportion of frozen
moisture is much less and can range from 0.4 to 0.8.

The total amount of heat Q (1) required for the process
of defrosting of beef block weighing 2,510 kg, calculated by
formula (5), is equal to 362,355 kJ. Knowing the amount of
heat that steam gives off during its condensation, it is pos-
sible to determine the theoretical steam consumption that
must be spent for defrosting of the raw meat based on the
following equation (6):

QZ =D- rsteam’ kI’ (6)
where
D — is the steam consumption, kg;
r_ — is the latent heat of steam condensation at 20°C and

steam

reduced steam pressure, kJ/kg;

Assuming that Q =Q,, let’s write it down in the follow-
ing way:

M. [C:af. (tct_ tinit) + rice' w-w+ be' (t o tct)] :D' ¥

steam’

k] (7)
whence the theoretical steam consumption is equal to:
D=M- [Caf-(ta—t. ,Kr (8)

init.

)+rce-w-w+be-(tﬁ”_—ta)]/r

i steam

Thus, the performed calculations showed that the pro-
cess of defrosting of beef block weighing of 2,510 kg the-
oretically requires spending of 142.45 kg of water steam.
However, in reality, when defrosting the frozen meat in
vacuum, the mass of raw materials at the end of the pro-
cess increased by 114 kg. Using PlancK’s formula for calcu-

lation the overestimated steam consumption is obtained,
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i. e. theoretically there is certain reserve of steam for the
defrosting of raw materials (for this case the steam reserve
is equal to 20%).

To assess the energy efficiency of the defrosting pro-
cess as a whole, it is necessary to take into consideration
not only the consumption of thermal energy for de-
frosting of the raw meat, but also other types of energy
must be taken into account, i. e. energy balance should
be drawn up, since there are other items of energy con-
sumption. To a first approximation, these items include
the following: heat loss to the environment; heating the
equipment itself, heating the ingredients, raw meat dur-
ing massaging; energy consumption for drum rotation;
consumption of cold supplied to the drum cooling jacket;
energy for creating a vacuum, etc. To determine them,
special additional research is required.

Defrosting of frozen raw meat with the mechanical
impacts in water steam environment at reduced pressure
is a rather complicated and insufficiently studied process,
especially in terms of kinetic impact of the raw materials
massaging and its influence on the main parameters of
technological processing.

Conclusions

The conducted studies showed that the proposed tech-
nological processing program (Table 1) can be successfully
used for defrosting and thawing the frozen raw beef sup-
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