u] =,

Hooenne 3pocmanns nonumy na m’acHi upodu 3
OPULIHATIVHUMU CMAKOBUMU BJIACMUBOCMAMU 00YMOB-
J10€ nompedy 6 yoockounanenni nepepooxu m’sacrnoi
cuposunu. Ile cmocyemvcs ne nuwe mexnonozii niozo-
MOBKU CUPOBUHU, HANPUKIAO nOnePedHb020 il eumpu-
MYGAHHSA 6 PIZHOMAHIMHUX MAPUHAOAX MA NPUNPABAX.
Bascause snavenns mae came 061a0Hanns 0 6uzo-
MOGAEHHA M ACHUX 6UPO0i6 Oe3 CKOPUHKU.

3anpononoeaine innosauiiiie pimenns 3 po3pooxu
anapama 01 HU3bKOMeMnepamyproi odpodxu m’sac-
nux eupoodie I1-eunpominioeannam mae neemi Kom-
CMPYKMUBHO-MexHoN02iuni 0codaugocmi. 3aedaxu
JlezKoMy nepemiufenH1o 6 npocmopi 3ade3neuyemocs
11020 MmobinvHicmos i nopmamuenicmv. Buxopucmannsa
8 poJi Haepieaua zHY1K020 NJIBKOB020 PE3UCMUBHOZ0
enlexmponazpieana 6UNPoOMiHI08AILHO20 Muny 3ade3-
neuye pi6HOMIpHUIL Po3N00il Men06020 NOMOKY ma
00360715€ NOBMOPUMU SHYMPIWMHIO 2eoMempPit0 PoOO-
40i xamepu anapama. Po3pobaene obraonanns 3oam-
He nmpaulosamu 6 WAOHOMY HU3LKOmMeMnepamypHomy
pexcumi o6pooxu (63...85 °C) 3i cnpowenoro asmo-
Mamu3ayicto mexnonoziunozo npouecy. Ocoéausicmio
anapama € MONCAUGICMb GUKOPUCMAHHS GMOPUHHOT
menaom,u axa nHaoxooumv 6i0 pPo6ouozo npocmopy
anapama, wiasxom nO2AUHAHHS ii NO2IUHATIbHUM eKpa-
Hom. Ilodanvwe ii nepemeopenns waAAXOM KOHOYK-
MUBH020 MENAOOOMIHY MINC NOZNUHATLHUM E€KPAHOM
ma enemenmamu Ileavmoe, 3a6esneuye 00HouacHo 06i
xoucmpyxmueni nepegazu. Ilo-nepwe, ymeoproemo-
€S HU3LKOBONILMHA HANPY2A HCUBNEHHSl, KA BUKOPU-
CMoBYemMovCst 0L POGOMU GUMANCHUX BEHMUNAMOPIE.
Buseaeno, wo maxa nanpyza ymeoproemocs iz 00cse-
HeHHAM meMnepamypu M’ACHO20 GUPOOY 6 MerHcax
30...35 °C. Ilo-Opyze, 0x0n00xcyemocs GHYmMpiwHill
MexXHIYHUL npocmip, OCKiTbKU memnepamypa 3086-
HiwHb0i nosepxui enemenmis Ileromve cmanosumo
10...15 °C. Omoice, 3nuxae neobxionicmo y mennoizo-
aauii anapama.

Ycmanosneno, wo oas m’saxoi céununu memnepa-
mypa o0pobxu cmanosumv 53...80 °C i3 mpusanicmio
5,0...8,0 200; 0 meepdoi ceununu 55...80 °C iz mpu-
eanicmio 5,0...9,5 200. Jna m’saca nmuui 55...80 °C
i3 mpusanicmio 4,5...6,0 200; 0 M’axoi ano6uuu-
Hu 55...80 °C iz mpueanicmio 5,0...8,0 200. A xcop-
cmKoi 2108uMuUHU 8i10N06i0H0 58...83 °C i3 mpueanicmio
5,0...10,0 200. Pe3yavmamu oeesycmauii niomeeposicy-
10Mb OPUIHANLHI OP2AHOJIENMUYHI 6]1ACMUBOCI MA
epexmuenicmo urKopucmanns anapama

Kntouoei caosa: m’acni naniepabpurxamu, nusvia
memnepamypa, I19-eunpomintosanns, nopmamuenicmo,
eqnemenmamu Ilenromoe, opuzinanvi 6aacmusocmi
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1. Introduction

The constant demand for meat products in many coun-
tries of the world stimulates the development of food in-
dustry by improving equipment for thermal treatment of
various meat raw materials [1]. One of the major tasks of
improvement of the heat treatment of meat raw materials is

to reduce the technological losses of products’ weight at all
stages of their production with simultaneous ensuring high
quality indicators. This is only possible under condition of
using low-temperature treatment of meat raw materials us-
ing modern low-power and low metal consumption heating
elements, specifically, based of infrared radiation. It is also
possible to use various structural elements, particularly




those that turn heat into the supply voltage to ensure the
autonomy of the auxiliary apparatus equipment. It should be
noted that low-temperature treatment of meat products in
the range of 63...85 °C makes it possible to obtain high-qual-
ity semi-finished meat products even from problem meat
with great content of tendons [2].

Therefore, an urgent task is to develop a modern plant
for low-temperature treatment of meat products by IR-
radiation. This plant must be mobile, portable and ensure
high-quality manufacturing of meat products with the orig-
inal organoleptic properties.

2. Literature review and problem statement

Adailyincrease in demand for high-quality meat semi-fin-
ished products with the original organoleptic properties
among the population of many countries in the world causes
the development of the meat industry in Ukraine [3,4].
It is the taste of meat products that is the main indicator
of their quality and allows increasing the market consumer
demand, which prompts the need for a detailed study of the
technological parameters and their impact on the finished
product [5]. Therefore, there occurs the need to improve not
only the technological process, but also the equipment for its
implementation, since in most cases it is energy- and metal
consuming and technologically outdated. In particular, the
use of inertial high-temperature heaters with reflector units
leads to appearance of non-uniform heat flow. This causes
the formation of a crust and degrades the quality of the prod-
uct, which is inadmissible during low-temperature treatment
of most meat products. It is necessary to solve he problem
whether it is possible to benefit from using low-tempera-
ture thermal energy for apparatus-technological purposes.
To solve the existing structural and technological tasks, it
is required to apply an innovative approach, developing a
plant for low-temperature treatment of meat products by
[R-radiation.

In most countries, there is a widespread use of low-tem-
perature treatment of meat raw material, since it ensures
obtaining high-quality culinary products with original taste
properties [6]. The classic methods for low-temperature
treatment of meat raw material include cooling, which has
three variants: slow, fast and “shock” [7]. However, in most
cases cooling is characterized by high energy consumption,
technical difficulty and capital costs of its implementation,
in this case, it makes it possible to obtain the product that is
ready to use [8, 9]. Today a more modern method of low-tem-
perature treatment of meat products is Sous vide, which is
based on cooking food by its vacuuming and keeping in a
water bath [10]. However, the technology of Sous vide has
not been fully studied in terms of the influence of different
technological factors on physical and chemical changes of
the treated raw materials [11]. There also occur certain tech-
nical difficulties associated with using a water bath and con-
trolling temperature and mode parameters in it. This causes
a further search for the ways to improve this technology.

During manufacturing meat products, there are certain
temperature dependences that characterize the degree of their
culinary readiness and depend on the type of raw materials.
After defrosting, raw materials get into the “danger zone”,
which is characterized by the temperature range from +5
to + 60 °C. To ensure the safety of meat products, they are
subjected to heat treatment. In the range of treatment of

30...45 °C, there occurs fat softening, depending on the type
of raw material, as well as the inevitable development of bac-
teria. Deceleration of the bacteria development and their dy-
ing are observed during treatment in the range of 53...58 °C.
For example, beef becomes safe for consumption after being
approximately for 1.5 hour at the temperature of 55 °C [12].

The basic temperature of meat products treatment is
60°C, which leads to a change in the color of meat raw
material, due to the destruction of proteins of myoglobins.
Meat juice loses its coloration with simultaneous maximum
destruction of bacteria. The increase in temperature up to
74 °C leads to instant destruction of bacteria and the loss
of coloration, and up to 86 °C — causes collagen disintegra-
tion and gelatin formation. The temperature above 100 °C
in most cases is considered not suitable for meat products
treatment, because it leads to collagen boiling, the break of
intercellular ties and the loss of taste properties. Meat prod-
ucts are considered to be safe if the following temperature is
achieved in their center: for pork — 53...65 °C; for poultry —
55...80 °C, for beef (mutton) — 55...83 °C, depending on the
structure [12-13].

The ISTOMA stoves for low-temperature treatment of
pork are represented in the markets of modern equipment.
They are designed for stewing, hot and cold smoking and
even storage. According to the design and technological
characteristics, they are able to ensure the reduction of loss-
es during heat treatment, incredible taste properties and do
not require pipelines [13]. For heat treatment, designers use
low-temperature flexible cables that ensure the system of 3D
heating instead of high-temperature electric heaters [13].
Reflector panels are used for more uniform thermal radiation
in arectangular chamber, which leads to an increase in metal
consumption of the equipment. Vapor and convectomates,
even with ultrasonic vibrations, are widely used in addition
to these stoves [14]. However, the plants of this design are
costly to maintain because of the structural implementation
of processes. To some extent, it prevents their wide use,
especially in the household. It causes the need for finding
innovative solutions to simplify the design and technological
process as a result of using more effective radiating elements.
It is also appropriate to introduce the autonomy of separate
units of the plant with the use of the minimum of automation
or entirely without it. This will ensure the ease of main-
tenance, mobility, ease of use and a decrease in the cost of
low-temperature plants.

Among modern energy- and metal-efficient radiating
elements, a flexible film resistive electric heater of radiative
type (FFREART) is most widely used [15]. Taking into con-
sideration the design and technical parameters, presented
in paper [16], it is the reasonable solution for the creation
of modern low-temperature plants of the reflector-free type.

The autonomy of the structural elements is ensured by a
variety of additional elements, such as converters, in which
design and technological process and driving energy are
applied. During heat treatment, the driving energy is the
thermal energy, the conversion of which can later be used to
ensure the autonomy of certain structural elements in com-
bination with the plant. Peltier elements are used in most
cases for the conversion of thermal energy, for example, into
low-voltage of supply, and the simultaneous cooling the ex-
ternal structural surfaces. The advantages of these elements
for the conversion of thermal energy into the supply voltage
are considered in detail in paper [17], which proves the earli-
er hypothesis about their effective use.



Most of the existing technology and culinary equipment
for low-temperature treatment of meat products is charac-
terized by specific design and technological shortcomings.
The basic among them is the use of inertia, energy- and met-
al-intensive heating elements with reflective units that fully
do not provide uniform heat distribution. In this case, only
separate plants are autonomous in terms of the use of second-
ary heat for technological needs. This negatively leads to a
decrease in the types of meat products treatment and affects
their organoleptic properties. Food industry engineers today
are challenged with finding innovative design solutions to
carry out low-temperature treatment of meat products. This
causes the need for the development of a modern mobile
and portable plant for low-temperature treatment of meat
products by IR-radiation. Using this equipment, it is possible
to process more kinds of meat, thereby expanding culinary
products with original taste properties. And its use will be
characterized by simplicity and autonomy.

3. The aim and objectives of the study

The aim of this study is to develop a modern mobile and
portable resource saving plant for low-temperature treat-
ment of meat products by IR-radiation.

To achieve the set goal, the following tasks were solved:

— to substantiate the possibility of using flexible film resis-
tive electric heater of radiative type and Peltier elements for the
development of mobile and portable resource effective plant;

— to develop recommended mode parameters of low-tem-
perature treatment of meat products and to conduct a com-
parative degustation assessment;

— to establish recommended temperatures of culinary
readiness of various meat products (in the center of the
product) during low-temperature treatment and to perform
comparative degustation assessment.

4. Materials, methods of research into multi-component
natural compositions and experimental setup

Experimental-practical research aimed at the develop-
ment of modern mobile and portable plant for low-tempera-
ture treatment of meat products by IR-radiation is conducted
at the scientific and educational center “Innovative biotech-
nologies and equipment for manufacturing food products
with high health properties” at Kharkiv State University of
Food and Trade (Ukraine). Meat products before treatment
are kept in aqueous solutions with spices, or the latter are
manually applied to the surface of meat products, kept for
some time and loaded to the operation chamber of the plant.

5. Development of a plant for low-temperature treatment
of meat products by IR radiation

One of the proofs that the set practical and research
aim was achieved is the possibility of using modern energy
and resource effective elements based on infrared emitters
and Peltier elements that provide heat conversion into low
voltage of supply. The results of literary and practical anal-
ysis presented in paper [17] prove the possibility and effec-
tiveness of FFREhRT during designing low-temperature
infrared plants. This is due to the design and technological

properties of FFREhRT, specifically, with its low-tempera-
ture and uniform radiative thermal surface. An important
characteristic is the possibility of the formation of the work-
ing surfaces of the geometrically complex forms without
using additional metal structures and reflective surfaces.
In this case, FFREhRT has low inertia, energy and metal
effectiveness compared to other radiative heating elements.

Thermal energy conversion into low-voltage of supply
due to the use of Peltier elements can ensure the autonomous
operation of exhaust fans. At the same time, the use of Peltier
elements can also provide cooling of the internal space of the
plant, thus eliminating the need for insulation of the plant.
Introduction of innovative solutions ensured the development
of fundamentally new low-temperature plant. This plant is
characterized by mobility, portability and practical effective-
ness of use in the hotel and restaurant industry and household.

The next stage is the development of the plant for
low-temperature treatment of meat products by IR-radiation
(Fig. 1), consisting of the operation chamber, that includes
two pivotally connected vertical thermally non-insulated
semi-spherical halves: hinged 1 and fixed with counter-
weight 2, pivot 3, rod for meat product fixing 4, needle
thermocouple (TPM) 5, connected to the thermoregulating
device (measuring temperature regulator with needle ther-
mocouple), FFREhRT 6, absorbing screen (black) 7, Peltier
elements 8, exhaust fans 9, technical openings 10 and tech-
nical space, connected to cumulative capacity 11.

1

Fig. 1. Diagram of the developed plant for low-temperature
treatment of meat products by IR-radiation

The plant for low-temperature treatment of meat prod-
ucts by IR-radiation operates as follows. First, one of the
two pivotally connected vertical thermally non-insulated
semispherical halves (hinged 1) opens with the help of pivot 3.
After this a previously prepared meat product (of a certain
geometric shape, corresponding to the geometrical shape of
the zone of its location) with the help of fixing rods 4 is mount-
ed in the plant on the vertical semi-spherical half, fixed with
counterweight 2. During fixing the meat product on rod 4,
needle thermocouple 5, connected to the thermo-regulating
plant, is simultaneously mounted in the center of the product.
Then two (1, 2) semi-spherical halves are connected by mov-
able hinge 3. As a result of this, the zone of low-temperature
treatment by infrared radiation due to FFREhRT 6, repeat-
ing the geometry of the operating chamber, is formed. In



this case, FFREhRT 6 is connected to 90 1
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dle thermocouple 5 to control thermal
treatment of the meat product. 70

The heat that is formed on the outer

part of the FFREhRT 6 is absorbed by 60
black absorbing screen 7. Peltier ele-

ments are located at the external side of 50

the screen. They ensure the conversion 40
of the heat, obtained by conductive
method from absorbing screen 7, into 3

low voltage of supply (~3...4 W), which

s

is used for the operation of exhaust 20

L
fans 9, mounted in through openings. :
gh op & 10 M

T, hours

During the research, it was discovered

that the supply voltage is generated

in case of reaching the temperature of 0 1
a meat product within 30..35°C. In

this case, the temperature on the outer
surface of Peltier elements is 10...15 °C.
Exhaust fans 9 remove moist air from
the operating space of the plant to
the thermally non-insulated hinged
halves 1, 2. Along with the transformation of voltage, Pelt-
ier elements 8 ensure simultaneous cooling of the technical
space of the vertical semi-spherical halves (1, 2), thereby
eliminating the need for their thermal insulation. Moist air
is removed from the operating space of the plant to the ther-
mally non-insulated halves 1 and 2 and is gradually removed
to the environment through technical openings 10. Meat
juice that is produced during heat treatment is removed
through the technical space, connected with cumulative
capacity 11, in pivot 3.

The process of low-temperature treatment of meat culi-
nary product by IR- radiation is completed with achievement
of the temperature in the range from 63 °C to 85 °C in the
middle of the product. In this case, thermocouple 5 automat-
ically disables FFREhRT 6. A decrease in the temperature
of FFREhRT 6 leads to a decrease in the value of converted
low-voltage of supply that causes autonomous turning off ex-
haust fans 9. After this the thermally non-insulated hinged
half 1 opens using movable pivot 3 and finished products are
removed from fixing rod 4.

In order to prove in practice obtaining the uniform dis-
tribution of the heat flow from FFREhRT and to ensure uni-
form heating of meat products, the measuring complex based
on a spherical grid with located inside thermocouples was
used in the developed plant. In this case, the thermocouples
were connected to a personal computer (PC) and the mea-
surement device “TPM”. According to the obtained results,
FFREORT ensures the uniform distribution of the heat flow
without formation of a crust on the surface of meat products.

Taking into consideration the data as temperatures of
readiness in the center of meat products, preliminary presented
in analysis, the study of previously prepared various meat raw
materials (pork, poultry, etc.) of the spherical shape with the di-
ameter of 0.1£0.01 m was carried out. After loading them to the
operation chamber of the developed plant, they were thermally
treated until reaching the temperature of culinary readiness of
the product. Specifically, the temperatures from 53 to 85 °C in
the center of the product were reached, depending on the type
of raw materials. The process of low-temperature treatment
on the example of pork fillet; pork for fry; duck breast; mutton
tenderloin and other tough beef is shown in Fig. 2.

A — pork fillet;

2 3 4 5 6 7 8

Fig. 2. Diagram of low-temperature treatment of meat raw material under condition
of achieving culinary readiness at the temperature in the center of the product:
= = — duration of reaching operation temperature (90 C); by FFREhRT;

— pork for fry; “® — duck breast; >¢ — mutton tenderloin;
M — other tough beef

As the diagram shows, the operating temperature pro-
posed for the plant FFREhRT (90 °C) can be reached in
5 minutes, it is equal to the temperature in the operating
chamber. Previously prepared spherical meat products had
the initial temperature of 12 °C. It was found that pork fillet
reaches 58 °C in the center of the product in 5.2 h; pork for
roasts, respectively, reaches 80 °C in 8 h; duck breast meat
(80 °C in 6 h); mutton tenderloin (60 °C in 5.5 h); any other
tough beef, (80 °C in 6.2 hours). In addition to the studies,
presented in the diagram (Fig. 2), other kinds of meat prod-
ucts were studied under conditions of achieving culinary
readiness to establish their required safe temperature in
the center (Table 1). It should be noted that due to using
FFREQRT in the developed plant, the low-temperature treat-
ment of meat products, maximum preservation of their nat-
ural properties, juiciness and, first of all, safety are ensured.

The use of the parameters obtained during experimental
and practical research provides for manufacturing of a variety
of meat products with the original taste properties: tender-
ness, juiciness, lack of impurities, and smell of real meat. If it
is difficult to meet the required parameters, we recommend
taking meat after deep freezing. We also carried out the test
studies aimed at the improvement of flavor properties of man-
ufactures meat products due to the introduction of organic
additives into the middle of the product.

As an example, we take the meat product with the addition
of organic dried apricots and prunes (Fig.3) and made its
comparative degustation evaluation with the one purchased
in trade network “TM Meat Standard” (Table 2).

The results of the visual and comparative degustation
assessment prove the high quality of the developed product,
a homogenous structure with the pleasant uniform color
without formation of a crust. An additive of organic dried
apricots and prunes retains its natural color and taste after
thermal treatment.

As a result of the research, we obtained the generalizing
recommended mode parameters of low-temperature treat-
ment of meat products, which ensure obtaining high-quality
products with the original taste properties. This proves the ef-
fectiveness of further use of the developed plant at the institu-
tions of the hotel and restaurant industry and household. The



advantages of the plant include, first and foremost, mobility,
portability, resource efficiency, reducing the temperature in-
fluence on the raw material through the use of FFREhRT. In
addition, it is important to ensure the autonomy of operation
of exhaust fans through the use of secondary heat, in this case,
the necessity to use insulation materials disappears.

Table 1

Temperature of culinary readiness of various meat products
(in the center of the product) under condition of their
low-temperature treatment in the plant
(product diameter is 0.1£0.01 m)

Temperature of culi- .
T . nary readiness of the Duration
ype of meat raw material . of thermal
product (in the center treatment. h
of the product), °C ’
Pork (tender meat)
Meat from ribs 53...64 5.0..6.1
Fillet 52..58 5.0..5.2
Other 60...80 5.0..8.0
Pork (tough meat)
Chop 55...59 5.0..6.5
Meat for fry 60...80 6.0...8.0
Other 65...80 5.5..9.5
Poultry
Fillet and chicken breasts 65..71 4.5...5.0
Fillet and turkey breasts 76...80 5.0...5.2
Fillet and duck breasts 75...80 5.6...6.0
Beef or mutton (tender meat)
Fillet 5.0
Tenderloin 55...60 3.5
Chop 5.0
Other 62...80 5.0..8.0
Beef or mutton (tough meat)
Breast 58...60 5.0...6.0
Other 60...83 6.0...10
Table 2
The results of degustation assessment of meat products
Sample of meat Appear- | Consis- Taste Natural Smell
product ance | tency color
Meat product ob-
o tempennetes | 5| 5 [ 5| 5|3
ment by IR-radiation
Purchased in a tr:
ncltlwcoral; (E?)akczzlthzfrf) > 4 4 4 >

Fig. 3. Photographs of meat product with the addition of dried
organic raw materials, obtained in plant for the low-temperature
treatment of meat products by IR-radiation: @ — whole meat
product; b — meat product that is cut through the center

6. Discussion of results obtained when making meat
products in the developed plant

The results of the study prove the design and techno-
logical effectiveness of using the plant for low-temperature
treatment of meat products by IR-radiation, specifically,
ensuring the production of high-quality meat products with
high organoleptic properties. The implemented innovative
approach during designing the plant made it possible to
reduce its energy and metal consumption, to achieve uni-
form heat flow due to the use of FFREhRT and obtaining
low voltage of supply from the Peltier elements as a result of
conversion of the secondary heat. The use of these plants is
promising due to their mobility and portability.

The proposed plant provides energy efficient sparing
low-temperature treatment, which generally provides the
best taste properties of meat raw material, such as tender-
ness and juiciness.

The processes of low-temperature treatment of meat
products in the vapor-convectomate by heating the oper-
ating chamber with high-temperature heaters were prelim-
inarily studied. However, a certain difficulty of technical
maintenance of these plants, the inertia of heating elements,
metal consumption and high cost prevent their wide use.
That is why we proposed the innovative solution for the
development of the plant for low-temperature treatment of
meat products by IR-radiation to ensure mobility, portabil-
ity, and ease of use. The plant will be characterized by re-
duced price and is recommended to be used in the hospitality
industry and the household.

The merit of this study compared to the existing ana-
logues is primarily the creation of the innovative design and
technological solution with the intensification of low-tem-
perature treatment of meat products. This will ensure the
expansion of the range of models of existing equipment for
low-temperature treatment of meat products and increase
their assortment due to the fuller use of raw materials. The
introduction of the developed plant to the hotel and restau-
rant industry and households will provide a qualitative ap-
proach to low-temperature treatment of meat products at all
stages of production of high-quality semi-finished products
with the original taste properties.

The use of the plant for low-temperature treatment of meat
products by the infrared radiation does not require special
expertise. This is due to the fact that the use of FFREhRT
with its properties and of Peltier elements provides ease of
use, maintenance, autonomy and mobility. Special attention
should be paid only to the previous preparations of meat
products before their low-temperature treatment, because
the quality of the products is affected not only by the char-
acteristics of the plant, but also the raw material selected for
the production.

The use of FFREhRT, as well as the possibilities of con-
verting the secondary heat into low voltage of supply by Pel-
tier elements, will generally provide low- temperature treat-
ment of meat products, simplicity and portability of the plant.

Among the restrictions that are possible during these
studies, it is possible to point out the necessity of formation
of the spherical shape of the meat product in order to ensure
uniform heat treatment. The shortcomings of the study in-
clude an insignificant change in the shape of meat products
during heat treatment.

Subsequently, we are planning to carry out more detailed
research to determine and test low-temperature mode pa-



rameters of heat treatment of various meat products in the
designed plant.

7. Conclusions

1. The plant for low-temperature treatment of meat
products by IR-radiation using FFREhRT is characterized
by low inertia, energy efficiency, a simplified circuit of con-
trol of the technological process. It provides a repetition of
the inner semispherical operation chamber of the plant. The
use of Peltier element provides an autonomous operation of
exhaust fans and eliminates the need for heat insulation of
the plant, reducing its metal consumption. Peltier elements
ensure a low voltage of supply if a meat product achieves the

temperature within 35...40 °C. In this case, the temperature
on their outer surface is 15...20 °C. The plant is resource
effective due to more sparing temperature treatment of meat
products for retaining their original taste properties.

2. The recommended temperatures of culinary readiness
of various meat products (in the center of the product) were
determined under conditions of their low-temperature treat-
ment in the plant For tender pork, the treatment temperature is
53...80 °C with the duration of 5.0...8.0 hours; for tough pork, it
is 55...80 °C with the duration of 5.0...9.5 hours; for poultry, it is
65...80 °C with the duration of 4.5...6.0 hours; for tender beef, it
is 55...80 °C with the duration of 5.0...8.0 hours; for tough beef,
respectively, it is 58...83 °C with the duration of 5.0...10.0 hours.
The results of degustation comparison of the meat samples
prove high organoleptic properties of the studied sample.
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