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Measures and Means to Improve the Energy Efficiency of Food Production

Abstract. Improving the energy efficiency of modern enterprises, including the food industry as one of the priorities for 
the life support of the population, is of strategic importance for Ukraine. The purpose of the study is an analysis of the 
energy-saving potential of food industry enterprises and the search for ways to reduce the energy intensity of technological 
processes, devices, and equipment, as well as transmission heat losses of buildings and structures. For field tests of 
industrial and technological objects, a combined thermal imaging and thermometric research methodology was chosen, 
which combines thermal imaging of characteristic thermal zones to detect anomalous areas and contact measurements 
of thermophysical parameters in these zones. A computerised information and measuring system equipped with a set of 
primary sensors of temperature, heat flux, humidity, etc. was used for long-term monitoring of thermophysical parameters 
simultaneously at different sites of the facilities. As a result, an array of data was obtained and processed, the parameters 
of complex convective and radiation heat transfer were calculated, and the heat transfer resistance was determined, 
which allows assessing the degree of danger of the detected thermal anomalies and developing measures for thermal 
modernisation of facilities using modern thermal insulation materials. Reduction of heat loss in production processes 
is also achieved by organising high-quality thermal insulation of technological apparatuses, pipelines and refrigeration 
equipment. The main parameter for selecting the required material is its low thermal conductivity in the operating 
temperature range of the equipment. For the effective heat insulator selection, the thermal conductivity of a number of popular 
materials of world-famous manufacturers was studied based on the certified information-measuring system of Ukrainian 
design by the stationary plate method with the use of heat flux and temperature sensors. The thermophysical parameters of 
heat-insulating materials in the range of 0.02...0.045 W/(m·K) were estimated and thereby revealed the thermal conductivity of 
materials with a closed microporous structure to be half that of fibrous ones and not dependent on the density of the material, 
which makes them the best option for high-quality insulation of buildings and equipment of food production

Keywords: energy saving, energy audit, thermal insulation, monitoring, heat transfer resistance, thermal resistance, 
thermal conductivity

Introduction
The energy supply of the economy and efficient use of 
fuel and energy resources of Ukraine is one of the main 
national priorities in terms of its economic significance. 

The economic condition of each enterprise is determined 
by its ability to effectively reduce energy consumption. 
Ukraine’s industry, including food and processing, has a 
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huge potential for energy and resource saving with the 
introduction of the latest technologies and equipment, the 
use of secondary energy sources, as well as the modernisa-
tion of obsolete energy equipment, buildings, and structures 
for industrial purposes.

Leading scientists and economists dedicated their 
works to the study of energy saving issues in Ukraine, the 
formation of mechanisms for the implementation of energy 
saving measures of industrial enterprises, development of 
an energy efficiency strategy that accounts for the conditions 
and features of the functioning of energy supply systems of 
industrial enterprises and will allow solving key challenges of 
efficient use of energy resources in the long term.

Experts distinguish the following main types of en-
ergy-saving measures: organisational, technological and in-
vestment [1-3]. The latter include highly effective measures 
for the transition to alternative energy sources and the use 
of modern energy-saving production technologies [2], but 
require higher capital investments, while others are less 
costly and no less effective.

Organisational measures include internal energy 
audit and compiling the “Energy passport of the enter-
prise” developed by the State Committee of Ukraine on 
Energy Saving according to the Law of Ukraine “On Energy 
Saving” [4; 5]. The introduction of energy certification of-
fers an opportunity to create an information database on 
the state of use and reserves of fuel and energy resources 
and creates conditions for the development of energy-saving 
measures for the future [3; 6; 7]. Every enterprise, including 
industrial or agricultural, and its boiler rooms must undergo 
this procedure once every 5 years. 

Ukrainian [1; 3; 6] and foreign experts [8] agree that 
the basic energy-saving measures are technological. First of 
all, it is the optimisation of technological processes, replace-
ment or modernisation of outdated industrial equipment, 
as well as the introduction of energy efficiency standards 
in the use of industrial buildings and structures. The norms 
of modern industrial construction already include Europe-
an requirements for energy saving and energy efficiency, 
and old enterprises need the so-called “thermal moderni-
sation”. Usually, it is a set of measures aimed at increasing 
the resistance to heat transfer of building envelopes and 
structures using modern heat-insulating materials, resulting 
in energy savings and reduction of heat loss [6; 7].

Thermal insulation of production equipment, tech-
nological heat and mass exchange apparatuses, vessels 
and pipelines is also an important part of the complex of 
energy-saving measures in the food and processing indus-
try [7-9]. Thermal insulation of pipelines, vessels and appa-
ratuses is a mandatory procedure after their strength and 
density tests. Heat losses from poorly performed insulation 
works lead to an increase in thermal loads on equipment, 
violation of thermal conditions of technological processes, 
and deterioration of product quality. Materials must pro-
vide high-quality protection of production equipment and 
pipelines during temperature and humidity fluctuations, 
which is especially important in the processes of cooling and 
cold storage of food products.

Refrigeration technologies are a significant seg-
ment of energy consumption in the food industry, be-
cause without which any processing of livestock products, 
food production and its proper storage is impossible [9]. 

The main aspects of cold insulation measures are:
− insulation of trucks with isothermal vans for perish-

able products equipped with refrigeration units; 
− insulation of refrigerated railway wagons; 
− insulation of domestic and industrial refrigerators; 
− insulation of pipelines and containers with refrigerants; 
− insulation of mobile and stationary freezers for food, 

special chemicals and other materials.
Cold insulation, like thermal insulation, also con-

tains an energy-saving potential aimed at reducing or pre-
venting the transfer of heat from the environment to an 
object that is artificially cooled to maintain a negative tem-
perature and vice versa, which can be ensured by the use of 
efficient low-heat-conducting heat insulators.

The purpose of the study is to determine the trans-
mission heat losses of industrial facilities and equipment 
of food production and to justify the choice of the most 
effective heat-insulating materials for their maximum 
reduction.

Materials and Methods
1. Determination of heat transfer resistance of multilayer 
enclosing structures of industrial buildings and structures, 
power equipment, energy-intensive equipment and techno-
logical apparatuses. 
The traditional method for determining transmission heat 
losses is a calculation method based on the average annual 
temperature of the object and the environment and empir-
ical coefficients. Such a method is approximate and gives a 
generalised notion of the actual state of the object. Real re-
sults can be obtained only by long-term monitoring of the 
thermal state of the object in in-situ conditions, followed 
by processing the obtained data array. 

The most modern method of such studies is the com-
bined thermal imaging and thermometric method  [6;  7], 
recommended by regulatory documents [4; 10]. At the first 
stage, thermal imaging of the elements of enclosing struc-
tures (ES) of buildings, structures or equipment is carried 
out, based on the results of which the images of tempera-
ture fields are analysed to determine the zones of thermal 
anomalies. The next step is to study the thermal protection 
properties of the ES using a wide range of devices to deter-
mine a number of characteristic parameters: the tempera-
ture of the ES surfaces and the environment, the density 
of heat flux through the ES and from energy sources, air 
humidity and materials, air velocity, heat exchange coeffi-
cients. At the same time, the use of a number of separate 
devices can lead to a multiplication of the total measure-
ment error and is technically and economically unprofitable.

ES of objects usually consist of various structural 
elements with different thermal resistance, so for surveys 
and qualitative assessment of heat loss, it is necessary 
to conduct long-term monitoring of the thermal state of 
the structure or apparatus, while simultaneously measur-
ing and recording the values of temperature and heat flux 
density in several dozen characteristic and abnormal areas. 
Therefore, to conduct synchronous and long-term studies, 
it is advisable to use an information-measuring system, 
which is presented in Figure 1, the computerised system 
“RESOURCE” [7], developed for the complex instrumenta-
tion support of the research of objects’ ES according to the 
methods of standards [4; 10].
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Figure 1. Appearance (a) and functional diagram (b) of the information-measuring system “RESOURCE”: 
HFS – heat flux sensors (transducers); TS – temperature sensors (transducers), HM – humidity meter (sensor), 

PC – personal computer
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“RESOURCE” is a multichannel measuring system 
that allows determining the density of the heat flux, the 
temperature of the surface and the air near it at many dif-
ferent sites of the object under study, humidity, thermal 
conductivity, heat transfer coefficient and components of 
the heat flux in complex heat exchange and calculating the 
value of transmission heat losses on the surface of the object 
in production and laboratory conditions.

The system is fully equipped (Fig. 1) with:
– specialised heat flux sensors HFS and temperature TS 

in quantities determined by the relevant regulatory doc-
uments  [4; 10] for heat engineering tests of construction 
objects;

– radiometer – absolute cavity receiver of hemispherical 
thermal radiation for non-contact measurement of thermal 
radiation flux density;

– “Alfamir” devise for the determination of convective 
and radiative heat transfer coefficients and flow compo-
nents in complex heat transfer, which is a flat structure of 
two HFSs on a common isothermal substrate, with thermo-
couples for measuring the temperature of the substrate and 
adjacent air. Free surfaces of both HFSs have contrasting 
degrees of blackness, the range of values of which is from 
0.85 to 0.90 for black and from 0.02 to 0.25 for white HFS;

– the primary air humidity sensor HM.
Specialised measuring devices, such as Fluke, are 

used for thermal imaging and non-contact temperature 
measurements [11]. To simultaneously measure the thermal 
conductivity of the material of the structure, a portable 
probe express thermal conductivity meter can be connected 
to the system [7].

Main technical characteristics of the resource system:
– range of measured values of surface heat flux density 

from 10 to 500 W/m2;
– basic permissible relative error of measuring the surface 

heat flux density ± 4%;
– measured temperature range from minus 40 °C to 

+50 °C;
– the main permissible absolute error of temperature 

measurement is ±1 K.
When surveying natural objects, their individual 

characteristic zones can be located at a considerable dis-
tance – up to several tens of meters, which necessitates the 
use of a distributed measuring system with several mod-
ules. To monitor the thermal condition of such objects, a 
modified measuring system “RESOURCE-RC” with a radio 
communication channel between the modules (Fig. 2) and 
the central control unit was developed. 

 
Figure 2. Multichannel measuring module “RESOURCE-RC”

TS
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Each measuring module can be connected to eight 
primary sensors of different types, and it is powered by a 
built-in 12 V battery. Low-power transceivers with a ca-
pacity of up to 10 mW, which do not require special per-
mission, are used to transmit data over the radio channel. 
Each module, working separately, collects measurement 
data from its sensor group and discretely transmits it to 
the central control unit, where it is processed in the software 
environment. 

Primary heat flux sensors are bimetallic converters 
of the auxiliary wall type according to DSTU 3756-98 [12]. 
The visual appearance of the specialised HFSs is presented 
in Figure 3 in several modifications that account for the 
specific features of the surveyed objects and can be mounted 
on different types of structures. Primary temperature sen-
sors are represented by a set of standard thermoelectric 
transducers the THC(L) type [13] and resistance thermom-
eters Pt-100 [14].

Figure 3. Measuring sensors of various modifications (a) and their installation during field tests
on the inner surface – heat flux sensors (b); on the outer surface – temperature sensors (c)

   
 

Data on the thermal regime of the inspected build-
ing structure or equipment is converted by primary sensors 
into analogue electrical signals and submitted to the input 
of the electronic unit, where they are sequentially regis-
tered. The electronic unit is designed as a portable case, and 
has slots for connecting primary converters and a computer 
communication interface. The unit also contains a built-in 
device for stabilising the reference junctions of differen-
tial thermocouples, the temperature of which is taken into 
account in calculations. Depending on the system modifi-
cation, the number of DC voltage measurement channels 
in the measuring unit varies from 32 to 96. The measure-
ment results are transmitted to the data acquisition and 
processing system and converted into heat flux density and 
temperature in the appropriate units (W/m2 and °C/C). The 
duration of continuous recording of research results can 
vary up to 3-5 days depending on the number of measuring 
channels and the amount of RAM of the system. 

The computing programme of the RESOURCE sys-
tem allows creating individual configuration files for each 
monitored object and defining the order of channel polling, 
time intervals and frequency of polling, exchange rate and 
computer port number. During operation, signals are mea-
sured according to a given programme, and their primary 
processing and visualisation are performed both tabularly 
in numerical form and in the form of functional graphs. At 
the same time, the data is stored in an MS Excel file, which 
makes it possible to further process it if necessary.

2. Study of thermal resistance and coefficient of effective thermal 
conductivity of thermal insulation materials. 
Materials based on foamed rubber, foamed polyethylene, 
and mineral wool are recommended for the insulation of 
food-grade industrial equipment. Less often, shells made of 
polyurethane foam and expanded polystyrene are used [15]. 
The selection of material depends on the operating condi-
tions of the facility, safety requirements, manufacturability, 
and cost-effectiveness of installation work, but the main 
requirement is low thermal conductivity of the material in 
the range of operating temperature of the equipment.

Mineral wool and expanded polystyrene are tra-
ditionally considered the cheapest and easiest to install. 
However, in practice, they are effective only for insulation 
of equipment operating at temperatures above 0 °C, be-
cause in aggressive conditions of fluctuations in tempera-
ture and humidity and condensation at negative tempera-
tures, mineral wool insulators lose their properties. foam 
polystyrene can be inhabited by rodents, which is not con-
sistent with the high hygienic requirements for the storage 
and transportation of food products. 

Therefore, the insulation material must be non-po-
rous or contain only closed pores, be eco-friendly, resistant 
to corrosion, fungal formation, and rodent damage. All 
these qualities are characteristic of polyurethane foam (PU 
foam), which is obtained from polyurethanes by foaming 
by the reaction of two liquid components – isocyanate and 
polyol in the presence of catalysts, emulsifiers, and other 
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impurities, resulting in the formation of microcapsules filled 
with filler gas. PU foam is applied using a low-pressure 
device in several layers to achieve the desired thickness for 
thermal calculations of the object, the foam hardens, forming 
a dense, uniform and sealed thermal insulation layer that 
does not require an additional vapour barrier. Sandwich 
panels based on PU foam are commonly used for the con-
struction of industrial facilities, in particular, warehous-
es-refrigerators for long-term storage of food products, 
mobile and stationary freezers, etc.

The Ukrainian market of heat insulators is constantly 
expanding through both import and domestic manufactur-
ers offering a wide range of products. The main indicators 
of the effectiveness of thermal insulation materials are their 
thermophysical characteristics: thermal resistance, which 
depends on the thickness of the material, and the coefficient 

of effective thermal conductivity, which has a clearly defined 
temperature dependence. Measurement of thermal conduc-
tivity of thermal insulation materials in Ukraine is regulated 
by a number of state and international standards [16-18].

Since most thermal insulation materials are non-ho-
mogeneous (including fibres, cavities, etc.), according to 
the current standards, the dimensions of the test samples 
of materials should be at least 250×250 mm in plan, while 
the measurement error should not exceed ± 3%. To conduct 
the research, we used a specialized information-measuring 
system (Fig. 4) developed in Ukraine, which implements 
a symmetrical scheme of the thermometric method using 
two identical primary heat flux sensors [19; 20] and embod-
ies a modern standardised approach to ensuring the necessary 
requirements for the accuracy and reproducibility of mea-
surement of thermophysical parameters and quantities [21]. 

 
 

 

  

Figure 4. Information and measuring system: a) external appearance of the heating unit; 
b) placement of samples in the measuring cell; c) functional blueprint

a) b) c)

The main element of the information and measure-
ment system is a thermal unit (Fig. 4, a), in which a sample 
of the test material is placed (Fig. 4, b) with the necessary 
temperature and thermal conditions provided (Fig. 4, c). The 
system is also equipped with a device for temperature con-
trol of the thermocouple reference junctions. All primary 
measurement information is accumulated and processed in 
an electronic unit containing means for regulating thermal 
conditions, receiving, and processing data and transferring 
them to a computer for further processing in a specialised 
software environment. Measurement of thermophysical 
characteristics of samples of construction and thermal insu-
lation materials can be carried out on samples up to 120 mm 
thick with maximum performance and standardised accuracy 
in accordance with the requirements of national and interna-
tional standards. Main technical characteristics of the system:

– range of values of the thermal conductivity coefficient 
0.02...3.0 W/(m⋅K);

– limits of permissible basic relative measurement error 
±3%;

– operating temperature range of -40 ºС...180 ºС; 
– the sample size is 300×300×(10...120) mm.

When preparing samples for the study, they are given a 
shape suitable for placement in the measuring cell: hard sam-
ples are ground to give the working surfaces a plane-parallel 
shape, and for soft and fibrous ones, additional equipment 

is made – spacers or a limiting frame. Before placing the 
samples in the measuring cell of the thermal unit, they are 
measured and weighed to calculate their density.

According to the standardised procedure [16], mea-
surements are carried out on at least three samples of the 
same material in a dry state at average temperatures of 10 °C 
and 25 °C, or in the entire operating temperature range, 
depending on the purpose of the experiment. Calculations 
of the coefficient of thermal conductivity are carried out 
according to standard dependences based on the average 
results of measurements of temperature, heat flux density 
and sample thickness [16; 17; 19]. The final result is calcu-
lated as the arithmetic mean for the tested samples, con-
sidering the measuring error of ±3%.

Results and Discussion
1. Determination of heat transfer resistance of multilayer 
enclosing structures of buildings, structures, power, and tech-
nological equipment
The combined thermal imaging and thermometric method 
was successfully tested in the study of building struc-
tures [22] and was included in the regulatory document [10]. 
Figure 5 demonstrates the results of a thermal imaging sur-
vey of the facade of the two-storey building by Fluke [11], 
conducted as part of a preliminary examination of its thermal 
condition.
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Figure 5. Thermogram of the facade of a two-storey administrative building

The study was conducted during the heating season, 
and the results of the thermogram analysis accurately iden-
tify areas with increased heat loss. The measuring sensors 
of temperature and heat flux (Fig. 3) of the “RESOURCE” 

Max. = -2.0 Max = -2.1
Av. = -2.4 Av. = -2.6

Min. = -2.9 Min. = -3.2

Max. = -1.0
Av. = -2.5

Min. = -3.2

system were installed on such zones outside and inside the 
building and the thermophysical parameters of the character-
istic part of the object were monitored for a certain period of 
time. The measurement results are shown in Figure 6.

Figure 6. Record of thermophysical parameters for a characteristic area of an object (wall):  
1 – internal air temperature; 2 – internal surface temperature of the object;  

3 – density of heat flux through the research object; 4 – temperature of the external surface of the  
object; 5 – outdoor air temperature

The result of the observations is an array of data 
on the change of thermophysical parameters in real time, 
which can be further processed according to the relevant 
standardised methods [4; 7; 10], determining the necessary 
parameters, analysing, and providing an expert opinion. 
During quantitative analysis, the actual values of the main 
heat engineering characteristics of the ES are determined 
and compared with the values of transmission heat losses 
obtained by the calculation method. This makes it possible 
to assess the degree of danger of detected thermal anoma-
lies for the normal functioning of the surveyed objects. Sig-
nificant defects, assessed by the level of thermal resistance, 
are considered to be those that lead to a local decrease in 
thermal resistance by more than 15%.

The combined thermal imaging-thermometric tech-
nique can be effectively used in the inspection and deter-
mination of heat transfer resistance not only of multilayer 
enclosing structures of buildings and structures but also of 
power units and industrial apparatus of food enterprises. The 
use of the information-measuring system “RESOURCE” for 
such studies has the following advantages: 

– the ability to conduct continuous synchronous ob-
servations of the thermal state of objects at several char-
acteristic points for a long time (up to 3-5 days) without 
stopping the technological process;

– high metrological level of measurements in real con-
ditions, automation of processing and documentation of 
results;
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– ability to conduct an energy audit and take energy-sav-
ing measures, in particular, carry out thermal modernisation 
of industrial buildings or perform thermal insulation of 
technological equipment, choosing the optimal material.

2. The results of thermal conductivity studies of modern ther-
mal insulation materials are presented in Table 1 at tem-
peratures of 10 °C and 25 °C and graphically in the operating 
temperature ranges − in Figure 7.

Table 1. Coefficients of effective thermal conductivity of heat insulators

No Material name Material density,
kg/m3

Thermal conductivity 
coefficient, W/(m∙K) 

1 IPN-nano KINGSPAN [23] 32 … 35 0.019…0.021

2 Polyurethane foam “ELASTOPOR” [24] 40 … 45 0.020…0.022

3 ISOVER mineral wool [25] 10 … 13 0.037…0.040

4 Expanded polystyrene 35 … 38 0.038…0.042

Figure 7. Temperature dependences of thermal conductivity coefficients of modern heat insulators
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The values given in Table 1 correspond well with the 
results of certification tests of established materials [24; 25], 
while for the newest material IPN-nano [23] the experi-
mental results were obtained for the first time. This material 
demonstrates high thermal insulation qualities, now it is 
used mainly as a filler for sandwich panels for the con-
struction of industrial refrigerators-warehouses and modern 
refrigeration and logistics complexes.

According to Fig. 6, it is possible to select the ma-
terial that will best meet the requirements for the oper-
ation of technological equipment or pipelines in a wide 
temperature range. The results of the research confirm 
the high thermal insulation properties of polyurethane 
foam, which, along with operational and hygienic prop-
erties, makes it one of the leading effective heat and cold 
insulation of refrigerators and freezers, especially for com-
plex-shaped structures.

Conclusions
Solving the issue of energy saving in the food industry re-
quires a comprehensive approach to identifying and elimi-
nating sources of heat loss. The procedure includes inspec-
tion and evaluation of thermal parameters of structures of 
buildings and equipment, and, if necessary, carrying out 
measures for thermal modernisation of industrial build-
ings and structures, industrial and power equipment using 
high-quality thermal insulation. 

A modern approach to research of the thermal state 
of objects is provided by a combined thermal imaging and 

thermometric technique, and modernisation of testing of 
enclosing structures of buildings and apparatuses in char-
acteristic zones is provided by the use of a multi-channel 
information and measurement system equipped with var-
ious sensors and devices. Such a system allows long-term 
monitoring simultaneously at many points of the object in 
automatic mode, which significantly increases the accu-
racy of research and eliminates the subjective influence of 
the operator, conducting energy audits and certification 
of industrial buildings and structures in accordance with 
the requirements of regulatory documents and develop the 
necessary energy saving measures, choosing the most opti-
mal material for this. 

The main characteristic that confirms the quality of 
the insulation material is the coefficient of effective ther-
mal conductivity. The study of the thermal conductivity 
of modern materials on a certified information-measur-
ing system in a wide range of temperatures confirms the 
high thermal protection properties of polyurethane foam 
0.020...0.022 W/(m·K) and IPN-nano 0.019...0.021 W/‌(m·K). 
These materials not only provide protection in conditions 
of temperature and humidity fluctuations, but also meet 
the requirements of industrial sanitation, which makes it 
possible to use them for heat or cold insulation of techno-
logical devices, pipelines, and equipment of food produc-
tion. More traditional materials − mineral wool and poly-
styrene − have almost twice worse thermal conductivity 
but are more cost-effective in the thermal modernisation 
of industrial buildings and structures for various purposes.
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Заходи і засоби підвищення енергоефективності харчових виробництв

Зінаїда Андріївна Бурова1, Леонід Йосипович Воробйов2, 
Сергій Олександрович Іванов2, Олег Леонідович Декуша3

1Національний університет біоресурсів та природокористування України
03041, вул. Героїв Оборони, 15, м. Київ, Україна
2Інститут технічної теплофізики НАН України
03057, вул. Марії Капніст, 2а, м. Київ, Україна
3Iнститут загальної енергетики НАН України
03150, вул. Антоновича, 172, м. Київ, Україна

Анотація. Підвищення енергоефективності сучасних підприємств, в тому числі харчової галузі як однієї 
з пріоритетних для життєзабезпечення населення, має стратегічно важливе значення для України. Метою 
дослідження є аналіз потенціалу енергозбереження підприємств харчової промисловості та пошук способів зниження 
енергоємності технологічних процесів, апаратів та обладнання, а також трансмісійних тепловтрат будівель і 
споруд. Для натурних випробувань промислових та технологічних об’єктів обрано комбіновану тепловізійно-
теплометричну методику досліджень, що поєднує тепловізійну зйомку характерних теплових зон для виявлення 
аномальних ділянок та контактні вимірювання теплофізичних показників в цих зонах. Для проведення тривалого 
моніторингу теплофізичних параметрів одночасно на різних ділянках об’єктів використано комп’ютеризовану 
інформаційно-вимірювальну систему, оснащену комплектом первинних сенсорів температури, теплового 
потоку, вологості та ін. В результаті отримано і опрацьовано масив даних, розраховано параметри складного 
конвективного та радіаційного теплообміну, визначено опір теплопередачі, що дозволяє адекватно оцінити ступінь 
небезпеки виявлених теплових аномалій та розробити заходи з термомодернізації об’єктів із застосуванням 
сучасних теплоізоляційних матеріалів. Зменшення тепловтрат у виробничих процесах також досягають шляхом 
організації якісної теплової ізоляції технологічних апаратів, трубопроводів, холодильного обладнання. Головним 
параметром для вибору необхідного матеріалу є його низька теплопровідність в діапазоні робочої температури 
обладнання. Для коректного вибору ефективних теплоізоляторів проведено дослідження теплопровідності низки 
популярних матеріалів відомих світових виробників на сертифікованій інформаційно-вимірювальній системі 
української розробки стаціонарним методом пластини з застосуванням сенсорів теплового потоку та температури. 
Оцінено теплофізичні показники теплоізоляційних матеріалів в діапазоні 0,02…0,045 Вт/(м·К) та показано, що 
теплопровідність матеріалів із закритою мікропористою структурою вдвічі менша за волокнисті і не залежить 
від густини матеріалу, що робить їх найкращим варіантом для спорядження високоякісної ізоляції будівель та 
обладнання харчових виробництв

Ключові слова: енергозбереження, енергоаудит, теплоізоляція, моніторинг, опір теплопередачі, тепловий опір, 
теплопровідність
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Abstract. Given the growing demand among consumers of the international market for propolis, it is important to review 
the compliance of national documentation with international, particularly the leading countries in the production and 
processing of this product. Integration and adaptation of national legislation to the norms of the world community 
legislation also requires revision of approaches to the quality and safety of propolis. Therefore, the purpose of the study 
was to analyse the current international and national regulatory legal acts of the leading countries of the world, which 
play a key role in the international market for the production and sale of propolis in terms of safety and quality of propolis. 
Authors used the Torraco method to analyse and synthesise scientific and regulatory data; the Springer scientific and 
metric database and the Google Scholar search. The materials included regulatory documents of Ukraine, EU, Brazil, 
Argentina, Poland, Mexico, East African region. It was established that the criteria for assessing the quality of propolis 
in international regulatory and technical documentation are organoleptic (appearance, consistency, colour, smell, taste), 
physicochemical (dry matter, total ash content, wax, resin) microbiological (yeast, moulds, Escherichia coli, Staphylococcus, 
Candida albicans, Paenibacillus, Salmonella) indicators of biological activity (flavonoids, oxidation, phenols, antioxidant 
activity, ethanol-soluble resins) and contamination (heavy metals, pesticide and antibiotic residues, radionuclides). The 
study revealed the non-compliance of the current regulatory document in Ukraine with the requirements of international 
regulations, namely in terms of: phenol content, ethanol and water-soluble resins, dry matter; total ash content; antioxidant 
activity; colony-forming units. It was determined that in Ukraine propolis is not divided into categories depending on wax 
impurities; the ambient temperature is not accounted for when determining the consistency index; botanical origin and 
methods of its selection are also not considered when assessing organoleptic properties. The approach for regulating the 
propolis market in Ukraine is substantiated as such that will contribute to the formation of added value for raw propolis 
when grouped by purpose and method of production and processing. The materials of the article are of practical value for 
the formation of new and harmonization of existing normative and technical regulations on the quality of propolis and 
can be applied by the working party on beekeeping development under the Ministry of Agrarian Policy of Ukraine
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Introduction
Ukraine is not among the leaders in the world market of 
propolis production. At the same time, the demand for 
propolis in the world is growing, as evidenced by the results 
of market research and forecasts based on them. The over-
all propolis market is expected to grow at an average rate 
of approximately 6.23% from 2022 to 2030 in monetary 
terms [1]. Over the past 14 years, the regulatory legal acts 
regulating the quality and safety of propolis have not been 
updated. Instead, the international standardisation organ-
isation, which includes 167 member countries, focuses its 
attention on propolis. Thus, the standard ISO/CD 24381 
Bee propolis – Specifications [2] is under development. 
This standard will contribute to achieving sustainable de-
velopment goals such as good health, reducing inequality, 
and responsible consumption.

Raw propolis is used in food [3], pharmaceutical [4] 
and other industries [5; 6]. The use of propolis in the food 
industry necessitates its standardisation, which guaran-
tees safety, quality and excludes the use of counterfeit raw 
materials [7]. Propolis has a very complex and variable set 
of compounds. Only in propolis collected by honeybees in 
different geographical regions with Populus spp. a total of 
344 substances were identified [8; 9]. A total of 8 species of 
Populus spp. serve as sources of propolis in different geo-
graphical regions. In the world, 16 plant sources, except 
Populus spp. are known and proven as sources of propo-
lis [10]. Propolis usually contains 40 to 70% balms (flavo-
noids and phenolic acids), 1-3% essential oils, 20-35% waxes, 
and 5% other substances [11].

The composition of propolis may include pollen 
grains from plants that were the sources of propolis and 
others in the flight zone of bees that produce pollen. Pal-
ynological analysis of propolis can serve as one of the 
methods for determining and confirming its geographical 
origin [10; 12; 13]. Since propolis is of proven botanical or-
igin and contains fragments of the source plant (trichomes, 
leaves, buds), their comparison can be used as one of the 
possible tools to prove the authenticity of the product [14]. 
While the plants that serve as the source of propolis are not 
subject to treatment with agrochemicals and pesticides, 
contamination of propolis with plant protection products 
does occur and affects the quality of propolis. According 
to the results of a study of various products made from 
propolis in Spain, Portugal, Belgium, England, the USA, 
and Chile, seven acaricides, fungicides and herbicides were 
found, with triadimefon present in 65% of the samples [15]. 
Samples of propolis obtained from the Czech Republic, 
Bulgaria, Slovenia, Serbia, Italy, Greece, and Canada were 
examined for the content of residues of agrochemicals and 
pesticides. The presence of acetamiprid, imidacloprid and 
thiacloprid was detected in seven samples out of thirty 
samples [16].

One of the equally important factors that affect the 
quality of propolis is the collection methods and proper ob-
servance of sanitary and hygienic requirements for keep-
ing bees. Such methods of propolis collection are distin-
guished  [17]: the use of means that are placed inside the 
hive (nets, grids, cloth) and do not require modification 
of hives; collectors that are traditionally used in Latin 
America and provide for the creation of external holes in 
the walls of the hive; traditional and much more common 

way of obtaining propolis through cleaning the elements 
of the hive. Studies [18] of Argentine propolis for lead con-
tent were conducted. Thus, propolis collected using nets 
contained 2 mg/‌kg of lead and collected by the traditional 
method of cleaning the elements of the hive − 8 mg/‌kg. The 
authors  [19] note that the use of collectors and collection 
methods “Propolizador Inteligente”, “De Propóleo Pi-
rassununga”, “Cuadros Colectores de Propóleo”, “Marco 
Colector de Propóleo”, “Método Propolizador Campechano” 
have a number of disadvantages that affect the quality of 
propolis. Among the main ones, the authors distinguish: 
the openness of the collectors and dust ingress into the 
propolis; propolis accumulated in the collectors is not 
protected from sunlight and can melt under high tempera-
tures; loss of volatile substances. According to the results 
of studies [20], propolis stored in an open container at 
room temperature of 24°C for seven hours lost weight of 
0.9  ±  0.3%, which is associated with the evaporation of 
volatile substances. Cleaning the hive elements as a way 
to obtain propolis, in addition to its mechanical contami-
nation, is accompanied by an increase in the wax content 
in the product. Besides, the wax can be contaminated with 
pesticides and agrochemicals, which additionally contami-
nate the obtained propolis [21; 22].

Preferably, no more than 0.05 mg/kg of pesticide 
residues are allowed in food [22]. At the same time, for 
prohibited organochlorine substances, this indicator is no 
more than 0.01 mg/kg. And for most agricultural organo-
phosphates, carbamates and pyrethroids, the permissible 
residues are in the range of 0.01-0.05 mg/kg (kumafos, 
chlorphenvinfos, boscalide) [23].

In the absence of natural plant sources, honeybees 
can use substitutes (bitumen, household paints, petroleum 
products, etc.), which significantly compromises the quality 
of propolis [24; 25]. In countries with arid climates, and 
also to obtain monofloral types of propolis, it is practised 
to roam to plant sources [26; 27]. This approach can be 
applied in Ukraine to improve the quality of propolis by 
moving apiaries away from technogenically unfavourable 
zones to collect product of improved quality.

The quality of propolis in Ukraine is regulated by 
DSTU 4662:2006 Propolis (bee glue). Technical specifi-
cations [28]. This standard applies to propolis, a resinous 
substance with bactericidal properties that bees collect 
from tree buds, process, and use as a construction and disin-
fectant material. In Ukraine, propolis is used for industrial 
processing in the food and cosmetics industries and the 
manufacture of pharmaceuticals. However, with the im-
provement of propolis production technologies, the devel-
opment of new equipment, loading and contamination of 
the environment as a source of plant resins, there is a need 
to review the current regulations and requirements for the 
safety and quality of this product.

The purpose of the study was to analyse the current 
international and national regulatory legal acts of the 
leading countries of the world, which play a key role in the 
international market for the production and sale of propolis 
in terms of safety and quality of propolis. To achieve this 
goal, the following tasks were identified: 1) to establish the 
concept of “propolis” and its variations in international 
legislation; 2) to identify the leading countries producing 
propolis in the context of the analysis of the world market; 
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3) to analyse international and national regulatory legal 
acts regulating the safety and quality of propolis; 4) com-
pare international, national (other countries) regulatory 
documents and regulations with Ukrainian regulatory doc-
uments regulating the safety and quality of propolis; 5) to 
formulate proposals for improving the legal regulation of 
propolis quality and safety in Ukraine, based on the latest 
scientific research.

Materials and Methods
For the theoretical study of the issue, scientific and regula-
tory and technical information was analysed, which allowed 
a systematised and generalised approach to the logical pro-
cessing of the obtained data to obtain a new interpretation 
of them. Analysis and synthesis of scientific information was 
performed by the Torraco method [29] using the Springer 
scientific metric database and the Google Scholar search tool.

The materials for the study were the requirements of 
Article 1308 of the Argentine Food Code “Propolis and the 
Inclusion of Technical Specifications”, Annex VII “On Regula-
tion of Identification and Quality of Propolis Extract” of the 
regulatory instruction No. 11 of 10/20/2000 [30]. Ministry 
of Agriculture of Brazil [31], standards “Propolis – kit pszc-
zeli PN-R-78891” [32], NOM-003-SAG/GAN-2017 “Propo-
lis, Production and Specifications for its Processing” [33], 
DEAS 990: 2019 “Bee Propolis – Specification” [34], DSTU 
4662: 2006 “Propolis (bee glue). Technical conditions” [28].

Results and Discussion
According to Regulation (EU) No 1308/2013, propolis is 
included in the general term “bee products” along with 
honey, beeswax, royal jelly, and pollen [35].

According to the Commission Regulation [36], honey, 
beeswax, royal jelly, propolis or nectar not intended for 

human consumption belongs to the category of by-products 
of beekeeping. Commission Regulation (EU) No. 142/2011 
defines import and transit requirements for propolis in 
particular [36]. Propolis must be exposed to -12 °C or lower 
temperatures for at least 24 hours and not originate from 
countries that are subject to a ban related to recorded cases of 
infection with Paenibacillus larvae, Acarapis woodi (Rennie), 
Aethina tumida, Tropilaelaps  spp. At the same time, the 
Commission Implementing Regulation [37] in Section 5 de-
fines that propolis is classified as edible products of animal 
origin that are used in the production of pharmaceutical 
products and food additives and are subject to control at 
import points into the territory of the EU.

There are no official data on the global production 
of raw propolis. However, the main producers are China and 
Brazil. Annual production in China increased from 35 tons in 
1984 to 300 tons in 2008 [38]. In 2004, production in Brazil 
was 250 tons and was estimated to be between 10% and 
15% of global production. Most of the propolis produced 
in Brazil is exported to Japan, and this market is constant-
ly growing [39]. Other major producers of raw propolis 
in the world include the United States, Spain, Romania, 
Argentina, and Chile. According to this study, total indus-
trial production ranges from 1,800 to 2,400 tons/year [1].

When raw propolis is converted to processed prop-
olis, its recovery rate in the bee nest is approximately 37-
47% at the beginning of the season. During the season, the 
recovery rate ranges from 15% to 25%, as nectar enters the 
nest and bees add more wax to the propolis. It is known 
that one scraping from the hive produces from 30% to 40% 
pure propolis [40]. But not all commercially produced prop-
olis is processed into pure propolis, some is consumed as 
raw propolis. The main enterprises operating in the global 
propolis market are shown in Table 1.

Table 1. Main enterprises in the global propolis market

Company name Countries

Apis Flora Brazil

Wax Green Brazil

Comvita New Zealand

Apiario Polenectar Brazil

King’s Gel Propolis Brazil

MN Propolis Brazil

Ponlee Propolis Brazil

Manuka Health New Zealand New Zealand

Zhifengtang China

Beijing Baihua Apiculture Technology Development Corp China

Source: [1]

The prevalence of Brazilian companies among the 
two companies of China and New Zealand deserves con-
sideration. According to Comvita, in 2017 its annual sales 
turnover amounted to NZD 156 million and its profit to 
NZD 9.4 million. In the same year, another company, Manuka 
Health New Zealand had an annual sales turnover of NZD 
80 million and a profit of NZD 3.5 million [1].

According to Annex VII “On the Regulation of the 

Identification and Quality of Propolis Extract” of the Nor-
mative Instruction No. 11 of 10/20/2000 [31] of the Ministry 
of Agriculture of Brazil, the main purpose is to establish 
minimum requirements for the quality of propolis extract. 
Propolis extract is understood as the product of extracting 
propolis components in neutral alcohol (food grade) ac-
cording to the technological process. Quality indicators are 
determined using sensory and physicochemical properties. 
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They are characterised by aroma, colour, taste, and appear-
ance, as well as the content of dry substances, wax, pheno-
lic and flavonoid compounds, alcohol, methanol, etc. There 
is a requirement for the absence of additives and polluting, 
foreign substances. Also, the product must not contain mi-
croscopic foreign substances of any nature. Special attention 
is paid to the presence of larval spores Paenibacillus.

East African Standard (Republic of Uganda) DEAS 990: 
2019 “Bee Propolis – Specification” defines general require-
ments, sampling, and test methods for bee propolis [34]. Bee 
propolis is a bee glue or resinous mixture that bees produce 
by mixing bee secretions and beeswax with collected ex-
udate from tree buds, sap flows or other botanical sources. 
Among the sensory indicators, the appearance, colour, taste, 
smell, consistency, and presence of foreign inclusions are 
determined. This standard also provides for specific re-
quirements, including humidity, total ash content, wax 
and resin content. The content of heavy metals, pesticide 
residues and veterinary drugs is strictly controlled. Micro-
biological requirements are also established. Test methods 
are carried out in accordance with international ISO stan-
dards [2], and the limits of indicators correspond to the 
established indicators of the Codex Alimentarius Commis-
sion [41]. The standard provides for labelling requirements 
and sets out mandatory items that must be indicated on 
the package. In addition to the above, this standard is con-
stantly aimed at implementation with international stan-
dardisation organizations, interested states during use and 
implementation, the World Trade Organisation, and the 
Codex Alimentarius Commission [41].

The official Mexican standard NOM-003-SAG/GAN-
2017 “Propolis, production and specifications for its process-
ing” [33], in addition to the generally accepted sections (such 
as scope, literature, definitions, sensory, physicochemical, and 
antimicrobial requirements, test methods, conformity assess-
ment), additionally contains sections on penalties and com-
pliance with international standards and recommendations. 
The standard provides for physical (colour, smell, taste, con-
sistency), chemical (flavonoids, common phenols, oxidation 
index) characteristics and antimicrobial activity. Regarding 
antimicrobial activity, all samples must be analysed for such 
microorganisms as Staphylococcus aureus (ATCC), Escherichia 
coli (ATCC) and Candida albicans (ATCC). Confirmation of 

compliance with all requirements must be provided by an 
official, approved or authorised laboratory indicating the 
number of the reference strain used in the analysis. In addi-
tion, the standard in the section of test methods details the 
methods of research and all procedures.

Article 1308 bis of the Argentine Food Code refers to 
the product called “Propolis and the inclusion of technical 
specifications” [30]. This regulation evaluates the charac-
teristics, properties, and safety limits of propolis. The la-
belling also indicates allergenic characteristics. Sensory 
characteristics include aroma, colour, taste, consistency, and 
appearance. Raw propolis must meet physical and chemical 
requirements, namely, set limits for the content of ash, 
phenolic compounds, flavonoids, lead, arsenic, pesticide 
and antibiotic residues, oxidation rate, etc. It is forbidden 
to use additives and foreign impurities. In addition to the 
requirements for raw propolis, this article also establishes 
requirements for soft propolis extract and indicates where 
the use of propolis as an ingredient will be allowed. Mild 
propolis extract semi-finished product, which is obtained by 
processing propolis raw materials with ethyl alcohol, to ex-
tract biologically active components, impurities and wax. 
The alcohol must be evaporated under a controlled tempera-
ture, so as not to affect the bioactive compounds, to pro-
duce a purified substance with a paste-like consistency. Raw 
propolis and mild propolis extract are designed to meet the 
special nutritional and nutritional needs of certain popula-
tion groups: food to meet the specific dietary needs of certain 
groups of healthy people; food to meet the nutritional needs 
of people with a certain physiological condition; fortified 
foods; biological supplements; food with propolis.

Polish standard “Propolis – kit pszczeli PN-R-78891” 
applies to the production and trade of propolis. Following 
the example of other standards, sensory and physicochem-
icall parameters are monitored. Special requirements ap-
ply to batch packaging and individual propolis packaging. 
A characteristic feature is that in this standard, propolis is 
divided into two classes I and II [32].

The analysis of the above-mentioned international 
and national regulatory documents regulating the safety 
and quality of propolis revealed discrepancies between most 
indicators. Regulatory documents of countries determine the 
consistency and appearance of propolis differently (Table 2).

Table 2. Description of the appearance and consistency of propolis in different countries of the world 

Countries
Indicators

Appearance Consistency

Argentina Homogeneous or heterogeneous, preferably
in uncompressed pieces

At room temperature: forged or hard, depending
on botanical and/or geographical origin

Brazil Hard, hard or soft substance of uniform 
colour, depending on the botanical origin

At room temperature: from plastic to solid, 
depending on the botanical origin

Poland -1 Solid at temperatures up to 20 °C, sticky and plastic 
at temperatures above 20 °C.

Mexico Resinous substance, hard, brittle At room temperature, it is pliable or hard, depending 
on its botanical origin

East African region Characteristic, depending on the origin
Lipophilic in nature, with decreasing temperature 
it becomes brittle, hard, as the temperature rises – 

soft, pasty, sticky

Ukraine Lumps, crumbs, or briquettes Dense, hard, heterogeneous at fracture

Note: 1the standard “Propolis – kit pszczeli PN-R-78891” does not regulate the indicator [32]
Source: grouped by authors based on sources [28; 30; 31-34; 42]
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The normative document of Ukraine [28] does not 
account for the ambient temperature when determining the 
consistency of the tested samples. Given the physicochemical 
characteristics of propolis and their dependence on tempera-
ture, it should be noted that failure to take this into account 
may lead to erroneous assumptions about these parameters. 

When assessing the appearance, the origin of propolis (plant 
sources) and methods of its selection are not included.

In the regulatory documents of the countries, there 
is a tendency of similarity of the established requirements 
for colour, odour, and taste, but there are also characteristic 
differences (Table 3).

Table 3. Sensory characteristics of propolis in different countries of the world

Countries
Indicators

Colour Smell Taste

Argentina

Yellow, brown, greenish, reddish, brown 
and their shades, depending

on botanical and/or geographical origin 
and concentration

Resinous or balsamic, depending 
on its botanical and/or 

geographical origin

Varied, from mild
to strong, bitter,

and spicy

Brazil
It is diverse, depending on the origin 

and concentration (amber tones, 
reddish and greenish)

Characteristic, depending on the 
botanical origin (balsamic

and resinous)

characteristic, mild
to strong, bitter,

and spicy

Poland Yellow to dark brown, often with
a green or red tinge Balsamic, pleasant -1

Mexico
Red, red-yellow, dark yellow,

brown-green, brown, or black, 
depending on the botanical origin

Resinous (woody smell)
or balsamic (waxy smell), 

depending on its botanical origin

From mild balsamic 
to strong and spicy, 

depending on its 
botanical origin

East African region Characteristic, depending on the origin Characteristic, depending
on the origin

Characteristic, 
depending on the origin

Ukraine
Dark green, brown, greenish-brown, 

brown, grey with greenish, yellow
or brown tint

Resinous (a mixture of smells of 
honey, pine needles, and poplar) Bitter, slightly burning

The main sensory characteristics of propolis in dif-
ferent regions are primarily determined by different bo-
tanical sources of origin. The aetiology of bees during the 
accumulation of propolis contributes to the polyfloricity of 
its composition and colour heterogeneity. In addition, the 

method of collection and cleaning can affect the main sen-
sory parameters of raw propolis.

Requirements for the content of biologically active 
substances are contained in most regulatory documents. The 
indicators almost do not differ among themselves (Table 4).

Table 4. Biologically active substances of propolis

Countries
Indicators

Flavonoids Oxidation Phenols AOA (CA50)4 Ethanol-soluble resins

Argentina min 0.5% max 22 с min 5%2 -5 min 30%

Brazil min 0.25% max 22 с min 0.5% -6 methanol max 0.4 mg/l 

Mexico min 0.5%1 max 22 с min 5%3 min 100 mcg/ml -7

Ukraine min 25% 0.6 per 1 mg cm3 -8

Notes: 1expressed as quercetin equivalents; 2expressed as gallic acid; 3expressed as the equivalent of gallic acid; 4ability of the substance 
to absorb free radicals, antioxidant activity; 5 the Article 1308 bis “propolis and inclusion of technical specifications” does not regulate 
this indicator; 6in Annex VII “On Regulation of Identification and Quality of Propolis Extract” the indicator is not regulated; 7in NOM-003-
SAG/GAN-2017 “Propolis, Production and Specifications for its Processing” the indicator is not regulated; 8in DSTU 4662: 2006 “Propolis 
(bee glue). Technical conditions” does not regulate the indicator
Source: grouped by authors based on sources [28; 30; 31; 33]

The regulatory documents of Ukraine should in-
clude the definition of the total amount of phenols, AOA 
(antioxidant activity), the content of ethanol and wa-
ter-soluble resins, and the methods for determining all 
indicators should be brought to international standards. 

Requirements should be divided according to the purpose 
of further use (for example, for the food or pharmaceutical 
industry). The analysed regulatory documents of Poland 
and the East African region (Uganda) do not regulate the 
content of biologically active substances of propolis [34].

Note: 1the standard “Propolis – kit pszczeli PN-R-78891” does not regulate this indicator [32]
Source: grouped by authors based on sources [28; 30; 31-34]
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Regarding physicochemical characteristics, only the 
standard of the East African region (Uganda) DEAS 990: 
2019 “Bee propolis – specification” [34] requires compliance 

with all the following indicators. Other countries specify 
in their regulations certain indicators that, as they believe, 
have the greatest impact on the quality of propolis (Table 5).

It is necessary to introduce the parameters of dry 
matter content and total ash content into the normative doc-
umentation of Ukraine. Depending on the collection method, 
the wax content will vary. It would be necessary to divide 
propolis into categories depending on the wax content. Prop-
olis of category 1 with a wax content of up to 5%, category 2 
up to 10% and category 3 up to 15%. The less wax, the higher 
the content of plant resins in propolis, and accordingly, the 
value and cost of propolis should be higher. This approach 
would encourage the industry to improve the technology for 
greater benefits, and the market would receive a better product.

The analysed regulatory documents of Poland [32] 
and Mexico [33] do not regulate the physical and chemical 
characteristics of propolis.

Contamination is important in developing the qual-
ity and safety of both raw materials and finished products. 
It is important that the most common heavy metals, pesti-
cides, antibiotics, and radionuclides must be controlled by 
regulatory documents during production. Some countries 
try to control most of the indicators, and some countries 
do not regulate these indicators in the analysed regulatory 
documents (Table 6).

In the analysed regulatory documents of Brazil  [31], 
Poland [32] and Mexico [33] heavy metals, pesticide and 
antibiotic residues in propolis are not regulated. The 
content of radionuclides in the analysed regulatory doc-
uments is not regulated. According to DSTU 4662:2006 
“Propolis (Bee Glue). Technical Conditions” the con-
tent of radionuclides is determined by the state hygiene 
standards GN 6.6.1.1-130-2006. The permissible levels 
of Cs-137 and Sr-90 radionuclides in food and drinking 

water approved by the Ministry of Health of Ukraine on 
05/03/2006, in particular, should not exceed the permissible 
levels of 137Cs any more than 600 Bq/kg, 90Sr no more than 
200 Bq/kg. [28] 

The standard “Propolis – kit pszczeli PN-R-78891” [32] 
does not regulate microbiological indicators. In addition, 
most of the reviewed regulatory documents do not pay 
special attention to microbiology, which may adversely 
affect the safety properties of propolis (Table 7).

Table 5. Physical and chemical characteristics of propolis

Countries
Indicators 

Dry substances, % Total ash content, %, max1 Wax, %, max1 Resin, %, max1

Argentina 10 5 -2

Brazil 11 -3 1 -3

East African region 6 10 30 50

Ukraine -4 15.0 -4

Notes: 1maximum allowed value; 2Article 1308 bis “Propolis and Inclusion of Technical Specifications” does not regulate indicators; 
3Annex VII “On the Regulation of Identification and Quality of Propolis Extract” does not regulate indicators; 4DSTU 4662: 2006 “Propolis 
(Bee Glue). Technical Conditions” does not regulate the indicators
Source: grouped by authors based on sources [28; 30; 31; 34]

Table 6. The normalisation of propolis pollutants, mg/kg

Countries
Indicators 

Arsene (As) Lead (Pb) Mercury (Hg) Cadmium (Cd) Pesticide and antibiotic 
residues

Argentina 1.0 2.0 -1 Not allowed

East African region 0.5 1.0 0.05 0.2 -2

Ukraine 0.5 1.0 -3 0.05 0.005

Notes: 1Article 1308 bis “Propolis and Inclusion of Technical Specifications” does not regulate this indicator; 2in DEAS 990: 2019 “Bee 
Propolis – Specification”, the indicator is not regulated; 3DSTU 4662: 2006 “Propolis (Bee Glue). Technical Conditions” does not regulate 
the indicator
Source: grouped by authors based on sources [28; 30; 34]
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It is proved that propolis contains wax of animal and 
vegetable origin [43; 44]. Bees can transfer old wax during 
nest rebuilding [44]. Contaminated old wax, together with the 
remains of veterinary drugs and pesticides, can penetrate into 
propolis. Thus, cleaning the nest elements from old honey-
combs (wax) and propolis improves the quality of the latter.

As a result, the national regulatory legal acts regu-
lating the quality of propolis should be updated in accor-
dance with international market requirements. Adapting 
regulatory documents to international ones should contain 
the principles of good beekeeping practice in propolis pro-
duction, which is currently absent in Ukraine.

The authors also consider it expedient to harmo-
nise the main quality indicators of raw propolis with the 
requirements of regulations of the leading countries of 
propolis producers (Brazil). In regulatory documents, it is 
necessary to divide the methods of determining quality 
into basic (general) and special, depending on the further 
use of the batch under study.

There are no requirements in the national regulatory 
framework on the quality of propolis regarding the quality of 
imported valuable types of propolis imported to the domes-
tic market. The requirements should also be updated. Par-
ticular attention should be paid to the prevention of coun-
terfeit and low-quality propolis in large batches for export. 
As a result of the analysis and systematisation of scientific 
information, international and national regulatory docu-
ments, it is proposed to elaborate:

1) a normative document regulating the process of ob-
taining propolis with the use of advanced technology as 
a preventive approach to obtaining safe and high-quality 
propolis that will meet the requirements specified in the 
regulations;

2) regulations for identifying propolis types (the type 
of propolis is labelled according to the dominant source of 
plant resin);

3) classification and relevant requirements depending on 
the further purpose and method of production/processing:

– Group I Raw Propolis is intended for use and processing 

in food, pharmaceutical, medical, and veterinary industries 
in Ukraine and/or for export.

– Group II Raw Propolis is intended for use and processing 
as technical raw materials in Ukraine and/or for export.

– Group III Raw Propolis obtained in an organic apiary.
– Group IV propolis, which is imported to Ukraine.

4) list of the most common agrochemicals and veterinary 
drugs that need to be identified in organic propolis, and the 
procedure for its mandatory review every 10 years;

5) methodology for determining the main substances 
of markers to identify the regional and botanical origin of 
propolis (plant fibres, palynology).

The proposed approach will regulate the propolis 
market in Ukraine and will contribute to the formation of 
added value for raw propolis in the case of its grouping by 
purpose and method of production and processing; will al-
low exporting propolis as raw materials or finished products.

Conclusions
The main producer in the world market of propolis is Brazil, 
the second place is shared by New Zealand and China. The 
norms of the national standard were analysed for compli-
ance with some foreign regulatory documents that con-
tain the most criteria for assessing the quality of propolis, 
namely: Brazil, Argentina, Poland, Mexico, East African re-
gion. European requirements for regulating the international 
propolis market are also given.

The regulatory document of Ukraine does not account 
for: ambient temperature when determining the consis-
tency of propolis origin (plant sources) and the methods 
of its selection when assessing the appearance; total phe-
nols, antioxidant activity, the content of ethanol and wa-
ter-soluble resins; dry matter content; total ash content; 
categorisation depending on the impurity of wax; microbi-
ological indicators. Regulations on the content of residues 
of veterinary drugs and pesticides should be expanded to 
reflect the modern drugs used.

Significant differences in national and international 
standards make it impossible to realise the export potential 

Table 7. Regulation of microbiological indicators

Countries
Indicators

Yeast/mould
CFU/g

Escherichia 
coli Staphylococcus Candida 

albicans Paenibacillus Salmonella

Argentina

n = 5
c = 2

m = 10
M = 1001

-2 -2 -2 -2
n = 10
c = 0

m = 01

Brazil -3 -3 -3 -3 Prohibited -3

Mexico -4 Prohibited Prohibited Prohibited -4 -4

East African region 10 CFU/g Prohibited Prohibited -5 -5 -5

Ukraine under 100 Prohibited -6 -6 -6 Prohibited

Notes: 1n = number of units that make up the sample, C = number of samples that have values between m and M; 2Article 1308 bis “Propolis 
and Inclusion of Technical Specifications” does not regulate indicators; 3in Annex VII “On Regulation of Identification and Quality of 
Propolis Extract”, indicators are not regulated; 4the Standard NOM-003-SAG/GAN-2017 “Propolis, Production and Specifications for its 
Processing” does not regulate the indicators; 5in DEAS 990: 2019 “Bee Propolis – Specification” indicators are not regulated; 6DSTU 4662: 
2006 “Propolis (Bee Qlue). Technical Conditions” does not regulate the indicators
Source: grouped by authors based on sources [28; 30; 31; 33; 34]
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of Ukraine. It is recommended to develop new regulatory 
documentation for regulating the production, processing, 
and quality assessment of propolis.

Prospects for further research are to develop tech-
nologies for obtaining and identifying various types of 
propolis.
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Перегляд національних нормативних вимог до якості прополісу 
на відповідність міжнародним стандартам
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Анотація. Зважаючи на зростання попиту серед споживачів міжнародного ринку на прополіс, є актуальним 
переглянути відповідність національної документації до міжнародної, зокрема країн які є лідерами з виробництва 
й переробляння цього продукту. Інтеграція та адаптація національного законодавства до норм законодавства 
світової спільноти вимагає також перегляду підходів до якості та безпечності прополісу. Тому, метою дослідження 
було проведення аналізу чинних міжнародних та національних нормативно-правових актів провідних країн 
світу, котрі відіграють ключову роль на міжнародному ринку виробництва та реалізації прополісу за показниками 
безпечності та якості прополісу. Використовували метод Торрако для аналізу та синтезу наукової й нормативно-
технічної інформації; користувалися науково-метричною базою Springer та пошуковим інструментом Google 
Scholar. Матеріалами слугували нормативні документи України, ЄС, Бразилії, Аргентини, Польщі, Мексики, Східно-
Африканського регіону. З’ясували, що критеріями для оцінювання якості прополісу у міжнародній нормативно-
технічній документації слугують органолептичні (зовнішній вигляд, консистенція, колір, запах, смак), фізико-
хімічні (сухі речовини, загальна зольність, віск, смоли) мікробіологічних (дріжджі, плісняви, Escherichia coli, 
Staphylococcus, Candida albicans, Paenibacillus, Salmonella) показники біологічної активності (флавоноїди, окислення, 
феноли, антиоксидантна активність, етанол-розчинні смоли) та контамінації (важкі метали, залишки пестицидів 
і антибіотиків, радіонукліди). Встановлено невідповідність діючого в Україні нормативного документа до вимог 
міжнародних регламентів, а саме за показниками: вмісту фенолів, етанольно- та водорозчинних смол, сухих 
речовин; загальної зольності; антиоксидантної активності; колонієутворюючі одиниці. Визначено, що в Україні 
прополіс не розділено за категоріями залежно від домішок воску; не враховано температуру зовнішнього 
середовища під час визначення показника консистенції; не береться до уваги ботанічне походження та способи 
його відбору під час оцінювання органолептичних властивостей. Обґрунтовано підхід для урегулювання ринку 
прополісу в Україні, що сприятиме формуванню доданої вартості на прополіс-сирець у разі його групування 
за призначенням та способу виробництва і переробляння. Матеріали статті становлять практичну цінність для 
формування нових та гармонізації існуючих нормативно-технічних регламентів щодо якості прополісу, та можуть 
бути використані у робочій групі з розвитку бджільництва при Мінагрополітики України

Ключові слова: нормативне регулювання, продукти бджільництва, специфікація прополісу, ідентифікація прополісу, 
типи прополісу
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The Effect of a New Complex Sorbent of Mycotoxins in Pigs Diets 
on Their Growth Performance, Fattening and Meat Traits

Abstract. Compliance with feed safety in livestock production requires pork producers to add mycotoxin-binding 
adsorbents to pig diets. Therefore, the purpose of the study was to evaluate the effect of two complex sorbents added to 
the diet of fattening pigs on their performance. The experiment included 90 pigs, which were kept in LLC “Tavriyski svyni” 
in the Kherson region. According to the principle of analogues, experimental animals were divided into three groups 
of 30 animals each: I – the control group of pigs consumed the basic diet “Grower”, and “Finisher”; pigs of experimental 
group II consumed the basic diet “Grower”, “Finisher” with the addition of 0.15% by weight of feed of a commercial analogue 
of mycotoxin adsorbent; animals of experimental group III received the basic diet “Grower”, “Finisher” with the addition 
of 0.15% by weight of feed of the complex preparation “Hepasorbex”. Animals that consumed feed containing adsorbents 
of mycotoxins had a higher live body weight, and average daily weight gain, reaching weights of 100 and 120 kg with lower 
feed conversion earlier compared to analogues of a control group. It was found that the introduction of “Gepasorbex” 
in the diet of store pigs of experimental group III at a pre-slaughter weight of 100 and 120 kg resulted in an increase in: 
slaughter yield, half-carcass length, muscle eye area, the weight of the hind third of the half-carcass and a decrease in the 
thickness of the fat compared to the control group. In terms of chemical composition, the meat of animals of experimental 
groups, both at slaughter in 100 kg and in 120 kg, met the requirements for pork of normal quality (NORMAL). At a live 
weight of 100 and 120 kg, pigs of experimental group III had significantly lower moisture content, higher protein, fat and 
ash content in meat. Due to the complex composition of “Gepasorbex” ingredients, the nutrients in the feed remained 
and were absorbed by the pig’s body, which is confirmed by higher productivity indicators and significantly reduces the 
cost of the main expense item of pig farms in pig production technologies – “Feed”. Therefore, this research is useful for 
specialists in pork production and processing in developing strategies for feeding pigs and obtaining quality raw materials 
for processing enterprises, which opens up ways to ensure food security in the country

Keywords: weight condition, feeding, feed sorbents, productivity, pig breeding
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Introduction
To eliminate the negative effects of mycotoxicosis on the 
body of animals (decrease in productivity, reproductive 
qualities, weakening of the immune system of animals, 
disruption of the gastrointestinal tract, kidneys, a hepato-
protective function of the liver, deterioration of the quality 
of meat raw materials, etc.) it is necessary to strictly con-
trol the content of mycotoxins in feed fed to pigs, which 
further ensures the preservation of not only animal health, 
but also the end consumers of livestock products [1].

Neutralisation of mycotoxins in feed using sorbents 
is a common and virtually the only method in systematic 
measures to combat mycotoxicosis in pigs [2; 3]. The use 
of intensively innovative technologies and pigs of high 
genetic potential to ensure productivity through the ef-
ficient use of feed resources, maximum preservation of 
animals and prevention of various diseases is a feature of 
the modern pig industry. This fact puts forward significant 
requirements for scientists and practitioners in providing 
high-quality and environmentally friendly feed, which is 
associated with their contamination with various toxins, 
heavy metals, pesticides, nitrates, etc. [4-6].

With sufficient and balanced feeding, the share of 
transformation of nutrients of the consumed feed into the 
substances of the product when growing pigs is 45-50%. 
An important aspect in solving this is the organisation of 
a full, balanced feeding of animals, that is, the use of diets 
that best meet the needs of pigs in terms of the content 
of basic nutrients and biologically active substances [7; 8]. 
Therefore, a number of studies are currently being con-
ducted [9-11] to find the most effective sorbents that will 
get rid of mycotoxins and maximise the preservation of 
biologically active substances in the body of animals.

Despite the fact that the issue of mycotoxins has 
been known for more than 50 years [12-14], and the vast 
majority of pork producers have experienced their presence 
in feed, yet farms do not apply a full range of preventive 
measures against mycotoxicosis, which is the reason for 
low profitability of pork production [15-17].

Feed mycotoxins are products of fungal metabolism 
(Aspergillus, Mucoraceae, Fusarium etc.), which form stable 
compounds and disrupt various types of metabolism of the 
animal body, and, as a result, diseases of animals with a se-
vere course that occur when feeding feed affected by toxic 
fungi: reduce the productivity of biological objects and the 
efficiency of using feed for the production of a unit of pro-
duction; disrupt reproductive functions; weaken the immune 
system of animals and poultry; increase sensitivity to diseases; 
increase the cost of treatment and preventive measures, 
reducing the effectiveness of vaccines and medicines [18-21].

It should be noted that adsorbents of mycotoxins 
differ from one another by the nature of origin, composi-
tion, adsorption capacity, rate of endogenous detoxifica-
tion, bioavailability, and from generation to generation due 
to technological developments they become more and more 
perfect and diverse in terms of adsorption properties, and 
also have an indirect therapeutic effect. Feed sorbents have 
the ability to quickly bind a wide range of toxicants. Sorbents 
are stable at different pH values, thermostable during feed 
granulation. The use of mycotoxin adsorbents as feed addi-
tives is beneficial to reduce the toxic effects of mycotoxins in 
pigs, which ensures more sustainable use of feed [8; 12; 20].

However, as noted by A. Kihal et al. [21], many feed 
additives with sorption properties bind vitamins, macro- 
and microelements. According to the findings of other 
authors, it was proved that the prolonged use of sorbents 
caused a decrease in the content of vitamins A, D and E 
and other elements in the blood of animals and poultry. 
Thus, T. C. Schell et al. [22]; K. E. Reddy et al. [23]; A. C. Weaver 
et al. [24] proved that aflatoxin B1 had a detrimental effect 
on liver health and electrolytic balance in pigs, which led 
to a deterioration of functions and changes in the structure 
of the liver and kidney architecture. Productivity and re-
sistance of pigs depends on providing them with sufficient 
nutrients and biologically active substances [21]. Thus, 
there is an important scientific and practical task to study 
the effect of different feed sorbents when used in diets with 
an average level of contamination with mycotoxins on the 
productivity of fattening pigs.

The purpose of the study is to identify the effect of 
a new complex sorbent of mycotoxins in the diets of store 
pigs on their growth performance, fattening, quantitative 
and qualitative meat traits in industrial technology.

Materials and Methods
Overall in the experiment, which lasted during 2021, 
90 heads of fattening store pigs were used in the ratio: 50% – 
castrated boars and 50% – piglets, where the maternal form 
was a combination of breeds Large White × Landrace, and 
the paternal form was boars of the terminal line “Max-
ter”, which were kept on the farm of LLC “Tavriyski svyni”, 
Kherson region.

Fattening was divided into two periods: I peri-
od of fattening (“Grower”) – animals with a live weight 
of 30-60  kg (12-17 weeks) consumed feed 2.4-2.6 kg per 
head per day using feed of the “Grower” type by nutritional 
value: crude protein – 180.25 g/kg; metabolisable energy – 
13.04  MJ/kg, pigs were placed on a concrete slotted floor 
with an area of 0.65 m2/head according to DNTD-IAC-02.05 
“Pig enterprises (complexes, farms, small farms)” [25]; 
II period of fattening (“Finisher”) – animals with a live 
weight of 61-120 kg (17-26 weeks) consumed 2.8-3.2 kg 
per head per day using a feed of the “Finisher” type with 
nutritional value: crude protein – 140.88-153.08 g/kg; me-
tabolizable energy – 12.90-13.14 MJ/kg, pigs were placed 
on a concrete slotted floor with an area of 0.85 m2/head ac-
cording to DNTD-02.05 “Pig enterprises (complexes, farms, 
small farms)” [25]. As the basic diet (BD) was used a feed of 
domestic production with the use of premixes produced by 
the company “PC Alternative” (Ukraine) in the correspond-
ing composition of “Grower” (%): wheat – 32; barley – 12.1; 
corn – 17.38; bran (wheat) – 8; soybean cake – 24.3; sun-
flower cake – 3.22; premix – 3; “Finisher” (%): wheat – 24; 
barley  – 24; corn – 19; bran (wheat) – 12; soybean cake – 
11.6; sunflower cake – 6.9; premix – 2.5.

When transferring pigs from the rearing unit to the 
fattening unit of the first period, to equalise the animals and 
the purity of the research in the period from 11-12 weeks, 
the equalisation period (EP) started. Further, all experi-
mental animals were divided into three groups (according 
to the principle of analogues) based on generally accepted 
methods [26; 27], 30 animals in each group: I control group 
of pigs consumed the basic diet “Grower”, “Finisher”; pigs 
of II experimental group consumed the basic diet “Grower”, 
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Table 1. Scheme of using a feed additive in the experiment

No. Group Feeding conditions

Age 11-12 weeks – equalisation period (EP)

Age 12-17 weeks

I Control “Grower”

II Experimental “Grower” + 0.15% by weight of feed “Commercial analogue”

III Experimental “Grower” + 0.15% by weight of feed “Gepasorbex”

Age 17-26 weeks

I Control “Finisher”

II Experimental “Finisher” + 0.15% by weight of feed “Commercial analogue”

III Experimental “Finisher” + 0.15% by weight of feed “Gepasorbex”

“Finisher” with the addition of 0.15% by weight of feed 
of a commercial analogue of mycotoxin adsorbent; an-
imals of III experimental group were fed the basic diet 

“Grower”, “Finisher” with the addition of 0.15% by 
weight of feed of the complex preparation “Hepasor-
bex” (Table 1).

The composition of 1 kg of feed additive “Gepasorbex” 
(LLC “Vetservisprodukt”, Ukraine) contains the following ac-
tive components (%): silicon dioxide – 60.2-70.8; aluminium 
oxide – 8-12; magnesium carbonate – 1.0-2.5; titanium di-
oxide – 0.8-0.15; selenium – 0.32-0.35; clinoptilolite – 4.2-4.5; 
active feed yeast – 8-10; milk thistle spotted – 18-20%.

Composition of the feed additive “Commercial an-
alogue”: silicon dioxide (SiO2), kaolinite clay, magnesium 
silicate, inactivated yeast (Saccharomyces Cerevisiae), Sugar 
kelp, extracts of Wild Chicory and Calendula officinalis, dry 
matter – 954.0 g.

The main feed used for feeding pigs of experimental 
groups according to laboratory studies was recognized as 
slightly toxic for aflatoxin, ochratoxin and zearalenone, 
contract No. 837 of 07/06/2021 (Expert Centre “Biolights” 
LLC, Kyiv) [28].

At the age of 12-26 weeks, live weight (kg) and av-
erage daily gain (G) were determined. The following fat-
tening traits of pigs were evaluated, in particular: age of 
reaching live weight (days), average daily gain (g), and feed 
conversion (kg) were determined in experimental groups of 
pigs when reaching a live weight of 100 and 120 kg, according 
to conventional methods [26; 27].

Slaughter qualities of experimental animals were 
studied according to the relevant methodological recom-
mendations of the Institute of Pig Breeding and Agroin-
dustrial Production of the National Academy of Agrarian 
Sciences of Ukraine [7; 27]. To assess the slaughter quali-
ties, store pigs were selected for slaughter from groups of 
fattening pigs when they reached a live weight of 100 and 
120 kg in the amount of 10 heads of each weight condition 
in the conditions of LLC “Tavriyski svyni”. Control slaughter 

with subsequent determination of the slaughter qualities of 
experimental groups of animals was carried out by rolling 
carcasses according to generally accepted methods [27].

The effect of the complex additive “Hepasorbex” on 
the chemical properties of the longest back muscle of pigs of 
experimental groups was determined and analysed, for this 
purpose 10 samples of the longest back muscle (400 g) be-
tween 9-12 thoracic vertebrae were taken from the car-
casses of slaughtered animals of each of the three groups 
using conventional methods [27; 29; 30]. To determine the 
chemical composition of the longest back muscle (m. longissimus 
dorsi) the obtained samples in the independent laboratory 
of LLC “Expert Centre “Biolights” were examined by a mass 
fraction, %: moisture, protein, fat, ash according to DSTU ISO 
936:2008” meat and meat products. Method for determining 
the mass fraction of total ash” [31]. The performed method-
ology of scientific research is included in the accreditation 
for compliance with DSTU ISO/IEC 17025:2017 [28].

The rules for the treatment of animals in experiments 
are in accordance with European legislation on the protection 
and welfare of animals kept on farms (Directive 95/58 EC “On 
the Protection of Farm Animals” of the Council of the Eu-
ropean Union of 07/20/1998 [32] as amended by Regulation 
(EC) No. 806/2003 of 14.04.2003 [33], No. 91/630 EC “Mini-
mum Standards for the Protection of Pigs” of 11/19/1991 [34] 
as amended by Regulation (EC) No. 35.

Results and Discussion
A significant difference was found in the productive char-
acteristics (live weight and average daily growth) of pigs of 
control and experimental groups at the age of 98 days, or at 
14 weeks (Table 2).

Table 2. Productive traits of experimental groups of pigs, (n = 30), XSX ±

Trait
Group/Age

I – control II – experimental III – experimental

12 weeks

Live weight, kg 35.50 ± 0.717 35.03 ± 0.812 35.83 ± 0.649
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Trait
Group/Age

I – control II – experimental III – experimental

14 weeks

Live weight, kg 45.80 ± 0.637 46.23 ± 0.768 47.73 ± 0.629*

Average daily growth, g 735.7 ± 15.75 800.0 ± 19.19** 850.0 ± 12.04*** a

17 weeks

Live weight, kg 62.87 ± 0.610 64.20 ± 0.791 66.50 ± 0.645*** a

Average daily growth, g 812.7 ± 15.64 855.6 ± 10.33* 893.7 ± 8.45***b

22 weeks

Live weight, kg 93.33 ± 0.471 95.80 ± 0.720** 98.43 ± 0.544***b

Average daily growth, g 870.5 ± 11.92 902.86 ± 9.55* 912.40 ± 8.55**

26 weeks

Live weight, kg 113.97 ± 0.367 118.13 ± 0.412*** 120.97 ± 0.256*** b

Average daily growth, g 736.9 ± 9.45 797.6 ± 15.35** 804.8 ± 13.23***

Notes: (hereafter): * – R <0,05; ** – R <0,01; *** – R <0.001 (compared to animals of control group – group I); a – R <0,05; b – R <0.01 (compared 
to the animals of experimental group III with analogues of experimental group II)

When starting fattening, all piglets had a live weight 
of 33-34 kg. For 14 weeks, pigs of experimental group III 
who consumed the complex preparation “Gepasorbex” sig-
nificantly exceeded the live weight of animals of control 
group by 1.93 kg (p<0.05), and in terms of average daily 
growth, the advantage was observed in relation to animals 
as a control group by 114.3 g (p<0.001), and the experimental 
group II, which consumed a commercial analogue of myco-
toxin adsorbent by 50 g (p<0,05). 

At 17 weeks of age, the animals of experimental 
group III significantly prevailed in terms of live weight over 
the analogues of experimental group II by 2.3 kg (p<0.05) 
and the peers of control group I by 3.63 kg (p<0.001). The 
highest average daily increase was recorded in pigs that 
consumed the complex supplement “Gepasorbex” and sig-
nificantly exceeded the studied indicator in pigs of control I 
and the experimental group I by 9.1% (p<0.001) and 5.9% 
(p<0.05), respectively.

In the period of 22 weeks of life of fattening store 
pigs, a significant advantage of animals of II and III exper-
imental groups in terms of live weight and average daily 
weight gain by 2.47 kg (p<0.01), 32.36 g (p<0.05) and 5.1 kg 
(p<0.001), 41.9 g (r<0.01) respectively was established.

In the age period of 26 weeks, according to the 
live weight indicator, animals of experimental group III 
who consumed the complex feed additive “Gepasorbex” 
outnumbered the peers of both the II experimental and 
I control groups by 2.67 kg, respectively (p<0.01) and 
7.00 kg (p<0,001). In terms of average daily weight gain, pigs 
of experimental groups II and III that consumed mycotoxin 

enterosorbents had higher values by 60.7 g (p<0.001) and 
67.9 g (p<0.001), respectively, than the control group.

Thus, piglets from experimental groups II and III had 
a higher growth rate and significantly exceeded the control 
group analogues in live weight and average daily gain at all 
ages. Thus, pigs that received mycotoxin adsorbent in the main 
diet (experimental groups II, III) had higher growth rates.

However, the experimental studies conducted by a 
group of scientists [11] did not reveal a significant superi-
ority in live weight and average daily weight gain between 
the control and experimental groups of pigs receiving the 
main diet with the addition of purified bentonite. However, 
according to the conclusive opinion of M.D. Subramaniam, 
I.H. Kim [36], higher growth rates in pigs are explained by 
an increase in the absorption of certain nutrients in the 
case of using clay as an adsorbent of mycotoxins by an ex-
perimental group of animals, which is consistent with this 
study. J.H. Li, I.H. Kim [37] reported that growing pigs fed 
a basic diet with the addition of 0.5% sericite had 6.6% 
higher live weight gain and 5.1% better feed conversion 
rate compared to pigs fed a diet without additives. According 
to D.S. Alexopoulos et al. [38], a higher increase of 5.3% was 
observed in pigs from 25 to 110 kg, which were provided 
with clay supplementation in the main diet. These results 
are also consistent with the current study. 

It was found that animals fed complex supplements 
with enterosorbents of mycotoxins: experimental groups II 
and III, respectively, reached a live weight of 100 kg 3.0 (p<0.01) 
and 6.0 (p<0.001) days earlier compared to the peers of 
control group I (Table 3).

Table 3. Fattening traits of store pigs, (n = 30), 
XSX ±

Group Age of reaching a live weight 
of 100 kg, days

Average daily gain during 
fattening, g Feed conversion, kg

live weight of 100 kg

I – control 161.7 ± 0.56 826.6 ± 7.66 3.39

II – experimental 158.7 ± 0.80 868.1 ± 5.96 2.94

III – experimental 155.7 ± 0.58 894.3 ± 5.88 2.85

+/- II to I -3.0** +41.5*** -0.45

Table 2, Continued
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Group Age of reaching a live weight 
of 100 kg, days

Average daily gain during 
fattening, g Feed conversion, kg

+/- III to I -6.0*** +67.7*** -0.54

live weight of 120 kg

I - control 190.2 ± 0.49 800.7 ± 5.46 3.50

II - experimental 184.2 ± 0.48 848.0 ± 6.21 3.30

III - experimental 180.7 ± 0.32 868.7 ± 5.26 3.22

+/- II to I -6.0*** +47.3*** -0.20

+/- III to I -9.5*** +68.0*** -0.28

The values of average daily gains in pigs of exper-
imental groups II and III, which used a commercial ana-
logue of the adsorbent of mycotoxins and, in fact, the feed 
additive “Hepasorbex” were significantly higher (p<0.001) 
by 41.5 g and 67.7 g, respectively; for feed conversion for 
the experimental group II the index reached 2.94 kg, and 
for the experimental group III – 2.85 kg, than the same 
index of animals of control group I, where the feed conver-
sion was 3.39 kg.

The study of fattening indices at reaching 120 kg of 
live weight by experimental animals showed a significant 
excess (p<0.001) in animals of experimental groups II and 
III in terms of average daily weight gain and amounted to 
47.3 g and 68.0 g relative to store pigs that did not use 
mycotoxin enterosorbent supplements in the main diet.

Similarly, the animals of experimental groups II 
and III reached the expected live weight (120 kg) 6.0 and 
9.5 days earlier than the peers of the control group. At the 
same time, they have significantly higher average daily 

gains compared to the control group by 47.3 g (p<0.001) and  
68.0 g (p<0.001), respectively. The lowest rate of feed con-
version was recorded in the pigs of experimental group III – 
3.22 kg, which is 0.28 kg less than the same value in the 
pigs of control group I – 3.50 kg.

The conducted experiments [39; 40] also confirmed 
the positive effect of the use of sorbents in the diet of fat-
tening pigs, which, in turn, improved the average daily 
gain, feed utilisation and feed conversion rate in crossbred 
animals (Duroc × Landrace × Yorkshire).

Based on the evaluation of the slaughter qualities of 
experimental groups of pigs (Table 4), it was found that the 
pigs of experimental group III dominated the slaughter yield 
over the peers of the I control group by 4.1% (p<0.001) at 
slaughter with a live weight of 100 kg and 0.5% – 120 kg. By 
the length of the half-carcass at the slaughter at 100 kg of 
weight, store pigs of experimental groups II and III showed 
a maximum length – 96.7 cm, which is 2.1 cm more than the 
same indicator of animals of control group I (p<0.05).

Table 4. Slaughter qualities of young pigs, (n = 10), XSX ±  

Group Slaughter yield, 
%

Half-carcass 
length, cm

Lard thickness, 
mm

Loin-eye area, 
cm2

Weight of the back third 
of the half-carcass, kg

Pre-slaughter live weight of 100 kg

I – control 71.1 ± 0.76 94.6 ± 0.58 18.2 ± 0.89 36.8 ± 0.34 10.9 ± 0.32

II – experimental 75.0 ± 0.62 96.7 ± 0.69 15.2 ± 0.51 39.2 ± 0.29 11.4 ± 0.17

III – experimental 75.2 ± 0.58 96.7 ± 0.62 14.0 ± 0.54 39.8 ± 0.28 11.6 ± 0.21

+/- II to I +3.9*** +2.1* -3.0** +2.4*** +0.5

+/- III to I +4.1*** +2.1* -4.2*** +3.0*** +0.7

Pre-slaughter live weight of 120 kg

I – control 75.8 ± 0.52 102.6 ± 1.07 26.2 ± 0.74 42.9 ± 1.02 14.3 ± 0.14

II – experimental 76.2 ± 0.58 103.1 ± 1.25 19.1 ± 0.62 43.4 ± 0.98 14.7 ± 0.16

III – experimental 76.3 ± 0.56 103.6 ± 1.49 18.0 ± 0.55 44.1 ± 1.03 14.8 ± 0.17

+/- II to I +0.4 +0.5 -7.1*** +0.5 +0.4

+/- III to I +0.5 +1.0 -8.2*** +1.2 +0.5*

It was found that at a pre-slaughter live weight of 
120 kg the animals of experimental group III prevailed over 
the animal in the control group by 1.0 cm, but the difference 
is statistically insignificant.

The animals of group III both at slaughter with a 
live weight of 100 kg and 120 kg had a thinner carcass by 
4.2 cm and 8.2 mm, respectively, compared to the animals 
of control group I (p< 0.001).

The dynamics of changes in muscle and adipose 
tissue is manifested by different size of the “lion eye” 

area, which positively correlates with the yield of meat in 
pig carcasses and is the main criterion for assessing their 
meat content [16; 17]. It was found that the area of the 
loin eye in experimental groups ranged from 36.8-39.8 cm2 
when pigs reach a live weight of 100 kg and 42.9-44.1 cm2 – 
120 kg, respectively. The animals of experimental group III 
exceeded the store pigs of control group I in terms of the 
lion eye area by 3.0 cm2 (for pre-slaughter live weight of 
100 kg), at p<0.001 and 1.2 cm2 (for pre-slaughter live weight 
of 120 kg).

Table 3, Continued
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In terms of the weight of half-carcass hind third, there 
was an increase in the weight of hock in animals of experi-
mental groups II and III, which during the fattening period 
were fed with adsorbents of mycotoxins both “hepasorbex” 
and commercial analogue, but no significant differences be-
tween groups of animals were found. Thus, the use of my-
cotoxin adsorbent “gepasorbex” in the diet of store pigs of 
experimental group III contributed to the improvement of 
slaughter qualities both with a live weight of 100 kg and 120 kg. 

Currently, the pig breeding industry shows a ten-
dency towards increasing meat content while improving the 
quality of pork. However, most animals with a high yield of 
meat have an increased moisture content in it and, as a re-
sult, flabbiness is recorded and the intensity of the colour of 
meat raw materials decreases, which causes unprofitability 
of the entire meat processing industry of the country [16].

The evaluation of slaughter products revealed that 
the chemical properties of meat depend on the assigned 
purpose of the group in the experiment. The mass frac-
tion of moisture in the meat of animals of all experimental 
groups was in the range of 63.75-68.25% at a pre-slaugh-
ter weight of 100 kg and 63.21-67.70% – slaughtered at 
120 kg (Table 5).

The value of the mass fraction of moisture was with-
in the physiological norm, but there was a significant dif-
ference between the groups on this indicator. It should be 
noted that at a pre-slaughter weight of 100 and 120 kg, an-
imals of both experimental groups II and III had a signifi-
cantly lower moisture content in meat – 65.43% and 63.75%, 
65.12% and 63.21%, respectively, than store pigs of control 
group I – 68.25% slaughtered at 100 kg and 67.70% – 120 kg, 
where the differences are statistically significant (p<0.001).

Table 5. Chemical composition of the longest back muscle of pigs (m. longissimus dorsi), (n = 10), XSX ±

Group
Mass fraction, %

Moisture content Protein Fat Ash

Pre-slaughter live weight of 100 kg

I – control 68.25 ± 0.389 19.08 ± 0.331 11.65 ± 0.473 1.02 ± 0.029

II – experimental 65.43 ± 0.291 19.36 ± 0.326 14.09 ± 0.494 1.12 ± 0.037

III – experimental 63.75 ± 0.382 21.92 ± 0.390 13.05 ± 0.362 1.28 ± 0.022

+/- II to I -2.82*** +0.28 +2.44*** +0.10*

+/- III to I -4.50*** +2.84*** +1.40* +0.26***

Pre-slaughter live weight of 120 kg

I – control 67.70 ± 0.504 18.90 ± 0.327 12.22 ± 0.272 1.18 ± 0.033

II – experimental 65.12 ± 0.419 19.00 ± 0.368 14.72 ± 0.312 1.16 ± 0.029

III – experimental 63.21 ± 0.480 21.75 ± 0.340 13.65 ± 0.278 1.39 ± 0.027

+/- II to I -2.58*** +0.10 +2.5*** -0.02

+/- III to I -4.49*** +2.85*** +1.43*** +0.21***

The presence of adipose tissue in meat is known to 
increase its caloric content, contribute to its tenderness and 
flavour, and, in contrast, excessive fat decreases the protein 
content, as the nutritional value decreases [16; 29; 30].

In terms of the chemical composition of the muscle 
tissue – at a pre-slaughter live weight of 100 kg, the highest 
fat content in meat was found in pigs of experimental group 
II at the level of 14.09%, which significantly exceeded the 
value of the identical indicator of control group I by 2.44% 
(p<0.001). At a pre-slaughter live weight of 120 kg, pigs of 
experimental group II also had the highest mass fraction 
of fat – 14.72%, which significantly exceeded those of con-
trol group I by 2.5% (p<0.001). As for the mass fraction of 
fat in meat, the animals of experimental group III, which 
consumed the complex additive of mycotoxin adsorbent 
“Hepasorbex”, have intermediate position and the value 
of this indicator at a pre-slaughter live weight of 100 kg, 
and 120 kg at the level of 13.05% and 13.65%, which evi-
dences the obvious caloric content and tenderness of meat 
raw materials obtained from animals of this group while 
maintaining the mass fraction of protein, which affects the 
nutritional value of meat.

An essential component of meat is proteins, con-
sisting of essential and nonessential amino acids [29]. 
Thus, in slaughtered animals with a live weight of 100 kg, 
the store pigs of experimental group III had the greater 
content of the mass fraction of protein – 21.92%  ±  0.390, 
which (p<0.001) exceeded the same indicator of animals in 
the control group I. Similarly, the likely prevalence of pigs 
of experimental group III by the value of this indicator was 
established in slaughtered store pigs with a live weight of 
120 kg – by 2.85% (p<0.001) compared to control animals.

The mass fraction of ash in the meat of pigs of the 
experimental groups ranged from 1.02% to 1.28% slaugh-
tered at 100 kg of weight and from 1.16% to 1.39% – at 
120 kg. A significant difference was found between animals 
at a pre-slaughter weight of 100 kg: 0.10% (p<0.05) – exper-
imental group II, 0.26% (p<0.001) – experimental group III. At a 
pre-slaughter weight of 120 kg, a significant difference was 
observed only in animals of experimental group III – 0.21% 
(p<0.001), while pigs of experimental group II were by 
0.02% inferior to control analogues, although the difference 
was not statistically significant. Thus, given the increased 
moisture content and a lower percentage of dry matter in 
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meat obtained from pigs of control group I slaughtered at 
100 kg of weight, a lower ash content of 1.02%  ±  0.029 was 
detected. The lowest ash content – 1.16%  ±  0.029 is found 
in animals of experimental group II slaughtered at 120 kg.

A similar study on the effect of sorbents on the 
slaughter performance of pig carcasses was conducted by 
M. Ossowski, Ł. Wlazło, B. Nowakowicz-Dębek, M. Florek, 
in their manuscript “Effect of natural sorbents in the diet of 
fattening pigs on meat quality and suitability for process-
ing” [41] investigated and evaluated the effect of sorbents, 
mainly on the physicochemical properties of pork. Results 
showed that the addition of 0.5% zeolite to the feed for 
crossbred pigs (Landrace × Yorkshire × Duroc) had no sig-
nificant effect on the approximate chemical composition of 
the long muscle (loin), but lower moisture (70.23%) and ash 
(1.16%), but higher protein (26.06%) and fat (2.55%) were 
recorded, which is consistent with the studies conducted.

Conclusions
Based on the results of the experiment, it was determined 
that animals that received a complex additive of mycotoxin 
adsorbent “Gepasorbex” LLC “Vetservisproduct” had higher 
performance. 

1. Pigs of experimental groups II and III, which consumed 
feed containing adsorbents of mycotoxins had a significant 
(p<0.001) increase in live body weight by 2.3-4.2 kg and 

3.6-7.0 kg; average daily gains – 41.5-47.3 g, 67.7-68.0  g; 
reached weight standards of 100 kg ( by 3 and 6 days) and 
120 kg (by 6 and 9.5 days) earlier with a lower feed conversion 
by 0.2-0.45 and 0.28-0.54 kg, respectively, compared to 
animals of the control group.

2. When using mycotoxin adsorbent “Gepasorbex” in the 
diet of store pigs of experimental group III with a pre-slaugh-
ter weight of 100 and 120 kg increased: the slaughter yield – 
by 0.5-4.1% (p<0.001); the length of the half carcass – by 
1.0-2.1 cm (p<0.05); lion eye area – by 1.2-3.0 cm2 (p<0.001); 
the weight of the hind third of the half carcass – by 0.5-0.7 kg 
(p<0.05) and the lard thickness index decreased by 4.2-
8.2 mm (p<0.001), respectively, compared to pigs of control 
group I.

3. The chemical composition of the meat of the animals 
of the experimental groups, both when slaughtered at 100 kg 
and 120 kg, met the requirements for pork of normal qual-
ity (NORMAL). At a live weight of 100 and 120 kg, pigs of 
experimental group III with the use of “Hepasorbex” in 
meat had significantly (p<0.001), %: lower moisture content 
by 4.49-450; higher protein content – by 2.84-2.85, fat – by 
1.40-143, ash – by 0.2-0.26.

The obtained results determine the prospects for 
further research in continuing to study the effect of feed 
sorbents on the productive traits of other technological 
groups of pigs.
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Вплив нового комплексного сорбенту мікотоксинів у раціонах свиней 
на їхні показники росту, відгодівельні та м’ясні ознаки
Вадим Ярославович Лихач1, Анна Василівна Лихач1, Ростислав Вікторович Фаустов2, 
Євген Володимирович Баркарь2, Леонід Григорович Леньков3

1Національний університет біоресурсів і природокористування України 
03041, вул. Героїв Оборони, 15, м. Київ, Україна
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Анотація. Дотримання безпеки кормів у тваринництві вимагає від виробників свинини додавання до раціонів 
свиней адсорбенти, що зв’язують мікотоксини. З цієї причини, мета дослідження полягала в оцінці дії двох 
комплексних сорбентів, що додані до раціону відгодівельних свиней на їх продуктивність. В експерименті 
використано 90 голів свиней, які утримувались у ТОВ «Таврійські свині» Херсонської області. Дослідні тварини, 
за принципом аналогів поділені на три групи по 30 голів у кожній: І контрольна група свиней використовували 
основний раціон «Гроуер», «Фінішер»; свині ІІ дослідної групи споживали основний раціон «Гроуер», «Фінішер» з 
додаванням 0,15 % за масою корму комерційного аналогу адсорбенту мікотоксинів; тваринам ІІІ дослідної групи 
застосовували основний раціон «Гроуер», «Фінішер» з додаванням 0,15 % за масою корму комплексного препарату 
«Гепасорбекс». Тварини, які споживали комбікорм, що містив адсорбенти мікотоксинів мали більшу живу масу тіла, 
середньодобові прирости, раніше досягали вагових кондицій 100 і 120 кг із нижчою конверсією корму, порівняно 
з аналогами контрольної групи. Встановлено, що за використання «Гепасорбекс» у раціоні молодняку свиней 
IIІ дослідної групи за передзабійної маси 100 і 120 кг збільшилися: забійний вихід, довжина напівтуші, площа 
«м’язового вічка», маса задньої третини напівтуші та знизився показник товщини шпику, порівняно з аналогами 
контрольної групи. За хімічним складом м’ясо тварин піддослідних груп як при забої у 100 кг, так і у 120  кг, 
відповідало вимогам щодо свинини нормальної якості (NORMAL). За живої маси 100 і 120 кг свині ІІІ дослідної 
групи у м’ясі мали вірогідно нижчий вміст вологи, більший вміст білка, жиру і золи. За рахунок комплексного 
складу компонентів «Гепасорбекс» поживні речовини у складі комбікорму залишалися і засвоювалися організмом 
свиней, що підтверджується вищими показниками продуктивності та суттєво здешевлює основну витратну статтю 
господарств із технологій виробництва продукції свинарства – «Корми». Тому, корисними дані дослідження є для 
фахівців з виробництва і переробки свинини у розробці стратегій годівлі свиней та отримання якісної сировини 
для переробних підприємств, що відкриває шляхи для забезпечення продовольчої безпеки країни

Ключові слова: вагова кондиція, годівля, кормові сорбенти, продуктивність, свинарство
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Technical and Economic Substantiation of the Process 
of Semi-Fluidisation Treatment of Fruit and Berry Products

Abstract. The search for effective patterns for implementing the semi-fluidisation process for freezing and partial 
freezing of fruit and berry products under the condition of minimising energy consumption and high productivity of the 
process constitutes the relevance of the research. The purpose of the study is to develop energy-efficient and reliable 
technological solutions for the implementation of vibro-wave refrigeration processing of fruit and berry products based 
on the development of a vibration transport and technological fluidisation machine; determination of power and energy 
characteristics of the semi-fluidisation process; substantiation of rational speed modes of raw material movement in the 
processing zone. Based on a comparative analysis of the design and technological characteristics of wave, conveyor and 
vibration machines, the main trends in their development were substantiated; the main power and energy parameters of 
the developed oscillatory system were determined. A comparative analysis of the technological schemes of semi-fluidisation 
using the transport movement of products by belt and vibrating wave conveyor was carried out, which allowed substantiating 
the effectiveness of the use of the corresponding drive mechanisms of the studied machine. Graph-analytical analysis of 
the speed and energy parameters of the studied semi-fluidisation process on the basis of the obtained theoretical and 
experimental data allowed to verify the adequacy of the developed mathematical model and to substantiate the main 
parameters of the operating mode of the technological load advancement along the processing zone. The conducted 
research using the developed experimental model and the classical belt conveyor showed an increase in the speed of 
transportation of raw materials by almost 2 times with a decrease in energy consumption for the process by 1.4 times 
for the vibro-wave scheme. In the developed vibrating transport-technological semi-fluidisation machine, the vibration 
effect provides a decrease in technological resistance in the mass of products, significantly reducing the force effect on 
it, as a result of the generated travelling wave on the surface of the load-carrying body, the movement of the processed 
material along the belt and continuous mixing or renewal of product layers are provided. The practical value of the study 
includes the use of a combined scheme for creating a fluidised layer of products due to the oscillation of the belt and 
bubbling with the flow of coolant; the use of the belt wave to create the movement of products in the production area

Keywords: vibration, wave conveyor, small-scale raw materials, unbalanced oscillation system, low-temperature processing, 
unbalanced vibration exciter
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Introduction
The search for favourable conditions for the intensifica-
tion of the production process with effective action on the 
object of the processing; implementation of technological 
movement in a continuous mode; maximum reduction of 
unproductive labour when performing auxiliary functions 
by the system; mutual coordination of technological in-
fluences in controlling the dynamic state of the system, in 
particular, with the multifunctionality of the components 
of the technological system and their harmonious applica-
tion are the main trends in the development of processes 
and equipment, in particular in the processing and food 
industries. Among the machines that meet these proper-
ties, one can distinguish vibrating transport and techno-
logical machines, which include semi-fluidisation devices. 
During the operation of these machines, technological and 
transport movement are realised in one unit and two quite 
common technological actions are combined: the use of 
advanced technologies with the involvement of low-frequency 
oscillations in the conveyor form of the organisation of the 
treatment process.

The technical term “conveyor” comes from the 
English “convey”, which defines the equipment for the 
transportation or continuous movement of certain goods, 
which are divided into bulk, lumpy, elastic, viscous or 
bound  [1;  2]. The current or technologically continuous 
method of implementation of technologies makes it possi-
ble to realise such production factors as proportionality, dy-
namism and direction of the technological process, which 
is the potential for increasing productivity, reducing the 
labour intensity of manufacturing products and allows pro-
cessing on automated production lines. Such lines in auto-
mated or complex mechanised operating modes practically 
eliminate contradictions between transport and techno-
logical movements, creating conditions for harmonious 
and rational use of technological equipment. 

The use of low-frequency oscillations in the pro-
cessing of products provides an increase in the intensity 
of processing by increasing the surface of heat and mass 
transfer, softening the force action on the particles of raw 
materials, reducing the internal coefficient of friction and 
viscosity, which reduces energy consumption for the pro-
cess and in aggregate allows realising new technological 
possibilities. The latter are often unique, allowing to sig-
nificantly increase the efficiency of the implementation of 
such common operations in food technology as separation, 
mixing, movement of products with specific properties, 
homogenisation, filtering, grinding, dehydration and drying, 
a saturation of technological masses with specific ingredients 
and media under conditions of mechanical and heat and mass 
exchange processes [3; 4].

The complex application of vibration impact in con-
veyor technology, which takes place during the operation 
of conveyor semi-fluidisation machines, corresponds to the 
highest form of interaction of technological and transport 
movements in the implementation of low-temperature pro-
cesses, namely, the implementation of technological action 
during transport movement, which allows automating the 
production process, determines the optimal functioning of 
the main structural components of the technical system, in-
creases the efficiency of volumetric action on technological 
masses, which determines the relevance of this study.

Semi-fluidisation apparatuses are transport and 
technological machines in which such low-temperature 
operations as freezing and partial freezing are implemented, 
carried out in the conditions of a fluidised layer of prod-
ucts, which at the same time is moved by a conveyor with 
a flexible load-carrying body. Among the machines, the 
structure of which combines the above-mentioned techno-
logical factors of increasing the efficiency of technological 
equipment, it is possible to note vibrating transport and 
technological machines.

In terms of technical and economic efficiency of the 
studied technical system, conveyor machines perform not 
only a purely transport function, but are also used as trans-
fer devices in technological automated lines for certain 
product processing. The focus of technological and trans-
port action, and the simplicity of automation of conveyor 
control determine them as an integral part of modern pro-
duction processes and devices, regulating the pace of pro-
duction and realising its rhythmicity. This can significantly 
improve the technical and economic parameters of pro-
duction, increasing labour productivity and output tenfold, 
to ensure synchronisation and proportionality between 
transport and technological movements, between the main 
and auxiliary operations, expanding the functionality of 
the equipment; complex mechanisation and automation of 
production processes, which is systematised in the studies 
by V.N. Poturaev [5], O.V. Tsurkan [6], I.P. Palamarchuk [7].

An essential feature of the conveyor vibration tech-
nological machine under study is the possibility of using 
low-frequency vibrations to create a fluidised layer of 
products with the current method of organising low-tem-
perature processing. The transport process under such 
conditions can be defined as an integral and auxiliary part 
of the technological movement. Vibration action is the 
main dynamic factor in the processing of products, usu-
ally loose or small pieces, which include fruits, berries and 
small vegetables, as expressed in studies by R. Leruk [8], 
G. Semenov [9], I. Chang [10], H. Yang [11], L. Wei [12]. At 
the same time, depending on the design of conveyor-type 
equipment, the implementation of transport and techno-
logical movements may differ in time and functional con-
tent. Therefore, the performance of production tasks in the 
process of moving the masses of products or technological 
media eliminates the contradiction between transport and 
technological movement, which brings the design perfection 
of this equipment closer to its highest forms.

Unlike vibrating conveyor machines, which move 
products in different horizontal directions and altitude 
levels, transport and technological machines are of a higher 
level of perfection, carrying out in the process of transpor-
tation and technological processing of the bulk product 
being moved, in particular, drying, extraction, crystallisa-
tion and other heat and mass transfer processes. The mul-
tifunctional nature of such technical systems is character-
ised by the complication of the design of their elements, 
and the establishment of practically separate transporting 
elements, which are often quite complex, eliminating the 
advantages of the current structure of production. At the 
same time, the challenge of increasing the level of mech-
anisation and automation of production causes difficul-
ties in the mutually coordinated functioning of transport 
and technological links. Obviously, the implementation 
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of effective conveyor technical systems in the conditions 
of low-frequency oscillations in the processes of low-tem-
perature processing is relevant and widespread.

Semi-fluidisation or semi-fluidisation is realised 
in common devices by ventilation with a jet of cold air in 
the direction from bottom to top through perforations on 
the moving belt at a speed not exceeding the critical value. 
The intensive heat and mass exchange effect on the surface 
layer of the raw material creates issues of its overcooling 
and unevenness of layer-by-layer processing; there is rela-
tively high energy consumption when creating a fluidised 
layer due to significant resistance when bubbling the prod-
uct with a flow of coolant. In addition, the disadvantages of 
these machines are the complex design, the creation of an 
uneven vertical movement of the product layer in the de-
vice, low heat exchange intensity and relatively low process 
productivity.

Harmonious in constructive and technical and eco-
nomic terms, the combination of the directions of vibration 
processing and transportation systems is a high potential 
and prospects for the development of production processes 
were traced in the scientific works of both well-known vi-
bration technologists and designers of the food technology 
industry, namely, O. Avci [13], as one of the first founders 
of the development of vibration technological machines; 
P.S. Bernyk and I.P. Palamarchuk, who in their designs 
combined vibromechanical, pneumodynamic and electro-
magnetic technological influences specifically for the pro-
cesses of processing and food technologies [14]; J. Rapur 
and R.  Tiwari [15], who initiated the broad application of 
vibrating machines in food production; O.  Spivakovsky 
and A.  Chervonenko [16], the pioneers of the conveyor 
machines development and use; and recognised founders 
of technologies and equipment of food and processing 
agricultural production, O.G. Burdo [17], V.D. Popova [18], 
V.N.Stabnikov [19] and other prominent scientists.

The purpose of this study is to reduce energy con-
sumption during intensive refrigeration processing of 
fruit and berry products by developing a structural and 
technological scheme of a vibrating wave fluidisation ma-
chine; determine the power and energy characteristics of 
this semi-fluidisation process; substantiation of rational 
speed modes of raw material movement in the processing 
zone. The scientific novelty of this investigation consists in 
the development of a vibromechanical source for creating 
a travelling and standing wave of a flexible load-carrying 
body. To achieve this goal, the following main tasks were set:

− based on the analysis of structural links of con
veyor, wave and vibration machines, to substantiate their 
functional features and main trends in the development 

of vibration-wave transport and technological technical 
systems;

− determine the main power and energy parameters of 
the developed oscillatory system and a typical scheme of 
transport and technological movement of the mass of bulk 
or small-lump loading;

− substantiation of rational speed modes of raw mate-
rial movement in the processing zone under the condition 
of minimising energy consumption for the process and 
ensuring high intensity of processing.

Materials and Methods
Among the main stages of the research conducted during 
2018-2022 are the development and manufacture of a pi-
lot plant for the implementation of the semi-fluidisation 
process; compilation of the necessary measuring base for 
estimating the electromechanical and heat exchange pa-
rameters of the process; analytical determination of the 
main kinematic, power and energy parameters using the 
characteristics of the experimental model; determination 
of the power and energy parameters of this process for 
2 options: with the vibration-wave movement of products 
and during its transportation by a conventional belt conveyor; 
processing and graphical interpretation of the comparative 
analysis of the two presented semi-fluidisation schemes; 
verifying the validity of the developed mathematical model. 

This study shows that the use of a wave conveyor 
provides both the formation of a fluidised layer and the 
transfer of products in the production area at a controlled 
speed [20]. In this case, the transport wave is created due 
to the vibration of the belt support roller. In such vibra-
tion transport and technological infrared machine, the 
vibration exposure provides a reduction in technological 
resistance in the mass of products, significantly reducing 
the force effect on it, as a result of the generated travelling 
wave on the surface of the load-carrying body, the movement 
of the processed material along the belt and continuous 
mixing or renewal of product layers are provided. 

For experimental assessment of the transport pa-
rameters of fruit and vegetable products during their 
low-temperature processing, the developed experimental 
model of a vibration-wave semi-fluidisation machine was 
used. In this installation (Fig. 1), vibration has a complex 
effect on the technological parameters of heat and mass 
transfer treatment: loosens the mass of raw materials, in-
creasing the area of heat exchange with the coolant; con-
stantly mixes and renews the surface layers of the product; 
creates a standing or travelling wave on the supporting 
transporting surface to move the product in the production 
area along a controlled trajectory. 
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a)

Figure 1. Vibrating semi-fluidisation machine (a) with spatial vibration drive in support rollers (b):
1 – driving roller; 2 – supporting roller; 3 – conveyor belt; 4 – processed products; 5 – infrared emitters; 

6 – eccentric shaft of the vibrating exciter; 7 – supporting unit of the vibration exciter; 
8 – a platform of the vibration exciter; 9 – elastic elements of the supporting unit of the vibration exciter; 

10 – counterweight; 11 – supporting unit of the roller; 12 – vibration supports; 13 – roller flange; 
14 – motor of the drive of the vibration exciter; 15 – an elastic clutch of the vibration exciter; 

16 – drive motor of the drive roller; 17 – drive pinion of the drive roller; 18 – driven gear of the drive roller; 
19 – supporting units; 20 – elastic coupling of the drive roller; 21 – drive axis of the drive roller; 

22, 23 – supporting units of the axis of the drive roller; 24 – debalance

 

 

b)

To obtain the necessary base of experimental data, a 
set of devices of the microcontroller system was developed 
and used, which is presented in more detail in [19]. Such a 
system contains electrical devices; sensors for evaluating 
heat exchange parameters; vibrometers for determining 
the amplitude-frequency and force characteristics; aerom-
eters and accelerometers for measuring and regulating 
the amplitude-frequency and force parameters, kinematic 
characteristics of the coolant flow of the semi-fluidisation 
process under study.

In the developed fluidisation apparatus, a fluidised 
layer is created using a kinematic eccentric vibration drive 
(Fig. 1) contains a working surface 1, a support roller 2, a 
conveyor belt 3, tension rollers 4,5, a drive eccentric shaft 
6, a support unit 7 of the device, a support for an elastic 
suspension 8, an elastic suspension 9, a counterweight 10, 
bearings 11, a support unit 12 of the roller, a flange 13, a 
drive motor 14, a spring clutch 15. A conveyor belt 3 with 
tension rollers 4,5 is installed on the working surface 1 of 
the support roller 2, a kinematic eccentric vibration drive, 
the drive eccentric shaft 6 is fixed in the support unit 7, the 
elastic suspension 9 is fixed on the support of the elastic 
suspension 8, to level the parasitic inertial loads, a coun-
terweight 10 is installed, bearings 11 in the supporting unit 
12 of the roller, place the flange 13 above the conveyor belt 
3, the shaft 6 is connected to the drive motor 14 by means of 

a spring clutch 15 to prevent the transmission of vibrations 
to the motor 14. During the operation of the device, the 
bulk material is delivered to the conveyor belt 3. The drive 
motor 14 through a flexible coupling 15 provides torque 
to the eccentric shaft 6, the rotation of which ensures the 
passage of a dynamic travelling wave on the surface of the 
belt 3, creating a fluidised state of the processing material 
and its translational movement along the surface of the 
load-carrying body. Such a vibration drive is characterised 
by a decrease in oscillating masses, which reduces energy 
consumption by 1.5-2 times for the implementation of the 
oscillatory process compared to the unbalanced one [21]. 
The oscillating movement of the rollers is transmitted to 
the flexible conveyor belt 3, forming a travelling or standing 
dynamic wave on its surface. The kinematic characteristics 
of this wave, namely the phase frequency and amplitude 
of oscillations determine, respectively, the speed of prod-
uct advancement and the thickness of the formed fluidised 
layer. These characteristics can be changed by adjusting 
the ratios of amplitudes and frequencies of oscillations for 
the drive eccentric shaft 6. Thus, the bulk mass of products 
receives a transport movement due to changes in the pa-
rameters of the generated wave, and not due to the longi-
tudinal movement of the conveyor belt. 

The use of an accelerometer in the mode of an au-
tonomous probe allows evaluation the effect of vibrations 
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on the formation of wave motion of the product mass through 
the response of kinematic parameters and processing time.

The developed microcontroller system is used to 
determine the main heat and mass exchange parameters of 
the semi-fluidisation process under study. Besides measuring 
temperature and humidity values, the system measures the 
speed of the refrigerating medium, which determines its 
flow rate and the necessary data for the current calculation 
of the humidity of the products in the production area. The 
system has a timer feature. The current temperature and 
humidity data is automatically stored, and it is possible to 
pre-set timestamps with an accuracy of up to a minute. The 
values measured at these points will also be recorded. Data 
and checkpoint memory are energy-dependent. The accu-
mulated and current information about the parameters of 
the dewatering process can be transmitted to a computer 
for further analysis, processing and calculation using the 
Mathcad programme.

When connected, the microcontroller and computer 
clock are automatically synchronised. The calculation of 
the current moisture content of the product is performed 
by a computer using the obtained values of the coolant 
moisture content and the entered constants that charac-
terise this process. The application of the developed system 
provides normalised values of the cooling temperature and 
allows monitoring of the heat and mass transfer process to 
determine the rational parameters of the process. 

Modern concepts of the theory and basic provisions 
of the mechanics of deformable solid bodies, solid and bulk 
media, elasticity theory, vibration processing and transport 
theory are used for theoretical research [22]. When per-
forming experimental studies, German Robotron equipment 
was used to assess the kinematic parameters of vibration, 
and electromechanical equipment to ensure a slow change 
in the speed of rotation of the drive shaft of the vibration 
exciter.

Results and Discussion
The technological effect of vibration can be branched into 
three main components: targeted effect on the mass of 
processed products, on the working container and on the 
working bodies of the machine; targeted change in the 
technological resistance of the system; functional univer-
salisation when using vibromechanical elements, which 
are presented in detail in Figure 1. The vibration effect is 
especially effective for the intensification of heat and mass 
transfer processes due to a significant increase in the con-
tact area in the conditions of a vibration-weighted layer; im-
provement of the uniformity of layer-by-layer processing 
and smoothing of thermal stresses in the material, which 
is quite important for thermolabile systems; simplicity of 
implementation and ease of coordination of transport and 
technological movements in the working area of the devices.

Well-known scientists have proved that the process-
ing of bulk or small lumps of products is characterised by 
the high dynamic action of the working bodies; the acous-
tic effect of shock waves can be traced in complex with 
it  [23;  24]. Vibratory movement of technological masses 
is carried out, as a rule, with a constant or slowly variable 
speed; which is explained by the phenomena of alternate 
change of withdrawal movements – displacement of equi-
librium positions, the appearance of one or more discrete 

positions of quasi-equilibrium; imaginary transformation 
of dry friction into viscous friction. As a result of reducing 
the effective coefficient of friction and internal viscosity 
under conditions of low-frequency oscillations, which leads 
to an increase in the uniformity of processing up to 100% 
of the active contact surface in a fluidized layer with a 
2-3 times reduction in the processing time and a corre-
sponding decrease in energy consumption  [25; 26]. Thus, 
vibromechanical processing in combination with pneumatic 
and hydrodynamic actions gives a high potential for ef-
fective changes in the physical and chemical processes of 
product processing, which substantiates vibration processing 
as one of the most effective types of technological action, 
becoming increasingly common in food production [27].

Application of the kinematic forced vibration drive 
of the proposed design, by installing the drive eccentric 
shaft, support roll, counterweight, bearings of the support 
roll, support roll assembly, flange, tension rolls, spring 
clutch; the presence of elastic suspension of volumetric 
action, the working rolls carry out forced reciprocating and 
oscillatory motion, which forms a pseudo-rarefied layer, 
which allows to simplify the design, improve the vertical 
movement of the product, increase the intensity of heat 
and mass transfer due to bringing to 100% the contact 
surface with the coolant.

Using devices for monitoring vibration parameters, 
the developed microcontroller system analysed the main 
technical and economic parameters through the speed and 
energy characteristics of the technical system under study. 
The study was conducted at different angles of the imbal-
ances relative to each other to estimate the force action 
from mechanical vibration exciters. The latter are dou-
ble galtel elements, the mass of which is not symmetrical 
with respect to the axis of the drive shaft. Therefore, when 
changing the angle between these fillings from 0 to π (0, 
60º, 90º, 120º, 180º) the inertia force of unbalanced masses de-
creased inversely from the maximum value to zero. Chang-
ing the relative location of the imbalances allowed to trace 
their influence on the above parameters of low-frequency 
oscillations. Changes in the positions of unbalanced ele-
ments relative to the vertical axis of the machine create 
an effect on the drive body by force, moment or their com-
binations, which causes states or modes of force, moment 
and combined unbalance in the oscillating system and al-
lows determining the corresponding characteristics of the 
vibration-wave transportation of technological masses. The 
levelling of parasitic oscillations is realized in the presence of 
a spring-loaded suspension of the guide belt of the developed 
semifluidization machine, which can be traced by the changes 
in the amplitude of oscillations of the supporting unit of the 
vibration exciter by almost an order of magnitude [28; 29].

To generate low-frequency vibrations and convert 
them into wave motion of the belt during interoperative 
transportation of fruit and berry products in the studied 
machine, the use of two mechanical inertial or power vi-
bration exciters mounted in the support rollers of the 
belt mechanism was provided. The machine uses vibra-
tion drives with inertial elements – debalances 10 (Fig.1). 
Changing the angle between these elements and the rela-
tive position to the roller 2 allows implementing alternative 
schemes of mechanical vibration excitation: eccentric or 
forced kinematic and unbalanced inertial vibration drives. 
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Accordingly, at the force unbalance of the oscillating sys-
tem, that is, under the action of only inertial loads, only 
unbalanced forces act on the drive shaft, at the momentary 

unbalance – the result of the action of only moments and 
at the combined unbalance – when both forces and moments 
affect the actuator (Figs. 2, 3).

Figure 2. Power consumption of the drive body of the machine from the frequency characteristics for such modes 
of power technological action: 1 – for combined unbalance; 2 – for momentary unbalance; 3 – for power unbalance
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Figure 3. The speed of transportation of processed products depending on the angular speed of rotation 
of the drive shaft ω for such modes of power technological action: 

1 – for combined unbalance; 2 – for momentary unbalance; 3 – for power unbalance

As a result of reducing the oscillating masses of 
the eccentric vibrating exciter by 1.5-2 times, the dynamic 
loads from the specified forces and moments are reduced, 
which makes it possible to reduce energy consumption 
accordingly, while maintaining high performance of the 
supercooling or freezing process, which for the investigated 
oscillating technological system is determined by the pos-
sibility of one passage of the product mass along the pro-
cessing zone to acquire the required operating temperature, 
in particular – 10 °C on the product surface.

According to the results of experimental studies, for 
the frequency operating mode range of 80...100 rad/s, en-
ergy consumption varies within 17.3...19.1% (Fig. 2), and 
the change in the transport speed of the processed prod-
ucts is 31...50% (Fig. 3). Evidently, the implementation of 
the combined unbalance of the oscillating system makes it 
possible to minimise energy consumption and increase the 
speed of movement of the technological mass by 27-33% in 
the production area (Fig. 2) from the wave motion of the belt 
while maintaining an intensive vibropulse processing mode.

Kinematic and energy parameters were used as criteria 
for evaluating the conducted studies. As kinematic param-
eters, the speed of movement of the product flow was de-
termined, which characterises the mass productivity of the 
vibrating conveyor installation. The power consumption to 
drive the machine actuators for low-temperature process-
ing in the fluidised layer of the product was used as an ener-
gy parameter for evaluation. The given kinematic and energy 
parameters obviously determine the technical and economic 
efficiency of the developed refrigeration process. The pre-
sented characteristics were determined for two methods of 
implementing the semi-fluidisation process in the moving 
product layer (Figs. 4, 5):

− in case of transportation of the mass of products by 
the movement of the conveyor belt;

− in the case of moving products by the motion of the 
belt, which is the working body of the wave conveyor, 
receiving alternating circular motion from the oscillations 
of the support rollers.
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Figure 4. Speed characteristics of the load-bearing body of the machine:
1 – the results of analytical calculations and 2 – the results of experimental analysis for the vibro-wave conveying 

scheme; 3 – the speed of transportation of products using a typical belt conveyor
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Figure 5. Energy characteristics of the process:
1 – results of analytical calculations; 2 – results of experimental analysis;

3 – power consumption of the belt conveyor drive
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When transporting the mass of products by the 
movement of the travelling wave formed on the surface of 
the belt, the speed υtr of the latter is higher by 44-52% ac-
cording to the results of analytical calculations and exper-
imental analysis (Fig. 4) compared to the traditional belt 
conveyor when moving technological masses, that is, when 
transporting the mass of products by the movement of the 
conveyor belt. To ensure the specified mass productivity 
of the machine and bring supercooling to the operating 
temperature in one pass of the production area, we assume 
that the corresponding speed parameters are: υpr = υtr = υc.

When processing products under the conditions of 
a vibration wave conveyor, the speed of transportation of 
products on the belt can be assumed to be equal to the 
vibration velocity υх:

𝜐𝜐𝜐𝜐pr=υх=Ах𝜔𝜔𝜔𝜔к  ,� (1)

Ах=Ах1+Ах2  ,� (2)

𝜔𝜔𝜔𝜔к = 2π
Тк

  ,� (3)

AX1, AX2 – components of the oscillation amplitudes from 
the drive vibration exciters; ωK – frequency of vibrations of 
the wave conveyor.

The results of experimental and theoretical stud-
ies in determining the speed of product transportation 
in the processing zone and energy consumption for the 
process were within the permissible values for almost 
all frequency modes (curves 1 and 2 in Figs. 4, 5). At the 
same time, the speed of transportation of products by 
the movement of the belt conveyor was 44% lower than 
when using a vibration wave propulsion system, which 
indicates the high kinematic qualities of the latter and 
the reserves for increasing the productivity of the process 
under study (Fig.  4). Power consumption in the studied 
process for the 1st mode was higher by 28...39% for the 
range of operating frequencies than when using the de-
veloped vibration-wave drive of oscillatory movement of 
the load-carrying belt (Fig. 5).

Conclusions
1. Based on the analysis of the characteristics of vibrating 
and wave transporting machines, their classification was 
developed, the main qualities for effective use in the food 
and processing industries were substantiated and the fol-
lowing structural and technological advantages over other 
types of equipment were identified:
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− simplicity of design for the implementation of complex 
transport and technological traffic;

− high level of structural restoration, in particular, ease 
of technical and technological operation, ease of changing 
and adjusting the trajectory of product flow;

− high reliability parameters, in particular, durability 
characteristics under severe operating conditions due to 
the presence of elastic suspension of the supporting rollers 
of the conveyor belt and elastic elements of the supporting 
units of the exciter;

− maintainability and interchangeability of components;
− the possibility of combining transport operations with 

the simultaneous implementation of certain technological 
processes, in particular heat and mass exchange.

2. Comparative analysis of the kinematic and energy pa-
rameters of the processes of transportation of bulk products 
in the production area using the developed vibratory wave 
conveyor machine and the classical belt conveyor revealed 
an increase in almost twice the speed of transport move-
ment and a reduction in 1.4 times the energy consumption 
for the process for the designed scheme.

3. The developed drive mechanism of the semi-fluidisa-
tion machine intensifies the process of heat exchange in the 
production area, realising the following processing param-
eters: product conveying speeds within the value of prod-
uct conveying speed in the range from 0.125 to 0.25 cm/s 
with energy consumption for the process in the range of 
120-140 W for the frequency range of 80...100 rad/s.
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Техніко-економічне обґрунтування процесу семіфлюїдизаційної обробки 
плодоягідної продукції

Ігор Павлович Паламарчук1, Владислав Ігорович Паламарчук2, Віктор Володимирович Сарана1, 
Ярослава Валеріївна Гейпель1, Богдан Юрійович Бородич1
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Анотація. Пошук ефективних схем реалізації процесу семіфлюїдизації для підморожування та заморожування 
плодовоягідної продукції за умови мінімізації енерговитрат та високої продуктивності на процес становить 
актуальність проведених досліджень. Метою дослідження є розробка енергоефективних та надійних технологічних 
схем реалізації віброхвильової холодильної обробки плодовоягідної продукції на основі розробки вібраційної 
транспортно-технологічної флюїдизаційної машини; визначення силових та енергетичних характеристик процесу 
семіфлюїдизації; обґрунтування раціональних швидкісних режимів просування сировини у зоні обробки. На основі 
порівняльного аналізу конструктивно-технологічних характеристик хвильових, конвеєрних та вібраційних машин 
було обґрунтовано основні тенденції їх розвитку; визначені основні силові та енергетичні параметри розробленої 
коливальної системи. Проведено порівняльний аналіз технологічних схем семіфлюїдизації при використанні 
транспортного руху продукції стрічковим та віброхвильовим конвеєром, що дозволило обґрунтувати ефективність 
застосування відповідних приводних механізмів досліджуваної машини. Графоаналітичний аналіз швидкісних 
та енергетичних параметрів досліджуваного семіфлюїдизаційного процесу на основі отриманих теоретичних та 
екпериментальних даних дозволив перевірити адекватність розробленої математичної моделі та обґрунтувати 
основні параметри робочого режиму просування технологічного завантаження вздовж зони обробки. Проведені 
дослідження при використанні розробленої дослідної моделі та класичного стрічкового конвеєру довели 
підвищення швидкості транспортування сировини майже у 2 рази при зменшенні енерговитрат на процес 
у 1,4 раза за віброхвильової схеми. У розробленій вібраційній транспортно-технологічній семіфлюїдизаційній 
машині вібраційний вплив забезпечує зменшення технологічного опору у масі продукції, істотно знижуючи силову 
дію на неї, внаслідок утвореної біжучої хвилі на поверхні вантажонесучого органу забезпечується переміщення 
оброблюваного матеріалу по стрічці та неперервне перемішування або оновлення шарів продукції. До практичної 
цінності проведеної роботи належить застосування комбінованої схеми створення псевдорозрідженого шару 
продукції за рахунок коливання стрічки та барботування потоком холодоносія; використання хвилі стрічки для 
створення переміщення продукції у робочій зоні

Ключові слова: вібрація, хвильовий конвеєр, дрібнокускова сировина, незрівноваженість коливальної системи, 
низькотемпературна обробка, дебалансний віброзбуджувач
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Influence of Parameters of Marinating Meat Semi-Finished Products 
on the Quality of the Finished Product

Abstract. Improvement and introduction of modern technologies in the creation of new types of meat semi-finished 
products, the study of promising components and the development of new recipes for marinades, improving the organoleptic 
and taste properties of the final product is a relevant and promising area of research. Therefore, this study is focused on 
the influence of marinating parameters in the technology of meat semi-finished products, namely on the organoleptic, 
physicochemical, and functional-technological properties of the finished product. To solve the tasks, generalisation, 
comparison and the following research methods were used: organoleptic evaluation of appearance, cut section, taste, 
smell, colour, consistency, and juiciness; moisture content – by drying samples in a drying oven at a temperature of 
103 ± 2 °C to a constant mass; fat content – by the Soxhlet method; ash content – by the conventional weighing method; 
determination of protein content – by the Kjeldahl method; the yield of the finished product was determined by weighing 
before and after heat treatment; moisture binding and moisture retention capacity was determined by pressing. The 
studies found that the effect of the duration of marinating significantly affects the organoleptic characteristics. Thus, 
the organoleptic characteristics and taste and aroma properties of the finished product when using honey in marinades 
improve, and the appearance becomes more attractive. According to the results of the organoleptic evaluation, the finished 
product, after 24 hours of marinating, received a score of 4.9 points. Also, in these samples were observed greater water 
retention and water binding capacity, which contributes to increased hydration and solubility of muscle tissue proteins. 
The influence of marinating parameters on the consumptive properties of the product has been established. Thus, the 
yield of finished baked beef after 24 hours of ageing in the marinade was the highest in sample No. 1 (marinade based on 
citrus honey – 10 g) and amounted to 84.96%, while the average weight yield of other samples was in the range of 73.18-
77.5%. The obtained research results make it possible to expand the range of semi-finished products, correct organoleptic 
properties and enrich the finished product with biologically active substances

Keywords: baking process, organoleptic assessment, physicochemical indicators, functional and technological indicators, 
sensory analysis, muscle tissue

Introduction
The combination of meat raw materials and the character-
istic components of the marinade makes it possible to cre-
ate new products with high consumer properties. The func-
tional and technological properties of honey and spices allow 
for diversifying products and increasing their biological value.

Honey possesses many useful properties due to the 
fact that it contains such microelements as zinc, iron in 

large quantities, B vitamins and vitamin C, antioxidants 
and other trace elements. Therefore, the expediency of its 
use as one of the ingredients for marinating meat products 
before the heat treatment process is quite promising [1; 2].

The introduction and improvement of the latest 
technological techniques for food production provide an op-
portunity to produce new meat products that will positively 
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affect the accumulation of biologically active components 
to ensure a high level of quality of the finished product. 
All the above-mentioned techniques with partial improve-
ment of the technological processes of the full cycle of pro-
cessing meat raw materials, starting with the development 
of new recipes or their improvement and obtaining inno-
vative products at the output.

One of the main factors that should be considered is 
the speed of the cooking process, which will contribute to 

the creation of new organoleptic properties of the finished 
product and ensure microbiological safety [3; 4].

During 2017-2021, the structure of meat produc-
tion underwent drastic changes, the share of poultry meat 
reached 53.3%, pork – 29.7% and beef – 15.2% [5].

According to the data given in the study [6], poultry 
meat (chicken) makes up 50% of the diet of each resident 
of Ukraine, and its share has been increasing over the past 
few years (Table 1).

Table 1. Structure of annual poultry meat consumption

No. Year Per person, (kg) Total consumption for the year, (%)

1 2019 24.34 49.7

2 2020 25.15 51.9

3 2021 8.24 (January-April) 54.3

Therefore, the provision of the population with 
meat and meat products, especially high quality with good 
presentation, taste, culinary and technological properties, 
and significant nutritional value requires in-depth studies 
of the properties of raw materials and culinary products by 
modern chemical and physicochemical methods [7].

In the range of meat products, semi-finished prod-
ucts play a significant role – products that are maximally 
prepared for culinary processing. The desire of the popu-
lation to reduce the time for cooking and at the same time 
eat high-quality and diverse products has led to a signif-
icant increase in demand for natural semi-finished meat 
products, quick-frozen and chilled, and ready-made fried 
products that have high nutritional value and are afford-
able [8]. Today, the development of innovative technolo-
gies for the preparation of semi-finished products for bak-
ing, and optimisation of the ingredient components of the 
marinade, to increase the nutritional value of the finished 
product, remains quite relevant.

The quality of finished products processed in ovens 
largely depends on the technological process, which in turn 
is determined by the dynamics of adjusting the set param-
eters, the uniformity of temperature heating and the speed 
of the coolant in the working chamber. Raw meat depends 
on the amount of connective, adipose and muscle tissue, 
thermal state, storage duration, and other factors. In muscle 
fibres, fibrils are connected by an interfibrillar basic sub-
stance; under the action of alkali, this substance liquefies, 
and the fibre breaks up into separate fibrils. Therefore, in 
the process of production of semi-finished products, it is 
advisable to subject the products to marinating, which 
allows you to get juicy products [9]. 

The duration of heat treatment of meat and its ten-
derness largely depends on the ratio of collagen fibres in 
muscle tissue. Muscle tissue, freed from adipose tissue and 
largely from connective tissue, contains approximately 
70-75% moisture. Moisture is retained in the tissues due to 
osmotic pressure and the adsorption capacity of proteins 
and fills the macro- and micro-capillaries. Most of it (50-
70%) is in a weakly bound state and is a solution of organic 
and inorganic substances. Some of the water (0.6 g per 1 g 
of protein) is firmly held by protein substances [10]. 

The purpose of the study is a development and sub-
stantiate the parameters of marinating meat semi-finished 
products with their subsequent heat treatment. Following 
the objective, the next tasks were solved: substantiation of the 
choice of components of the marinade recipe to give the de-
sired structure of the finished product; study of the influence 
of technological parameters of marinating and culinary pro-
cessing on the quality indicators of the finished meat product.

Literature Review
For frying in natural form, semi-finished products are made 
from tender and soft parts of the carcass (tenderloin, loin, 
ham). To soften the meat, enzyme preparations of plant, 
animal and microbiological origin are used. They allow for 
more or less proteolytic cleavage of connective tissue pro-
teins and muscle fibre proteins [11].

In the process of maturation, which occurs during 
exposure after the slaughter at a temperature of 1-4 °C, the 
meat acquires a delicate texture, pleasant smell, and taste. 
This is due to various biochemical processes caused by the 
present enzymes. Proteolytic enzymes such as papain, ficin, 
bromelain, etc., are widely used to improve the consistency 
of meat [12].

Bacterial and fungal proteolytic enzymes are known 
to affect only muscle fibre proteins. In this case, there is 
a softening of the sarcolemma; destruction of the muscle 
fibre led to the loss of muscle tissue of transverse striation. 
Proteolytic enzymes of plant origin mainly affect connective 
tissue fibres [13].

In culinary practice, various marinades are used to 
soften meat. In addition to softening, marinade imparts 
flavour to meat and can eliminate or reduce unwanted 
odour, which is achieved by adding various spices and sea-
sonings. Marination is also widely used as a method of pre-
serving meat products, as it allows to prolong the shelf life 
and storage of chilled meats.

The authors of scientific papers [14; 15], conducted a 
number of studies in which the formulations of marinades 
with the addition of honey of different varieties were used, 
and the results showed that such mixtures were quite ef-
fective and reduced the formation of heterocyclic amines 
(HCA) in the finished products during the cooking process. 
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Traditional marinades contain rapeseed oil and 
plant extracts of paprika or garlic. Emulsion-based mari-
nades contain vegetable oils, water, spices, spice extracts, 
and salt [15]. The authors of the study [16] found that 
changing the colour of semi-finished products marinated in 
various marinades without adding honey reduces the at-
tractiveness of the product, but when it is used, finished 
products have a more natural colour. The aforementioned 
changes in colouration may be associated with an en-
hanced binding reaction of myoglobin and myofibrillar 
protein [17].

Over the past 10 years, there has been an active de-
velopment in the use of chilled semi-finished instant meat 
products, despite the fact that sometimes their price can 
be higher by 25-30% compared to frozen ones. This trend is 
observed all over the world [18]. The production of chilled 
meat products is carried out both by food enterprises and 
chain stores that have their own shops for the production 
of semi-finished products.

The main priorities of modern food are fullness, 
variety, and speed in preparation. Very often each family 
member has different preferences in food, and rather than 
cook multiple dishes every day, modern people prefer to 
buy ready-made meat products and instant meals [19].

Materials and Methods
The research was conducted in 2019-2020 in the laboratory 
of the Department of Meat, Fish and Seafood Technology, 
the Department of Anatomy, Histology and Pathomorphol-
ogy of Animals named after Academician V.G.  Kasyanenko 
and the Department of Ecobiotechnology and Biodiver-
sity of the National University of Life and Environmental 
Sciences of Ukraine; at the Institute of Food Resources of 
the National Academy of Agrarian Sciences of Ukraine, the 
Palladin Institute of Biochemistry of the National Academy 
of Sciences of Ukraine, the Ukrainian Laboratory of Quality 
and Safety of Agricultural Products (Chabany).

For research, a hip part of beef weighing 1.5-2 kg 
was selected, which was cooled and stored for three days at 
a temperature of 2-4 °C.

According to the scheme of the experiment, the 
following technology was performed: preparation of mar-
inade – a mixture of herbs (chopped onions, garlic, basil, 
coriander, ground paprika, ground tomatoes, ground black 
pepper, ground ginger, ground red pepper, ground paprika, 
rosemary, parsley, marjoram, nutmeg, ground allspice, 
salt); refined oil; honey of two varieties – golden and cit-
rus. Salt was included in the marinade recipe at the rate of 
2% by weight of raw materials. 5 marinades for beef were 
proposed, which are shown in Table 2.

Table 2. Methods of marinating beef meat

Marinade
Components

A mixture of herbs, g Oil, g Honey variety Honey, g

1 6 16 – –

2 6 16 Citrus 10

3 6 16 Citrus 20

4 6 16 Goldenrod 10

5 6 16 Goldenrod 20

6 6 16 Citrus + goldenrod 20 (10 each)

At the same time, the following basic technological 
operations were included in the methods of marinating: cut-
ting beef meat, and preparation of marinade, namely mixing 
oil, spices, and honey in the prescribed amount. The marinade 
was poured into the raw materials and mixed thoroughly.

Then the product was kept at a temperature of 2-4 °C 
in the refrigerator for 2 hours and throughout the day. Also, a 
control sample of beef was marinated without adding honey 
(No. 1). The next step was baking the semi-finished product 
in an electric oven with hot air convection at a temperature of 
180 °C for 2 hours. 1 control and 5 experimental samples were 
examined according to the formulation given in Table 1 [20]. To 
obtain reliable experimental data, all studies were conducted 
at least five times, with two repetitions for each experiment.

Sampling for organoleptic and physicochemical 
studies and their preparation for analysis was carried out in 
accordance with DSTU 4437:2005 Semi-finished meat and 
meat-vegetable cut. Technical specifications [21].

The organoleptic assessment was performed using a 
five-point system. Five points were given to a sample that 
fully complied with the recipe and production technology 
and in terms of organoleptic characteristics corresponded 
to a high-quality product. Minor deviations from the es-
tablished requirements are allowed for a product rating of 
4 points. A score of 3 points indicates a violation of the 
cooking technology. If during the evaluation at least one of 
the indicators receives 2 points, the product is not subject 
to further evaluation (Table 3).

Table 3. The scale of organoleptic evaluation of semi-finished meat products

Indicator Characteristics Points

Appearance
The semi-finished product has a regular oval shape. After baking, the surface of the product has 
a uniform ruddy crust. The colour in the section is dark grey, there may be particles of marinade 

components, which does not reduce the positive impression
5
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Indicator Characteristics Points

Appearance

The semi-finished product has a regular oval shape. The surface is crack-free. After roasting, 
a ruddy crust appears on the surface of the product. The presence of heterogeneous marinade 

components reduces the positive impression
4

The semi-finished product has an irregular shape. Damaged surface. After baking, the surface
is unevenly crusted 3

The semi-finished product has an irregular shape and is deformed. Damaged surface. After baking, 
there is no crust on the surface, or there are areas with burns 2

The semi-finished product has an irregular shape and is deformed. The surface is covered
with significant burns. After baking, the product has an unpresentable appearance 1

Smell

Pleasant, appetizing, harmonious, inherent in this type of food, no extraneous odor 5

Pleasant, appetizing, dominated by one of the components of the product (spices, honey),
too intense or neutral 4

Pleasant, but specific, honey-like 3

Unpleasant, unappetizing, smell of oxidized fat 2

Very unpleasant, sharp, oxidized fat, putrid 1

Consistency

Dense, juicy, the product retains its shape well after baking 5

Slightly dense, juicy, tender, the product retains its shape after baking 4

Very dense, or loose, crumbly, dryish or soft 3

Crumbly, brittle, too soft or rubbery 2

The product does not retain its shape, dry 1

Taste

Pleasant, fresh, appetizing, sweetish, unobtrusive, light, bouquet-like, harmoniously combining 
the taste of the components of this product (beef, honey, spices), moderately salty 5

Pleasant, appetizing, but dominated by one component of the product, very intense or neutral, 
light meat, moderately salty 4

Pleasant, but specific, honey taste, salty or slightly salty 3

Unpleasant, sweet, pronounced taste of spices 2

Very unpleasant, spoiled meat raw materials, oxidized fat 1

To obtain objective results of the organoleptic assessment 
of the quality of the finished product, each of the indicators – 
appearance, colour, smell, taste, consistency, juiciness, and 
sectional appearance – is given appropriate ratings. Based 
on the scores for each indicator, the product score is deter-
mined in points (as arithmetic mean, the result is calculated 
to one decimal place).

Physicochemical and functional-technological stud-
ies were carried out according to generally accepted meth-
ods: moisture content was determined by the arbitration 
method, which is based on drying samples in a drying oven 
at a temperature of 103 ± 2 °C to a constant mass according 
to DSTU ISO1442:2005 [22]; fat content was determined 
by extraction of a pre-dried sample in a Soxhlet extractor 
according to DSTU ISO1443: 2005 [23]; ash content was 
determined by burning the sample in a muffle furnace 
at a temperature of 400 °C in accordance with DSTU ISO 
936:2008 [24]; moisture binding and moisture retention 
capacity were determined by pressing the samples and 
separating free moisture, subsequently calculated using the 
appropriate formulas.

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =  (А−В ×8,4)
А

× 100  � (1)

where, M B C – moisture binding capacity, %; A – total 
moisture content in suspension, %; 8.4 is a constant indi-
cating the amount of moisture retained by the filter paper 
1 cm3; B – wet spot area, cm2.

Moisture retention capacity (%): 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = (А−В×8,4)
𝑚𝑚𝑚𝑚

× 100  � (2)

where, M R C – moisture retention capacity of meat, % A – 
the total amount of moisture in the meat sample, mg; 8.4 is 
a constant indicating the amount of moisture retained by 
the filter paper 1 cm3; B – wet spot area, cm2; m – the mass 
of the sample, g.

After pressing, a pencil contour was drawn around 
the pressed meat (meat spot – MS) and the total spot (TS) 
along the boundary of moisture spread (Fig. 1). The area 
of a wet spot (WS) is the difference between the areas of a 
total spot and a meat spot.

Table 3, Continued
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According to organoleptic indicators, the varieties 
of honey met the requirements of DSTU 4497:2005 “Natu-
ral honey. Technical specifications”, according to the type 
of plants from which they were collected, had the aroma, 
and taste inherent in this variety, and did not contain me-
chanical impurities and signs of fermentation [20].

Results and Discussion
According to the previous author’s research, all the qual-
ity indicators of the marinade and marinated portioned 
semi-finished products were determined [20].

During heat treatment, physicochemical (moisture 
content, fat, ash) and functional technological (moisture 
binding, moisture retention capacity and plasticity) changes 
in the product occur, as well as certain organoleptic prop-
erties (appearance, taste, smell, colour, consistency) char-
acterising the finished product are formed [20].

As a result of baking portioned semi-finished prod-
ucts, with ageing in the marinade for 2 hours, the organo-
leptic score was somewhat lower compared to the 24-hour 
marinade, especially samples No. 4 and No. 5 (Goldenrod 
honey – 20 g and citrus + goldenrod – 10 g each, respectively) 
and amounted to 4.27 points. Sample number 1 (control 
without adding honey) scored only 4.23 points at 2 hours 
and 4.51 points at 24 hours of marinating.

Also, for a visual representation of the organo-
leptic evaluation of baked samples of marinated beef for 
24 hours, a profilogram of quality assessment of finished 
meat products was formed [20].

As can be seen from Figure 2, the taste of the 
semi-finished products after 24 hours of marinating had 
the highest number of points, namely the sample No.  2 
marinated with citrus honey (20 g), and sample No. 3 with 
goldenrod honey (10 g).

Figure 1. Control sample: 1 – meat spot (MS); 2 – total spot (TS); 
3 – standard image with an area of 1 cm2

Figure 2. Profilogram of organoleptic quality assessment of portioned semi-finished products
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Functional and technological indicators of finished 
products, namely the moisture content (%), total and meat 
spots (TS and MS), the area of the wet spot, moisture-retaining 

and moisture-binding abilities, the mass of samples after 
baking, and the determination of meat plasticity are given 
in Table 3. 
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Table 3. Functional and technological indicators of the finished product

sample 
number TS, cm2 MS, cm2 WS, cm2 MRC, % MBC, % Plasticity of meat, cm2/g

2 hours of marinating

1 6.45 1.08 5.37 43.44 22.86 17.9

2 6.44 1.28 5.16 46.39 28.76 17.2

3 5.23 1.09 4.14 43.14 36.46 13.8

4 5.44 1.45 3.99 40.25 34.83 13.3

5 5.2 1.08 4.12 48.30 42.16 13.73

6 5.04 1.76 3.28 41.11 45.22 10.93

24 hours of marinating

1 4.76 1.13 3.63 50.65 49.86 12.1

2 4.15 1.63 2.52 49.43 62.52 8.4

3 4.01 1.11 2.9 44.84 54.00 9.66

4 4.23 1.02 3.21 48.38 53.00 10.7

5 4.03 1.79 2.24 46.82 64.56 7.46

6 4.25 1.10 3.15 46.82 52.44 10.5

Thus, the process of marinating increases the hy-
dration and solubility of muscle tissue proteins, due to the 
accumulation of free myosin (the most moisture-binding 
protein of meat) [20].

During 24 hours of marinating, the MRC was 
1.09 times higher compared to the samples marinated for 
2 hours on average, while the MBC was 1.6 times higher. 
Consequently, meat with increased moisture binding and 
moisture retention capacity acquired improved consistency 
and juiciness. Also, as a result of the research, it was found 
that the moisture-binding capacity at 24 hours of exposure 
in the marinade of beef meat without the addition of honey 
(control sample No. 1) was 49.86%, which is 1.15 times less 
than the average value of other samples. When marinated 
for 2 hours, the control sample (without adding honey) was 
1.64 times lower in terms of WBC values compared to sam-
ples marinated with honey added. Consequently, with 
the addition of honey, the moisture-binding and mois-
ture-retaining ability increase in comparison with the 
control, which gives the finished product taste, smell, 
and colour.

The plasticity of the meat of the experimental 
samples marinated with the addition of honey for 2 hours 

averaged 13.79 cm2/g, while after 24 hours of exposure – 
9.35  cm2/g, which characterises the ability of the finished 
product to irreversible deformation and indicates its quality.

A similar result is described in [17], where the in-
fluence of mustard-honey marinade, apple cider vinegar, 
white wine vinegar and kefir-sour marinades on the prop-
erties of pork was studied. Accordingly, it was established 
that the pH of pork changes when aged in white wine vin-
egar (pH 3.0), apple cider vinegar (pH 3.1), mustard honey 
(pH 3.9) and kefir marinade (pH 4.5) with a marinating du-
ration of one, three and seven days. It was found that heat 
treatment had a lesser effect on the weight loss of samples 
marinated in a mustard-honey marinade (25.43-27.41%), 
while samples marinated in kefir lost weight almost as 
much as the samples of the other two groups. The prepared 
samples marinated with white wine and apple cider vinegar 
were tougher than the other two marinades. The data ob-
tained showed that marinating in kefir and mustard honey 
marinade makes the samples softer after baking. 

The dynamics of moisture content of ready-made 
portioned semi-finished products and mass yield (average 
weight of raw materials and marinated product) after baking 
are shown in Figure 3.

Figure 3. Dynamics of moisture content and mass yield of finished products

C 1 2 3 4 5
Moisture content, % (2 h) 57.48 59.84 54.73 51.42 59.93 50.3
Moisture content, % (24 h) 59.81 56.48 52.96 57.37 53.09 55.64
Baked beef weight, % (24 h) 71.63 84.96 77.5 75.52 73.18 77.47
Baked beef weight, % (2 h) 65.55 81.16 73.67 69.69 67.8 70.22
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Thus, as can be seen in Figure 3, the moisture con-
tent in the experimental samples marinated for 2 hours, 
namely in No.  1 and No.  4, was higher compared to the 
24-hour exposure, while No. 3 and 5 samples were higher 
compared to the 2-hour marinating. 

Also, the output of finished baked beef after 24 hours 
of ageing in the marinade was the highest in sample num-
ber 1 (marinade based on citrus honey – 10 g) and amounted 
to 84.96%, which is 10.7% more than the average yield af-
ter baking of other samples – 75.9%. At the same time, the 
mass yield of baked beef after 2-hour exposure was also 
the highest in sample number 1 and amounted to 81.16%, 
which characterises this marinade as effective to be applied. 
Unmarinated samples showed significantly higher losses 
compared to other samples, which is explained by the di-
rect contact of meat raw materials with heat and caused by 
the loss of moisture from the meat [25; 26]. Similar findings 
were obtained by the authors of scientific work [14], who ar-
gue that the addition of honey to the marinade mixture is 
effective, which leads to a reduction in weight loss of the fin-
ished product as a result of baking. The percentage of losses 
of grilled beef samples ranged from 28.10% to 35.38%. 

Losses observed during the roasting of marinated 
beef meat may be the result of different pH values of the 
marinades used. In the studies presented in [27], it was 
found that reducing the weight loss of pork cutlets during 
cooking can be achieved by adding antioxidants to the in-
gredient composition.

Additionally, it was found that antioxidants play a 
protective role against protein denaturation and thus their 
addition can avoid weight loss during cooking [28]. Due to 
the introduction of honey into the marinade recipe, which 
is enriched with antioxidant compounds, it was found that 
such a technological solution will minimise the loss of the fin-
ished product by weight during baking in the range of 5-15%.

Since the taste qualities and technological prop-
erties of marinated beef largely depend on the physico-
chemical properties of raw materials, which are influ-
enced by such factors as breed, age, feeding conditions 
and others, the content of ash, fat and protein of baked 
meat marinated in a honey marinade (of own preparation) 
was investigated. The ash and fat content of the experi-
mental samples of marinated meat for 2 and 24 hours is 
shown in Figure 4.

Figure 4. Ash (a) and fat (b) content in the test samples
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Thus, in the control sample (without adding honey), 
both after 2 and 24 hours of marinating, the fat content was 
7.41% and 5.36%, respectively. At the same time, sample No. 4 
(2 hours of marinating – goldenrod marinade 10 g) and No. 3 
(24 hours of marinating – citrus 20 g) had a lower fat content 
by 1.4 and 1.7 times, according to the marinating time. Regard-
ing the ash content, the average value of the indicators, with 
the addition of honey to the marinade, at 2 and 24 hours of 
marinating was 30.79% and 32.83%, respectively, excluding the 
control sample, which was 33.19% for 2 periods of marinating.

In studies of the effect of various marinades made 
on the basis of bee honey, pineapple and their combination 
on the physicochemical and sensory properties of smoked 
chicken meat, Edema, W.N. et al. [29] found that bee honey 
increased the physicochemical and sensory properties. 
Thus, based on sensory estimation, smoked chicken jerky 
with 5% and 15% bee honey were chosen as the best mari-
nating methods (p<0.05). The results also showed that 15% 
of bee honey had the highest amount of protein and lower 
ash content. The highest moisture content (66.87%) and 
losses during baking (54.55%) were obtained in smoked 
chicken jerky with 5% bee honey.

Conclusions
The expediency of using honey in combination with the 
main ingredients of the marinade to provide the structure 
of the finished product has been substantiated and exper-
imentally confirmed. It is established that the type and 
percentage of honey added to the marinade significantly 
affects the main physical, chemical, structural and me-
chanical parameters of the finished product.

The sensory analysis found that under different 
modes of marinating the finished product after 24 hours 
of ageing was characterised by better organoleptic charac-
teristics compared to 2-hour ageing, namely sample No. 2 
(marinade with citrus honey in the amount of 20 g) and 
sample No. 3 (with goldenrod – 10 g). It has been practically 
proven that the process of marination increases the hydration 
and solubility of muscle tissue proteins due to the accumula-
tion of free myosin. The studies have shown that the samples 
at 24-hour marinating moisture retention and moisture bind-
ing capacity of the finished products were 1.1 and 1.6 times 
higher, respectively, compared to other samples. 

It was found that by caramelising the top layer 
of the semi-finished product during baking, the finished 
baked beef output after 24 hours of ageing in the marinade 

a) b)
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was 84.96%, while the average weight of other samples was 
in the range of 73.18-77.5%. The results obtained confirm the 
expediency of using honey as a marinade for semi-finished 

products.Further research is aimed at studying the shelf 
life of beef semi-finished products subjected to marinating 
which contains honey.
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Вплив параметрів маринування м’ясних напівфабрикатів 
на якість готового продукту

Оксана Станіславівна Пилипчук, Людмила Миколаївна Тищенко, 
Валентина Миколаївна Ісраелян, Наталія Михайлівна Муштрук

Національний університет біоресурсів та природокористування України
03041, вул. Героїв Оборони, 15, м. Київ, Україна

Анотація. Удосконалення та впровадження сучасних технологічних прийомів при створенні нових видів м’ясних 
напівфабрикатів, дослідження перспективних складових та розробка нових рецептур маринадів, покращення 
органолептичних та смакових властивостей кінцевого продукту є актуальним та перспективним напрямом 
досліджень. У зв’язку з цим дана робота спрямована на дослідження впливу параметрів маринування в технології 
м’ясних напівфабрикатів, а саме на органолептичні, фізико-хімічні та функціонально-технологічні властивості 
готового продукту. Для вирішення поставлених завдань використовували узагальнення, порівняння та такі 
методи досліджень: органолептичну оцінку проводили за зовнішнім виглядом, видом на розрізі, смаком, запахом, 
кольором, консистенцією, та соковитістю; вміст вологи – методом висушування зразків в сушильній шафі при 
температурі 103 ± 2 °С до постійної маси; вміст жиру – методом Сокслета; зольність – загальноприйнятим ваговим 
методом; визначення вмісту білка – методом К’єльдаля; вихід готового продукту визначали методом зважування 
до та після термічної обробки; вологозв’язуючу та вологоутримуючу здатність встановлювали методом пресування. 
В результаті досліджень встановлено, що вплив тривалості маринування суттєво впливає на органолептичні 
показники. Так, органолептичні показники та смако-ароматичні властивості готового продукти при застосуванні 
меду в маринадах покращуються, зовнішній вигляд стає привабливішим. За результатами органолептичної оцінки 
готовий продукт, після 24-годинного маринування отримав 4,9 бала. Також у цих зразках спостерігалися більша 
вологоутримуюча та вологозв’язуюча здатності, що сприяє збільшенню гідратації та розчинності білків м’язової 
тканини. Встановлено вплив параметрів маринування на споживчі властивості продукту. Так, вихід готової 
запеченої яловичини після 24-годинної витримки в маринаді був найбільшим у зразку №1 (маринад на основі 
цитрусового меду – 10 г) та становив 84,96 %, тоді як середній показник виходу маси інших зразків знаходився 
в межах 73,18–77,5  %. Отримані результати досліджень дають змогу розширити асортимент напівфабрикатів, 
відкоригувати органолептичні властивості та збагатити біологічно-активними речовинами готовий продукт

Ключові слова: процес запікання, органолептична оцінка, фізико-хімічні показники, функціонально-технологічні 
показники, сенсорного аналіз, м’язова тканина
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Mathematical Modelling of the Process of Vibration Mixing of Minced Sausage

Abstract. The relevance of the study is determined by the need to optimise the process of mixing minced meat in the 
production of sausages “Ozdorovchi” to reduce the duration of the technological operation, energy and raw material 
costs. Therefore, the article is concerned with the substantiation and determination of the amplitude-force parameters 
of a vibro-mechanical machine for mixing sausage mince ingredients. The leading method for studying this issue is 
mathematical modelling, which allows for comprehensive consideration of the patterns of changes in the main parameters 
of the oscillatory process. The article theoretically substantiates the expediency of using vibration impact to provide a 
rapid and uniform distribution of components in the minced mass. An experimental model of a vibrating machine for 
mixing minced sausage ingredients has been developed. The calculation scheme of the investigated technical system of 
the process of vibration mixing of minced sausages “Ozdorovchi” is compiled. The equation of motion of the executive 
bodies of the system is compiled. The dependences for the equations of motion of the actuators of the vibration mixer 
are determined. Dependences for the main characteristics of the oscillatory system under study are calculated. Based on 
the analysis of the graphical representation of the amplitude-force dependences, the working amplitude of oscillations 
of the mixing tank is substantiated in the range of 2-2.5 mm. It is established that the implementation of the required 
operating oscillatory mode requires for a given capacity relatively small power consumption in the range of 500-600 W. 
Optimal parameters for mixing minced meat with vibration intensification of the process, as well as the use of appropriate 
ingredients, allow for achieving a comprehensive technological effect while minimising energy consumption. Therefore, 
the materials of the article are of practical value for the meat processing industry in the technology of boiled sausage 
products with health-improving properties

Keywords: low-frequency oscillations, Lagrange method, oscillatory system, amplitude-frequency characteristics, power 
characteristics

Introduction
One of the largest components of the diet of a modern per-
son is meat products. According to the World Health Or-
ganisation, their share in the total volume of consumption 
is about a quarter and among those, the largest part is ac-
counted for by sausage products, ranging around 60% [1]. 
However, their consumption can lead to negative health 
consequences since minced sausage contains from 2 to 
6% table salt. Excessive salt intake leads to deterioration 
of health, which is manifested in the accumulation of water 
in the body, stretching of muscle ligaments and deterioration 

of muscle contractility, inflammation of the kidneys, kid-
ney failure, impaired impulse transmission in the brain, 
haemorrhage and increased risk of stroke, hyperactivity, 
and excessive excitability [2]. Sausage products also con-
tain potentially dangerous sodium nitrite for the health of 
consumers, the ingestion of which can cause the formation 
of undesirable nitrozoamines, which are carcinogenic com-
pounds [3; 4] therefore, important issues in the develop-
ment of sausage products with health-improving proper-
ties are reducing the level of intake of sodium cation and 
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reducing the dosage size in the nitrite ion formulation. 
Given this, the recipe of sausages “Ozdorovchi” has been 
improved by reducing the dosage of sodium cation in the 
minced meat by replacing the usual table salt with sea salt 
and reducing the dosage of toxic additive nitrite ion in the 
minced meat by introducing a mixture of antioxidants of 
natural origin [2; 5]. Changes in the recipe of sausages lead 
to the improvement of traditional technology and optimi-
sation of the main technological processes due to the in-
troduction of functional additives into their composition; 
improvement of contact interaction conditions in the load-
ing mass when providing low-frequency vibrations to the 
executive bodies of the mixer. 

One of the most complex and technologically sig-
nificant processes in sausage production technology is 
the process of mixing the ingredients of minced sausage. 
When mixing the components of the minced meat mixture, 
complex colloidal, physicochemical and biochemical trans-
formations occur under the influence of water and enzyme 
systems [6]. The course of these processes depends both on 
the characteristics of the chemical composition and phys-
ical and mechanical structure of raw materials, and on the 
laws of vibro-mechanical mixing. Therefore, to solve pressing 
issues of the technology of cooked sausage products and 
impart them with health properties, it is important to study 
the feasibility of using vibro-mechanical exposure in the 
mixing process. In the technology of sausages “Ozdorovchi” 
vibromechanical mixing of ingredients is provided after the 
initial grinding of meat. 

Among the mechanical methods of contact inter-
action, the use of vibration or low-frequency oscillations 
makes it possible to transfer the largest energy flux to the 
system with a small amplitude of displacement of its work-
ing bodies during the oscillation period; the ability to in-
fluence both significant volumes of products and very lim-
ited areas of it; a significant increase in the surfaces of the 
interaction of technological media up to 100% of the free 
surface, an increase in the diffusion rate up to 3-3.5 times 
compared to convection, a decrease in the effective density 
of the material and a change in other rheological or struc-
tural and mechanical properties of the material. 

Vibration can be considered a universal form of 
mechanical effects on processed materials and is widely 
used during the mixing of technological masses, such as 
grain, cereals, and meat raw materials, which is one of the 
most common processes of food production, in particular, 
primary processing of agricultural raw materials and prod-
ucts [7]. In the “vibration field”, the adhesion between the 
particles of the technological mass can be reduced for bulk 
masses almost up to 10 times, which leads to the states of 
pseudo-liquefaction and pseudo-fluidity in the system. In 
the conditions of elastic and visco-plastic masses, similarly, 
favourable conditions are created for effective mixing of 
the mass due to an increase in the area of contact interac-
tion, which reduces the cost of moving the material inside 
the working 1.5-2 times; due to the reduction of internal 
friction and mobility of instantaneous equilibrium centres 
of the particles of the technological load, acceleration of 
diffusion processes, in particular, salting of meat products, 
can potentially save energy costs for the operations by 
2.5-3 times [9; 10]. 

Finding the effective regime settings of the investi-
gated process according to the amplitude-power character-
istics allows considering both the improvement of contact 
interaction conditions in the minced meat mass and the re-
duction of processing time and the corresponding reduction 
of energy consumption for the process. 

In scientific studies, considerable attention is given 
to the application of vibration in the processes of mix-
ing and the separation of solid bulk heterogeneous sys-
tems [11; 12]. According to the results of studies of vibra-
tion movement of fine bulk raw materials, the movement 
of bulk solids in a vessel that performs circular and trans-
lational oscillations is examined, the theoretical founda-
tions of layer-by-layer movement of masses on a vibrating 
surface are developed, recommendations for the process of 
vibration separation of bulk mixtures are substantiated. In 
particular, to intensify the process of vibratory sieving of 
grain, crushed grain feed, the amplitude-frequency charac-
teristics and design parameters of the vibration exciter of the 
separator of volumetric vibrations are substantiated [9; 10]. 
The design parameters of the vibratory aspiration separator 
were developed to improve the quality of separation and 
clear separation of sunflower seed fractions [13].

Vibration exposure is widely used for the transpor-
tation of raw materials and supplies. Thus, the use of vibration 
conveyors makes it possible to combine the process of ma-
terial transportation with its technological processing [14].

It is known that due to vibro-mechanical activation 
of the medium, technological processes are intensified and 
their productivity increases [15]. The effectiveness of the 
use of vibration in the drying process has been proved and 
the operating parameters of vibratory conveyor infrared 
dryers have been substantiated [16; 17] It has been established 
that the vibrating wave conveyor infrared dryer is competitive 
and superior to existing dryers by generalising indicators of 
two types due to a significant effect on energy consumption 
and metal consumption [17; 18]. The positive effect of the 
process of vibro-mechanical activation of hydrolysis of plant 
material for pectin extraction was investigated [19].

The use of vibration in the meat processing indus-
try can significantly improve traditional and develop new 
technological processes based on the acceleration of heat 
and mass transfer processes. The effectiveness of using 
wave effects on the intensification of the salting process 
and meat maturation was confirmed [20]. The use of vibra-
tion impact improves the conditions of contact interaction 
and heat and mass transfer, which allows for reducing the 
processing time by 2-3 times, as well as the conditions of 
maturation of meat raw materials, and even distribution 
of the components in the volume and improve the quality 
of saturation of raw materials with functional ingredients. 
Optimisation of the technological process of mixing is nec-
essary to ensure such basic technological requirements for 
the functional properties of minced cooked sausages, as a 
bound state of moisture and fat during technological pro-
cessing and in the finished product, the maintenance of a 
monolithic structure, juiciness and appropriate organoleptic 
characteristics [5].

According to the results of the analysis, it is possi-
ble to draw conclusions about the expediency of vibro-me-
chanical influence on the process of mixing minced meat 
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ingredients and the optimisation of this technological 
process using mathematical modelling methods.

Purpose of the study is to substantiate the operating 
parameters of the process of vibro-mechanical mixing of 
minced meat ingredients in the technology of “Ozdorovchi” 
sausages by determining the amplitude and power param-
eters of the investigated oscillatory system. 

The main objectives of the investigation were: to 
analyse the application of vibro-mechanical exposure in 
the technology of food production, to develop a system of 
vibrating machine for mixing the ingredients of minced 
sausages “Ozdorovchi” and the design scheme of the stud-
ied technical system; to draw up the equations of motion 
of the executive bodies of the system and determine their 

dependencies; to determine the patterns of change in the 
main parameters of the oscillatory process and to substantiate 
the amplitude and power parameters of the mixing tank.

Materials and Methods
Experimental and analytical studies were conducted on the 
basis of the National University of Life and Environmental 
Sciences of Ukraine in the laboratory of the Department 
of Processes and Equipment for Processing of Agricultural 
Products (agro-industrial complex) during 2020-2021.

To perform the tasks set at the first stage of the 
experiment, an experimental model of a vibrating ma-
chine for mixing minced meat ingredients was developed 
(Fig.1) [21].

 

Figure 1. Scheme of a vibrating machine for mixing minced meat ingredients 
in the production of “Ozdorovchi” sausages: 

1 – container, 2 – electric motor, 3 – drive shaft, 4 – flexible coupling; 
5 – counterweight, 6 – elastic element of the drive shaft, 7 – elastic element of the container, 

8, 9 – minced ingredients, 10 – product supply pipe, 11 – discharge pipe; 
12, 13 – support units of the drive shaft; e – eccentricity of the drive shaft, 

l – distance from the centre of mass of the counterweight to the axis of the drive shaft

The investigated oscillating system contains a 
working container 1 (Fig. 1), which rests on vibration 
supports 7 and bearing assemblies 12 of the drive shaft 3, 
which is displaced by the value of eccentricity e relative 
to the support elements 13. The latter are equipped with 
elastic elements 6 to level out parasitic vibrations that can 
be transmitted from the vibration of container 1. The eccen-
tric shaft receives torque from motor 2 through an elastic 
coupling 4, which prevents the transmission of vibrations 
to the driving body. Installation of counterweights 5 on 

the drive shaft compensates the inertial forces from the 
moving masses of the technical system under study. Meat 
products 8 and necessary ingredients 9 enter the working 
container through the necks 10, and the processed prod-
ucts are removed from the processing area by means of 
pipes 11.

At the next stage of the experiment, a calculation 
scheme was developed to determine the amplitude-fre-
quency and power parameters of the studied technical 
system of the minced meat vibration mixing process (Fig. 2). 
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Figure 2. Calculation scheme of the studied technical system of the process of vibration mixing 
of minced sausages “Ozdorovchi”: z1, in1, X1, φ1, φ2 – degrees of freedom of working bodies, 

θ – the angle of rotation of the container relative to the axis X.

 

The developed oscillatory system is characterised by 
six degrees of freedom, namely: displacement of the centre of 
mass  relative to the Z coordinate axes1, in1, X1; by rotating the 
drive shaft at an angle φ2; angular displacement of the centre 
of mass m1 relative to the OZ axis – φ1; angular displacement 
of the centre of mass  relative to the Ox – θ axis1 (Fig. 2).

Among the moving masses of the system (Fig. 2) the 
following (1), (2) can be distinguished:

𝑚𝑚𝑚𝑚1 = 𝑚𝑚𝑚𝑚𝐾𝐾𝐾𝐾 + 𝜉𝜉𝜉𝜉𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚З  � (1)
𝑚𝑚𝑚𝑚2 = 𝑚𝑚𝑚𝑚𝐵𝐵𝐵𝐵 + 𝑚𝑚𝑚𝑚П,  � (2)

where mK – container weight; mЗ – mass of technological load-
ing; ξm – coefficient of attached mass of technological loading; 
mП – mass of the drive shaft; mB – mass of counterweights.

Further steps in the implementation of the experi-
ment were drawing up equations of motion of the executive 
bodies of the system and determining their dependence.This 
result was achieved using the LaGrange method, for which the 
equations of motion of the executive bodies of the system were 
compiled and their mathematical analysis was carried out.

In the mathematical modelling of the developed 
technical system, the Lagrange method was used, which 
made it possible to estimate the influence of the kine-
matic and power parameters of the investigated oscillat-
ing system separately for each of the degrees of freedom 
of the executive bodies of the vibration drive of the ma-
chine [23; 24]. The obtained dependencies were processed 
in the MathCAD mathematical environment. 

To complete the tasks set, at the second stage of the 
experiment, studies were conducted on two samples, the 
composition of which is shown in Table. 1. The composition 
of the main ingredients of the control mixture is analogous 
to the sausages “Lubytelski”, LLC “Globino” made accord-
ing to the standard DSTU 4436:2005 [28], which contains 
additives recommended for use to give the mixture medic-
inal properties. The composition of the experimental meat 
mixture was amended by replacing table salt with sea salt 
in the traditional sausage recipe and enriching the basic 
recipe with the Staphylococcus bacterial culture, and rose-
mary and kelp extracts.

Table 1. The main ingredients of minced meat

Ingredient Control mixture Experimental mixture

Main raw materials

Beef 33 30

Semi-fat pork 33 26

Fat pork 34 34

Blood protein – 1.0

Water to moisturise blood albumin – 2.0

Cellular tissue (SITRI-Fi 100) – 0.5

Water for hydration of cell tissues – 6.5

Total 100 100

Spices and materials

Table salt sugar 2.2 –

Sea salt with kelp – 2.1
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Ingredient Control mixture Experimental mixture

Spices and materials

Sugar 0.16 0.16

Sodium nitrite 0.0075 0.005

Bacterial preparation (Iprovit LRR) – 0.05

Rosemary extract – 0.015

Water 35.0 30.0

The study of the chemical composition was car-
ried out by the following methods: the mass fraction of 
moisture was determined by drying the product sample 
to a fixed mass at a temperature of 100-105 °C according to 
DSTU 8029:2015 [29]; mass fraction of ash by the weight 
method after mineralisation of the product weight in a 
muffle furnace at a temperature of 500-600 °C according 
to DSTU 8718:2017 [30]; mass fraction of lipids by the 
Soxhlet method, which consists in weighing the fat after 
extraction with a solvent from the mass of the dry sample 
in the Soxhlet apparatus, based on determining the change 
in the sample mass after extraction of fat with a solvent 
according to DSTU 8718:2017 [30]; mass fraction of pro-
tein by determining total nitrogen by the Kjeldahl method. 
Distillation was carried out on a Velp Scientifica UDK 129 
steam distiller (Italy), DSTU 8030:2015 [31]. 

Determination of the mass fraction of fibre was carried 
out by removing acid-base-soluble substances from the 
product according to DSTU 8844:2019 [32]. Determination 
of the fatty acid content was performed by chromatographic 
method on the Kupol 55 chromatograph DSTU 7693:2015 [33].

The mineral composition (the content of potassium, 
calcium, magnesium, phosphorus, manganese, etc.) was 
determined by atomic emission spectrometry with induc-
tion plasma, and the content of heavy metals (lead, cad-
mium, arsenic, mercury, copper, zinc) was determined by 
atomic absorption spectrometry in accordance with DSTU 
EN ISO 11885:2019 [34].

Results and Discussion
According to the LaGrange method, the main equations 
of motion of its executive bodies were obtained for each 
of the degrees of freedom of the oscillatory system under 
study. Previously, the kinetic energy of moving masses and 

dependences for generalised forces for each of the indepen-
dent coordinates of the system were determined [23; 24]. 

To solve these dependences, the kinetic energy of 
the system is decomposed into two components (3):

𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇1 + 𝑇𝑇𝑇𝑇2;  � (3)

where T1 – kinetic energy of the container or load, which is 
defined as (4):

𝑇𝑇𝑇𝑇1 = 1
2
𝑚𝑚𝑚𝑚1𝑥̇𝑥𝑥𝑥12 + 1

2
𝑚𝑚𝑚𝑚1𝑦̇𝑦𝑦𝑦12 + 1

2
𝑚𝑚𝑚𝑚1𝑧̇𝑧𝑧𝑧12 + 1

2
𝐼𝐼𝐼𝐼1𝜙̇𝜙𝜙𝜙12 + 1

2
𝐼𝐼𝐼𝐼11𝜃̇𝜃𝜃𝜃12;  � (4)

T2– kinetic energy of mass m2, which is determined 
from dependency (5):

𝑇𝑇𝑇𝑇2 = 1
2
𝑚𝑚𝑚𝑚2𝑥̇𝑥𝑥𝑥12 + 1

2
𝑚𝑚𝑚𝑚2𝑦̇𝑦𝑦𝑦12 + 1

2
𝐼𝐼𝐼𝐼2𝜙̇𝜙𝜙𝜙22  � (5)

Then the total kinetic energy of the system is (6):

𝑇𝑇𝑇𝑇 = 1
2
𝑚𝑚𝑚𝑚0(𝑥̇𝑥𝑥𝑥12 + 𝑦̇𝑦𝑦𝑦12) + 1

2
𝑚𝑚𝑚𝑚1𝑧̇𝑧𝑧𝑧12 + 1

2
𝐼𝐼𝐼𝐼𝜙̇𝜙𝜙𝜙12 + 1

2
𝐼𝐼𝐼𝐼11𝜃̇𝜃𝜃𝜃12; + 1

2
𝐼𝐼𝐼𝐼2𝜙𝜙𝜙𝜙2

2  � (6)

where 𝑚𝑚𝑚𝑚0 = 𝑚𝑚𝑚𝑚1 +𝑚𝑚𝑚𝑚2  ; I1, I1
1 –moment of inertia of the con-

tainer mass relative to the vertical and horizontal axes.
Using the obtained dependences and in accordance 

with the method of composing the Lagrange equations of 
the second kind, the partial differentials of the investigated 
oscillatory system by degrees of freedom (7) are found:

𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑥̇𝑥𝑥𝑥1

= 𝑚𝑚𝑚𝑚𝑥̇𝑥𝑥𝑥1; 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
�𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑥̇𝑥𝑥𝑥1

�= 𝑚𝑚𝑚𝑚𝑥̈𝑥𝑥𝑥1; 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑦̇𝑦𝑦𝑦1

= 𝑚𝑚𝑚𝑚𝑦̇𝑦𝑦𝑦1; 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
�𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑦̇𝑦𝑦𝑦1

�= 𝑚𝑚𝑚𝑚𝑦̈𝑦𝑦𝑦1; 

𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑧̇𝑧𝑧𝑧1

= 𝑚𝑚𝑚𝑚𝑧̇𝑧𝑧𝑧1; 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
�𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑧̇𝑧𝑧𝑧1
�= 𝑚𝑚𝑚𝑚𝑧̈𝑧𝑧𝑧1; 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕𝜙̇𝜙𝜙𝜙1
= 𝑚𝑚𝑚𝑚𝜙̇𝜙𝜙𝜙1; 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
� 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜙̇𝜙𝜙𝜙1

�= 𝑚𝑚𝑚𝑚𝜙̈𝜙𝜙𝜙1;          

𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜃̇𝜃𝜃𝜃1

= 𝐼𝐼𝐼𝐼11𝜃̇𝜃𝜃𝜃1; 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
�𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜃̇𝜃𝜃𝜃1
�= 𝐼𝐼𝐼𝐼11𝜃̈𝜃𝜃𝜃1 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕𝜙̇𝜙𝜙𝜙2
= 𝐼𝐼𝐼𝐼2𝜙̇𝜙𝜙𝜙2;  𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
� 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜙𝜙𝜙𝜙2

�= 𝐼𝐼𝐼𝐼2𝜙𝜙𝜙𝜙2 

 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑥𝑥𝑥𝑥1

= 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑦𝑦𝑦𝑦1

= 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑧𝑧𝑧𝑧1

= 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜙𝜙𝜙𝜙1

= 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜃𝜃𝜃𝜃1

= 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝜙𝜙𝜙𝜙2

= 0. 

 

� (7)

The expression for generalised system forces for all 
degrees of freedom can be found in the form of the following 
dependencies (8):

 
𝑄𝑄𝑄𝑄𝑋𝑋𝑋𝑋1 = 𝐹𝐹𝐹𝐹 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜙𝜙𝜙𝜙2 −𝐶𝐶𝐶𝐶𝑋𝑋𝑋𝑋1𝑥𝑥𝑥𝑥1 ; 𝑄𝑄𝑄𝑄𝑌𝑌𝑌𝑌1 = 𝐹𝐹𝐹𝐹 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙𝜙𝜙2 − 𝐶𝐶𝐶𝐶𝑌𝑌𝑌𝑌𝑦𝑦𝑦𝑦1; 𝑄𝑄𝑄𝑄𝑍𝑍𝑍𝑍1 = 𝐹𝐹𝐹𝐹 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜃𝜃𝜃𝜃 − 𝐶𝐶𝐶𝐶𝑍𝑍𝑍𝑍𝑧𝑧𝑧𝑧1; 

𝑄𝑄𝑄𝑄𝜙𝜙𝜙𝜙1 = МКР−МОП1 −𝐶𝐶𝐶𝐶𝜙𝜙𝜙𝜙1𝜙𝜙𝜙𝜙1; 𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄1 = 𝐹𝐹𝐹𝐹 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝜃𝜃𝜃𝜃 ⋅ 𝑒𝑒𝑒𝑒 −𝐶𝐶𝐶𝐶𝑍𝑍𝑍𝑍𝑧𝑧𝑧𝑧1𝑅𝑅𝑅𝑅; 𝑄𝑄𝑄𝑄𝜙𝜙𝜙𝜙2 = 𝑀𝑀𝑀𝑀𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 −𝑀𝑀𝑀𝑀ОП2 

 

� (8)

where 𝐹𝐹𝐹𝐹 = 𝑚𝑚𝑚𝑚1𝑒𝑒𝑒𝑒𝜛𝜛𝜛𝜛22   – driving force module; MKP – motor shaft 
torque; MОП – moment of resistance forces to rotation of 
the container;С𝜙𝜙𝜙𝜙1   – stiffness of elastic elements; R – radius 
of the container.

The obtained dependences of partial differentials and 
generalised forces for each of the independent coordinates 
were substituted for Lagrange equations of the 2nd kind. As 
a result, a system of differential equations (9) is obtained.

⎩
⎪⎪
⎨

⎪⎪
⎧𝑚𝑚𝑚𝑚0𝑥̈𝑥𝑥𝑥1 = 𝑚𝑚𝑚𝑚1𝑒𝑒𝑒𝑒𝜛𝜛𝜛𝜛22 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜙𝜙𝜙𝜙2 − 𝐶𝐶𝐶𝐶𝑋𝑋𝑋𝑋𝑥𝑥𝑥𝑥1
𝑚𝑚𝑚𝑚0𝑦̈𝑦𝑦𝑦1 = 𝑚𝑚𝑚𝑚1𝑒𝑒𝑒𝑒𝜛𝜛𝜛𝜛22 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙𝜙𝜙2 − 𝐶𝐶𝐶𝐶𝑌𝑌𝑌𝑌𝑦𝑦𝑦𝑦1
𝑚𝑚𝑚𝑚0𝑧̈𝑧𝑧𝑧1 = 𝑚𝑚𝑚𝑚1𝑒𝑒𝑒𝑒𝜛𝜛𝜛𝜛2

2 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝜃𝜃𝜃𝜃 − 𝐶𝐶𝐶𝐶𝑍𝑍𝑍𝑍𝑧𝑧𝑧𝑧1
𝐼𝐼𝐼𝐼1𝜙̈𝜙𝜙𝜙1 = 𝑀𝑀𝑀𝑀𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 −𝑀𝑀𝑀𝑀ОП1 − С𝜙𝜙𝜙𝜙1𝜙𝜙𝜙𝜙1
𝐼𝐼𝐼𝐼11𝜃̈𝜃𝜃𝜃1 = 𝑚𝑚𝑚𝑚1𝑒𝑒𝑒𝑒2𝜛𝜛𝜛𝜛22𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝜃𝜃𝜃𝜃 − 𝐶𝐶𝐶𝐶𝑍𝑍𝑍𝑍𝑧𝑧𝑧𝑧1𝑅𝑅𝑅𝑅
𝑀𝑀𝑀𝑀𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾2 = 𝑀𝑀𝑀𝑀ОП2

  � (9)

At the next stage, the dependences for the equations 
of motion of the executive bodies of the vibrating mixer are 
determined. For this purpose, the solution of the equation 
is found 𝑥̈𝑥𝑥𝑥 + 𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝑥̇𝑥𝑥𝑥+ 𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2𝑥𝑥𝑥𝑥 = 𝑚𝑚𝑚𝑚1

𝑚𝑚𝑚𝑚0
𝑒𝑒𝑒𝑒𝑒̇𝑒𝑒𝑒22 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡  , as for a second-order 

linear differential equation with constant coefficients as-
suming that φ2 = ω2 – angular velocity of the drive shaft of 
the vibration exciter; 𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2 = 𝐶𝐶𝐶𝐶𝑥𝑥𝑥𝑥

𝑚𝑚𝑚𝑚0 = 464   H/м – natural frequency 
of the system;  – system dissipa-
tion factor in the axis direction; 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚 = 𝑚𝑚𝑚𝑚1

𝑚𝑚𝑚𝑚0
𝑒𝑒𝑒𝑒𝜔𝜔𝜔𝜔22   – specific mod-

ulus of the driving force.
In this case, the studied equation took the form (10):

𝑥̈𝑥𝑥𝑥 + 𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝑥̇𝑥𝑥𝑥+ 𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2𝑥𝑥𝑥𝑥 = 𝐹𝐹𝐹𝐹 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡  � (10)

The solution of equation (10) can be represented 

Table 1, Continued
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as 𝑥𝑥𝑥𝑥 = 𝑥̄𝑥𝑥𝑥 + 𝑥𝑥𝑥𝑥∗  ; where 𝑥̄𝑥𝑥𝑥 = 𝑒𝑒𝑒𝑒−0.5𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝑡𝑡𝑡𝑡(𝐶𝐶𝐶𝐶1 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜌𝜌𝜌𝜌𝑥𝑥𝑥𝑥 𝑡𝑡𝑡𝑡 + 𝐶𝐶𝐶𝐶2 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝜌𝜌𝜌𝜌𝑥𝑥𝑥𝑥 𝑡𝑡𝑡𝑡)    –
general solution of the equation under study; 
𝑥𝑥𝑥𝑥∗ = 𝐵𝐵𝐵𝐵1 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡 + 𝐵𝐵𝐵𝐵2 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡  – its partial solution.

Using the properties of equations with constant co-
efficients, the following system of equations (11) is com-
piled and solved:

−𝐵𝐵𝐵𝐵1𝜔𝜔𝜔𝜔22 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡 − 𝐵𝐵𝐵𝐵2𝜔𝜔𝜔𝜔22 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡 + 𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝐵𝐵𝐵𝐵1𝜔𝜔𝜔𝜔2 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠 𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡 − 𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝐵𝐵𝐵𝐵2𝜔𝜔𝜔𝜔2 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡 + +𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2𝐵𝐵𝐵𝐵1 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡 + 𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2𝐵𝐵𝐵𝐵2 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡 = 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡 

�−𝐵𝐵𝐵𝐵2𝜔𝜔𝜔𝜔2
2 + 𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝐵𝐵𝐵𝐵1𝜔𝜔𝜔𝜔2 +𝐵𝐵𝐵𝐵2𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2 = 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚

−𝐵𝐵𝐵𝐵1𝜔𝜔𝜔𝜔22 −𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝐵𝐵𝐵𝐵2𝜔𝜔𝜔𝜔2 +𝐵𝐵𝐵𝐵1𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2 = 0 ⇒ �𝐵𝐵𝐵𝐵2(𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2 − 𝜔𝜔𝜔𝜔22) + 𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝐵𝐵𝐵𝐵1𝜔𝜔𝜔𝜔2 = 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚
𝐵𝐵𝐵𝐵1(𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2 − 𝜔𝜔𝜔𝜔22) = 𝐵𝐵𝐵𝐵2𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝜔𝜔𝜔𝜔2

 ⇒ �
𝐵𝐵𝐵𝐵1 = 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝜔𝜔𝜔𝜔2

�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2
2�+𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥2𝜔𝜔𝜔𝜔2

2

𝐵𝐵𝐵𝐵2 = 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2
2�

�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2
2�2+𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥2𝜔𝜔𝜔𝜔2

2

 � (11)

Then a separate solution of equation (12) is:

𝑥𝑥𝑥𝑥∗ = 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚
�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2

2�2+𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥2𝜔𝜔𝜔𝜔2
2 (𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝜔𝜔𝜔𝜔2 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡 + (𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2 − 𝜔𝜔𝜔𝜔22)𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡)  � (12)

Given the general solution of equation (10), the desired solution is presented as (13):

𝑥𝑥𝑥𝑥 = 𝑒𝑒𝑒𝑒−0.5𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝑡𝑡𝑡𝑡(𝐶𝐶𝐶𝐶1 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜌𝜌𝜌𝜌𝑥𝑥𝑥𝑥 𝑡𝑡𝑡𝑡 + 𝐶𝐶𝐶𝐶2 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝜌𝜌𝜌𝜌𝑥𝑥𝑥𝑥 𝑡𝑡𝑡𝑡) + 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚�𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝜔𝜔𝜔𝜔2𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2𝑡𝑡𝑡𝑡+�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔22�𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠 𝜔𝜔𝜔𝜔2𝑡𝑡𝑡𝑡�
(𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2

2)2+𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥2𝜔𝜔𝜔𝜔2
2   � (13)

Considering the initial conditions x0 = 0 ; 𝑥̇𝑥𝑥𝑥0 = 𝜗𝜗𝜗𝜗𝑥𝑥𝑥𝑥0   
the differentiation constants (14) and (15) are defined.

𝐶𝐶𝐶𝐶1 = 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚�𝜔𝜔𝜔𝜔2
2−𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2�

�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2
2�+𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥2𝜔𝜔𝜔𝜔2

2  � (14)

𝐶𝐶𝐶𝐶2 = 𝜗𝜗𝜗𝜗𝑥𝑥𝑥𝑥0
𝜌𝜌𝜌𝜌𝑥𝑥𝑥𝑥
− 0.5𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝜌𝜌𝜌𝜌𝑥𝑥𝑥𝑥−1�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2+𝜔𝜔𝜔𝜔2

2�
�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2

2�2+𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥2𝜔𝜔𝜔𝜔2
2   � (15)

𝜌𝜌𝜌𝜌𝑥𝑥𝑥𝑥 = �𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2 − 0.25𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥2   – frequency of natural vibrations of the system.
As a result, the desired solution took the form (16):

𝑥𝑥𝑥𝑥 = 𝑒𝑒𝑒𝑒−0.5𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝑡𝑡𝑡𝑡 � 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚�𝜔𝜔𝜔𝜔22−𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2�
�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2

2�2+𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥2𝜔𝜔𝜔𝜔2
2 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜌𝜌𝜌𝜌𝑥𝑥𝑥𝑥 𝑡𝑡𝑡𝑡 + �𝜗𝜗𝜗𝜗𝑥𝑥𝑥𝑥0

𝜌𝜌𝜌𝜌𝑥𝑥𝑥𝑥
− 0.5𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝜌𝜌𝜌𝜌𝑥𝑥𝑥𝑥−1�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2+𝜔𝜔𝜔𝜔22�

�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2
2�2+𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥2𝜔𝜔𝜔𝜔2

2 �𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜌𝜌𝜌𝜌𝑥𝑥𝑥𝑥 𝑡𝑡𝑡𝑡 + 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚�𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝜔𝜔𝜔𝜔2𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2𝑡𝑡𝑡𝑡+�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔22�𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠 𝜔𝜔𝜔𝜔2𝑡𝑡𝑡𝑡�
�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2

2�2+𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥2𝜔𝜔𝜔𝜔2
2   � (16)

Due to the energy dissipation in the oscillatory sys-
tem under study, the free oscillations are attenuated, and 
for the steady-state mode, equation (16) can be represent-
ed as follows (17):

𝑥𝑥𝑥𝑥 = 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝜔𝜔𝜔𝜔2
(𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2

2)2+𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥2𝜔𝜔𝜔𝜔2
2 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡 + 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2

2�
(𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2

2)2+𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥2𝜔𝜔𝜔𝜔2
2 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡  � (17)

Using the above methodology, the solution of equa-
tion 𝑦̈𝑦𝑦𝑦 + 𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦𝑦̇𝑦𝑦𝑦 + 𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2𝑦𝑦𝑦𝑦 = 𝑚𝑚𝑚𝑚1

𝑚𝑚𝑚𝑚2
𝑒𝑒𝑒𝑒𝜙̇𝜙𝜙𝜙22 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡   (18) is found:

𝑦𝑦𝑦𝑦 = 𝑒𝑒𝑒𝑒−0.5𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦𝑡𝑡𝑡𝑡 � 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦𝜔𝜔𝜔𝜔2𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜌𝜌𝜌𝜌𝑦𝑦𝑦𝑦𝑡𝑡𝑡𝑡
�𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2−𝜔𝜔𝜔𝜔2

2�2+𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦2𝜔𝜔𝜔𝜔2
2 + �𝜗𝜗𝜗𝜗𝑦𝑦𝑦𝑦0

𝜌𝜌𝜌𝜌𝑦𝑦𝑦𝑦
+ 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚𝜔𝜔𝜔𝜔2𝜌𝜌𝜌𝜌𝑦𝑦𝑦𝑦−1�0.5𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦2−𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2+𝜔𝜔𝜔𝜔22�

�𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2−𝜔𝜔𝜔𝜔2
2�2+𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦𝜔𝜔𝜔𝜔2

2 �𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝜌𝜌𝜌𝜌𝑦𝑦𝑦𝑦 𝑡𝑡𝑡𝑡�+ 
𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚��𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2−𝜔𝜔𝜔𝜔2

2�𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2𝑡𝑡𝑡𝑡−𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦𝜔𝜔𝜔𝜔2𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝜔𝜔𝜔𝜔2𝑡𝑡𝑡𝑡�

�𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2−𝜔𝜔𝜔𝜔2
2�2+𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦2𝜔𝜔𝜔𝜔2

2  � (18)

where 𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2 = 𝐶𝐶𝐶𝐶𝑦𝑦𝑦𝑦
𝑚𝑚𝑚𝑚0

= 1485н м⁄    ; 𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦 = 2�1485−𝜔𝜔𝜔𝜔22  ; 𝜌𝜌𝜌𝜌𝑦𝑦𝑦𝑦 = �𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2 − 0.25𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦2  

The third component of the movement of the ex-
ecutive organs of the studied machine is found from the 
system of the following equations (19):

�
𝑧̈𝑧𝑧𝑧 + 𝛼𝛼𝛼𝛼𝑧𝑧𝑧𝑧𝑧̇𝑧𝑧𝑧 + 𝐶𝐶𝐶𝐶𝑧𝑧𝑧𝑧

𝑚𝑚𝑚𝑚0
𝑧𝑧𝑧𝑧 = 𝑚𝑚𝑚𝑚1

𝑚𝑚𝑚𝑚0
𝑒𝑒𝑒𝑒𝜙̇𝜙𝜙𝜙22 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝛩𝛩𝛩𝛩

𝛩̈𝛩𝛩𝛩1 = (𝐼𝐼𝐼𝐼1′ )−1�𝑚𝑚𝑚𝑚1𝑒𝑒𝑒𝑒2𝜙̇𝜙𝜙𝜙22 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝛩𝛩𝛩𝛩 − 𝐶𝐶𝐶𝐶𝑧𝑧𝑧𝑧𝑅𝑅𝑅𝑅𝑧𝑧𝑧𝑧�
  � (19)

Assuming that the angular deviation of the con-
tainer is carried out at a constant angular velocity, i.e. 
𝜔𝜔𝜔𝜔1 = 𝛩̇𝛩𝛩𝛩 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  , and the received information  𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝛩𝛩𝛩𝛩 = 𝐶𝐶𝐶𝐶𝑧𝑧𝑧𝑧𝑅𝑅𝑅𝑅

𝑒𝑒𝑒𝑒𝑚𝑚𝑚𝑚0
𝑧𝑧𝑧𝑧   

equation is transform (19) to the form

𝑧̈𝑧𝑧𝑧 + 𝛼𝛼𝛼𝛼𝑧𝑧𝑧𝑧𝑧̇𝑧𝑧𝑧 − 𝑘𝑘𝑘𝑘𝑧𝑧𝑧𝑧2𝑧𝑧𝑧𝑧 = 0  � (20)

where 
𝑘𝑘𝑘𝑘𝑧𝑧𝑧𝑧2 = 𝐶𝐶𝐶𝐶𝑧𝑧𝑧𝑧

𝑚𝑚𝑚𝑚0
�𝑅𝑅𝑅𝑅
𝑒𝑒𝑒𝑒
− 1� = 82665н м⁄   ;𝛼𝛼𝛼𝛼𝑧𝑧𝑧𝑧 = 2�𝑘𝑘𝑘𝑘𝑧𝑧𝑧𝑧2 − 𝜙̇𝜙𝜙𝜙22 = 2�82665−𝜔𝜔𝜔𝜔22  

The solution of equation (20) is found in the form (21):

𝑧𝑧𝑧𝑧 = 𝑒𝑒𝑒𝑒−0.5𝛼𝛼𝛼𝛼𝑧𝑧𝑧𝑧𝑡𝑡𝑡𝑡(𝐶𝐶𝐶𝐶5 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜌𝜌𝜌𝜌𝑧𝑧𝑧𝑧 𝑡𝑡𝑡𝑡 +𝐶𝐶𝐶𝐶6 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝜌𝜌𝜌𝜌𝑧𝑧𝑧𝑧 𝑡𝑡𝑡𝑡)  ,� (21)

where 𝜌𝜌𝜌𝜌𝑧𝑧𝑧𝑧 = �𝑘𝑘𝑘𝑘𝑧𝑧𝑧𝑧2 − 0.25𝛼𝛼𝛼𝛼𝑧𝑧𝑧𝑧2  
Considering the initial conditions z0 = 0; 𝑧̇𝑧𝑧𝑧0 = 𝜗𝜗𝜗𝜗𝑧𝑧𝑧𝑧0   

constant differentiations are defined C5 = 0; 𝐶𝐶𝐶𝐶6 = 𝜗𝜗𝜗𝜗𝑧𝑧𝑧𝑧0
𝜌𝜌𝜌𝜌𝑧𝑧𝑧𝑧

  
As a result (22):

𝑧𝑧𝑧𝑧 = 𝑒𝑒𝑒𝑒−0.5𝛼𝛼𝛼𝛼𝑧𝑧𝑧𝑧𝑡𝑡𝑡𝑡𝜗𝜗𝜗𝜗𝑧𝑧𝑧𝑧0𝜌𝜌𝜌𝜌𝑧𝑧𝑧𝑧
−1 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜌𝜌𝜌𝜌𝑧𝑧𝑧𝑧 𝑡𝑡𝑡𝑡  � (22)

The next step was to calculate the dependences for 

the main characteristics of the investigated oscillatory system.
Using replacement (23):

𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝜔𝜔𝜔𝜔2
�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2

2�2+𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥2𝜔𝜔𝜔𝜔2
2 = 𝐴𝐴𝐴𝐴𝑥𝑥𝑥𝑥 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜙𝜙𝜙𝜙𝑥𝑥𝑥𝑥   

� (23)
𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔22�

�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2
2�2+𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥2𝜔𝜔𝜔𝜔2

2 = 𝐴𝐴𝐴𝐴𝑥𝑥𝑥𝑥 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙𝜙𝜙𝑥𝑥𝑥𝑥  

The equation (21) is transformed as (24):

𝑥𝑥𝑥𝑥 = 𝐴𝐴𝐴𝐴𝑥𝑥𝑥𝑥(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜙𝜙𝜙𝜙𝑥𝑥𝑥𝑥 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡 + 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙𝜙𝜙𝑥𝑥𝑥𝑥 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡) = 𝐴𝐴𝐴𝐴𝑥𝑥𝑥𝑥 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝜔𝜔𝜔𝜔2𝑡𝑡𝑡𝑡 + 𝜙𝜙𝜙𝜙𝑥𝑥𝑥𝑥)  �(24)

where 𝜙𝜙𝜙𝜙𝑥𝑥𝑥𝑥 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥
2−𝜔𝜔𝜔𝜔22

𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝜔𝜔𝜔𝜔2
�  

After certain transformations, equation (24) pres-
ents the component of the oscillation amplitude Ах as (25):

𝑦𝑦𝑦𝑦 = 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚�𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2−𝜔𝜔𝜔𝜔2
2�𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2𝑡𝑡𝑡𝑡

�𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2−𝜔𝜔𝜔𝜔2
2�2+𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦2𝜔𝜔𝜔𝜔2

2 − 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦𝜔𝜔𝜔𝜔2𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2𝑡𝑡𝑡𝑡

�𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2−𝜔𝜔𝜔𝜔2
2�2+𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦2𝜔𝜔𝜔𝜔2

2  � (25)

Using replacement (26):

𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚�𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2 − 𝜔𝜔𝜔𝜔22�

�𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2 − 𝜔𝜔𝜔𝜔22�
2

+ 𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦2𝜔𝜔𝜔𝜔22
= 𝐴𝐴𝐴𝐴𝑦𝑦𝑦𝑦 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜙𝜙𝜙𝜙𝑦𝑦𝑦𝑦 

𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦𝜔𝜔𝜔𝜔2
�𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2 − 𝜔𝜔𝜔𝜔22�

2
+ 𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦2𝜔𝜔𝜔𝜔22

= 𝐴𝐴𝐴𝐴𝑦𝑦𝑦𝑦 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙𝜙𝜙𝑦𝑦𝑦𝑦 

� (26)

The equation (25) is presented as (27):
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where 𝜙𝜙𝜙𝜙𝑦𝑦𝑦𝑦 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎( 𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦𝜔𝜔𝜔𝜔2

𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2−𝜔𝜔𝜔𝜔2
2)  

Taking into account the expressions (25), the com-
ponent of the Ay oscillation amplitude is obtained as (28):

𝐴𝐴𝐴𝐴𝑦𝑦𝑦𝑦 =
𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚�𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦2𝜔𝜔𝜔𝜔2

2+�𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2−𝜔𝜔𝜔𝜔22�
2

�𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2−𝜔𝜔𝜔𝜔2
2�2+𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦2𝜔𝜔𝜔𝜔2

2 = 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚

�𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦2𝜔𝜔𝜔𝜔2
2+�𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2−𝜔𝜔𝜔𝜔2

2�2
  � (28)

The absolute amplitude of vibrations is 

𝐴𝐴𝐴𝐴 = �𝐴𝐴𝐴𝐴𝑥𝑥𝑥𝑥2 + 𝐴𝐴𝐴𝐴𝑦𝑦𝑦𝑦2 + 𝐴𝐴𝐴𝐴𝑧𝑧𝑧𝑧2  ; for a steady-state mode, vibrations in 
the vertical direction are attenuated, i.e., Az= 0; which, 
given the derived dependencies for its components, is (29):

𝐴𝐴𝐴𝐴 = 𝑚𝑚𝑚𝑚1
𝑚𝑚𝑚𝑚0
𝑒𝑒𝑒𝑒𝜔𝜔𝜔𝜔22�

1
�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2

2�2+𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥2𝜔𝜔𝜔𝜔2
2 + 1

�𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2−𝜔𝜔𝜔𝜔2
2�2+𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦2𝜔𝜔𝜔𝜔2

2  � (29)

Using dependence (29), the amplitude-frequency 
response is constructed (Fig. 3).

Figure 3. Dependence of the total amplitude of vibrations Acomb (m) a vibration mixer with mechanical combined 
vibration excitation of spatial vibrations from the square of the frequency of forced vibrations ω2 (rad/s2)

Expression for the power of the driving 
force NF is presented it as a product 𝑁𝑁𝑁𝑁𝐹𝐹𝐹𝐹 = 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹  , where 
𝜗𝜗𝜗𝜗 = �𝜗𝜗𝜗𝜗𝑥𝑥𝑥𝑥2 + 𝜗𝜗𝜗𝜗𝑦𝑦𝑦𝑦2 + 𝜗𝜗𝜗𝜗𝑧𝑧𝑧𝑧2 = �𝑥̇𝑥𝑥𝑥2 + 𝑦̇𝑦𝑦𝑦2 + 𝑧̇𝑧𝑧𝑧2   – expression for the vibra-
tion velocity. The modulus of the forcing force is found as 
𝐹𝐹𝐹𝐹 = 𝑚𝑚𝑚𝑚1𝑒𝑒𝑒𝑒𝜛𝜛𝜛𝜛22  .

Considering (30), (31), (32): 

𝑥̇𝑥𝑥𝑥 = 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚𝜔𝜔𝜔𝜔2

�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2
2�2+𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥2𝜔𝜔𝜔𝜔2

2 (𝜔𝜔𝜔𝜔2𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡 − (𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2 − 𝜔𝜔𝜔𝜔22)𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡)  � (30)

 𝑦̇𝑦𝑦𝑦 = 𝐹𝐹𝐹𝐹𝑚𝑚𝑚𝑚𝜔𝜔𝜔𝜔2

�𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2−𝜔𝜔𝜔𝜔2
2�2+𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦2𝜔𝜔𝜔𝜔2

2 ��𝑘𝑘𝑘𝑘𝑦𝑦𝑦𝑦2 − 𝜔𝜔𝜔𝜔22�𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡 +𝜔𝜔𝜔𝜔2𝛼𝛼𝛼𝛼𝑦𝑦𝑦𝑦 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡�  � (31)

𝑧̇𝑧𝑧𝑧 = 0  � (32)

The desired expression takes the form in Formula (33), 
which allowed it to be represented in Figure 4.

𝑁𝑁𝑁𝑁𝐹𝐹𝐹𝐹 = 𝑚𝑚𝑚𝑚0
−1𝑚𝑚𝑚𝑚1

2𝑒𝑒𝑒𝑒2𝜔𝜔𝜔𝜔25��
𝜔𝜔𝜔𝜔2𝛼𝛼𝛼𝛼𝑥𝑥𝑥𝑥𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜔𝜔𝜔𝜔2𝑡𝑡𝑡𝑡−�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2

2�𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2𝑡𝑡𝑡𝑡
�𝑘𝑘𝑘𝑘𝑥𝑥𝑥𝑥2−𝜔𝜔𝜔𝜔2
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2
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Figure 4. Dependence of the total power consumption Ncomb (kW) of a vibration mixer with mechanical combined 
vibration excitation of spatial oscillations on the square of the frequency of forced oscillations ω2 (rad/s2)
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𝑦𝑦𝑦𝑦 = 𝐴𝐴𝐴𝐴𝑦𝑦𝑦𝑦 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜙𝜙𝜙𝜙𝑦𝑦𝑦𝑦 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡 − 𝐴𝐴𝐴𝐴𝑦𝑦𝑦𝑦 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙𝜙𝜙𝑦𝑦𝑦𝑦 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜔𝜔𝜔𝜔2 𝑡𝑡𝑡𝑡 = 𝐴𝐴𝐴𝐴𝑦𝑦𝑦𝑦 𝑐𝑐𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝜔𝜔𝜔𝜔2𝑡𝑡𝑡𝑡 − 𝜙𝜙𝜙𝜙𝑦𝑦𝑦𝑦)  � (27)

The total inertial forces from unbalanced masses of 
the oscillatory system, which characterise the reliability of 
the support units, are found from dependence (34):

Funb = Fcom = m1∙aв; ain = A × ω2� (34)

Given the features of the elastic system of the drive 
mechanism of the developed machine, the presented vibration 

exciter can be considered as a mechanical combined one, 
since it combines elements of kinematic forced and unbal-
anced vibration exciters, respectively, the presence of ec-
centricity of the drive shaft and an elastic system for levelling 
parasitic vibrations [9; 23; 24].

Based on the obtained dependence, a graphical repre-
sentation of this force characteristic is constructed in Figure 5.
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Figure 5. Dependence of the total inertial forces on unbalanced masses Fcomb (kN) of a vibrating mixer with 
mechanical combined vibration excitation of spatial oscillations on the square 

of the frequency of forced oscillations ω2 (rad/s2)

The analysis of the presented graphical dependences 
indicates that the frequency ω2 exceeds the value of 28 rad/‌s2 
before the asymptotic increase in the amplitude of oscilla-
tions, which can lead to failure of the executive elements of 
the vibration drive due to the loss of the dynamic equilibri-
um state by the system, which is observed in systems with 
power vibration excitation [25]. Therefore, the working 
amplitude of oscillations of the mixing vessel was chosen 
in the range of 2-2.5 mm. 

The implementation of the above operating oscilla-
tory mode requires for a given container a relatively small 
power consumption in the range of 500-600 W relative 
to designs with an unbalanced vibrating exciter, which is 
satisfactory for the effective processing of minced sausage 
mass [26; 27]. 

Conclusions
Based on the analysis of literature sources, the expediency 
of application of vibration exposure to the process of mixing 
minced meat in the technology of sausages “Ozdorovchi” is 
theoretically substantiated.

To improve the technological process of mixing sau-
sage minced meat, a system of vibrating machine for mixing 

ingredients and a design diagram of the investigated tech-
nical system of the process of vibration mixing of minced 
sausages “Ozdorovchi” were developed. 

With the help of mathematical modelling, using the 
Lagrange method, the equations of motion of the executive 
bodies of the system are compiled and their dependencies 
are determined.

Graphical representation of the amplitude-force 
dependences allowed to substantiate the working ampli-
tude of oscillations of the mixing vessel in the range of 
2-2.5 mm and to establish the necessary power consump-
tion in the range of 500-600 W.

Experimental initial data and theoretically sub-
stantiated operating parameters of mixing sausage minced 
meat with vibration intensification of the process, and the 
application of appropriate recipe ingredients provides for 
the achievement of a comprehensive technological effect, 
while minimising energy consumption.

Further research will be focused on the develop-
ment of the hardware and technological scheme for the 
production of sausages “Ozdorovchi” using improved tech-
nology, considering the determined optimal parameters of 
vibro-mechanical mixing of minced meat.
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Математичне моделювання процесу вібраційного перемішування 
сосисочного фаршу
Максим Віталійович Рябовол

Національний університет біоресурсів та природокористування України
03041, вул. Героїв Оборони, 15, м. Київ, Україна

Анотація. Актуальність дослідження зумовлена необхідністю оптимізації процесу перемішування фаршу в 
технології сосисок «Оздоровчі» для скорочення тривалості технологічної операції, зменшення енергетичних 
та сировинних витрат. У зв’язку з цим стаття спрямована на обґрунтування та визначення амплітудно-силових 
параметрів вібромеханічної машини для перемішування інгредієнтів сосисочного фаршу. Провідним методом 
до дослідження цієї проблеми є метод математичного моделювання, що дозволяє комплексно розглянути 
закономірності зміни основних параметрів коливального процесу. В статті теоретично обґрунтовано доцільність 
використання вібраційного впливу для забезпечення швидкого та рівномірного розподілення компонентів у 
фаршевій масі. Розроблено дослідну модель вібраційної машини для перемішування інгредієнтів сосисочного 
фаршу. Складено розрахункову схему досліджуваної технічної системи процесу вібраційного перемішування 
фаршу сосисок «Оздоровчі». Складено рівняння руху виконавчих органів системи. Визначено залежності 
для рівнянь руху виконавчих органів віброзмішувача. Розраховано залежності для основних характеристик 
досліджуваної коливальної системи. На основі аналізу графічного представлення амплітудно-силових залежностей, 
обґрунтовано робочу амплітуду коливань ємкості для перемішування у межах 2–2,5 мм. Встановлено, що реалізація 
необхідного робочого коливального режиму вимагає для даної ємкості порівняно невеликих витрат потужності 
у межах 500–600  Вт. Оптимальні параметри перемішування фаршу з вібраційною інтенсифікацією процесу, а 
також застосування відповідних інгредієнтів дозволяє досягти комплексний технологічний ефект при мінімізації 
витрати енергії. Тому, матеріали статті становлять практичну цінність для м’ясопереробної галузі в технології 
варених ковбасних виробів з оздоровчими властивостями

Ключові слова: низькочастотні коливання, метод Лагранжа, коливальна система, амплітудно-частотні характеристики, 
силові характеристики
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Methodological Aspects of Assessing the Competence 
of Laboratory Personnel Determining the Quality of Seed Potatoes

Abstract. Most of the quality indicators regulated by the standard for seed potato certification are determined by the 
subjective component, that is, the competence of the personnel. However, the regulatory framework does not establish 
criteria for assessing competence, which poses uncontrolled risks in the laboratory. The purpose of the study is to develop 
and investigate the methodology for assessing the competence of laboratory personnel involved in the testing of seed 
potatoes and determine the extent of application of the methodology. The methods of probability theory and mathematical 
statistics are used for the tasks of selection and research of statistical criteria that correspond to the law of distribution 
of the obtained data and provide the necessary reliability for the available sample volumes. The statistics and the method 
of determining the threshold value, which mathematically describes the decision-making on competence, are provided 
for the binomial distribution law. The properties of the proposed statistical method for assessing the competence of 
personnel in terms of finding the maximum differences in the results of the analysis, at which the personnel are recognised 
as competent, are investigated. The study demonstrates the dependence of the method capacity on the data volume. It 
is determined that to obtain a confidence probability of 0.95 for quality indicators, the content of which in the average 
sample according to the technical conditions is minimal, the sample size should be 600-1000 tubers. At the same time, up 
to 100 tubers are sufficient for indicators whose content is under 5%. The method proposed by the authors showed that 
the average sample of 250 tubers recommended by the standard is entirely justified in terms of attracting resources during 
certification but must be adjusted during competence monitoring in a testing laboratory that confirms its competence by 
the requirements of DSTU ISO IEC 17025:2019. The findings presented can be used by the personnel in the seed testing 
laboratories as a measure to minimise the risks caused by the impact of personnel incompetence

Keywords: seed potato, certification, potato quality indicators, statistical criterion, reliability of decision-making, seed 
testing laboratory

Introduction
Industrial potato growing is a separate important branch of 
agriculture, as Ukraine is one of the four leading countries 
in the world in terms of gross potato production, in 2021, 
20.8 thousand tons of potatoes were produced [1]. In 2020, 
the Cabinet of Ministers of Ukraine (CMU) adopted an order 
“On approval of the concept of the State target programme 
for the development of industrial potato growing for the 

period up to 2025” [2]. The programme aims, among other 
things, to increase the production of high-added-value 
products and strengthen Ukraine’s presence on the world 
market of agricultural products and food. The production 
of seed potatoes belongs to the state-regulated sphere and 
is regulated by the resolution of the Cabinet of Ministers of 
Ukraine No. 97 of February 21, 2017 [3]. Each batch of potato 



Animal Science and Food Technology. 2022. Vol. 13, No. 2

64 Methodological aspects of assessing the competence of laboratory personnel...

seed material or part of it sold must be accompanied by a 
sowing certificate. The resolution defines the certification, 
issuance, and cancellation procedure of seed potato sowing 
certificates and certificate forms. During the certification 
process, the certification body authorised by the Ministry 
of Agrarian Policy and Food of Ukraine sends the samples 
selected by the authorised certification auditors (agrono-
mist-inspector) to the testing laboratory (TL) accredited 
for compliance with the DSTU ISO IEC 17025:2019 Stan-
dard [4]. The certification body decides to certify/not cer-
tify the batch based on the results of tests of seed quality 
indicators. At the same time, the competence of TL person-
nel is crucial, and any inconsistencies in the work of per-
sonnel lead to erroneous decisions on batch certification. 
Thus, the assessment of the competence of TL personnel 
by accurate and reliable methods is an urgent task.

The requirements for the competence of TL person-
nel who evaluate seed potatoes at the request of the cer-
tification body are established in the national standard of 
Ukraine DSTU ISO IEC 17025:2019 [4]. In addition to the 
general requirements of overhead lines, it is necessary to 
have a procedure and keep records on the selection, training, 
supervision, authorization, and monitoring of personnel 
competence. This article will discuss methods for monitor-
ing personnel competence using statistical criteria. There 
are no clear instructions on the choice of statistical crite-
ria but the bibliography for the standard [4] contains stan-
dards of the DSTU GOST ISO 5725 series, accuracy (correct-
ness and precision) of measurement methods, and results. 
Part 2. The main method of determining the repeatability and 
reproducibility of the standard measurement method [5]. 
Part 3. Intermediate indicators of precision of the standard 
method of measurement [6]. Part 4. Basic methods for de-
termining the correctness of the standard measurement 
method [7]. Part 5. Alternative methods for determining 
the precision of the standard method of measurement [8]. 
Part 6. Using accuracy values in practice [9]. The standards 
do not provide methods for assessing and monitoring per-
sonnel competence for test results obtained for determining 
the quality indicators of seed potatoes.

The study [10] analysed the requirements for the com-
petence of laboratory personnel and methods of evaluation, 
but the proposed methods do not consider the specifics of 
seed laboratories and do not contain decision-making crite-
ria. The work [11] considers the competence of personnel as 
a component of service quality when comparing laboratories 
accredited following ISO/IEC 17025:2017 without providing 
methodological aspects of competence assessment. Arti-
cles [12; 13] compare best practices in accredited laboratories 
using critical factors, including personnel competence. How-
ever, they do not provide methods for assessing competence.

The study [14] identifies the needs and areas of 
personnel training to meet the requirements of accredited 
laboratories without practical methods for assessing their 
competence. In [15] the object of study is the assessment of 
total uncertainty during calibration in terms of assessing 
the component due to the competence of the personnel. 
However, the study does not examine the specifics of eval-
uating personnel competence for discrete distribution laws 
depending on the sample size.

The investigation [16] allows for measuring the 
readiness of the laboratory to meet the requirements of 

ISO/IEC 17025: 2017. Descriptive statistics were used to 
create radar charts and empirical research methods, in-
cluding personnel competence, but quantitative estimation 
methods were not considered. 

The article reveals [17] the process of determining 
the compliance of quality characteristics of TL specialists, 
using the approach “People Development Tools”, which 
focuses on the human factor in the implementation and 
maintenance of quality systems [17; 18]. However, given the 
requirements of the Standard regarding the reliability of the 
results, the TL should document the data to identify trends 
and, if possible, apply statistical methods to analyse the find-
ings. Common recommendations on the process of personnel 
competence management, such as the Eurolab Federation do 
not contain quantitative criteria for evaluating competence 
but give generalised recommendations [17; 19].

Thus, the assessment of personnel competence is an 
integral component in the confirmation of the TL compe-
tence. However, the assessment of personnel competence for 
seed labs was not investigated. The scientific novelty of the 
study consists in the development of a method for reliable 
determination of personnel competence based on statistical 
processing and establishing the limits of its application.

Given that the full description of the competence of 
overhead line personnel, which declares and confirms its 
competence, should contain both a qualitative and quan-
titative component, the purpose of this study is to develop 
and analyse a methodology for assessing the competence 
of overhead line personnel using statistical criteria and 
establish the boundaries of the application of the method-
ology following the tasks faced in practice.

Materials and Methods
The research was conducted on the basis of an accredited 
potato seed laboratories LLC AROSERT in 2019-2022. The 
object of research was samples of original, elite, and repro-
ductive seed material of potato varieties included in the 
State Register of plant varieties suitable for distribution 
in Ukraine [20]. Samples were taken from batches of seed 
potatoes for certification purposes. Testing of samples was 
carried out by the personnel of overhead lines accredited 
according to the methods for determining seed qualities set 
out in DSTU 4014-2001 [21]. Quality indicators certifying 
the sowing qualities of seed potatoes are selected follow-
ing the content of the certificate [3, Appendix 2], in which, 
in addition to the indicators of sowing qualities indicating 
information about the origin of seeds, the results of evalu-
ation according to the acts of crop assessment, acceptance 
of basic crops by the commission, analysis of tubers, quar-
antine inspection, site, and laboratory varietal control.

Requirements for the sowing qualities of potato seed 
material are taken from DSTU 4013-2001 [22]. The research 
methods used the mathematical apparatus of probability 
theory and mathematical statistics about solving problems 
of assessing the competence of personnel.

As is known from the general theory of measure-
ments, the uncertainty of the measurement result gener-
ally contains three components: instrumental, due to the 
use of measuring equipment (ME), methodological, due 
to the method, and subjective, due to the competence of 
personnel. Determination of the sowing qualities of seed 
potatoes is conducted by methods that can be divided into 
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two groups depending on their contribution to the total 
uncertainty of the test result: the first – method using ME, 
and the second – method based on the competence of per-
sonnel. Methods that involve the use of ME provide for the 
organisation and improvement of metrological support 
and will not be considered in this paper. Methods of the 
second group will be subjected to detailed analysis, which 
determines the following indicators of seed sowing quali-
ties (as a percentage) [2, Appendix 2]: 1) the presence of tu-
bers of other varieties; 2) the presence of tubers affected by 
diseases: 2.1) wet rot, 2.2) late blight, 2.3) black leg, 2.4) dry 
rot (fomosis, Fusarium), 2.5) rhizoctoniosis, 2.6) common 
and silver scab, 2.7) powdery scab; 3) the presence of 
damaged tubers, of which: 3.1) affected stem nematode, 
3.2) damaged by wireworm, 3.3) damaged by rodents, may 
beetle, scoops 3.4) with mechanical damage (more than 
10 millimetres deep); 4) the presence of tubers damaged by 
chemicals, with signs of burns, freezing, deformation, with 
root nodules, crushed, cut, peeled.

The determination of these indicators depends entirely 
on the competence of the personnel and can be used as a basis 
for monitoring competence. In addition, the use of these 
methods allows us to implement the requirements regarding 
the monitoring of reliability in terms of duplication of testing 
using the same methods as testing blind samples [4].

250 potato tubers (N=250) selected were analysed. 
The assessment is conducted in pairs with two special-
ists [21]. A tuber that belongs to the same sample is exam-
ined sequentially and independently of each other by each 
of the specialists.

Considering the method of representation (the num-
ber of detected facts out of the total number), the analysis 
results are presented in a discrete distribution. From a wide 
class of discrete distributions (binomial, Poisson, negative 
binomial, Pascal, geometric, hypergeometric), the binomial 
distribution law was chosen for the problem of monitoring 
the competence of seed potato test results.

In the language of mathematical statistics, the task 
of monitoring competence the following: the first specialist 
analyses a sample with a volume of N1 tests and identifies 
m1 defective cases, the second specialist analyses a sample 
with a volume of N2 tests and identifies m2 defective cases. 
Under the defective case, we mean a potato tuber in which 
lesions and inconsistencies are detected according to the 
selected list of quality indicators [22].

Samples N1 and N2 are distributed according to the 
binomial distribution law. We set the problem of statistical 
comparison of two perimeters of binomial distributions. 
We put forward zero hypothesis H0: the difference between 
the fate of defective cases is insignificant (the results of 
analysing potato tubers do not differ statistically, and the 
competence of the personnel is confirmed).

Alternative hypothesis H1: the difference between 

the fate of defective cases is significant (the results of ana-
lysing potato tubers are statistically different; the compe-
tence of personnel is not confirmed).

You can solve the problem set in this way if you apply 
the appropriate statistics. With a normal approximation of 
the binomial distribution law the statistics for testing the 
H0 hypothesis have the form [23]:
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The resulting value of z-statistics is compared with 
the limit value of U. As the limit value, we choose the quantile 
of the Gaussian distribution law for the selected confidence 
probability α. For laboratory tests α = 0.95, U = 1.96.

If we use the normal approximation using the arcsine 
transformation, formula (1) for clarification can be replaced 
with the following:
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However, in it is shown that the results of determin-
ing z according to (1) and (2) give the same result. Based on 
this, in the practice of TL, the value of z-statistics should be 
calculated using Formula (1).

For simplicity, given that the same sample is analysed 
during competence monitoring, we assume N1=N2=N. For-
mula (1) will take the form:

𝑧𝑧𝑧𝑧 =
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The statistical method proposed by the authors 
for assessing the competence of personnel is tested in the 
practical activities of accredited overhead lines during the 
planned monitoring of the competence of personnel au-
thorised to determine the sowing qualities of seed pota-
toes. According to the weaning method, the average sample 
for analysis contains 250 tubers (N = 250). [21]. To deter-
mine the competence of specialists to identify affected and 
unsuitable tubers, an average sample from a substandard 
batch was selected to check their competence. 

Results and Discussion
The results of the assessment of personnel competence us-
ing the selected z-statistics with the proposed simplifica-
tion (3) are presented in Table 1. The results were obtained 
experimentally in an accredited TL. It should be noted 
slight differences between specialists in the number of 
detected tubers with signs of disease. The calculated values 
of z-statistics allowed to make a statistically sound conclu-
sion about the sufficient competence of the first and second 
specialists when comparing their results with each other.

Table 1. Personnel competence analysis

Indicator of sowing 
qualities

Specialist 1
m1

Specialist 2
m2 z Are specialists 

competent?

(1) 1 2 0.579 Yes

(2) 8 10 1,016 Yes

(2.1) 0 0 0 Yes

(2.2) 1 0 1,001 Yes
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Indicator of sowing 
qualities

Specialist 1
m1

Specialist 2
m2 z Are specialists 

competent?

(2.3) 2 3 0.449 Yes

(2.4) 2 2 0 Yes

(2.5) 0 0 0 Yes

(2.6) 0 0 0 Yes

(2.7) 3 5 0.713 Yes

(3) 8 7 0 Yes

(3.1) 1 1 0 Yes

(3.2) 1 2 0.579 Yes

(3.3) 2 1 0.579 Yes

(3.4) 4 3 0.381 Yes

(4) 1 1 0 Yes

Based on the results of statistical processing, the 
specialists were recognised as competent. A special feature 
of this method is the possibility of mutual verification of 
only two specialists, which is a limitation when applying 
the proposed method. One specialist, usually with more 
experience and without recorded inconsistencies in the re-
sults of testing seed potatoes, is accepted as a reference. 
Its results are compared in pairs with the results of other 
authorised personnel.

To determine the maximum differences between 

the selected quality indicators, which confirm the compe-
tence of personnel for sample size N = 250 the authors con-
ducted the following simulation. The difference between 
the number of detected tubers was calculated using the 
selection method.

Table 2 shows that a feature of z-statistics is an in-
crease in permissible deviations between the readings of 
specialists with an increase in the total number of detected 
discrepancies, which should be considered in the TL when 
planning competence monitoring. 

Table 2. Maximum differences between certain quality indicators

Detection range Specialist 1
m1

Specialist 2
m2 z Are specialists 

competent?

Smallest 
1 6 1,903 Yes

1 7 2,139 no

Medium
10 20 1,883 Yes

10 21 2,040 no

Largest
20 33 1,889 Yes

20 34 2,017 no

That is, a maximum difference of 6 tubers is suitable 
at in the smallest detection range. In the medium detection 
range a difference of 9 tubers is permissible. The largest detec-
tion range allows a difference of 12 potatoes. These results are 
explained by the binomial distribution law and can be used 
by the quality department during competency monitoring.
An important issue in assessing competence is the reliability 
of decisions made. As is known the power of statistical criteria 
depends on the volume of the studied samples [24].

TL can always use samples that have been submit-
ted for testing to monitor reliability. The average sample for 
analysis always contains 250 tubers, but for analysis, elite, 
original, or reproductive seed material is usually passed, 
which does not contain a large number of disease lesions, 
and damage and does not contain tubers of other varieties. 
The use of such material will not test the ability of personnel 
to detect and correctly identify diseases or injuries.

There is a need to create your tuber sample, in which 
the person authorised to create samples for intra-laboratory 

control introduces sick and damaged tubers found in the 
batch. To answer the question of what the minimum volume 
of the average sample (the number of tubers) should be and 
what is the number of damaged tubers in it, the authors 
suggest using the expression (4) given in [23]:

𝑁𝑁𝑁𝑁𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑙𝑙𝑙𝑙𝑚𝑚𝑚𝑚(1−𝑎𝑎𝑎𝑎)
𝑙𝑙𝑙𝑙𝑚𝑚𝑚𝑚 (1−𝑝𝑝𝑝𝑝0)

,  � (4)

where p0 – a value of the binomial distribution parameter.
The authors carried out simulation modelling us-

ing an expression (4). In the Table 3 showed calculated 
recommended sample sizes Nmin so the number of dam-
aged/affected tubers m (total Nmin) to ensure a confidence 
level of 0.95 assessment of personnel competence for the 
original seed and potato elite (4), and norms (in percent) 
of sowing qualities of seed potatoes, which are given 
in [22], were used for calculation. Volumes were calculated 
for the next categories of seed material established by the 
standard [22].

Table 1, Continued



Animal Science and Food Technology. 2022. Vol. 13, No. 2

67Samoilichenko et al.

Table 3. Sample sizes of original and elite potato seed material to ensure a confidence level of 0.95

Polissia and forest-steppe Steppe

Indicator of sowing 
qualities ОН, Nmin/m ЕН, Nmin/m ОН, Nmin/m ЕН, Nmin/m

(1) 300/3 300/3 300/3 300/3

(2.1) 300/3 300/3 300/3 300/3

(2.2) 600/3 200/3 600/3 200/3

(2.3) 300/3 1000/3 300/3 1000/3

(2.4) 600/3 600/3 300/3 300/3

(2.5) from 1/8 to ¼ 300/3 200/3 600/3 300/3

(2.5) over¼ 300/3 300/3 300/3 300/3

(2.6) 100/3 100/3 60/3 60/3

(2.7) 300/3 300/3 300/3 300/3

(3.1) 300/3 300/3 300/3 300/3

(3.2) 300/3 300/3 600/3 600/3

(3.3) 300/3 300/3 300/3 300/3

(3.4) 86/3 86/3 53/3 53/3

(4) 300/3 300/3 300/3 300/3

Note: OH – original seed material, EN – the elite seed material for climatic zones of Ukraine “Polissya” and “forest steppe” and “steppe”

Table 4 shows calculated by the simulation mod-
elling recommended sample size Nmin and the number of 

damaged/affected tubers m (in total Nmin) to ensure a con-
fidence level of 0.95 assessment of personnel competence.

Table 4. Recommended sample sizes to ensure the reliability of personnel Competence assessment 
for potato seed reproduction

Indicator of sowing qualities РН-1-2
Nmin/m

РН-3-4
Nmin/m

(1) 600/3 300/3

(2.1) 300/3 300/3

(2.2) 150/3 75/3

(2.3) 1000/3 600/3

(2.4) 300/3 200/3

(2.5) from 1/8 to ¼ 200/3 150/3

(2.5) over¼ 300/3 300/3

(2.6) 100/3 60/3

(2.7) 300/3 300/3

(3.1) 600/3 300/1

(3.2) 150/3 150/3

(3.3) 300/1 300/1

(3.4) 67/3 45/3

(4) 300/3 300/3

Note: RN-1 – reproductive seed (RN) of the first reproduction; RN-2 – the second reproduction; RN-3 – the third reproduction; RN-4 – the fourth 
reproduction

As can be seen from Tables 3 and 4, a low percent-
age of crop quality standards and features of the binomial 
distribution law showed the need to study 10,000 tubers 
in some cases. For cases where the standard [22] does not 
allow the presence of any affected/damaged tuber, the au-
thors took 1% availability as an example (demonstrating 

that personnel can detect the affected/damaged tuber), 
such cells are highlighted in grey.

In practice, this means that such results raise ques-
tions about the actual reliability of estimates obtained for 
the volume of an average sample of 250 tubers, as regulated 
in, if the calculations show a different minimum volume. 
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On the other hand, selecting and analysing 1,000 tubers 
will require significant resources, which would be imprac-
tical. therefore, the specialists who developed the standard 
most likely chose the average volume of the average sample.

Secondly, given that valid for a long period, tested, 
there is no notification of its cancellation, the question of 
the reliability of assessing the sowing qualities of potatoes 
by the seed personnel of the overhead line can be assigned 
to the management of the TL using Table 3,4, allocating 
time and human resources in such a way as to minimize 
the unnecessary burden on personnel, the management of 
TL plans and ensures the implementation of monitoring 
of personnel competence in the presence of the required 
number of tubers and the content of damaged/affected 
tubers in the average sample.

The results obtained in Table 1 are the results of a 
unique test of the examined batch of seed potatoes. The 
results obtained in Tables 2-3 can be reproduced by the 
method of simulation modelling and do not contain re-
strictions on reproduction.

Studies similar to the ones cited have not been con-
ducted by Ukrainian or foreign scientists. In works [25; 26] 
the competence of personnel in agro-industrial laborato-
ries was considered. However, the maximum differences 
are not determined for which personnel are recognised 
as competent (similarly to those obtained in Table 1). In 
works [27; 28], the issue of determining the varietal affil-
iation of potatoes was considered, however, not defined 
sample sizes of original and elite potato seed material to 
ensure a confidence level of 0.95, as done by the authors. 
In the works of foreign authors  [29; 30], issues of quali-
ty and reliability of assessments obtained in laboratories 

are considered. However, no recommendations have been 
made for sample sizes as in Table 4. Similar studies per-
formed in accordance with the recommendations [31; 32] 
can be considered a continuation of this study.

Conclusions
Determination of the sowing qualities of seed potatoes be-
longs to the legally regulated sphere and largely depends 
on the competence of personnel. The organisation of reli-
able monitoring of personnel competence in testing labo-
ratories allows for avoiding erroneous decisions during the 
certification of a batch of seed material.

The method proposed by the authors for assessing 
the competence of personnel using statistical processing 
makes it possible to avoid subjectivity in decision-making. 
The research of the method conducted by the authors al-
lows for determining the maximum differences between 
certain potato quality indicators for different volumes of 
identified unsuitable tubers, which confirms the competence 
of the personnel.

Recommended sample sizes to ensure the reliability of 
personnel competence assessment for potato reproduction 
seed material allow TL management to plan and organise 
competence monitoring that considers the required num-
ber of tubers studied, and the minimum content of tubers 
with damage and diseases to obtain monitoring results. 
The findings obtained can be used in the development of 
new regulatory documents that contain both guidelines for 
assessing the competence of personnel, and updated re-
quirements that will minimise the volume of average sam-
ples for determining individual quality indicators of potato 
reproduction seed material.
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Методологічні аспекти оцінювання компетентності 
персоналу лабораторій визначення якості картоплі насіннєвої

Ольга Вікторівна Самойліченко1, Ольга Анатоліївна Прядко1, 
Валентин Михайлович Мокійчук2, Юлія Володимирівна Слива1

1Національний університет біоресурсів та природокористування України
03041, вул. Героїв Оборони, 15, м. Київ, Україна
2Національний технічний університет України 
«Київський політехнічний інститут імені Ігоря Сікорського»
03056, просп. Перемоги, 37, м. Київ, Україна

Анотація. Більшість регламентованих стандартом показників якості для сертифікації насіннєвої картоплі 
визначаються суб’єктивною складовою – компетентністю персоналу, однак нормативними документами не 
установлено критеріїв оцінювання компетентності, що спричиняє неконтрольовані ризики в лабораторії. 
Метою роботи є розроблення та дослідження методики оцінювання компетентності персоналу лабораторії, яка 
здійснює випробування насіннєвої картоплі та встановлення меж застосування методики. Використано методи 
теорії ймовірності та математичної статистики для задач вибору та дослідження статистичних критеріїв, які 
відповідають закону розподілу отримуваних даних та забезпечують необхідну достовірність за наявних обсягів 
вибірки. Для біноміального закону розподілу наведено статистику та спосіб визначення граничного значення, 
який математично описує прийняття рішення про компетентність. Досліджено властивості запропонованого 
статистичного методу оцінювання компетентності персоналу в частині знаходження максимальних різниць в 
результатах аналізування, за яких персонал визнають компетентним. Показана залежність потужності методу 
від обсягів даних. Визначено, що для отримання довірчої ймовірності 0,95 для показників якості, вміст яких у 
середній вибірці згідно з технічних умов мінімальний, обсяг вибірки повинен бути 600-1000 шт. Водночас для 
показників, вміст яких допускається до 5 % достатньо до 100 шт. Запропонований авторами метод показав, що 
рекомендована стандартом середня проба об’ємом 250 шт цілком виправдана з точки зору залучення ресурсів 
під час сертифікації, однак повинна бути скоригована під час моніторингу компетентності у випробувальній 
лабораторії, яка підтверджує свою компетентність відповідно до вимог ДСТУ ISO IEC 17025:2019. Отримані 
результати можна використовувати персоналом з якості у насіннєвих випробувальних лабораторіях як захід для 
мінімізації ризиків, спричинених впливом некомпетентності персоналу

Ключові слова: сертифікація насіннєвої картоплі, показники якості картоплі, статистичний критерій, достовірність 
прийняття рішень, насіннєва випробувальна лабораторія
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The Use of Inulin-Containing Raw Materials 
in the Technology of Sausage Production

Abstract. Since the second half of the twentieth century, the popularity and accumulation of research on various methods 
of improving sausage products has been growing, which necessitates the systematisation of available information, 
especially regarding the use of non-traditional functional components such as inulin-containing raw materials. The 
purpose of the study was to analyse the scope of the research and systematise the available information on methods of 
improving the quality and nutritional value of sausage products, and to determine the prospects and feasibility of using 
inulin-containing raw materials in the formulation of sausage products to increase their consumer benefits and improve 
nutritional characteristics. The method of meta-analysis of evidence was applied, based on the search of literature data 
for the period 2001-2022 using the international scientific platform Research4Life, which includes publications indexed 
in Scopus, Web of Science, etc. The study used statistical data from the Organisation for Economic Cooperation and 
Development, the State Statistics Service of Ukraine, etc. A total of 64 articles related to the use of inulin in the composition 
of inulin-containing raw materials in sausage products were found, four of them about sausage with chicory, six – about 
sausage with Jerusalem artichoke. The article also presents statistical data on meat consumption in Ukraine and in the 
world, the distribution of consumer purchasing and taste preferences, and systematises the ways to improve the quality 
of sausages. As a result of the research, a low tendency towards an increase in demand for meat products was noted, it 
was found that the most promising, in terms of improving health qualities, meat products are boiled sausages, as they are 
in great demand among Ukrainian consumers. The most common methods of improving the quality of sausage products 
are fat correction and calorie reduction. research of technology of sausage products with inulin-containing raw materials. 
Systematization and structuring of the available array of information on the use of inulin-containing raw materials in the 
technology of sausage products will facilitate the establishment of the feasibility and necessity of practical application 
of this method of improving the quality of this segment of food products

Keywords: fat substitutes, meat products, inulin, chicory, Jerusalem artichoke, organoleptic, health-improving properties

Introduction
Analysis of the preferences of Ukrainians when choosing 
meat products shows that more than two-thirds of national 
consumption is accounted for by sausage products, which 
belong to instant meat products [1]. It is worth noting that 
the sausage market products belong to the traditional dishes 
of Ukrainian cuisine. Sausages are included in the list of 
products of the consumer basket, which is approved by the 

Resolution of the Government of Ukraine of October 11, 
2016, No. 780 [2].

At the same time, there is evidence [3] that sausage 
can be harmful to health (nutritional diseases, in particu-
lar obesity, and cardiovascular disorders), mainly due to its 
composition, which includes natural fat as a thickener, and 
in cheap products, hydrogenated vegetable fats are added 
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to stabilise the structure [3]. Excess lipids in the human 
diet combined with low physical activity lead to undesirable 
consequences, most often obesity [4]. 

Today, many scientific studies are devoted to the 
impact of nutrition on human health. In the last year alone, 
the international scientific platform Research4Life has col-
lected more than 32 thousand sources of evidence of the 
direct impact of food components on the consumer [5].

According to experts, healthy sausage in the modern 
world simply does not exist, but the safest is boiled sau-
sage, mainly due to the manufacturing technology [6]. It is 
possible to reduce the caloric content of cooked sausages 
by reducing the relative amount of fat in the recipe, how-
ever, without introducing any substitutes, this will lead to a 
deterioration in the organoleptic parameters and structure 
of the finished product [7]. The relevance of the research 
topic is determined by the necessity to analyse the existing 
practice of improving the quality of sausage products by 
full or partial replacement of fat, including at the expense 
of inulin-containing raw materials.

Adding dietary fibres such as inulin to meat products 
has become a new trend due to their potential health bene-
fits for the consumer. Inulin is used in the food industry ei-
ther alone or in combination with other related ingredients. 
At the same time, it is defined as a prebiotic, dietfibreary 
modifying, low-calorie sweetener, fat substitute, gelling 
agent, viscosity modifier and texture- ingredient in various 
food products [8]. 

It is worth noting that in general, the global inulin 
market is characterised by high competition. Most major 
producers are geographically located in North America and 
Europe. The largest players in the market are Beneo GmbH, 
Cosucra Group Warcoing SA, Tierra Group, Cargill, Inc. and 
Sensus BV [9]. The average annual growth rate for inulin is 
estimated to be 6.5% on the world market [10].

The purpose of the study was to analyse the statistical 
data on the dynamics of meat consumption in Ukraine and 
in the world, to examine the distribution of consumer pur-
chasing and taste preferences; to systematise the available 
information on methods of reducing calories and increas-
ing the nutritional value of sausage products, and to deter-
mine the scope of study and practical application of inu-
lin-containing raw materials in the formulation of sausage 
products to improve their quality and nutritional value.

To achieve this goal, it is necessary to conduct a 
meta-analysis of the international and Ukrainian publica-
tions by keywords; to research and process statistical data 
on the level of meat consumption; to establish the feasibil-
ity of improving sausages by determining the features of 
consumer priorities in relation to meat and sausage prod-
ucts; to find and structure the available information on 
improving the health properties of sausages.

Materials and Methods
During the research, the methods of formal logic, analysis, 
synthesis, generalisation, comparative method, etc. were 
used, a meta-analysis of studies based on the search of 
literature data for the period 2001-2022 (descriptors: in-
ulin, inulin-containing raw materials, sausages) using the 
international scientific platform Research4Life [5], which 
contains publications of such bibliographic and abstract 
databases of peer-reviewed literature as Scopus, Web of 

Science, Google Scholar and others. The paper contains 
statistical data from the Organisation for Economic Coop-
eration and Development [11], the state statistics service 
of Ukraine [12] and others [13].

Articles must meet the following criteria: published 
in English; prospective, retrospective nature of research; 
open free access to the text; articles were peer-reviewed; 
publication date ranged from 2001 to 2022. 

Mathematical processing of digital material and 
various table formats, and visualisation of the processed 
data was carried out using Microsoft Office Excel with a 
standard set of options.

Results and Discussion
Analysis of recent studies
Meat is a concentrated source of nutrients that have tradi-
tionally been considered essential for optimal growth and 
development. This animal product is vital for a healthy and 
balanced diet. Meat products play a unique role throughout 
the history of human development [14]. They have always 
been and are an important component of the human diet, 
and their consumption has acquired a tendency to gradually 
increase both in Ukraine and around the world [11].

Meat and meat products are an important source of 
energy, essential nutrients such as amino acids, proteins 
with high biological value, b vitamins, especially vitamin 
B12 and minerals such as iron, zinc, selenium, and manga-
nese. A large number of studies indicate that, in addition 
to macronutrients (proteins and lipids), meat and meat 
products are also rich in some biologically active compo-
nents (L-carnitine, taurine) with antioxidant properties 
that play an important biotransformation role for consumer 
health  [15]. There are studies confirming the antioxidant 
properties of L-carnitine, taurine, and L-carnosine, which are 
based on the ability of these substances to remove radicals 
and chelate (bind) metal ions with a ligand (a molecule 
connected to a protein) [16]. Other animal studies reported 
that the consumption of L-carnitine, L-carnosine, taurine 
significantly reduced serum triglyceride and total cholesterol 
levels and could prevent liver obesity [17]. 

L-carnitine performs several important functions in 
living organisms, in particular, energy production, partici-
pating in the reactions of fatty acid oxidation in the mito-
chondrial matrix, in the transport of activated fatty acids 
(acyl-CoA) from the cytoplasm through the mitochondrial 
membrane, thereby stimulating the processes of β-oxidation, 
while enhancing thermogenesis (heat production in the 
body) [15].

Taurine is a sulphur-containing amino acid found in 
nature mainly in excitable tissues such as the heart, brain, 
retina, and skeletal muscles. In 1985, taurine was first ap-
proved for the treatment of patients with heart failure in 
Japan [18]. In particular, it was claimed that taurine protects 
against pathologies associated with mitochondrial defects, 
such as ageing, metabolic syndrome, cancer, cardiovascular 
diseases and neurological disorders. A number of studies 
have confirmed the antioxidant properties of taurine and 
its ability to protect mitochondria from oxidative stress. In 
addition to antioxidant properties, the data also show the 
hypotensive and immunomodulatory effects of some com-
ponents of meat products, the protective effect of taurine 
on the retina and the ability to reduce the level of free and 



Animal Science and Food Technology. 2022. Vol. 13, No. 2

73Snizhko & Momot

esterified cholesterol [19]. Peptides extracted from meat 
showed antithrombotic properties and cytotoxic effects 
against various cancer cells [15].

Despite all the advantages of food products from 
raw meat, nutritionists report that an excess of meat in the 
diet can provoke a number of diseases [20-22], including 
cancer [23], and, most likely, a violation of normal metab-
olism [4]. Sausage products are especially criticised [24]. 
Therefore, scientists and producers of the meat processing 
industry are looking for methods to improve the quality of 
meat products, including sausages, that would meet modern 
requirements for these food products.

Among the current solutions are the elimination of 
nutrient deficiencies and the potentially toxic compounds 
without reducing the organoleptic quality and safety of 
finished products, enrichment with natural bioactive plant 
compounds (antioxidants, dietary fibre) or probiotics, reduc-
tion of harmful components (salts, nitrates/nitrites, N-ni-
trosamines), use of alternative technologies (high-pres-
sure processing, cold plasma [25], ultrasound) [15; 25], the 
introduction of monounsaturated and polyunsaturated 
fats [26-28] and reduction of fat content [29].

Scientists have proposed various means of reducing 
the fat content of sausage products, in particular through 
the use of lean meat and the addition of more water than in 
products made according to the classical recipe, they also 
propose the use of ingredients with low-calorie content 
or even those that do not contain calories at all [30] Some 
studies have shown that cereal and legume fibres, β-glucans, 
starches, gums, and pectin can be used to reduce calories and 
fat content in sausage products [31; 32]. 

Previous investigations related to changes in sausage 
formulation aimed at reducing fat content and improving 
fatty acid profile demonstrate and analyse the use of differ-
ent oils (olive, soybean, flaxseed, grape seed, etc.) in liquid, 
encapsulated or stabilized with isolated soy protein [33].

More recent publications demonstrate the effects of 
the use of special gels of complex structure, which provid-
ed a combination of oils with carrageenans, gellan gum and 
reduced fat content in fermented sausages up to 80% [34; 35].

Most of the technological solutions for processing 
meat raw materials discussed above have encountered var-
ious production obstacles, in particular those related to re-
ducing the content of animal fat since it performs import-
ant functions in determining the three main organoleptic 
characteristics: appearance (colour and surface uniformity), 
texture (viscosity, elasticity and hardness), and the intensity 
of taste. Loss of product weight and moisture retention 
capacity can also become a problem. For example, the re-
placement of fat in the formulation with rapeseed and olive 
oils caused a stiffness of meat products in the experiment 
conducted by R. Afshari et al. [8]. At the same time, they 
found that the samples made from similar raw materials, 
but with the addition of inulin (3.1%) and β-glucan (2.2%), 
had better organoleptic quality indicators. The study of or-
ganoleptic qualities and subjective assessment of the ap-
petence of meat products when using different doses of rye 
bran and pea fiber was carried out by a group of scientists 
led by Ursula Kelet [36]. Pea fibre or rye bran was added to 
minced meat in doses of 3 to 6 g of dietary fibre per 100 g 
of minced meat. The sensory profile rated the meatballs in 
terms of smell, appearance, texture and taste and found 

that the addition of rye bran enhanced the grain smell, 
texture and taste. Pea fibre led to a more crumbly, firm, and 
grainy texture, especially with increasing fibre doses, while 
the addition of fibre did not affect subjective appetite. 

According to F. Balestra [37], dietary fibre can be 
effectively incorporated into processed meat products as 
a functional ingredient with a “clean label” with a corre-
sponding effect on the technological, nutritional and organo-
leptic characteristics of meat. Dietary fibres are mainly used 
in meat products to improve moisture retention capacity 
and retain additional added water, thus acting as a kind of 
filler. They improve the uniformity and shape of crushed 
meat products, and have a positive effect on the stability of 
the emulsion and fat retention of meat (for example, sau-
sages). Dietary fibres are a powerful tool to change the tex-
ture and sensory properties of the finished product towards 
the desired profile (to add spice or increase tenderness and 
juiciness). Some soluble dietary fibre fractions can be useful 
for the formulation of low-fat meat products due to their 
“fat-like” behaviour. 

In water systems, when stirred intensively and then 
cooled, inulin forms a smooth gel-like structure that pro-
vides a combination of creamy and juicy sensations in the 
oral cavity during the tasting of the product. This ability 
potentially provides it with the role of a fat substitute, 
without changing the rheological properties, but resembling 
the feeling of fatty taste in a lean meat product [38]. 

Thus, inulin is a fat mimetic and can be beneficially 
used in the technology of meat products with low-fat con-
tent and low-calorie content, including in the technology 
of sausage products.

Inulin in its native form is found in tubers, rhizomes 
and bulbs of plants of the family Asteraceae such as chicory 
(Cichorium intybus), artichoke (Cynara), garlic (Allium 
sativum), Jerusalem artichoke (Helianthus tuberosus), 
onion (Allium porrum), dahlias (Dahlia pinnata), asparagus 
(Asparagus falcaus), Kalgan the great (Alpinia calcarata), 
aloe vera (Aloe vera), elephant bread (Amorphophallus 
campanulatus), beetroot (Beta vulgaris), yams (Dioscorea 
alata) [39], devyasil (Inula helenium) [40] and some others.

Plants with a high content of inulin are usually 
called inulin-containing raw materials. The number one 
raw material with an inulin content of 42 to 76 g/100 g 
of dry weight is chicory roots. Jerusalem artichoke tubers 
also have high levels of inulin and fructo-oligosaccharides, 
which are 45-75.0 g/100 g dry weight [41]. Artichoke, which 
also contains inulin as a reserve carbohydrate, is grown 
mainly in the Mediterranean basin, where Italy and Spain 
are its main producers and consumers. The amount of 
inulin in the artichoke core ranges from 2-10 g/100 g of 
dry weight [42]. The technology of inulin production from 
artichoke is special because it results in a large amount of 
waste and up to 77% of the mass of all raw materials is lost 
by the food industry [41]. 

Due to the steady growth trend in demand for inulin, 
Europe will dominate the market in the near future. The inter-
est of consumers is explained by the awareness of the impor-
tance of a healthy diet, which, according to modern beliefs, 
should contribute to the prevention of alimentary diseases. 
The consumption of food products with inulin, which is a 
polymer of fructase – fructan, and all fructans are prebiotics, 
the benefits of which are confirmed by many studies [39-41].
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Among the search results, 73% of publications re-
ported on inulin-containing raw materials as a source of 
inulin. Data on the use of inulin-containing raw materials in 
sausage products are quite limited in both international and 
Ukrainian sources. Among the findings are the results of 
comparing the quality indicators of two groups of sausages 
during an 80-day experiment at a storage temperature of 
2 °C [43]. Both groups had the same recipe and compo-
nent composition, with the exception of pork fat. In the 
experimental group, 5.2% of all animal fat was replaced 
with chicory root inulin, while the control group of sau-
sages contained 7.8% pork fat. Control sausages were more 
elastic, cohesive, firm and juicy, while sausages with fat 
mimetic showed higher gel strength and hardness. Both 
groups had acceptable quality not only immediately after 
production but also during storage. However, the sausage 
with fat mimetic had lower calorie content, which is a posi-
tive change towards the health benefits of the sausage. The 
authors also indicate that inulin did not affect microbial 
growth, which was within the normal range.

The study, which was conducted to evaluate the or-
ganoleptic and physicochemical properties of lean chicken 
sausages with the addition of garlic inulin, showed that the 
fat content in sausages can be reduced from 13.67% (control 
sample) to 4.47-4.85% due to the inclusion of water-based 
inulin gel at the level of 3% At the same time, 2% of inulin 
contributed to an improvement in sensory qualities, such 
as taste and overall impression (appetite). It is noted that 
the content of protein, ash and moisture in the sausage sam-
ples increased with an increase in the percentage of inulin 
in the formulation. The authors concluded that garlic inulin 
can be successfully used to replace fat in sausage production 
without changing meat quality indicators [10].

The journal “Korean Journal for Food Science of 
Animal Resources” published a study on the influence of 
chicory on the quality characteristics of sausages. The bottom 
line was that chicory in the formulation of restructured 
sausages in general had a negative impact on the quality 
characteristics of the sausage, which the researchers suc-
cessfully levelled by applying smoke. In conclusion, it was 
recommended to use chicory in restructured sausages with 
a reduced fat content, subject to quality compensation [44].

It is worth paying attention to several other ex-
periments aimed at reducing calories and increasing the 
usefulness of sausage products, in which vegetable oil was 
successfully replaced by inulin in the composition of sau-
sages to improve the physicochemical, microbiological and 
textural parameters. Léia ZenaideMenegas and co-authors 
studied the physicochemical, microbiological, and textural 
characteristics and stability during storage (4 °C for 45 days) 
of sausages with partially replaced corn oil in the recipe. 
They found that the addition of inulin did not change the 
physicochemical and microbiological parameters, but af-
fected the texture and colour, while also softening them. 
The authors noted that the created product had stable quality 
in terms of physical, chemical, microbiological and organo-
leptic properties during 45 days of storage at 4 °C [45]. Also, 
there are results showing that reducing the fat content in 
emulsion-type sausages (from 6% to 18%) leads to a de-
crease in the energy value of the product by 20% and 64%, 
respectively; that inulin can be used as a fat mimetic with-
out any significant changes in the overall perception and 
attractiveness of the final product [46]. Other researchers 
analysed four options for replacing fat with inulin in chicken 
sausage (25%, 50%, 75%, 100%). After the preparation of 
the samples, their physicochemical, textural, calorimetric 
and organoleptic properties were assessed. As the amount 
of inulin increased, the stiffness, cohesiveness, stickiness, 
and fibrousness decreased, but the elasticity and rubberi-
ness of the structure increased. Organoleptic evaluation of 
the samples showed that as the amount of inulin increased, 
the average scores for colour, appearance, and texture 
increased, but the average scores for smell and taste de-
creased. Finally, they concluded that the use of inulin can 
be recommended as a fat substitute in the formulation of 
chicken sausages, provided that the dose of the component 
is adjusted [7].

Description of statistical data
Analysis of Ukrainian and international data suggests a 
minor trend of about 2% (Fig. 1) towards an increase in 
consumption of meat products in the world. Ukraine would 
have similar dynamics, but the armed aggression of Russia 
poses a threat to the food security of Ukraine (Fig. 1).
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Figure 1. Consumption of meat products in Ukraine and in the world 2011-2021

Source: compiled by the author based on data from [47]
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Over the past 10 years, meat consumption in the 
world has not been uniform and after rising in 2013 to a 
value of about 45 kg per capita per year, it fell in 2016 by 
11% to 40 kg per capita. However, over the past three years, 
there has been a steady upward trend in meat consumption 
in the world and as of 2021, reached the mark of 41.2 kg per 
capita. In Ukraine in 2018, according to European statistics, 
meat consumption began to decline over the next two years 

and amounted to 33.8 kg per capita in 2020. However, in 
2021, there was a barely noticeable increase in this indicator.

According to sources [16; 17] meat products are rich 
in biologically active substances – L-carnitine, taurine. The 
data on the content of these components in food raw ma-
terials of various origins were analysed (Fig. 2) and it was 
found that taurine and L-carnitine are found mainly in 
animal food.
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Figure 2. L-carnitine and taurine content in raw materials of various origins

Source: compiled by the author based on data from [16]

Turkey, lamb, and beef are leaders in the content of 
L-carnitine, as they have 200 mg/100 g, 190 mg/100 g and 
143 mg/100 g, respectively, of this nutrient. Most taurine 
is found in pork, lamb and beef – 61 mg/100 g, 44 mg/100 g, 
43 mg/100 g. Pork contains an equal amount of L-carnitine and 
taurine, which makes this raw material unique. Chicken is quite 
poor in carnitine and taurine compared to the previously 
mentioned raw materials. However, these two substances 

are almost absent in plants. Therefore, meat, according to 
this indicator, has no alternatives and is really a high-value 
source of necessary nutrients for the body. And, despite the 
decline in meat consumption, for objective reasons, meat 
and meat products are the most promising products for a 
healthy diet.

It is worth noting that among the total number of meat 
products the most popular in Ukraine are sausages (Fig. 3).
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Figure 3. Consumption of meat and meat products in Ukraine 2011-2021

Source: compiled by the author based on data from [47; 48]

The graph in Fig. 3 shows that during the last decade 
sausage consumption was almost stable and averaged 12.3 kg 
per capita. In addition, it should be noted that Ukrainians con-
sume 70% more sausages as compared to other meat products. 

Due to the popularity of sausage products, it is advisable to 
improve their health properties. Comparisons of opinion 
polls and consumer portraits taken from Ukrainian litera-
ture sources, as well as statistical data, are shown in Figure 4.
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The analysis of consumer preferences shows that 
among the wide range of sausages on the Ukrainian mar-
ket, respondents choose boiled sausages due to their ver-
satility, availability and taste. The second and third most 
popular sausage products are sausages and sardelki, fol-
lowed by semi-smoked and smoked sausages and the last 
place is Czech sausage (špekáček). Consumers most often 

buy boiled sausage, less often buy sausages and sardelki than 
smoked and semi-smoked. According to the data obtained 
through author’s literature search, the replacement of fat in 
sausages is the most relevant area in the field of research on the 
quality of sausage products. When searching for the keywords 
“sausage” and “fat”, the system offered 3,426 results, among 
which the predominant majority are journal articles (Fig. 5).
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Source: compiled by the author according to [49-51]
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Figure 5. Research of directions for improving the quality of sausages

Sausages are popular all over the world due to the 
combination of several properties. First, they have a high 
nutritional and caloric value (406.96 kcal (or 1703 kJ) per 
100 g, the average value for semi-smoked sausages). This 
amount is ¼ of the norm of protein and up to ½ of the 
norm of fat, based on the daily norm – 2000 kcal per 1 day. 
Secondly, sausages do not require initial heat treatment. 
Additional shelf life is another important characteristic 
of sausage products, which makes it possible to transport 
them over long distances for a long time without loss [52]. 
However, as noted earlier, sausage products also have a 
number of disadvantages, which are based on raw meat and 
animal fat. 

Monitoring of freely available data on the directions 
of improving the quality of sausages, in accordance with 
modern world requirements, showed that most articles 
were devoted to the correction of fat content and calorie 
reduction – 36% (8,050 publications) (Fig. 5). The topics of 
research and correction of salt content – 23%, enrichment 
with antioxidants – 17%, research and correction of nitrites – 
14% and 6% of publications concerned the enrichment with 
dietary fibre in general. Nitrosamines in the composition of 
sausages, which can be formed in the presence of amines 
(chemicals derived from ammonia and found in large quan-
tities in protein products) during the technological pro-
duction, culinary preparation and storage of sausages, were 
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mentioned in 2% (225) of the sources. Enrichment of sausage 
products with inulin is also not a sufficiently studied area, as 
only 161 articles (also about 2%) were found by relevant key-
words in international databases of scientific publications. 

Improving the quality of sausages is often sug-
gested to be accomplished by introducing vegetable raw 

materials – protein, carbohydrate, and fat (Fig. 6). The first 
place is occupied by soy protein (214 articles – 42%), and the 
second – by oils (220 articles – 44%), among which there can be 
both liquid (8 articles – 2%) and oleogels (36 articles – 7%). The 
use of polysaccharides is proposed in 5% of articles (27 articles), 
which indicates incomplete development of the direction.
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176; 35%

Liquid oils: 
8; 2%

Soy protein: 
214; 42%

Polysaccharides:
27; 5%

Others: 44; 9%

Oleogels, 36; 7%

Figure 6. The use of plant components to reduce the fat content of sausages according to Research4Life publications

The scientific base of Research4Life includes 
1844 articles that report on the experience of using various 
polysaccharides in the formulation of sausage products, 
among which the most popular group is “dietary fibre”, 
which currently has 873 (47%) publications, most of which 

are journal articles (Fig. 7). This group accounts for al-
most half of all sources found by search keywords related 
to the names of the group of polysaccharides and sausage 
products. The second half is made up of starches and other 
substances.

Other substances
22%

Starches
31%

Gums; 17%

Pectin
7%

Cereals; 3%

Legumes; 2%

Other; 9%

Inulin; 9%

Dietry fibres; 47%

Other substances Starches Dietry fibres Pectin Cereals Legumes Other Inulin

Figure 7. The content of polysaccharides in studies on reducing the caloric content of sausages

Among dietary fibre, gum (17%) and inulin (9%) are 
the most commonly used. The rest were pectin (7%), dietary 
fibre from cereals (3%), legumes (2%) and other crops that 
contain dietary fibre in their structure (9%).

The search for information on the use of inulin-con-
taining raw materials such as chicory, Jerusalem artichoke, 
artichoke, banana, dahlia in the technology of sausage 
products did not yield fruitful results.

A total of 64 articles related to the use of inulin 
in the composition of inulin-containing raw materials in 

sausage products were found, four of them about sausage 
with chicory, six – about sausage with Jerusalem artichoke. 
The article presents statistical data on meat consumption 
in Ukraine and the world, the distribution of consumer pur-
chasing and taste preferences, and systematises areas for 
improving the quality of sausages. 

Conclusions
Meat and meat product are promising foods for a 
healthy diet, as they contain valuable biologically active 
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components – L-carnitine and taurine, which have important 
functions (antioxidant, hypotensive and immunomodulatory) 
and are absent in plant products. Over the past 10 years, meat 
consumption in the world has not been uniform, however, 
over the past three years, there has been a steady upward 
trend in consumption of this product. 

An analysis of the consumption of meat and meat 
products in Ukraine in 2011-2021 revealed that over the 
past decade, the consumption of sausages has been almost 
stable. Ukrainians consume 70% more sausages compared 
to other meat products, therefore, due to their popularity 
among consumers, it is advisable to increase their health 
properties.

The analysis of consumer preferences shows that 
among the wide range of sausages on the Ukrainian market, 
respondents choose boiled sausages due to their versatility, 
availability and taste.

Monitoring of open access data on the areas of im-
proving the quality of sausages in accordance with modern 
world requirements showed that most articles were devoted 
to the correction of fat content and calorie reduction – 36% 
(8050 publications). Enrichment of sausage products with 
inulin is not a sufficiently studied area, as only 2% (161 arti-
cles) were found by relevant keywords in international data-
bases of scientific publications.

According to the literature review, of 64 articles found 
on inulin as a raw material component of sausage products, 
four were about sausage with chicory and six were about 
sausage with Jerusalem artichoke.

The use of inulin-containing raw materials in the 
production of sausage products is a promising, but insuffi-
ciently studied direction of improving the health properties 
of this type of product, so it needs wider coverage and more 
in-depth study.
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Використання інулінвмісної сировини у технології ковбасних виробів
Ольга Олегівна Сніжко, Ірина Василівна Момот

Національний університет біоресурсів та природокористування України
03041, вул. Героїв Оборони, 15, м. Київ, Україна

Анотація. Починаючи з другої половини двадцятого століття зростає популярність та накопичення дослідження 
різнобічних шляхів поліпшення ковбасних виробів, що спричиняє необхідність систематизувати наявну 
інформацію, особливо стосовно використання нетрадиційних функціональних компонентів таких, як інулінвмісна 
сировина. Метою дослідження було проаналізувати ступінь вивчення проблеми і систематизувати наявну інформацію 
стосовно методів удосконалення якості і підвищення харчової цінності ковбасних виробів, а також з’ясувати 
перспективність і доцільність застосування інулінвмісної сировини у рецептурі ковбасних виробів для підвищення 
їх споживчих переваг та поліпшення нутриціологічних характеристик. Застосовано метод метааналізу доказових 
даних, що базувався на пошуку літературних даних за період 2001–2022  роки з використанням міжнародної 
наукової платформи Research4Life, де представлені публікації індексовані у Scopus, Web of Science тощо. Використані 
статистичні дані Організації економічного співробітництва та розвитку, Державної служби статистики України 
тощо. Усього було знайдено 64 статті, які стосувалися використання інуліну у складі інулінвмісної сировини у 
ковбасних виробах, чотири з них про ковбасу з цикорієм, шість – про ковбасу з топінамбуром. У статті також 
представлені статистичні дані споживання м’яса в Україні та світі, розподілу купівельних та смакових переваг 
споживачів, систематизовано напрямки удосконалення якості ковбас. У результаті проведених досліджень була 
відмічена невисока тенденція до зростання попиту на м’ясні вироби, з’ясовано, що найперспективнішим, з 
точки зору покращення оздоровчих якостей, м’ясними виробами є варені ковбаси, оскільки вони користуються 
найбільшим попитом серед українських споживачів. Найпоширеніші методи удосконалення якості ковбасних 
виробів – корекція жирності і зниження калорійності. досліджень технології ковбасних виробів з інулінвмісною 
сировиною. Систематизація та структурування наявного масиву інформації щодо використання інулінвмісної 
сировини у технології ковбасних виробів полегшить встановленню доцільності та необхідності практичного 
застосування цього методу поліпшення якості зазначеного сегменту харчових продуктів

Ключові слова: замінники жиру, м’ясні вироби, інулін, цикорій, топінамбур, артишок, органолептика, оздоровчі 
властивості
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