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Abstract 
The article describes the device and its operation principle with high frequency and infrared power supply for raw 
meat salting and heat treatment. The experimental studies of raw meat parameters (pork; muscular stomach; chicken 
heart) were carried out in the developed device. They provided the results of raw meat heating dynamics study in a 
resonator-drum of the designed device with different power: 0.8 W/g, 0.4 W/g, 0.16 W/g, depending on the dose of 
ultrahigh frequency electromagnetic field, the dynamics of the bird's heart heating when exposed to an ultra-high 
frequency (UHF) field (7 W/g), with complex exposure to microwave (7 W/g) and infrared radiation (grill lamp, 0.4 
kW), the results of brine salt concentration change study and the change of salt content in raw materials during 
salting. 
They developed the response surfaces and two-dimensional sections in performance model isolines of the developed 
device, exposure dose, bacterial contamination, energy costs depending on the variable parameters (power density, 
the duration of EMI-UHF effect and rotation frequency). 
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Introduction 
Currently, as part of the energy saving program, it is proposed to use non-conventional energy sources [10,11,12], 
including the energy of electromagnetic ultrahigh-frequency studies [13,14]. 
In Russia, as well as abroad, the technologies for superhigh-frequency (UHF) electronics development are classified 
as critical technologies. Therefore, the development and justification of the device parameters using electrophysical 
effects for heat treatment in the process of massaging small-sized meat raw materials is relevant. 
On the basis of the conducted analysis of raw meat salting and heat treatment means and methods [1], the device 
was developed for the heat treatment of raw meat [2]. 
The authors carried out experimental studies of raw meat parameter changes in the developed device for the heat 
treatment of raw meat. 
The purpose of the study is to analyze the experimental data of raw meat parameter changes by electrophysical 
effects - the exposure to an electric field of ultra-high frequency (UHF) and infrared exposure (IR). 
Device with Microwave and IR Power Supply [3, 4] 
The device with microwave and infrared power supply (hereinafter - microwave device) to the resonator-drum of 
pipes with coolant, providing electrophysical and thermomechanical effects on raw meat [5]. 
The developed device (patent No. 2537548) contains the resonator chamber 3 in the cylindrical shielding housing 1 
in the form of a squirrel cage assembled from pipes, on the end of which the emitter is directed from the generator 
unit 5 with the magnetron. The hollow shaft 7 is laid through the central axis of the resonator chamber. The shaft is 
rigidly connected to the end hollow disk 15 and the annular tube 6 of the resonator chamber. The generator unit and 
the charging port 12 are located on the side of the resonator open end. The bottom of the body has a drain nipple 14. 
The resonator contains blades 4. The grill-lamp 2 is installed under the body. The curing brine seeps through the 
slots 13 between the pipes to the bottom of the body and fills a part of raw meat in the chamber. There is the 
partition 18 in the middle of the hollow shaft 4 (Figure 1) [3].   
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Figure 1: The Device of Microwave and Infrared Power Supply to the Tubular Resonator-Drum with Heat 
Carrier, Providing Thermomechanical Effect on Raw Meat 

1: Shielding Housing; 2: Grill Lamp; 3: Resonator Chamber in the Form of Squirrel Cage; 4: Blades; 5: Generator Unit; 6: Ring Pipe; 7: Hollow 
Shaft; 8: Bearing Unit; 9: Dielectric Strip; 10: Lock Nut; 11: Clutch; 12: Hatch; 13: The Gap between the Pipes; 14: Drain Pipe, 15: Hollow Disk;  
 
The designed device sample is presented on Figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Designed and Manufactured Device Sample with a Resonator-Drum, Made in the Form of a 
Squirrel Cage for Salting and Heat Treatment of Raw Meat 

 
Experimental Study of Raw Meat Parameters  
The studied raw meat - poultry heart, poultry muscular stomach and pork. 
Using the designed and manufactured sample (Figure 2) of the device with a resonator made in the form of a squirrel 
cage, they studied the temperature variation of raw meat heating temperature by the electrophysical effect of a 
microwave field of different power [8, 9]. 
The dynamics of raw meat heating in EMI-UHF was studied preliminary in a stationary mode. To do this, they 
placed a dielectric tray with different raw materials in the resonator chamber without rotation. At the same time, raw 
meat is heated to 70 °C in 180 s at a specific power of 7 W/g (Table 1). 
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Table 1: The Results of the Temperature Field Distribution Study on Raw Meat Surface 
1: Chicken Heart (Left), 2: Chicken Muscle Stomach (Right), 3: Pork Muscle Tissue (Bottom) 

The studies of temperature fields, carried out using FLIR i3 thermal imager, show that heat treatment of raw meat in 
a drum resonator reduces irregularity during the endogenous heating of bird giblets, up to 1-3 °C. With large lumps 
of raw meat, the temperature deviation by volume reaches 5-10 °C [6]. 
The results of small-sized raw meat heating dynamics study in the microwave device prototype with a resonator 
drum in the form of a squirrel cage (Figure 3). The empirical expressions describing the dynamics of small-sized 
raw meat heating in the microwave device at different power density: 0.8 W/g, 0.4 W/g, 0.16 W/g, respectively: 
 
Т = 27,836∙e0,1229∙τ; Т = 24,531∙e0,0958∙τ; Т = 18,624∙e0,0757∙τ.       (1) 
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Figure 3: Heating Dynamics of Small-Sized Raw Meat in the Resonator - The Drum of the Microwave Device 

at Different Power Density: 0.8 W/g, 0.4 W/g, 0.16 W/g 
 
The experimental studies of raw meat heating dynamics in a microwave device, depending on the specific power 
and the dose of exposure, were performed using Testo 925 temperature meter (Fig. 4, 5).  

 

Figure 4: Temperature Variation on the Surface of Raw Meat, Depending on the Dose of Exposure to EMI-
UHF (1: Pork; 2: Muscular Stomach; 3: Chicken Heart) 
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Figure 5: Study Results of the Bird's Heart Heating Dynamics under Different Modes 
a) When Exposed to Microwave (7 W/g),  

b) At Combined Influence with Microwave (7 W/g) and IR (Grill Lamp, 0.4 kW) 
 
They conducted the study of salt concentration change in brine and salt content change in raw materials at the 
base and design technology. The studies show that 5.9-6.2 kg of boiled product can be obtained from 5 kg of bird's 
heart in 20-25 minutes, if the generator specific power is 0.16 W/g, and salt concentration is 12.88%. 
The Gambit-120 meat massager was adopted as the base case [7]. 
The graphs of sodium chloride distribution in brine and raw materials during massaging without exposure and with 
exposure to EMI-UHF are shown on Fig. 6 
An important role in the development of taste and aroma is played by the penetration rate of curing agents into the 
product. Under the action of EMI-UHF, the meat salting is accelerated. The obtained data allow us to conclude that 
diffusion-osmotic processes under the influence of microwave waves are intensified to a much greater extent than 
with conventional mechanical mixing. The main factors that accelerate the penetration of salt into the meat are the 
processes of cavitation and microwave pressure occurring in the microwave field. 

 

 
Figure 6: The Change of Brine Concentration and the Change of Salt Content in Raw Materials at the Base 

(Row 1, 2) and Projected Technology (Row 3, 4) 
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Optimization of Heat Treatment and Massing Modes for Raw Meat in the Device Working Chamber 
Regression dependencies are obtained on the basis of the criterion equations, which make it possible to determine 
the rational modes of the microwave device [3]. For this, they used the planning matrix of the 3-factor active 
experiment of the type 23. They chose the main factors affecting the process of raw meat salting and heat treatment: 
the specific power of the microwave generators Rud, W/g (x1); the duration of exposure to EMI-UHF τ, h (x2); the 
rotational speed of the working chamber n, rpm (x3). The choice of factor change intervals due to technological 
conditions and design parameters of the microwave device. The factors were compatible and not correlated with 
each other, and the limits of their changes were taken as follows:  

(х1) 0,08∙10-3 ≤ Руд≤ 0,4∙10-3  W/kg;  
(х2) 0,5 ≤ τ ≤ 1 h; 
 (х3) 13≤ n ≤ 33 rev/min. 
Optimization criteria are the following ones:  
Y1 – the performance of the microwave device (Q, kg/h);  
Y2 – the dose of exposure to EMI-UHF (D, W·h/kg); 
 Y3 – bacterial contamination (TMC, CFU/g); 
 Y4 – energy costs for the process (W, kW·h/kg).  

The regression models of raw meat heat treatment in coded units at x3 = +1 (33 rpm) and at x3 = -1 (13 rpm) are 
shown below. The regression equations adequately describe the process of raw meat heat treatment under the 
influence of the studied factors. Using the program “Statistic V12.0”, response surfaces and their two-dimensional 
sections in contour lines (Fig. 9) were developed. From the analysis of the equations, such operating modes of the 
device were revealed that ensure the minimum of specific energy expenditures for heat treatment and raw meat 
massaging and maximum reduction of its microbiological seeding. Enter x1, x2, x3 factors in named units to the 
regression equation. The absolute value of the factor at any level is determined by the following formula: 

,i io

i

x x
X

x





 where хi  – the value of the factor at the main (zero) level; ∆хi - the factor variation interval.  

Using STATISTICA 12.0 program, response surfaces and two-dimensional sections were developed in the isolines 
of device performance models, exposure dose, bacterial contamination, energy consumption depending on the 
variable parameters (specific power, the duration of EMI-UHF exposure and rotation frequency) (Fig. 8). 
 

 
 
 
 
 

 
 
 
 
 
 
 

(a)     (b) 
 
 
 
 
 
 
 
 
 
 
 
 

(c)     (d) 
Figure 8: Response Surface and Two-Dimensional Section in the Isolines of Three-Factor Models, 

Depending on the Power-Weight Ratio and Processing Time in the Microwave Electromagnetic Field at a 
Drum Rotation Frequency of 23 rpm: a) Performance; b) Dose of Exposure; c) Total Microbial Number; d) 

Energy Costs 
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The obtained empirical expressions characterize the dependence of optimization criteria on variable parameters.  
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The regression equations describe adequately the process of raw meat heat treatment under the influence of the 
studied factors.  

 
Conclusion  
They developed the device and device operation principle with microwave and infrared power supply for the heat 
treatment of raw meat. The experimental studies of raw meat parameters were carried out in the developed device. 
The dynamics of raw meat (pork; muscular stomach; chicken heart) heating in a resonator-drum designed 
microwave device with different power density: 0.8 W/g, 0.4 W/g, 0.16 W/g. 
They provided the dynamics of raw meat heating at different specific powers of the microwave generator: 0.1-0.9 
W/g for 600 s. 
The temperature change over the surface of raw meat is determined depending on the dose of exposure to EMI-
UHF. 
They provided the results of chicken heart heating dynamics study under different modes: during the exposure to 
microwave (7 W/g), at combined exposure to microwave (7 W/g) and IR (grill lamp, 0.4 kW) 
They provided the results of the study concerning salt concentration change in the brine and the change of salt 
content in raw materials with basic and design technology. 
They developed the response surfaces and two-dimensional sections in the isolines of the device performance 
models, exposure dose, bacterial contamination and energy costs depending on the variable parameters (power 
density, duration of exposure to EMI-UHF and rotational speed). The obtained empirical expressions characterize 
the dependence of optimization criteria on variable parameters. 
The regression equations adequately describe the process of raw meat heat treatment under the influence of the 
studied factors. 
The optimal performance of the microwave device for raw meat heat treatment and massaging makes 1.33-20 kg/h 
and is achieved with a specific power of 0.08-0.4 ∙ W/kg and with the processing time of 0.5-1.0 h. 
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