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The article describes the features of the interaction of microwave energy with food raw materials
and food products and conducts an analytical review of the application of microwave processing
for various technological processes in the food industry and hotel and restaurant business. The
paper examines the peculiarities of the interaction of microwave energy with food raw materials
and food products and gives an overview of the application of microwave processing for various
technological processes in the food industry and the hotel and restaurant business. Despite
the number of scientific works devoted to the topic of technological equipment, in particular,
microwave heating, in Ukraine this is an insufficiently illuminated topic that requires research,
taking into account the current conditions in the national economy. To create more rational
technological processes, a combination of microwave heating with other energy carriers is used.:
steam, hot air, infrared heating, heated fat, vacuum, ultrasound. Heat treatment of food products
in the cooking mode is divided into two stages: heating to a set temperature and maintaining
this temperature until complete culinary readiness. The stepwise microwave heating method is
also used, which ensures a high heating rate and avoids uneven heating of individual areas
of the processed products. In this way, the possibility of temperature redistribution is ensured
through the thermal conductivity of the material during its thermostating. One of the features
of microwave processing is the possibility of rapid and relatively uniform heating of the product
throughout the entire volume, which by its nature depends not so much on the thermophysical
characteristics of the heated object, but on the presence of moisture in it and the nature of its
distribution by volume. The ability of dielectric heating is effectively used in the food industry
when defrosting products. Defrosting in the microwave field allows you to speed up the process
tenfold and to a large extent preserve the quality of food products. Good results are given by
combined methods of defrosting microwave heating with ultrasound, as well as with the method
of blowing the product with cold air. The use of microwave heating with other physical methods
and energy carriers makes it possible to intensify technological processes, reduce the cost
of finished products, as well as increase the nutritional and biological value of raw materials,
semi-finished products and finished products

Key words: technological equipment, microwave energy, thermal processes, microwave
heating, induction field.

Anmonenko A. B., bposenko T. B., 3emnina I0. B., Kpueopyuxo M. IO., Tonox I. A.,
Bacunenxo O. B. Ocoonusocmi MiKpoxeuib08020 HAZPieaIbHO20 0ONAOHAHHA 6 20METbHO-
pecmopannomy dizneci ma xapuosiii RPOMuUCcI060Ccmi

Y emammi nasedeno ocobnusocmett 63aemodii HBY-enepeaii 3 xapuo60oio cupo8uHow ma npo-
OYKMAaMu Xapuy8anHs. ma npoedeHts: aHAIMuYHo20 0210y 3acmocysanisi HBU-06pobku ois
PI3HUX MEXHONO2IYHUX NpoYecié y Xapuosill NPpOMUCIOB0CMI Md 20MelbHO-PeCmOPAHHOMY
6isneci. Y pobomi posensinymo ocobnusocmi e3aemooii HBU-enepeii 3 xapuoeoio cuposunor
Mma nPoOyKmamu Xapuyeants ma HagedeHo o2isio 3acmocygants HBU-00pobku ons pisnux mex-
HONO2IYHUX NPOYeci8 Y Xapuosill NpOMUCIO80CMI ma 2omenbHo-pecmopannomy Oisneci. Hessa-
JHCAIOUU HA KINbKICMb HAYKOBUX 00OPOOOK NPUCEAUEHUX MeMi MEeXHON02INHO20 YCMAMKY8aHHs,
sokpema HBY-nazpisy, 6 Yxpaini ye nedocmamuvo oceimieHa mema aKka UmMazac 00Cai0HCeHHs
BPAXOBYIOUU YMOBU CbO2OOEHHA 6 HAYIOHANbHIL eKOHOMIYi. [{is cmeopeHHa payioOHANbHIuUX
MEXHONOTUHUX NPOYeCi8 BUKOPUCIOBYIOMb KombiHayito HBY Hazpieants 3 iHUUMU eHepeOHOCI-
amu: nap, eapsye nogimps, 14-unaepies, posizpimuil dcup, saxyym, yimpaseyk. Tennosa 06poodxa
Xapuosux npoOyKmie @ pexicumi npueony8ants nooiIAEMsvCs Ha 08a emani: posiepie 0o memne-
pamypu, wo 6CMAaHOBULACS, | NIOMPUMAHHSL YiEl meMnepamypu 00 HACMAHHS NOBHOT KYIiHAPHOT
eomosnocmi. Takooc 3acmocogyemvcs memod cmyninuacmoeo HBY-naepigy, sikuiti 3abe3neuye
BUCOKY WBUOKICIMb HASPIEY Ma 00380/I8€ YHUKHYMU HEPIGHOMIPHOCTI HASPI8Y OKPeMUX OLISHOK
06pobmosanux 6upobig. Takum yunoM 3a6e3neuyemvcs MONCIUBICHb NePePO3NOOLTy memnepa-
myp wWasxXom menionpogioHocmi mamepiany npu oo mepmocmamyseanti. O0Hieo 3 ocoonu-
socmeti HBU-00pobku € moxcaugicms weuoOKo2o i 6i0HOCHO PIBHOMIPHO20 HA2Pi8y NpOOYKNiy
10 8CbOMY 00 °€MY, AKULL 3A CBOEI0 NPUPOOOIO 3ATeHCUMb He CIMITbKU 810 MeNI0QI3UYHUX XapaK-
mepucmux 00’€kma, wo HASPiBAEMbCA, CKIIbKU 8I0 HAAGHOCMI 6 HbOMY 80N02U I Xapaxmepy
i po3nodiny 3a obcsazom. 30amuicms OieneKMpUUHO20 HA2PI8Y epheKmuHO BUKOPUCMOBYEMbCS
Y Xap4o8iti nPOMUCIO80CME NPU POIMOPONCYBAHHI npodykmis. Pozmopooicysanns y HBY-noni
003807151€ 8 0eCAMKU Pa3ie NPUCKOPUMU NPoyec ma 3HA4HOI0 MIpoIo 30epecmu AKICIb Xapuo8ux
npodykmis. Xopowti pesyismamu 0aroms KOMOIHOBAHTI Memoou pozmoposicysannss HBU-nazpigy
3 YIbMPA38YKOM, d MAKONC 3 MemoOOM 000VEAHHS NPOOYKMY XOLOOHUM NOSimpsam. 3acmocy-
eannsi HBY-naepigy 3 inwumu Qizuunumuy mMemooamu ma eHepeoHOCIaIMU 00360510y [HMEH-
cughikysamu mexnono2iuki npoyecu, 3Hu3umu codisapmicms 20moeoi npooyKyii, a maxoic nio-
BULYUMU XAPYO8Y MA OION0IUHY YIHHICMb CUPOBUNU, HANIBHabpuKamie ma 20mogux 6upoois.

Knrwouogi cnoea: mexnonoziune ycmamxysanms, HBU-enepeis, mennosi npoyecu, HBY-naepis,
iHOyKyitiHe none.
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Introduction. Currently, in the food industry and the hotel and restaurant industry,
special attention is paid to physical methods of influencing raw materials, semi-finished
products and finished products, which are capable of intensifying heat exchange processes,
ensuring microbiological safety, as well as improving and increasing the nutritional value
of food raw materials. A physical method capable of achieving these goals is heating
in an electromagnetic field. The paper examines the peculiarities of the interaction
of microwave energy with food raw materials and food products and gives an overview
of the application of microwave processing for various technological processes in
the food industry and the hotel and restaurant business. Despite the number of scientific
works devoted to the topic of technological equipment, in particular, microwave heating,
in Ukraine this is an insufficiently illuminated topic that requires research, taking into
account the current conditions in the national economy.

Formulation of the problem. Modeling heat treatment of food products is a process
of creating a product as a single integrated system consisting of elements that do not
individually provide the specified properties. Conceptual approaches to the modeling
of heat treatment and regimes based on them consist in optimizing the choice
and ratio of methods by which it is possible to obtain a finished product that, in terms
of quantitative content and qualitative composition, corresponds to nutritional value
indicators and medical-biological requirements to the greatest extent. The use of various
heating methods allows you to qualitatively process food raw materials and products in
the shortest possible time.

The aim of the study. The purpose of the article is to study the peculiarities
of the interaction of microwave energy with food raw materials and food products
and to carry out an analytical review of the application of microwave processing for
various technological processes in the food industry and hotel and restaurant business.

The object of the research is the peculiarities of the interaction of microwave energy
with food raw materials and dishes.

The subject of research is technological equipment, microwave energy, thermal
processes, quality and safety.

Analysis of recent research and publications. Scientific substantiation
and development of thermal processing technologies for various types of food products
based on thermal energy is an urgent task, the solution of which will allow expanding
the range of dishes with increased nutritional and biological value and obtaining products
with specified functional properties.

A significant contribution to solving the fundamental issues of creating technologies
and equipment for food products with complex raw materials as a means of preventing
and eliminating micronutrient deficiencies was provided by the research of the following
domestic and foreign scientists: O.0. Grinchenko, A.B. Horalchuk, A.M. Dorokhovych,
L.Yu. Zhigalenko, A.V. Ziolkovskaya, P.O. Karpenka, M.B. Kolesnykova,
VN. Korzuna, M.V. Kravchenko, H.M. Lysyuk, L.P. Malyuk, L.M. Mostovoi,
N.Ya. Orlova, M.I. Peresichny, P.P. Pivovarova, N.V. Prytulska, G.B. Rudavska,
M.R. Ennis, J.C.F. Murray, G.O. Phillips, W.C. Weling, P.A. Williams and others [1-13].

Presentation of the main research material. The heating of bodies, in
particular food products, in an electromagnetic field differs from their heating due
to heat conduction or convection in that the elements of the medium that separates
the generators of electromagnetic oscillations and the objects of heating, as a rule, do
not participate in the transfer of heat. Therefore, in such systems (generator — medium —
heating object) the heat flow is not continuous and the energy is transferred in the form
of electromagnetic waves. Heat arises in the objects of heating themselves due to its
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interaction with the electromagnetic field. Electromagnetic waves of the appropriate
frequency v and length can be used in the production of food products to implement
three main methods of heating bodies; infrared (IR), dielectric (DE) and induction (ID).
It is worth noting that with IR and DE heating, food products are directly heated, while
with IR heating, only some ferromagnetic part of the device is heated [1; 2; 4].

Dielectric heating is a method of heating dielectric materials with a time-varying
electric field. Ultra high frequency (UHF) heating is the use of ultra high frequency
electromagnetic field energy with a frequency range of 3-108 — 5-3-1010 Hz to
heat various environments and bodies. According to the international agreement on
the division of frequencies, frequencies of 895-915 MHz and 2350-2450 MHz are used
for microwave installations [5-7].

From an electrophysical point of view, food products should be classified as
semiconductors. Food products are, as a rule, complex heterogeneous systems
containing water in the amount of 50-95 %. From the point of view of the interaction
of food products with the electromagnetic field, their components such as proteins, fats,
carbohydrates, and water should be classified as non-ideal dielectrics, and aqueous
solutions of salts (electrolytes) as conductors. When an external electric field is applied,
displacement currents that reflect the dielectric properties and conduction currents
that reflect the movement of free charges arise in the product. The latter are always
present in wet food products, as alkalis, acids and salts dissociate in water, resulting
in the formation of ions and active conductivity of the material. The effect of heating
food products in an ultrahigh-frequency (UHF) field is mainly (but not entirely) related
to their dielectric properties, which are determined by the behavior of dipoles in such
a field. Dipoles (dipole molecules and atoms) can be present in a food product, for
example, water molecules, or arise in it under the influence of an external electric field.

The orientation of already existing dipoles, and even the emergence of new dipoles
and its orientation under the influence of an external electric field constitute the essence
of polarization. It occupies a central place in the mechanism of heat generation in bodies
located in the microwave field. The energy of the external field, spent on the polarization
of the dielectric, is transformed into heat in it, and the heat occurs in the entire volume
of the material, and not only on its surface. Therefore, DE-heating is often called
volume heating. Dielectric properties of food products and various materials depend
mainly on their nature, humidity, temperature and frequency of field oscillations. The
complex nature of the interaction between the amount of heat released and the depth
of penetration of the microwave field leads to the need to select a product of such
thickness that overheating of its outer (with large values of the absorption coefficient)
and internal (with small values of the absorption coefficient) layers is not observed
[8]. Microwave heating has a number of advantages over traditional methods of heat
treatment:

— high rate of heating and its uniformity due to “volumetric” heat supply;

— preservation of vitamins and other essential nutrients of the food product;

— the possibility of a moderate mode of heat treatment, heat supply in pulses, i.e.
step heating;

— creation of a given temperature unevenness during heat treatment of food products
by selecting the shape of the microwave generator’s working bodies or by using curtains
(screens) that regulate the transmission of microwaves to the product;

— high efficiency of the process (the absence of contact with the heat carrier
and the generation of heat in the product itself minimize heat loss to heat the equipment
and to the environment;
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— the consumption of electricity by microwave generators is much less than by
electrolytes and other heating devices);

— improvement of working conditions by reducing the release of gaseous substances,
steam and heat into the environment [9].

However, DE-heating has a drawback, which is the absence of a specific fried crust
on the surface of the products. Therefore, DE heating is recommended to be used in
combination with IR heating and traditional methods of heat treatment [10].

Currently, microwave processing is used in the hotel and restaurant business
and the food industry in the following processes: heating and preparation of dishes,
drying, defrosting, cooking, baking, disinfection, extraction, as well as as a stimulating
factor aimed at intensifying technological processes and increasing food values of raw
materials, semi-finished products and finished culinary products. To create more rational
technological processes, a combination of microwave heating with other energy carriers
is used: steam, hot air, infrared heating, heated fat, vacuum, ultrasound. The most
common way of using microwave energy is heating and cooking dishes and culinary
products. Heat treatment of food products in the cooking mode is divided into two
stages: heating to a set temperature and maintaining this temperature until complete
culinary readiness. The stepwise microwave heating method is also used, which ensures
a high heating rate and avoids uneven heating of individual areas of the processed
products. In this way, the possibility of temperature redistribution is ensured through
the thermal conductivity of the material during its thermostating. One of the features
of microwave processing is the possibility of rapid and relatively uniform (gradient-
free) heating of the product throughout the entire volume, which by its nature depends
not so much on the thermophysical characteristics of the heated object as on the presence
of moisture in it and the nature of its distribution by volume This ability of dielectric
heating is effectively used in the food industry when defrosting products. Defrosting
in the microwave field allows you to speed up the process tenfold and to a large extent
preserve the quality of food products. Moisture loss in products during defrosting
in the microwave field is negligible. Good results are given by combined methods
of defrosting microwave heating with ultrasound, as well as with the method of blowing
the product with cold air [4; 6; 7].

In scientific papers, the technology of defrosting hydrobionts in the microwave
microwave field was developed, which made it possible to reduce the time oftechnological
processes by 4—15 times, as well as to increase the nutritional and biological value
of finished products. Fibers and microstructure of muscle tissue at the cellular level are
preserved better and more integrally, pH values are stable. Protein denaturation changes
are insignificant, characterized by an increased level of solubility of sarcoplasmic
(by 16-20 %) and myofibrillar (by 19-27 %) fractions 2 by the content of essential amino
acids (methionine, cysteine, leucine, isoleucine by 9-31 %), the degree of hydrolysis
and oxidation of lipids is 1.5-3 times lower, which ensures an increased total content
of polyunsaturated biologically active fatty acids from 3 to 8-16 % [5].

Similar results were obtained when defrosting meat in blocks with microwave energy.
In [8], a method of defrosting apple fruits under the influence of microwave energy is
proposed. At the same time, the duration of the thawing process is reduced by more than
20 times, but the content of dry substances increases, and the organoleptic indicators
of thawed fruits improve. Due to the peculiarities of the interaction of microwave energy
with food raw materials and products, drying in the microwave field ensures uniform
heating of the product, and the efficiency of the process practically does not depend on
the thermal conductivity of the drying material and is determined only by the moisture
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content in the product. Areas with a high moisture content heat up most intensively, but
as the humidity decreases, the heating rate decreases. This makes it possible to exclude
overheating of the product and deterioration of organoleptic indicators. At the same
time, losses of nutrients and primarily vitamins are significantly reduced. As a result
of volumetric heating of products during microwave drying, all free moisture inside
turns into steam. At the same time, excess pressure is created, as a result of which
the product increases in volume and acquires a porous structure. This is of great
importance in the technology of fast food products, such as beverages, cereals, soups
based on vegetables, fruits or grains. The most promising combined drying: convective
drying and microwave drying [9]. In devices with a microwave source, the intensity
of the process of drying compound feed and grain increases by 5-10 times [10].

In the works of the authors, it was proposed to use the energy of the ultrahigh-
frequency (HF) field for vacuum-sublimation dehydration of food products. The
nature of microwave heating allows for a sharp intensification of the processes of heat
and mass exchange, since the heating of the product occurs throughout the volume
and the temperature and humidity gradients coincide in the direction [6].

In the works of scientists, the advantage of using microwave energy for drying
coriander seeds compared to convective drying is substantiated [7]. When cooking
and blanching using the energy of the microwave field, the duration of processing
and the loss of food substances are reduced. Scientists have developed a high-frequency
device for cooking chopped raw meat. This installation made it possible to increase
productivity and reduce economic costs.

The use of microwave field energy for the extraction of oils from vegetable raw
materials allows you to speed up the process, achieve almost complete extraction of oils,
and preserve the nutritional and biological value of the finished product [10]. Thus, in
scientific papers, a scheme for microwave extraction of biologically valuable components
from plant raw materials (eucalyptus leaves) is proposed. It has been established that
under the influence of microwave energy, essential oils (up to 99.5 %) and soluble salts
are extracted as completely as possible. At the same time, the speed of extraction is
higher than with steam extraction. Intensification of the extraction process occurs due
to the occurrence of excessive pressure inside the tissues due to steam formation. The
resulting water vapor “pushes” substances from the cells to the leaf surface [10].

Microwave heating can also be successfully used to process raw materials with
active enzymes (for example, malt products, grain, plant seeds), thereby regulating
and achieving the desired enzyme activity indicators [11; 12].

Depending on the processing modes, it is possible to increase the activity or cause
the inactivation of enzymes. In agriculture, microwave treatment of seeds before sowing
helps to increase their germination and viability. The stimulating effect of microwave
energy is explained by the stimulation of active centers of enzymes involved in
the processes of seed germination, as well as an increase in the permeability of cell
membranes due to the formation of free radicals, which contributes to a better supply
of cells with oxygen and water. Microwave processing has become widespread in
the bakery and confectionery industry. Microwave processing is widely used to disinfect
and improve the nutritional value of grain. Under the action of a microwave field with
a heating rate of 0.4-0.6 °C/s and an exposure of 60 s, a disinfecting effect is observed
during storage, and in some cases, an improvement in the food qualities of grain and its
processing products. Microwave processing of food grain wheat leads to an increase
in its baking qualities due to the improvement of the physical properties of gluten, as
well as a decrease in the content of starch in wheat grains, an increase in hydrolysis,




XapuoBi TeXHOJIOTI] |

| 155

which positively affects the baking qualities of products [13]. A similar decontamination
effect can be observed in the processing of dried fruits, decontamination of dried fruits
from sporulation by species of the genera Mucor, Pynicillium, Phomopsis and general
microbial contamination occurs [14].

When the yeast semi-finished product is treated with an ultra-high frequency
electromagnetic field (microwave field), the fermentation process is intensified.
A strong electric field, acting during kneading, intensifies dough fermentation processes
and increases the rate of CO, release and dough rising with increasing temperature from
room to 30 °C [11].

Carrying out the dough proofing process in the microwave field at a power of
250-500 W for 1040 seconds during the production of flour products reduces the duration
of the process and allows you to significantly improve the quality of the finished product
[12]. When baking in an ultra-high-frequency electromagnetic field, the heating rate
increases and the duration of heat treatment is reduced by 510 times compared to surface
heating, burning of products is excluded, the nutritional value of the product is more fully
preserved, and the yield of finished products increases [13]. Processing in the microwave
field of ready-made flour confectionery and bakery products inhibits the activity of moldy
microflora, which allows to increase the shelf life of the products [14].

Conclusions. The studied data on the use of microwave energy in various technological
processes allow us to talk about the effectiveness of this physical method of processing
products. The use of microwave heating, as well as its complex with other physical
methods and energy carriers, allows you to intensify technological processes, reduce
the cost of finished products, as well as increase the nutritional and biological value of raw
materials, semi-finished products and finished products. At the same time, the mechanisms
of the influence of microwave energy on food products remain unexplored.
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