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Measures and Means to Improve the Energy Efficiency of Food Production
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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 The economic condition of each enterprise is determined
fuel and energy resources of Ukraine is one of the main by its ability to effectively reduce energy consumption.
national priorities in terms of its economic significance.  Ukraine’s industry, including food and processing, has a
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production. Animal Science and Food Technology, 13(2), 7-15.

‘Corresponding author



Measures and means to improve the energy efficiency of food production

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].

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

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

“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 HES;

— 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/m?;

- 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”
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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/m? 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.

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

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 250x250 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 amodern standardised approach to ensuring the necessary
requirements for the accuracy and reproducibility of mea-
surement of thermophysical parameters and quantities [21].

Fans |

0

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

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 °C...180 °C;

- the sample size is 300x300%(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”

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.
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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%.

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

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

. Material density, Thermal conductivity
No Material name kg/m3 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
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Figure 7. Temperature dependences of thermal conductivity coefficients of modern heat insulators

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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3axoxu i 3acodu miABUIIEHHS eHeproedeKTUBHOCTI Xap40BUX BUPOOHHUIITB

3inaima AuzpiisHa Byposa!, Jleonis Mocumnosiu Bopo6iios?,
Cepriit Onekcanaposuy IBanos?, Oner JleoHigosuu Jekyma®

'HarionanbHMi yHiBepcuTeT 6iopecypciB Ta IPUPOIOKOPUCTYBAHHS YKpaiHM
03041, Byn. l'epoiB O60ponu, 15, M. Kuis, Vkpaina

THcTuTyT TexHiuHoi Terodisuku HAH Ykpainn
03057, Bys1. Mapii Kamnicr, 2a, M. KuiB, Ykpaina

SIHcTUTYT 3aranbHOI eHepreTuku HAH Ykpainu
03150, Bysn. AHTOHOBUYA, 172, M. Kuis, Ykpaina

AHoranisa. ITigBunieHHsS eHeproe®eKTUBHOCTI Cy4acHUX MiAIIPUEMCTB, B TOMY UMCIi XapyoBoi ramysi sk omHiel
3 TIPIOPUTETHUX [JIS1 SKUTTE3abe3TMeueHHs] HAaceleHHS, MA€ CTPaTeriuHo BaKIMBe 3HAUeHHS s Ykpainu. MeToro
JOCTiIKeHHSI € aHAaJIi3 OTeHIiaTy eHepro3tepexkeHHsI MiAMPYEMCTB XapuoBOi IMPOMMCIOBOCTI Ta MOIIYK CIIOCO0iB 3HVDKEHHSI
€HEProEMHOCTI TEXHOJIOTIUHUX TPOIleciB, amapaTiB Ta OOTaJHAHHS, & TAKOX TPAHCMIiCiTHMX TeIUIOBTpaT GymiBenb i
criopyn. Isl HATYpHUX BUMPOGYBaHb MPOMMCIOBMX Ta TEXHOJOTIUHMX OG'€KTiB 06paHO KOMGIHOBaHY TEIIOBi3iitHO-
TEeIUVIOMEeTPUYHY METOAVKY JOC/TiIKeHb, IO IMOEAHYE TEIUIOBi3iliHy 3/I0MKY XapaKTepHMX TETUIOBUX 30H JJIST BUSIBJIEHHS
aHOMaJIbHUX JIIJITHOK Ta KOHTAKTHI BUMipIOBaHHS TeIuIo(i3MUHMX TOKa3HUKIB B IIVX 30HaX. [IJis1 TPOBEeIeHHS TPUBAIOTO
MOHITOPMHTY Terodi3uuHMX MapaMeTpiB OLHOYACHO HA Pi3HMX IUISTHKAX O0’€KTiB BUKOPUCTAHO KOMIT IOTEPU30BaHY
indopmariitHO-BUMipIOBaJIbHY CHUCTEMY, OCHAIeHy KOMILIEKTOM IIepBMHHUX CEHCOpiB TeMIiepaTypyu, TeIUIOBOTO
MIOTOKY, BOJIOTOCTi Ta iH. B pesynbTaTi OTpMMaHO i OmpalbOBaHO MacuUB AAHMUX, PO3PaXOBAaHO MapaMeTpy CKIaJHOTO
KOHBEKTMBHOTO Ta PaiialliifHOro TEMI000MiHY, BUSHAUEHO OITip TeIIonepeaayi, 1o J03BOJISE aleKBATHO OI[iHMUTH CTYITiHb
Hebe3MeKkM BUSBJIEHMX TEIUIOBMX aHOMAJiil Ta PO3pOOMUTM 3aX0aM 3 TePMOMOAEpHisalii 06’eKTiB i3 3aCTOCYBaHHSIM
CYJaCHMX TEIUIOi30/SILIHNX MaTepiaaiB. 3MEeHIIeHHS TeIIOBTPAT Y BUPOOHMUMX ITPOIIeCaxX TAKOX AOCSTAIOTh MUISTXOM
opraHisariii SIKicHO1 TerIoBoi i30/s11ii TEXHOMOTiUHMX araparis, TPyOOIIPOBO/IiB, XOJMOAMIBHOTO 061aiHAaHHS. [0JIOBHUM
rapamMeTpoM sl BUOOPY HEOOXiZHOTO MaTepialy € 10ro HU3bKa TEIUIONPOBIAHICTD B Iiana3oHi pobouoi TemIiepaTypu
o6naiHaHHs. [I/11 KOPEKTHOTO BUGOPY e(eKTUBHUX TEIUIOi30/SITOPIB MPOBEIeHO NOCTiIsKeHHSI TeIJIONPOBIAHOCT] HU3KU
MIOMYJIIPHMX MaTepialiB BiJOMUX CBiTOBMX BMPOGHMKIB Ha cepTudikoBaHiii iHdopMalliiiHo-BuMipIoBa/ibHili cucTeMi
YKpaiHCbKOi pO3pO6KM CTalliOHAPHMM METOIOM IIACTMHM 3 3aCTOCYBAHHSIM CEHCOPiB TEIIJIOBOTO IIOTOKY Ta TEMITEPATYPH.
O1iiHeHO TerIoQi3MuHi MOKa3HMKM TEIUIOi30/sIiiiHMX MaTepiasiB B miamasoni 0,02...0,045 Bt/(M-K) Ta mokasaHo, 1o
TeIUIONPOBIJHICTh MaTepialiB i3 3aKPUTOI MiKPOIOPUCTOI0 CTPYKTYPOIO BABiUi MeHIa 3a BOJIOKHUCTI i He 3a/IeXXKUTh
BiJl TYCTMHM MaTepiajy, [0 po6UTh iX HalKpaluym BapiaHTOM IJis CIIOPSIIKeHHSI BUCOKOSIKICHOI i30/s11ii OyziBenb Ta
o6yiafHaHHS XapuOBMUX BUPOOHULITB

KiiouoBi ci1oBa: eHepros6epeskeHHs, eHeProayIuT, TeII0i30sIlis, MOHITOPWHT, OIip Teruionepenayi, TEIIOBUIA OTip,
TeIJIONPOBiIHICTD
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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

Keywords: statutory regulation, bee products, propolis specification, propolis identification, types of propolis

Suggested Citation:
Dvykaliuk, R., Adamchuk, L., Antoniv, A., & Sevin, S. (2022). Review of national regulatory requirements for propolis quality
for compliance with international standards. Animal Science and Food Technology, 13(2), 16-25.

‘Corresponding author



Dvykaliuk et al.

17

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 Propéleo Pi-
rassununga”, “Cuadros Colectores de Propdleo”, “Marco
Colector de Propdleo”, “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
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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

. Indicators
Countries .
Appearance Consistency
. Homogeneous or heterogeneous, preferably At room temperature: forged or hard, depending
Argentina X . . . T
in uncompressed pieces on botanical and/or geographical origin
. Hard, hard or soft substance of uniform At room temperature: from plastic to solid,
Brazil - - . - . L
colour, depending on the botanical origin depending on the botanical origin
. Solid at temperatures up to 20 °C, sticky and plastic
Poland - o
at temperatures above 20 °C.
Mexico Resinous substance, hard, brittle Atroom temperature, it 1s pllable or hard, depending
on its botanical origin
Lipophilic in nature, with decreasing temperature
East African region Characteristic, depending on the origin it becomes brittle, hard, as the temperature rises —
soft, pasty, sticky
Ukraine Lumps, crumbs, or briquettes Dense, hard, heterogeneous at fracture

Note: 'the 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

. Indicators
Countries
Colour Smell Taste
Yellow, browq, greenish, reddlsh , bro Resinous or balsamic, depending Varied, from mild
. and their shades, depending - - -
Argentina . . .. on its botanical and/or to strong, bitter,
on botanical and/or geographical origin cographical origin and snic
and concentration seograp § picy
It is diverse, depending on the origin ~ Characteristic, depending on the characteristic, mild
Brazil and concentration (amber tones, botanical origin (balsamic to strong, bitter,
reddish and greenish) and resinous) and spicy
Poland Yellow to dark brown,‘often with Balsamic, pleasant R
a green or red tinge
Red, red-yellow, dark yellow, Resinous (woody smell) From mild balsamlc
. . to strong and spicy,
Mexico brown-green, brown, or black, or balsamic (waxy smell), . .
. p L. . . . .. depending on its
depending on the botanical origin depending on its botanical origin : L.
botanical origin
East African region | Characteristic, depending on the origin Characteristic, (.ie.p ending Chg racteristic,
on the origin depending on the origin
Dark green, brown, greenish-brown, . .
. . - Resinous (a mixture of smells of . . .
Ukraine brown, grey with greenish, yellow h . dl d 1 Bitter, slightly burning
or brown tint oney, pine needles, and poplar)

Note: 'the standard “Propolis — kit pszczeli PN-R-78891” does not regulate this indicator [32]

Source: grouped by authors based on sources [28; 30; 31-34]

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

. Indicators
Countries X T 5
Flavonoids Oxidation Phenols AOA (CA50)* Ethanol-soluble resins
Argentina min 0.5% max 22 ¢ min 5%? -5 min 30%
Brazil min 0.25% max 22 ¢ min 0.5% -6 methanol max 0.4 mg/1
Mexico min 0.5%! max 22 ¢ min 5%3 min 100 mcg/ml -7
Ukraine min 25% 0.6 per 1 mg cm® -8

Notes: !expressed as quercetin equivalents; 2expressed as gallic acid; *expressed as the equivalent of gallic acid; “ability of the substance
to absorb free radicals, antioxidant activity; > the Article 1308 bis “propolis and inclusion of technical specifications” does not regulate
this indicator; in Annex VII “On Regulation of Identification and Quality of Propolis Extract” the indicator is not regulated; ’in NOM-003-
SAG/GAN-2017 “Propolis, Production and Specifications for its Processing” the indicator is not regulated; in 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.
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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].
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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).

Table 5. Physical and chemical characteristics of propolis

. Indicators
Countries .
Dry substances, % Total ash content, %, max! Wax, %, max' Resin, %, max!
Argentina 10 5 -2
Brazil 11 -3 1 -3
East African region 6 10 30 50
Ukraine -4 15.0 -4

Notes: 'maximum allowed value; ?Article 1308 bis “Propolis and Inclusion of Technical Specifications” does not regulate indicators;
SAnnex VII “On the Regulation of Identification and Quality of Propolis Extract” does not regulate indicators; “DSTU 4662: 2006 “Propolis

(Bee Glue). Technical Conditions” does not regulate the indicators
Source: grouped by authors based on sources [28; 30; 31; 34]

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).

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

Indicators
Countries Arsene (As)  Lead (Pb)  Mercury (Hg) Cadmium (Cd) PeStiCidf:s‘;:ii:;‘ﬁbi"ﬁc
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: !'Article 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; SDSTU 4662: 2006 “Propolis (Bee Glue). Technical Conditions” does not regulate

the indicator
Source: grouped by authors based on sources [28; 30; 34]

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 Bg/kg, °°Sr no more than
200 Bg/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).

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




22

Review of national regulatory requirements for propolis quality for compliance...

Table 7. Regulation of microbiological indicators

Indicators
Countries ichi :
Yeast/mould Eschert.c hia Staphylococcus Can.dtda Paenibacillus Salmonella
CFU/g coli albicans
= y
Argentina _ -2 -2 -2 -2 c=0
m=10 1
M = 100" m=0
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: 'n =number of units that make up the sample, C = number of samples that have values between m and M; ?Article 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; “the Standard NOM-003-SAG/GAN-2017 “Propolis, Production and Specifications for its
Processing” does not regulate the indicators; ’in DEAS 990: 2019 “Bee Propolis — Specification” indicators are not regulated; °DSTU 4662:
2006 “Propolis (Bee Qlue). Technical Conditions” does not regulate the indicators

Source: grouped by authors based on sources [28; 30; 31; 33; 34]

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

— Group Il 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
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of Ukraine. It is recommended to develop new regulatory Prospects for further research are to develop tech-
documentation for regulating the production, processing, nologies for obtaining and identifying various types of
and quality assessment of propolis. propolis.
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Ileperisaa HaliOHAJIbHUX HOPMATUBHUX BUMOT [0 SAKOCTi IIPOIMOJicy
Ha BiAMOBIAHICTh Mi’KHApPOJHUM CTaHJApTaM

Poman Map’sHoBuu [IBukaimok!, JleoHopa OnekcanapiBHa AgaMuyK?! 2,
Aprtem ImutpoBuu AHTOHIB!, CemaT CeBUH?

'HanioHaspHMIT YHiBepcuTeT 6iopecypciB Ta IpUPOIOKOPUCTYBaHHS YKpaiHu
03041, Byn. I'epoiB O6oponn, 15, m. Kuis, Vkpaina

’HanioHa/IbHMIT HAYKOBMIT LIEHTP «IHCTUTYT OMKinbHMIITBA iMeHi I1. I. TIpokomoBuya»
03680, Byi1. 3abonoTHoro, 19, m. Kuis, Ykpaina

SYHiBepcuTeT AHKapu
06100, Bysn. Toronb Kagmeci, 6A, m. AHkapa, TypeuunHa

AHoTanis. 3BakalouM Ha 3pOCTaHHS MOMUTY cepejl CIIOKMBAUiB MisKHAPOLHOTO PUMHKY Ha IMPOIIOIIIC, € aKTyaJbHUM
TepersiHyTH BiITIOBiMHiCTh HalliOHAIbHOT TOKYMeHTallii 0 MixKHapOIHO1, 30KpeMa KpaiH sIKi € TimepaMu 3 BUPOOHUIITBA
71 TepepoOJISTHHS 1[bOTO MPOMAYKTY. IHTerpaiis Ta ajamnTallisi HalliOHaJbHOTO 3aKOHOMABCTBA O HOPM 3aKOHOMABCTBA
CBiTOBOI CITiJILBHOTY BUMAarae TaKOX Mepemisiay MiAX0AiB A0 SIKOCTi Ta 6e3MeyHOCTi Mpormoicy. ToMy, METOIO JOC/TiASKEHHS
6y/7I0 TIPOBeJeHHS aHasi3y UMHHMX MIKHAPOZHUX Ta HAIIOHATbHUX HOPMATMBHO-NIPABOBUX AKTiB MPOBIZHUX KpaiH
CBiTY, KOTPi BifirpatoTh K/II0YOBY POJIb Ha MDXKHAPOJHOMY PMHKY BUPOOHUIITBA Ta peasisallii Mporosmicy 3a MoKasHUKaMu
6e3meyHOCTi Ta IKOCTi mpomoricy. BukopucToByBanu Metos Toppako AJIs aHasli3y Ta CMHTEe3y HayKOBOi i1 HOPMaTHUBHO-
TeXHiuHOi iHdopMmallii; KopucTyBamucss HayKOBO-MeTpMUHOI 6a3010 Springer Ta MOIIYKOBMM iHcTpymeHTOM Google
Scholar. MaTepiaiamu CTyryBai HOpMaTUBHiI JOKyMeHTH Ykpaiuu, €EC, Bpasunii, Aprentunu, [Tonbili, Mekcyku, CxigHo-
AbpHrKaHCBKOTO pPeTioHy. 3’SICYBaIN, O KPUTEPiSIMU IJIST OI[iHIOBAHHS SIKOCTi MTPOTIONICY Y MisKHAPOAHi HOPMATUBHO-
TEeXHiUHili JOKyMeHTallii CJyTyIOTh OPraHOJIENTUYHI (30BHIIlIHI/ BUIJISI, KOHCUCTEHIIIS, KOJIip, 3amaX, cMak), ¢isuko-
ximiuHi (cyxi pedyoBMHM, 3arajgbHa 30JbHICTb, BiCK, CMOIM) MiKpobOionoriuHMxX (mpixkmxi, ruricHsBu, Escherichia coli,
Staphylococcus, Candida albicans, Paenibacillus, Salmonella) mokasHuku 6ionorivHoi aKTMBHOCTI ((hIaBOHOIIM, OKUCIEHHS,
(beHOMM, aHTMOKCUIAHTHA AKTUBHICTh, €TAHOI-PO3UYMHHI CMOJIM) Ta KOHTaMiHaIlii (BaXKKi MeTan, 3/IMIIKY TTIECTUIMIB
i aHTM6iOTMKIB, pamioHyKIiaM). BcTaHOB/IEHO HEBiAMOBIAHICTD AitoUuoTo B YKpaiHi HOPMATMBHOIO TOKYMEHTA 10 BUMOT
MisKHAPOJHUX pEerIaMeHTiB, a came 3a MOKAa3HMKAMM: BMICTy (GeHOJiB, eTAHOIbHO- Ta BOJOPO3UMHHUX CMOJI, CYXUX
PEUOBMH; 3arajabHOi 30/IbHOCTi; aHTMOKCUIAHTHOI aKTMBHOCTI; KOJIOHIEYTBOPIOIOUi ofyHMIli. Bu3HaueHo, 1m0 B YKpaiHi
MPONOJIiC HE PO3AiJeH0 3a KaTeropisiMy 3ajeXHO BiJi HOMIIIOK BOCKY; He BpPaxOBaHO TeMIlepaTypy 30BHillIHbOTO
cepelOBMILA MiJ] Yac BM3HAUEHHS MTOKa3HMKA KOHCUCTEHIIii; He 6epeThCsi 1O yBaru 60TaHiuHe MOXOIKeHHS Ta CIIOCOOU
710TO BimOOpY Iif, Yac OI[iHIOBAHHS OPraHOJENTUYHUX BAACTUBOCTEl. OGIPYHTOBAHO MiIXim IJsT YPEryaioBaHHS PUHKY
nponosticy B YKpaiHi, mo crpusatuMe (GOpMYBaHHIO JOAAHOI BapTOCTi Ha IPOIOIiC-CUpels y pasi #oro rpymyBaHHS
3a MIPM3HAYEHHSIM Ta CII0CO6y BUPOOHMUIITBA i mepepo6ITHHS. MaTepiany CTaTTi CTaHOBJISATh MPAKTUYHY I[iHHICTD JJIst
(dbopmyBaHHS HOBUX Ta TapMOHi3allii iCHyI0UMX HOPMATUBHO-TEXHIYHMX PETVIAMEHTIB 100 SIKOCTi ITPOIIOIiCY, Ta MOXKYTh
6yTM BUKOPUCTaHi Y pobouiit rpymi 3 po3BUTKY O KiTbHULITBA ITpY MiHarponomiTuku Ykpainu

KirouoBi c/ioBa: HOpMaTHBHE PEry/IIOBaHHS, TPOAYKTH GIKiTbHUIITBA, crienmdikallis mportoicy, imeHTudikaliis mporosicy,
TUITH TIPOTIONICY
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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 Il 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
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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 B, 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 x 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 m?*/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 M]/kg, pigs were placed
on a concrete slotted floor with an area of 0.85 m?/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 1T experimental group consumed the basic diet “Grower”,
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“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).

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”
11 Experimental “Grower” + 0.15% by weight of feed “Commercial analogue”
111 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”
111 Experimental “Finisher” + 0.15% by weight of feed “Gepasorbex”

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 (Si0,), 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), X + S5

. Group/Age
Trait
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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Table 2, Continued

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™"2
17 weeks
Live weight, kg 62.87 £0.610 64.20£0.791 66.50 £ 0.645"2
Average daily growth, g 812.7+15.64 855.6 = 10.33" 893.7 £ 8.45™®
22 weeks
Live weight, kg 93.33+0.471 95.80+0.720" 98.43 +(0.544™"
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™"?
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, IIT) 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, L.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), X +S-

Age of reaching a live weight

Average daily gain during

Group of 100 kg, days 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
+/-1lto1 -3.0 +41.5™ -0.45
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Table 3, Continued

Age of reaching a live weight

Average daily gain during

Group of 100 kg, days fattening, g Feed conversion, kg
+/-Mlto1 -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
I1I - experimental 180.7 £0.32 868.7+5.26 3.22
+/-1lto1 -6.0"" +47.3™ -0.20
+/-1lto 1 -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 x Landrace x 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), X + So

Group Slaughier yield, Half-carcass Lard thickness, Loin-eye area, = Weight of the back third
% length, cm mm cm? 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
+/-11to1 +3.97 +2.1° -3.0" +2.47 +0.5
+/-1Ilto I +4.17 +2.17 -4.2™ +3.07 +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
I1I — experimental 76.3+0.56 103.6 £ 1.49 18.0+0.55 44.1+1.03 14.8 £0.17
+/-1Ito1 +0.4 +0.5 -7.17 +0.5 +0.4
+/-1IIto 1 +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”
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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 cm?
when pigs reach a live weight of 100 kg and 42.9-44.1 cm? —
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 cm? (for pre-slaughter live weight of
100 kg), at p<0.001 and 1.2 cm? (for pre-slaughter live weight
of 120 kg).
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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), X + S—

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
+/-1lto 1 -2.82"" +0.28 +2.44™ +0.10°
+/-1lIto 1 -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
I1I - experimental 63.21 +£0.480 21.75+0.340 13.65 +0.278 1.39 +0.027
+/-1to1 -2.58™ +0.10 +2.57 -0.02
+/-1lIto 1 -4.49™ +2.85™ +1.43™ +0.217

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
IT 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, . Wlazto, B. Nowakowicz-Debek, 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 x Yorkshire x 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 I1I 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 cm? (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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BIJIMB HOBOTO KOMILJIEKCHOTO COPOEHTY MiKOTOKCHHIB y paiiioHax CBUHEMH
Ha IXHi IOKa3HUKHU POCTY, BiAroAiBe /IbHi Ta M’ACHI O3HAKHU
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AnoTanis. JlorpyMaHHS 6e311eKM KOPMiB Y TBApUMHHMIITBI BUMAarae€ Bil BUPOOHMKIB CBMHMHM TOJABAaHHS 10 palliOHiB
CBUHE afgcop6eHTH, MO 3B’I3YI0Th MiKOTOKCUMHM. 3 Lii€i MPUUYMHM, MeTa AOCTiIKeHHS ToJsraja B OLiHIi Ail JBox
KOMIUIEKCHUX COpOeHTiB, W0 AOJAaHi [0 palioHy BiATomiBeNbHMX CBMHEN Ha iX MPOAYKTUBHICTb. B ekcriepumeHTi
BMuKoOpucTaHo 90 romiB CcBUHeI, AKi yTpuMyBanuch y TOB «TaBpiiichKi cBUHi» XepcoHchKoi o6macTi. locainHi TBapuHM,
3a MPUHIIAIIOM aHAJIOTIB TMOi/eHi Ha Tpu rpynu o 30 rosiB y KOXHil: I KOHTponbHA rpymna CBUHE BUKOPUCTOBYBAIN
OCHOBHMI1 palioH «['poyep», «@DiHiuep»; cBuHI Il gocmimHOI rpynu CriokmMBaau OCHOBHMI paiiioH «['poyep», «DiHimep» 3
momasanHsaM 0,15 % 3a Maco KOpMy KOMEPIIiifHOTO aHasIory aicOpbeHTy MiKOTOKCHHIB; TBapuHam III gocmigHoi rpymm
3aCTOCOBYBaJ/IM OCHOBHMIA paliioH «I'poyep», «Dinimep» 3 gogaBaHHsm 0,15 % 3a Macoo KOpMY KOMIUIEKCHOTO Iperapary
«Temacop6ekc». TBapUHM, SIKi CITOKUBAIM KOMGIKOPM, 10 MiCTUB aicOpOEHTH MiKOTOKCMHIB MaJiu 6iIbIIy SKMBY Macy Tina,
cepenHboA060Bi MPUPOCTH, paHillle Jocsaranay BaroBux Kouauiiit 100 i 120 Kr i3 HMKUIOI0 KOHBEPCi€I0 KOPMY, TTOPiBHSIHO
3 aHaJIOTaMyM KOHTPOJIBbHOI Tpymu. BCTaHOBJIEHO, IO 3a BUKOPUCTaHHST «[emacop6erc» y pallioHi MOJOJHSKY CBUHEI
III gocmigHoi Tpymu 3a mepen3abiiitHoi macyu 100 i 120 kr 36iabmmmcs: 3a6ifiHMiT BUXil, JOBKMHA HAMIBTYIII, TUIOIIA
«M’SI30BOT'O BiuKa», Maca 3aJHbOi TPETMHM HATIiBTYIIi Ta 3HM3UBCS MOKA3HMK TOBUIMHMU LITTUKY, TOPiBHSIHO 3 aHAJIOTaMM
KOHTPOJIBHOI Tpynu. 3a XiMiYHMM CKJIaZOM M’SCO TBapMH MHiANOCTiIHMX TpyH SIK mpu 3a6oi y 100 kr, Tak i y 120 kT,
BiATIOBimaso BUMoOram Iofio CBMHMHYM HopManbHOI sikocTi (NORMAL). 3a skuBoi macu 100 i 120 kr cBuHi III gociigHoi
TPYIIM Y M’SIiCi MaJiu BipOTiTHO HVOKUMIZ BMIiCT BOJIOTH, OiIbINiT BMIicCT 6iska, SKUpY i 30/M. 3a paxXyHOK KOMILJIEKCHOTO
CKJIaTy KOMITOHEHTiB «I'ermacop6eKc» MOKUBHI PEUOBMHM Y CKIaJi KOMOGIKOPMY 3a/TMIIANMCS i 3aCBOIOBAINCS OPTaHi3MOM
CBUHEI, 1[0 MiATBePIKYEThCS BULIVMMY ITOKa3HUKaMU ITPOILYKTUBHOCTI Ta CYTTEBO 3/ elIeB/II0E OCHOBHY BUTPATHY CTATTIO
TOCTIOAAPCTB i3 TEXHOMOTii BUPOOGHMIITBA MPOAYKIIii cBMHApCTBA — «KopMu». ToMy, KOPUCHUMU JaHi JOCTiIKeHHS € AJIs
(daxiB1iB 3 BUPOOHUIITBA i IEPepOOKY CBUHMHY Y PO3PO0IIi CTpaTeriii roAiBili CBMHEl Ta OTPUMAaHHS SIKiICHOI CUPOBUHMU
IS TIepepoGHUX MiAMPUEMCTB, IO BiIKpUBAE MIISXM /15T 3a6e3TeUeHHs MPOJ0BOIbUOI 6e3MeKky KpaiHu
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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,
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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.
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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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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

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
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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 7 (0,
60", 90°, 120°, 180°) 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
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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).
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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 o 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.
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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

When transporting the mass of products by the
movement of the travelling wave formed on the surface of
the belt, the speed v, 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: v, = v, = v,

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 v :

Upr =Ux =Ax e

Ax :AXZ +AXZ ) (2)
2m

we=1, 3)

A,, A,, — components of the oscillation amplitudes from
the drive vibration exciters; w, — 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 1% 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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TexHiko-eKOHOMiYHe 00T pYHTYBaHHA poilecy ceMidroinu3aniiiHol 00pooKu
IJIOAOATIAHOI NPOAYKIILT

Irop ITaBnosuu I[Matamapuyk!, Bragucias Iroposuu ITanamapuyk?, Bikrop Bomoaumuposiua Capana!l,
SIpocnasa BanepiiBHa l'eiinens!, Borpan K0pirioBnu Bopogmu!

'HarioHaapHMIT yHiBepcUTeT 6iopecypciB Ta MPUPOIOKOPUCTYBAaHHS YKpaiHM
03041, Byin. l'epoiB O60ponu, 15, M. Kuis, Vkpaina

?BiHHUIIBKMI1 TOPTrOBEJIbHO-€KOHOMIUHMIT iHCTUTYT

KuiBcbKoro HarioHaJIbHOTO TOPTOBEIbHO-EKOHOMIUHOTO YHiBEPCUTETY
21050, Byn. CobopHa, 87, M. Binuuus, Ykpaina

AHoranis. TTouryk ehekTMBHUX cxeM peasisariii mpouecy cemidmoigusanii s miaMoposkyBaHHS Ta 3aMOPOXKYBaHHS
IJIONOBOSITIAHOI MPOAYKIIii 3a yMOBM MiHiMi3allii eHeproBUTpaT Ta BMCOKOI MPOAYKTMBHOCTI Ha MPOLIEC CTAHOBUTH
aKTYaJIbHiCTh TPOBEIEHUX TOCTiKeHb. MeTO0 TOCTiIKeHHS € PO3p06Ka eHeproeeKTMBHIX Ta HAIiHUX TEXHOIOTIYHUX
cxeM peatizailii BiGpoXBMIbOBOI XOIOAMIbHOI 06PO6GKM TJIOHOBOSTIAHOI MPOAYKIIii Ha OCHOBI po3po6KM BiGpalliiiHoi
TPaHCIIOPTHO-TEXHOJIOTIYHO1 QUIt0iAM3aniifHOI MalllMHM ; BUSHAYEHHSI CUJIOBUX Ta eHePreTUYHMX XapaKTePUCTHK ITPOIIeCcy
ceMidumoinu3saiiii; 06 pyHTYBaHHS pallioOHaTbHMX IIBUAKICHUX PEXKMMIB IIPOCYBaHHSI CMPOBUHMA Y 30Hi 06p06K1. Ha 0cHOBI
MTOPiBHSUIBHOTO aHAaTi3y KOHCTPYKTMBHO-TEXHOJIOTIUHMX XapaKTEPUCTUK XBUIbOBUX, KOHBEEPHUX Ta BiGpaIliiiHMX MaIliH
6y/10 OOIPYHTOBAHO OCHOBHI TeHIEHIIi1 iX pO3BUTKY; BU3HAaU€Hi OCHOBHI CUJIOBi Ta eHepreTUYHi mapaMmeTpu po3pobieHoi
KONMMBaMbHOI cucreMu. [IpoBefeHO MOPIBHSUIBHMIT aHasIi3 TeXHOJOTiUHMX cxeM ceMiduiioigmsanii nmpy BMKOPUCTaHHI
TPAHCIIOPTHOTO PYXY ITPOAYKIIii CTPiUKOBMM Ta BiGPOXBUILOBUM KOHBEEPOM, 1110 TO3BOIMIIO OBTPYHTYBATH €(DeKTUBHICTh
3aCTOCYBaHHS BiITOBiZHMX MPUBOIHMUX MeXaHi3MiB AOCTIIKYBaHOI MaiuMuu. I'padoaHamiTMUHMIT aHAJTi3 MIBUIKICHUX
Ta eHepreTMUHMX TTapaMeTPiB JOCTiIKYBaHOTO ceMidoigm3aIiifHoTo mpoIecy Ha OCHOBi OTPMMAHUX TEOPETUIHUX Ta
eKIePUMEHTAIbHNX JaHUX J03BOJINB II€PEBIpUTYU aleKBATHICTh PO3p06IeHOI MaTeMaTUUHOI MOJei Ta OBIPYHTYBaTU
OCHOBHI IapaMeTpy po60YOT0 PEXKMMY IIPOCYBAHHS TEXHOMOTIYHOrO 3aBaHTaskeHHS B3LOBK 30HM 06po6Ku. [IpoBeneHi
MOCJTiIKEeHHSI TIPM BUKOPUCTAHHI pO3po6ieHO0i AOWIiMHOI Momeni Ta KJIACMYHOTO CTPiUKOBOTO KOHBEEPY [OBEIU
MiABUIIEHHS MBUIKOCTI TPAHCIIOPTYBaHHSI CUPOBMHM Maiike y 2 pa3u MpPU 3MeHIIeHHI eHeproBUTpaT Ha IMpolec
y 1,4 pa3a 3a BiOpOXBMIbOBOiI cxemMu. Y po3po6iieHiii BiGpalliiiHiii TpaHCIOPTHO-TEXHOJOTiuHii cemidmoigu3aniiHii
MalHi BibpalliiiHuii BIVIMB 3a6e31euye 3MeHIIeHHS TEXHOTIOTiYHOTO OTIOPY Y Maci MPOAYKIIii, iCTOTHO 3HMKYIOUY CUTIOBY
[it0 Ha Hel, BHAC/IiIOK YTBOpeHOi 6i3Kyuoi XBMJIi Ha TTOBEPXHi BAHTAXKOHECYUYOTO OpraHy 3a6e3IeuyeThCs epeMillleHHS
06pO6II0BAHOTO MaTepialty IO CTPivIli Ta HellepepBHe MepeMilllyBaHHS 400 OHOBJIEHHSI IIapiB MPOAYKIIii. [Io mpakTUYHOI
L[iHHOCTi TIPOBeAEHOI POGOTM HAIEXKUTH 3aCTOCYBAHHSI KOMOGIHOBAHOI CXeMM CTBOPEHHS TICEBIOPO3DIIKEHOro LIapy
MPOAYKIIii 38 paXyHOK KOJMBAHHS CTPiUuKkyu Ta 6ap6OTYBaHHS TOTOKOM XOJIOMOHOCISI; BUKOPUCTAHHS XBWIi CTPIUKM [JIs
CTBOpEHHS MepeMillleHHsT TPOAYyKIii y po6ouiit 30Hi

KitouoBi ciioBa: BibGpallist, XBUIbOBMIT KOHBEED, APiOHOKYCKOBA CMPOBMHA, HE3PiBHOBasKEHICTh KOJTMBAJbHOI CUCTEMN,
HM3bKOTEMITEpATYpPHA 00p0OOKa, nebasaHcHMIT Bi6po36yIKyBay
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Influence of Parameters of Marinating Meat Semi-Finished Products
on the Quality of the Finished Product
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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

Suggested Citation:

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

Pylypchuk, O., Tyshchenko, L., Israelian, V., & Mushtruk, N. (2022). Influence of parameters of marinating meat semi-finished
products on the quality of the finished product. Animal Science and Food Technology, 13(2), 44-52.
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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
2020 25.15 51.9
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 gper 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
PP a uniform ruddy crust. The colour in the section is dark grey, there may be particles of marinade 5

components, which does not reduce the positive impression
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Table 3, Continued

Indicator

Characteristics

Points

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 4
components reduces the positive impression

Appearance

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

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

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

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

Smell

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

Pleasant, but specific, honey-like

Unpleasant, unappetizing, smell of oxidized fat

Very unpleasant, sharp, oxidized fat, putrid

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

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

Consistency

Very dense, or loose, crumbly, dryish or soft

Crumbly, brittle, too soft or rubbery

The product does not retain its shape, dry

=N W =N W

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

w

Taste

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

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

Unpleasant, sweet, pronounced taste of spices

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 1SO1442:2005 [22]; fat content was determined
by extraction of a pre-dried sample in a Soxhlet extractor
according to DSTU 1SO1443: 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.

MBC = (A—BA><8,4)

x 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, cm?.

Moisture retention capacity (%):

MRC = =B84
m

x 100 )

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 cm?3; B — wet spot area, cm?; 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.
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Figure 1. Control sample: 1 — meat spot (MS); 2 — total spot (TS);
3 — standard image with an area of 1 cm?

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).

Appearance of the
product
5

Juiciness,

Consistency:

Taste

Control sample

Test sample No. 3 ——Test sample No. 4

Test sample No. 1

Sectional view

Colour

Smell

Teste sample No. 2

Test sample No. 5

Figure 2. Profilogram of organoleptic quality assessment of portioned semi-finished products

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

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

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 TS, cm? MS, cm? WS, cm? MRC, % MBC, % Plasticity of meat, cm¥/g
number
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

90

= Moisture content, % (2 h) 57.48 59.84
Moisture content, % (24 h) 59.81 56.48
Baked beef weight, % (24 h)  71.63 84.96

u Baked beef weight, % (2 h) 65.55 81.16

averaged 13.79 cm?/g, while after 24 hours of exposure —
9.35 cm?/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.

60
50
40
30
20
10
0 C 1 2 3 4 5

54.73 51.42 59.93 50.3
52.96 57.37 53.09 55.64
71.5 75.52 73.18 77.47
73.67 69.69 67.8 70.22

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

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




50

Influence of parameters of marinating meat semi-finished products...

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%.

Ash content, mg, %

0 33.19 33.19 3499347870 534y
35 733,19 O 29.73 : 33.16°°"°433.64
30
25 24.25 24.23
20
15
10
5
0
Control 1 2 3 4 5
2 hours = 24 hours

a)

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.

Fat content, %

Figure 4. Ash (a) and fat (b) content in the test samples

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.
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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
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was 84.96%, while the average weight of other samples was  products.Further research is aimed at studying the shelf
in the range of 73.18-77.5%. The results obtained confirm the  life of beef semi-finished products subjected to marinating
expediency of using honey as a marinade for semi-finished = which contains honey.

References

[1] Ahmed,S., Sulaiman, A.S., Baig, A.A., Ibrahim, M., Liaqat, S., Fatima, S., Jabeen, S., Shamim, N., & Othman, H.N. (2018).
Honey as a potential natural antioxidant medicine: An insight into its molecular mechanisms of action. Oxidative
Medicine and Cellular Longevity, 2018, article number 8367846. doi: 10.1155/2018/8367846.

[2] Pavlova, T., Dimov, I., & Nakov, G. (2018). Quality characteristics of honey: A review Proceedings of the University of Ruse,
57,31-37.

[3] Petracci, M., Laghi, L., Rimini, S., Rocculi, P., Capozzi, F., & Cavani, C. (2014). Chicken breast meat marinated with
increasing levels of sodium bicarbonate. The Journal of Poultry Science, 51(2), 206-212. doi: 10.2141/jpsa.0130079.

[4] Aroeira,C.N.,de Almeida Torres Filho, R., Fontes, P.R., de Lemos Souza Ramos, A., de Miranda Gomide, L.A., Ladeira, M.M.,
& Ramos, E.M. (2017). Effect of freezing prior to aging on myoglobin redox forms and CIE color of beef from Nellore
and Aberdeen Angus cattle. Meat Science, 125, 16-21. doi: 10.1016/j.meatsci.2016.11.010.

[5] Nikolaienko, M., & Bal-Prylypko, L. (2020). Development of an integrated food quality management system.
Potravinarstvo Slovak Journal of Food Sciences, 14, 862-873. doi: 10.5219/1434.

[6] Bal-Prylypko, L., Yancheva, M., Paska, M., Ryabovol, M., Nikolaenko, M., Israelian, V., Pylypchuk, O., Tverezovska, N.,
Kushnir, Y., & Nazarenko, M. (2022). The study of the intensification of technological parameters of the sausage
production process. Potravinarstvo Slovak Journal of Food Sciences, 16, 27-41. doi: 10.5219/1712.

[7] Barekat, S., & Soltanizadeh, N. (2017). Improvement of meat tenderness by simultaneous application of high-
intensity ultrasonic radiation and papain treatment. Innovative Food Science and Emerging Technologies, 39, 223-229.
doi: 10.1016/j.ifset.2016.12.009.

[8] Lukin, A.,Khamraeva, G., & Zhuravleva, N. (2021). Research and development of technology for production of canned
food using enzyme preparation of animal origin. Journal of Microbiology, Biotechnology and Food Sciences, 10(4), 577-580.
doi: 10.15414/jmbfs.2021.10.4.577-580.

[9] Bal-Prylypko, L.V., Derevyanko, L.P., Slobodyanyuk, N.M., Starkova, E.R., & Androshchiuk, O.S. (2018). Using of the
Ampullaria glauca snails’ caviar for correction of the effects of the ionizing radiation exposure in small dose. Nuclear
Physics and Atomic Energy, 19(2), 159-165. doi: 10.15407/jnpae2018.02.159.

[10] Onopiuk, A., Szpicer, A., Pogorzelski, G., Wierzbicka, A., & Poltorak, A. (2022). Analysis of the impact of exogenous
preparations of cysteine proteases on tenderness of beef muscles Semimembranosus and Longissimus thoracis et
[umborum. Livestock Science, 258, article number 104866. doi: 10.1016/j.livsci.2022.104866.

[11] Collados, A., Conversa, V., Fombellida, M., Rozas, S., Hun Kim, J., Arboleya, ].-C., Roman, M., & Perezéabad, L. (2020).
Applying food enzymes in the kitchen. International Journal of Gastronomy and Food Science, 21, article number
100212. doi: 10.1016/j.ijgfs.2020.100212.

[12] Alirezalu,K.,Hesari,]., Nemati, Z., Munekata, P.E.S.,Barba, F.]., & Lorenzo, ].M. (2019). The combined effect of natural
antioxidants and antimicrobial compounds during refrigerated storage of nitrite-free frankfurter-type sausage. Food
Research International, 120, 839-850. doi: 10.1016/j.foodres.2018.11.048.

[13] Shamsudin, S., Selamat, J., Sanny, M., Jambari, N.N., Sukor, R., Praveena, S.M., & Khatib, A. (2020). The inhibitory
effects of Heterotrigona itama honey marinades on the formation of carcinogenic heterocyclic amines in grilled beef
satay. Molecules, 25(17), article number 3874. doi: 10.3390/molecules25173874.

[14] Bal-Prylypko L.V.,Dubina M.I., & Baranivskyi, V.F. (2012). Humanitarian and resource problems of the national security
of Ukraine. Kyiv: VPC Express-Polygraph.

[15] Cherednichenko, O., Bal-Prylypko, L., Paska, M., & Nikolaenko, M. (2021). Expediency of creation of technology of
production of meat products of long term of storage of the combined structure. IOP Conference Series: Earth and
Environmental Science, 723(3), article number 032086. doi: 10.1088/1755-1315/723/3/032086.

[16] Kim, Y.].,Jin, S.K., Park, W.Y., Kim, B.W., Joo, S.T., & Yang, H.S. (2010). The effect of garlic or onion marinade on the
lipid oxidation and meat quality of pork during cold storage. Journal of Food Quality, 33,171-185.doi: 10.1111/j.1745-
4557.2010.00333.x.

[17] Tdnavots, A., Poldvere, A., Kerner, K., Veri, K., Kaart, T., & Torp, J. (2018). Effects of mustard-honey, apple vinegar,
white wine vinegar and kefir acidic marinades on the properties of pork. Veterinarija ir Zootechnika, 76(98), 76-84.

[18] Nikolaienko, M., & Bal-Prylypko, L. (2020). Development of an integrated food quality management system.
Potravinarstvo Slovak Journal of Food Sciences, 14, 862-87.

[19] Prianishnikov, V. (2017). Technologies for the production of semi-finished products of a high degree of readiness and
ready meals. Food Industry, 4, 29-31.

[20] Tyshchenko, L., Pylypchuk, O., Israelyan, V., Adamchuk, L., & Akulyonok, O. (2021). Honey as a marinade component
for meat semi-finished products. Animal Science and Food Technology, 12(2), 73-81. doi: 10.31548/animal2021.02.008.

[21] DSTU 4437:2005 “Semi-Finished Meat and Meat-Vegetable Chopped Products. Specifications”. (2007). Kyiv: State
Standard of Ukraine.

[22] DSTU 1SO1442:2005 “Meat and Meat Products. Methods for Determining Moisture Content (Control Method)
(IS01442:1997,IDT)”. (2008). Kyiv: State Standard of Ukraine.

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




52

Influence of parameters of marinating meat semi-finished products...

[23] DSTU 1S01443:2005 “Meat and Meat Products. Method for Determining Total fat Content (ISO 1443: 1973, IDT)”.
(2008). Kyiv: State Standard of Ukraine.

[24] DSTUISO 936:2008 “Meat and Meat Products. Method for Determining the Mass Fraction of Total Ash (ISO 936:1998,
IDT)”. (2008). Kyiv: State Standard of Ukraine.

[25] Hasnol, N.D.S., Jinap, S., & Sanny, M. (2014). Effect of different types of sugars in a marinating formulation on the
formation of heterocyclic amines in grilled chicken. Food Chemistry, 145, 514-521.

[26] Jinap, S., Igbal, S.Z., & Selvam, R.M. (2015). Effect of selected local spices marinades on the reduction of heterocyclic
amines in grilled beef (satay). LWT — Food Science and Technology, 63(2), 919-926.

[27] Lara, M.S., Gutierrez, J.I., Timon, M., & Andrés, A.IL. (2011). Evaluation of two natural extracts (Rosmarinus officinalis L.
and Melissa officinalis L.) as antioxidants in cooked pork patties packed in MAP. Meat Science, 88(3), 481-488.

[28] Bal-Prylypko, L.V., & Nikolayenko, M.S. (2018). Integrated system of management of quality and safety of food
products. Scientific Bulletin of the National University of Life and Environmental Sciences of Ukraine, 10, 5-6.

[29] Edema, W.N., Jayarathne, G.G.N., Udayanga, D., Senevirathne, T.A.S.M., & Jayasena, D.D. (2020). Effect of different
marinades with bee honey and pineapple on quality attributes of smoked chicken jerky. Proceedings of the International
Research Conference of Uva Wellassa University, July 29-30. Badulla: Uva Wellassa University.

Bnuine napamMeTrpiB MapMHyBaHHA M’sICHUX HaniB(gaOpukariB
Ha AKICTh TOTOBOTO NPOAYKTY

OxkcaHa CranicnaBiBHa I[Iununuyk, Jltopmuiaa MukonaiBHa TuieHKo,
Banentuna MukonaiBHa Icpaensn, Hatanis MuxaiinisBua MymTpyk

HatioHanbHMii yHiBepcuTeT 6iopecypciB Ta MpUPOAOKOPUCTYBAHHS YKpaiHu
03041, Byn. l'epoiB O60ponu, 15, M. Kuis, Vkpaina

AHoTauist. YIOCKOHAJIEHHS Ta BIIPOBAIKEHHS CYYaCHUX TEXHOJIOTIYHMX ITPUIIOMIB ITPY CTBOPEHHI HOBUX BU[IiB M SICHUX
HamiBpabpuKaTiB, JOCTIIKEHHS MEepCIeKTUBHUX CKIAZOBUX Ta pO3po6Ka HOBUX peIeNTyp MapuHadiB, TOKpalleHHs
OPTaHOJENTUYHMUX Tad CMAKOBMX BJIACTMBOCTEN KiHI[@BOTO MPOAYKTY € aKTyaJbHUM Ta IMEpPCIEKTMBHUM HAIPSIMOM
JOCTiIKeHb. Y 3B’I13Ky 3 I[MM JJaHa po60Ta CIIpsSIMOBaHA Ha JOCTiIKeHHS BIUTMBY MTapaMeTpiB MapyHYBaHHS B TEXHOJIOTi1
M’SICHMX HamiBabpukariB, a camMe Ha OpraHONENTUYHi, Gi3uKO-XiMiuHi Ta GYHKITIOHATbHO-TEXHOJOTIUHI BIACTUBOCTI
TOTOBOTO MPOAYKTY. [I7s1 BMUPIillleHHS TOCTaB/JIeHUX 3aBlIaHb BUKOPUCTOBYBaJIM y3arajJbHEHHS, MOPIBHSIHHS Ta Taki
MeTOAM IOC/TiIKeHb: OpraHONIeNTUYHY OIiHKY ITPOBOAMIIM 32 30BHIIIHIM BUIVISIAOM, BUA,OM Ha pO3pi3i, CMakoM, 3aI1axoMm,
KOJIbOPOM, KOHCUCTEHIIi€10, Ta COKOBUTICTIO; BMICT BOJIOTM — MeTOJIOM BMCYIIYBaHHS 3pa3KiB B CyLIWIbHIN madi npu
temiepatypi 103 * 2 °C go nocTiftHOi MacK; BMICT Kupy — MeTomoM COoKcIeTa; 301bHiCTh — 3aTa/IbHONPUITHITAM BaroBUM
MEeTOIOM; BU3HAYEHHS BMICTy 6i/ka — MeTomoM K’eb1asist; BMXiJi TOTOBOTO MPOAYKTY BU3HAYAIM METOJOM 3BasKyBaHHSI
10 Ta MiC/IsI TepMiYHOT 06pO6KI; BOTIOTO3B SI3YI0UY Ta BOJIOTOYTPUMYIOUY 3AaTHICTh BCTAHOBJTIOBAIV METOIOM ITPECYBAHHSI.
B pesynbTaTi mOWIiIKEHb BCTAHOBJIEHO, L0 BIUIMB TPUBAJIOCTI MapMHYBaHHSI CYTTEBO BIUIMBAE HA OPraHONENTUYHI
nokasHuku. Tak, opraHoNeNnTUYHi MTOKa3HUKM Ta CMaKO-apoOMaTUUHi BJIAaCTMBOCTi TOTOBOTO MPOAYKTHU MPU 3aCTOCYBaHHI
MeIy B MapuHaIax MOKPaIlyoThCsl, 30BHIIIHIl BUIJISA CTAa€ IpUBaGIMUBilIMM. 3a pe3y/bTaTaMi OPraHOJEeTUYHOT OI[iHKY
TOTOBMIT TTPOAYKT, TiC/IsT 24-TOOMHHOTO MapMHyBaHHS OoTpuMaB 4,9 6aa. TakoX y IIMX 3pasKax CIIOCTepiraaucs 6ibiia
BOJIOTOYTPMMYIOUA Ta BOJIOTO3B’SI3yI0Ua 3JATHOCTI, [0 CIIpUsi€ 36iIbIIEeHHIO TiipaTallii Ta pO3YMHHOCTI 6i/IKiB M’SI30BOi
TKaHVHU. BCTaHOBJEHO BIUIMB IapamMeTpiB MapMHYBaHHS Ha CIIOXMBYI BJIACTUBOCTI MpomykTy. Tak, BMXid roToBoi
3arevyeHoi SUIOBUYMHMY IMIC/s 24-TOOMHHOI BUTPUMKM B MapuHai 6yB HaiOinbmuM y 3pasky N21 (MapMHa[ Ha OCHOBIi
uuTpycoBoro Meny — 10 r) Ta ctaHOBUB 84,96 %, TOLI SIK cepefHili MOKa3HUK BMXOAY Macy iHIIMX 3pa3KiB 3HaXOAUBCSI
B Mexax 73,18-77,5 %. OTpuMaHi pesynbTaTi LOCTiIXKeHb Ial0Th 3MOTY PO3LIMPUTYU aCOPTUMEHT HamiBdabpuKartis,
BiIKOPUTYBATM OPTaHOJNIENITUYHI BIaCTMBOCTI Ta 36araTUTH 6i0MOTiYHO-aKTUBHUMY PEUOBMHAMY FOTOBUI MPOTYKT

Kito4oBi ci1oBa: rpoiiec 3armikaHHs, OpraHoIeNTUYHA OIliHKa, (i3MKOo-XiMiuHi TOKa3HUKM, QYHKIiOHATbHO-TEXHOJIOTiUHi
MTOKa3HMKY, CECHCOPHOTO aHai3, M’s130Ba TKAHMHA
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Mathematical Modelling of the Process of Vibration Mixing of Minced Sausage

Maksym Riabovol’
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03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

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

Suggested Citation:

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].

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

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].

"4

Ry

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,
[ - 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).

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

Figure 2. Calculation scheme of the studied technical system of the process of vibration mixing
of minced sausages “Ozdorovchi”: z,, in,, X,, ¢,, ¢, — degrees of freedom of working bodies,
0 — 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 axes , in,, X ; by rotating the
drive shaft at an angle ¢,; angular displacement of the centre
of mass m, relative to the OZ axis - ¢,; angular displacement
of the centre of mass relative to the Ox - 6 axis, (Fig. 2).

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

my = myg + §mg ¢Y)
m, = mg+ my, (2)

where m, - container weight; m, — mass of technological load-
ing; & - coefficient of attached mass of technological loading;
m,,— mass of the drive shaft; m, - 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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Table 1, Continued

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

Qx, = Fcos ¢,
Q¢1 = Myp— Mon1

where F =m,ew? — driving force module; M, ,— motor shaft
torque; M, — moment of resistance forces to rotation of
the container; C,_ - 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 2" kind. As
a result, a system of differential equations (9) is obtained.

Me¥, = myewy cos ¢, — Cxxy

|m0j}1 =miew; sing, — Cyy

myZ, = mew?sin® — Cyz,

11(51 = Myp — Moj — C¢>1¢1 (9)
It 91 mye?wfsin@ — C,z R

LIVIKPZ - MOHZ

—Cyx, %15 Qy, =Fsing, —
—Cg ¢1; Qg =Fsinb-e

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):

T=T +Ty; (3)
where T, - kinetic energy of the container or load, which is
defined as (4):

T, = mlx1 +1 mly1 +2 mlz1 +- 11<;b1 +- I 0%; 4)
T,- kinetic energy of mass m,, which is determined

from dependency (5):
T,= imlez + imz}'ﬁz +§12¢"§ 6)

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

T = mo(iE +92) +5myzf +2 162+ 1105 +51,6,°  (6)
where m, =m, +m,; I, I' -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:

T — i .i(al)_mjé 9T oy .i(al)_m" .
o, EPTACEN 1> 8y, Y1 8y, Vi
T _ iz .i(a_T)_mz .ﬂ_md, .i("_T)_md; .
9z, U ar \oz L ap, 1 ar \a¢ v
aT A aT aT

=110 2 () =146 ,—( )—1
20, 1 69 1 1a¢ 2¢2 2¢2

aT _ 8T _ AT _ 9T _ 9T _ oT

0x, 9y - 0z - ¢y - 96, - r"z -

Y

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

Cyy1; Qz, = Fsin€ — Cyzy;

—CzzR; Qg, = Myp —

@®)

MOHZ

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
isfound ¥ + a,x + k2x = —e¢2 cos w, t, as for a second-order
linear differential equatlon with constant coefficients as-
suming that ¢, = w, — angular velocity of the drive shaft of
the vibration exciter; k2 = 7= = 464 H/m — natural frequency
of the system; a, =2\k2—¢2 = 2\/464 a)z — system dissipa-
tion factor in the axis direction; F,, = = ew - specific mod-
ulus of the driving force.

In this case, the studied equation took the form (10):

(10)

¥+ ax+kix =Fcosw,t

The solution of equation (10) can be represented
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as x=x+x*; where x=e 05%t(C cosp, t+C,sinp,t) —
general solution of the equation wunder study;
x* = B, sinw, t + B, cos w, t — its partial solution.

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

—B w2 sinw, t — B,w? cos w, t + a,Biw, c0S Wy t — A, Byw, sinw, t + +k2B; sinw, t + k2B, cosw, t = E cosw, t

F Ay
B X2
{—Bzwzz + a,Byw, + B, k% =F,, {Bz (k% — 0}) + aByw, = Fy 17 (8w radel a1
—Byw} —a,B,w, +Bk2=0 B, (k2 — w?) = Ba,w, B, — _fm(ki-w?)
27 (13-wd) +agel
Then a separate solution of equation (12) is:
L — Fm 7.
x*= (a2 (ayw, sinw, t + (k2 — w?)cosw, t) (12)
Given the general solution of equation (10), the desired solution is presented as (13):
x = e—O.Saxt(C cosp,t+C,sinp t) + Fin(@x@p sinw,t+(k3—w3)cos w,t) (13)
1 x 2 x (k3-w2)2+ajw?
Considering the initial conditions x,= 0 ; %, = 9, C,=tm 0.5Fn Py (Ki+w3) (15)

the differentiation constants (14) and (15) are defined.

Fn(03-K%)

(14)

P (K3-w3) +atwd

px = +/kZ%— 0.25a2 — frequency of natural vibrations of the system.

G= (k2—w?)+a2w? As a result, the desired solution took the form (16):
— p-0.5ayt m(wz x) (ﬁxu 0.5F, axpxl(k +wz)) Fin (@0, sinw, t+(k-w})cos w,t) 1
e [(kz S e P e e A (-a3) +} (16)
e . o
Due to the energy dissipation in the oscillatory sys- S R UG- i R (17)
(k3-w))?+atw] (k3-w))?+afw]

tem under study, the free oscillations are attenuated, and
for the steady-state mode, equation (16) can be represent-

Using the above methodology, the solution of equa-

ed as follows (17): tion y +a,y +kiy = —e¢2 sinw, t (18) is found:
_ ,—05ayt [ Fn@ywscospyt yo | Fmwa2py (0. Sa! —k3 +w2)) . ) Fm((kf,—wg)sinwz t—aywzcos wzf)
y=e Y ((kf,—w%)2+a§,w§ (Py + (3 —wz) +a, w3 sinpyt (kf,—w%)2+a§,w§ (18)
2 — — H — . o L. . . .
where kj = 1485/ 30, = 21485 - w};py = /5 = 0.25a}  the main characteristics of the investigated oscillatory system.

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

. o G, My o
{Z-.+ OZZZ,+ moz mg ep; sino (19)
6, = (I (me2¢3sin @ — C,Rz)
Assuming that the angular deviation of the con-

tainer is carried out at a constant angular velocity, i.e.
w, = 0 = const, and the received information sin@ = %z
equation is transform (19) to the form °

(20)

ita,z—kiz=0
where

K2 = (% —1) = 82665H/ s, = 2 [k2 — §2 = 2,/82665— w7
0

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

z = e 5% (Cycosp, t + Cgsinp, t), (21)
where p, = /k2 — 0.25a2
Considering the initial conditions z, = 0 z'0 =9,
constant differentiations are defined C, = 0; ¢, = =2
As aresult (22): Pz
z = e 0%, plsinp,t (22)

The next step was to calculate the dependences for
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Using replacement (23):

F
gt = Ay oSy

(k2-w?)* +aZw? (23)
F (k3—w3) = A,sing,

(k2-w?)* +agw?
The equation (21) is transformed as (24):
x = A (cosd, sinw, t + sing, cos w, t) = A, sin(wyt + ¢,) (24)
After certain transformations, equation (24) pres-
ents the component of the oscillation amplitude A as (25):

where ¢, = arctg(

Fq(kj-w3)sinwyt  Fpayw,cosw,t

YT ) By () e (25)
Using replacement (26):
F k2 2
M =A,cos¢,
(k2 - wz) + adw?
26
Foc, ' (26)
= Aysing,

(kz—a)z) + a? w2

The equation (25) is presented as (27):
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y=A4A,cosp,sinw,t —A,sing, cosw, t = A, sin(w,t — ¢,)

where ONES arctg(k%%)
y~ Wz

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

P adwi+(ki-w3)’ P
y 2 -
(30D +a0f  [a302+(1g-a3)®

of vibrations is

(28)

The absolute amplitude

5x10°%

@7

A%+ AZ + AZ; for a steady-state mode, vibrations in
the vertical direction are attenuated, i.e., A = 0; which,
given the derived dependencies for its components, is (29):

™1 02 1 1
_— 2 2
my 24| (k-wd) +a2ed | (k2-wd) +adw?

A= (29)

Using dependence (29), the amplitude-frequency
response is constructed (Fig. 3).
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Figure 3. Dependence of the total amplitude of vibrations A, (m) a vibration mixer with mechanical combined
vibration excitation of spatial vibrations from the square of the frequency of forced vibrations w? (rad/s?)

Expression for the power of the driving
force N, is presented it as a product N, =F9, where
9 = [02 + 92 + 92 = ,[*? + y? + 22 — expression for the vibra-
tion velocity. The modulus of the forcing force is found as
F =mjew}.

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

x= (’(2_572"7)(;’;2“)2 (wya, cos wy t — (k2 — w3)sinw, t) (30)
X 2 X2
. Fp .
y=W(§ﬁa§’wg((k§—wzz)coswzt+wzaysmwz t) (31)
z=0 (32)

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

Np = myim?e’w
o TR (G-w3) +ad}

2 . 2
2 5\/[wzaxcuswzt—(k,zc—w%)sincozt] +[(kf,—w%)cosm2t+mzaysmm2t

(33)

(kf,—m%)z+a§,w§

5x10°% /

4x10°% /

3x10°°
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1x103

iV
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>

Figure 4. Dependence of the total power consumption N (kW) of a vibration mixer with mechanical combined
vibration excitation of spatial oscillations on the square of the frequency of forced oscillations w? (rad/s?)

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 = Fcum = ml.as; ain =Axo’ (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 F__, (kN) of a vibrating mixer with
mechanical combined vibration excitation of spatial oscillations on the square
of the frequency of forced oscillations o’ (rad/s?)

The analysis of the presented graphical dependences
indicates that the frequency w? exceeds the value of 28 rad/s?
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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MaremaTuuHe MO/Ie/TIOBAaHHA MPOoIlecy BioOpaiiiiHOro mepeMinryBaHHsI
COCHCOYHOrO (papury

Maxkcum BitasnitioBnu Pa6oBoi

HauioHaynbHMIT YHiBEpCUTET 6iopecypciB Ta MPUPOAOKOPUCTYBAHHS YKpaiHu
03041, Byin. l'epoiB O60ponu, 15, M. Knis, Vkpaina

AHoTarnisg. AKTyaJbHICTh OOCTIIKeHHS 3yMOBJIeHa HeOOXiIHICTIO omTMMi3allii mpoliecy mepemilnryBaHHsS ¢apiry B
TexXHOJOoTii cocucok «O300pOBUi» IJIs1 CKOPOYEHHSI TPUBAJIOCTI TEXHOJIOTiYHOI oIlepallii, 3MeHILIeHHSI eHepreTUUYHUX
Ta CUPOBMHHMX BUTpAT. Y 3B’I3KY 3 IIMM CTATTS CIIPSIMOBaHa Ha OGIPYHTYBAaHHS Ta BU3HAUEHHS aMILUTiTYIHO-CUIOBUX
mapaMeTpiB Bi6poMexaHiuHOI MalIMHM OJis MepeMilllyBaHHS iHTpemieHTiB cocucouHoro ¢apiiy. [IpoBigHMM MeTOomOM
IO MOCTiMKeHHS 1iei mpo6ieMu € MeTOA MaTeMaTMYHOTO MOJETIOBAHHS, IO JO3BOJISIE KOMITJIEKCHO PO3IJISTHYTU
3aKOHOMiPHOCTi 3MiHM OCHOBHMX ITapaMeTpiB KOJIMBAJILHOTO MPOIIeCy. B cTaTTi TeOpeTUYHO OBIPYHTOBAHO AOLITBHICTD
BUKOPUCTAHHS BiOpalliiiHOrO BIIMBY ISl 3a0e3MeueHHs] MIBMIKOIO Ta PiBHOMipPHOTO POS3IIOAiJIEHHS KOMIIOHEHTIB Y
¢dapesiit maci. Po3pobieHo mociinHy mMozenb Bi6palifiHOI MaluIMHM AJis TepeMilllyBaHHSI iHTpeieHTiB COCHCOYHOTO
dapury. CkinaieHO pO3paxyHKOBY CXeMy MOCTiIKyBAaHOI TEXHIUHOI CUCTeMM IMpolecy BibpaliifHOTO TepeMilryBaHHS
dapury cocucok «O3mopoBui». CkiIafeHO piBHSIHHSI PyXy BMKOHABUMX OpraHiB cucTeMu. BuM3HaueHO 3aIeskHOCTI
IUIS PiBHSHb PyXYy BMKOHABUMX OpraHiB BiGposmimryBaua. Po3paxoBaHO 3aJeKHOCTI AJIT OCHOBHUX XapaKTePUCTUK
JOCTiHKYBAHOI KOMMBAIbHOI crcTemMu. Ha ocHOBI aHami3y rpadiyHOro mpencTaBieHHsT aMILTITYTHO-CUIOBUX 3aJIE5KHOCTEN,
06I'PYHTOBAHO POOOUY aMIUTITYAy KOJIMBaHb €MKOCTI AJIsI TTepeMIllTyBaHHS y MeXKax 2—2,5 MM. BCTaHOBJIEHO, 1110 peatisallist
HeoOXiJHOTO PO6OUOT0 KOMMBAIBHOTO PEXXMMY BUMArae Ijisl JaHOi €MKOCTi TIOPiBHSIHO HEBeIMKMX BUTPAT MOTYXKHOCTI
y mexkax 500-600 Br. OntumanbHi mapameTrpu nepemimryBaHHsl ¢apury 3 BibpaliiiHoo iHTeHcubikaliielo mporecy, a
TaKOX 3aCTOCYBaHHSI BifITIOBiHNX iHTPeAi€HTIB AO3BOJISIE JOCITTY KOMIUIEKCHMIA TEXHOIOTiUHN eeKT pyu MiHimizaii
BUTpaTy eHeprii. ToMy, MaTepiany CTaTTi CTAHOB/ISTH MPAKTUYUHY IIHHICTD IJIST M’sICOTIepepobHOi raay3i B TeXHOJMOTii
BapeHMX KOBOACHMX BUPOGIB 3 03J0POBUMMU BJIACTUBOCTSIMU

Kiro4oBi c;10Ba: HM3bKOYACTOTHI KOJIMBAaHHS, METO[, Harpamka, KO/IMBaJIbHA CMCTEMa, aMHHiTy,U,HO-‘IaCTOTHi XapPaKTePUCTUKH,
CUJIOBI XapaKTepmUCTUKN
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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

Suggested Citation:

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

Samoilichenko, O., Priadko, O., Mokiichuk, V., & Slyva, Yu. (2022). Methodological aspects of assessing the competence of
laboratory personnel determining the quality of seed potatoes. Animal Science and Food Technology, 13(2), 63-70.
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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
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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




Samoilichenko et al.

65

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 HO: 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 HI: 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
HO hypothesis have the form [23]:

m2 1

mi, 1
N1'2N1 Nz 1Nz

mi+maN1+N2-mi-m2/ 1 , 1\

N1+N2 N1+N2 (M E)

M

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 a. For laboratory tests o = 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:

1 1 . m2 . m2
zZ= |—+—= (2 arscis— —2 arscts—)
N1 N2 N1 N2

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:

mil—-ma2

= (3)
Jmi1+m2)(2Nm1-mz2)2

4N3

@)

7 =

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 Specialist 1

Specialist 2

z Are specialists

qualities ml m2 competent?
€)) 1 2 0.579 Yes
(2) 8 10 1,016 Yes
(2.1) 0 0 Yes
(2.2) 1 1,001 Yes

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




66

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

Table 1, Continued

Indicator of sowing Specialist 1

Specialist 2

Are specialists

qualities ml m2 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

Specialist 1

Specialist 2

Are specialists

Detection range mil m2 z competent?
1 6 1,903 Yes
Smallest
1 7 2,139 no
10 20 1,883 Yes
Medium
10 21 2,040 no
20 33 1,889 Yes
Largest
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
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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]:

N _ In(1-a)

MR i (1-p,)

4)

where p, — 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 N . so the number of dam-
aged/affected tubers m (total N__ ) 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].
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Table 3. Sample sizes of original and elite potato seed material to ensure a confidence level of 0.95

‘ Polissia and forest-steppe ‘ Steppe
I“dicztli’gl?tfi :;’Wi“g OH, N, /m EH, N, /m OH, N, /m EH, N, /m
[€Y) 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 ¥4 300/3 200/3 600/3 300/3
(2.5) overa 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 N, . and the number of

damaged/affected tubers m (in total N ) 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 I;V}:.:n};’% ?th‘:j;f
@ 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 ¥4 200/3 150/3
(2.5) overa 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.

Animal Science and Food Technology. 2022. Vol. 13, No. 2
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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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MeTo10/I0TiuHi aCIIeKTH OIliHIOBAaHHSI KOMIIETEHTHOCTi
NepCcoHaTy JJadopaTopid BUSHaAUYEHHSI AIKOCTi KapTOIJIi HACiHHEBOT

Osbra BikropiBaa CamoiutiuveHko!, Onbra AnarosniiBHa IIpsimko!,
BanenTtnn MuxaittoBua Mokiruyk?, FOniss Bomogumupisaa CimBal

'HarioHaapHMIT yHiBepcuTeT 6iopecypciB Ta MPUPOIOKOPUCTYBaHHS YKpaiHM
03041, Byi. l'epoiB O60ponu, 15, M. Knis, Vkpaina

’HarioHa/IbHUI TEXHIYHNI yHiBepcUTeT YKpaiHu
«KuiBCbKMI TTONMiTEXHIYHMIT iIHCTUTYT iMeHi Iropst CikopcbKoTo»
03056, mpocrr. ITepemorn, 37, m. KuiB, Ykpaina

AHoTalig. BinbpimicTe permaMeHTOBAaHMX CTaHJApTOM ITOKAa3HMKIB SIKOCTI [js1 cepTudikariii HaciHHeBOI KapToruti
BU3HAYAIOTHCSI CYO'€KTMBHOIO CKJIAJOBOI0 — KOMIIETEHTHICTIO TEPCOHATy, OJHAK HOPMATMBHMMM [TOKYMEHTaMM He
YCTAaHOBJIEHO KPUTEPiiB OIiHIOBAaHHS KOMIIETEHTHOCTI, IO CIPUUYMHSIE HEKOHTPOJIbOBAHI puU3UKM B Jyiabopartopii.
MeTot0 po6OTH € PO3POGIEHHS Ta DOCTIIKEHHS METOAMKY OLIiHIOBAHHSI KOMITIETEHTHOCTI TepcoHany jgabopaTopii, sika
3[1ijiCHIOE BUITPOOYBAHHS HACIHHEBOI KapTOIUTi Ta BCTAHOBJIEHHS MeX 3aCTOCYBaHHSI METOOMKN. BuUKopucTaHo MeTomu
Teopii WMOBIPHOCTI Ta MaTeMaTUYHOI CTAaTUCTUKM IJISI 3aJad BMOOPY Ta MOCTIIKEHHS CTAaTUCTUYHUX KPUTEPiiB, sIKi
BiZITOBiAAIOTh 3aKOHY PO3IMOIiTy OTPMMYBAHUX JTaHMUX Ta 3a06e3MeuyoTh HeoOXigHY JOCTOBIPHICTh 32 HASIBHUX OOCSTIB
BUGipKu. [Ij1s1 6iHOMiaJIbHOTO 3aKOHY PO3IOIiTy HaBeIEeHO CTAaTUCTUKY Ta CIIOCi6 BM3HAUYEHHSI TPAHMYHOIO 3HAUEHHS,
SIKM MaTeMaTUYHO OITMCY€E TPUIAHATTS PillleHHS] PO KOMIIETEHTHICTh. JOCTiI3KEHO BJIACTMBOCTI 3arpOIOHOBAHOTO
CTATUCTUYHOTO METONY OLIHIOBAHHSI KOMITETEHTHOCTi MepCOHaNy B YaCTUHI 3HAXOMKEHHSI MaKCMMAaJbHUX Pi3HUIb B
pesynbTaTax aHaJIi3yBaHHS, 3a SKMUX MEePCOHAJ BM3HAIOTh KOMIIETEHTHUM. [loKa3aHa 3aJIeXKHICTh MOTYKHOCTI MeTOmy
BiZl 06CSTiB maHuX. Bu3HaueHo, O AJI1 OTPMMAHHS IOBipuoi iiMoBipHOCTi 0,95 AJI MOKAa3HUKIB SIKOCTi, BMIiCT SIKMX Y
cepemHiit BUOGipLi 3TigZHO 3 TEXHIYHMX YMOB MiHiMaJbHUIA, 06CAT BMOiIpKM MoBMHEeH 6yt 600-1000 1rt. BogHowac ais
MTOKAa3HMKIB, BMICT SIKMX JIOITyCKAETHCS 10 5 % moctaTHbo A0 100 miT. 3arporoHOBaHNi aBTOpaMy MeTOJ, [ToKa3as, 10
pPeKoMeHI0BaHa CTaHJApTOM cepemHst rpoba 06’emom 250 IIT I[ITKOM BUIIpaBAaHa 3 TOUKM 30PY 3aJIyUE€HHSI PecypciB
mig yac ceprudikanii, omHaK MOBMHHA GYyTM CKOPUTOBAHA IiJl YaC MOHITOPMHTY KOMIIETEHTHOCTI Y BUIIPOOYBaIbHiN
jabopaTopii, SIka MiATBEpIKYe CBOI0 KOMITETEHTHiCTh BifmoBimuo mo Bumor JCTY ISO IEC 17025:2019. OTpumani
pe3yJabTaTy MOKHA BUKOPMCTOBYBATH MEPCOHAIOM 3 SIKOCTi Y HACIHHEBMX BUITPOOYBAbHMX JTA60PATOPISX K 3axim ojist
MiHiMi3a1lii py3uKiB, CIPMUMHEHUX BIUIMBOM HEKOMITIETEHTHOCTI IIEPCOHATY

KirouoBi ciroBa: ceptudikallisi HaCiHHEBOI KapTOIUTi, TOKA3HUKY SIKOCTi KapTOIUTi, CTATUCTUYHMIT KPUTEPiii, JOCTOBIpHICTh
TIPUITHSITTS pillleHb, HACIHHEBA BUIIPOOYBa/IbHA T1a60paTopis
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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

Suggested Citation:

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
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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
B,, 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 B-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
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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, -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 p-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
areduced fat content, subject to quality compensation [44].
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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).

2016 2017 2018 2019 2020 2021

Timeline, years

m Ukraine

World

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
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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.

M L-carnitine
Taurine

Chicken Lamb Milk Plants

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
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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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Timeline, years
Sausage products M Other meat products

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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Figure 4. Distribution of consumer and taste preferences, % of respondents

Source: compiled by the author according to [49-51]

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 (Spekacek). Consumers most often

m research and correlation of salt content
research and correlation of fat content

M dietary fibres enrichment

B research and correlation of nitrite

M research and correlation of nitrosamines

H antioxidant enrichment

u Inulin enrichment

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).

2%

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 % of the norm of protein and up to ¥4 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.

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

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

Oils:
176; 35%

Oleogels, 36; 7%

Others: 44; 9%

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.

Liquid oils:
8;2%

Soy protein:
214; 42%

Polysaccharides:
27; 5%

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

Starches
31%

Other substances
22%

m Other substances

Dietry fibres; 47%

Gums; 17%

Starches m Dietry fibres M Pectin m Cereals B Legumes m Other

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.

Cereals; 3%

Pectin

Legumes; 2%

Other; 9%

Inulin; 9%

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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BukopucranHs iHyJIiHBMiCHOT CHPOBHHH y TEXHOJIOTil KOBOACHUX BUPOOiB

Onbra OneriBHa CHiXXKo, Ipaa BacuiaiBHa Momot

HaruioHaynbHMIT YHiBEpCUTET 6iopecypciB Ta MpUPOAOKOPUCTYBAHHS YKpaiHu
03041, Byi. l'epoiB O60ponu, 15, M. Knis, Vkpaina

Asorarnis. [TounHaroum 3 gpyroi MOJIOBMHM OBAJLSITOTO CTOJITTSI 3pOCTAE TIOMY/ISIPHICTD Ta HAKOTIMYEHHS! TOCTiIKeHHST
Pi3HOGIUHMX IJISIXiB TOMIMNIIEHHSI KOBOGACHUX BUPOOIB, 110 CHPUUYMHSIE HEOOXiAHICTh CUCTEMATU3yBaTU HasSBHY
iHndbopMmallito, 0co6IMBO CTOCOBHO BUKOPUCTAHHST HETPAAUIIHMX QYHKIIIOHATBHMX KOMIIOHEHTIB TaKuX, SIK iHyTiHBMiCcHa
cypoBKHA. MeTOor0 JOC/TiKeHHSI OY/10 MpoaHasIi3yBaTy CTYIiHb BUBYEHHS IPOOIEMH i CUCTEMATHU3YBaTU HasIBHY iHbopMaIiio
CTOCOBHO METO[IiB YJOCKOHAJEHHS SIKOCTi i MiIBMUIIEHHS] XapuyoBOi IIIHHOCTI KOBGACHUX BUPOGIB, a TAKOX 3’SICYBaTU
MePCIeKTUBHICT i AOLIIbHICTh 3aCTOCYBAHHS iHYTIHBMiCHOI CMPOBUHM Y peLIeNTypi KOBOACHMX BUPOGiB AJIs MTiJBUIIEHHS
iX CMOXMBYMX IepeBar Ta MOIIIIeHHS HYyTPUIiOIOTIYHMX XapaKTepPUCTHK. 3aCTOCOBAHO METOA, MeTaaHali3y JOKa30BUX
IaHMx, o 6a3yBaBCcs Ha TOUIYKY JiTepaTypHMX AaHuX 3a mepion 2001-2022 poku 3 BUKOPUCTAHHSM MisKHAPOITHOL
HaykoBoi ratgopmvu Research4Life, ne npeacrasieni myomikariii inmekcoBani y Scopus, Web of Science Torio. Bukopucrasi
cratuctuyHi gaHi OpraHisaiii eKOHOMIYHOrO CIiBPOGITHUIITBA Ta PO3BUTKY, JepkaBHOI CIysKOM CTAaTUCTUKM YKpaiHU
TOILO. Ycboro 6y/o 3HaiifeHo 64 CTaTTi, SKi CTOCYBalIMCs BUKOPUCTAHHS iHYMiHY y CKIaAi iHyIiHBMICHOI CMpPOBUHU Y
KOB6ACHMX BUPOOAxX, YOTUPHU 3 HUX PO KOBOACY 3 LIMKOPIiEM, IIiCTh — MPO KOB6GACY 3 TOMiHAMOYpPOM. Y CTaTTi TaKOXK
TpefCcTaBaeHi CTATUCTUYHI JaHi CIIOKMBAHHS M’sica B YKpaiHi Ta CBiTi, po3moiny KymiBeJIbHMX Ta CMaKOBMX IepeBar
CTIOXKMBAYiB, CUCTEMATH30BAHO HAIMPSIMKM YIOCKOHAIEHHS SIKOCTI KOBO6Ac. Y pe3ynbTaTi MpoBeIeHUX JOCTiIKeHb 6yia
BiIMiueHa HEBMCOKA TEH[EHIlis 0 3POCTAaHHS IOMMUTY HAa M’SICHIi BMpOOM, 3’SICOBAHO, IO HAMIEpPCIIEKTUBHIIINM, 3
TOUKM 30pY MOKpPAIEeHHSI 030POBUYMX SIKOCTEt, M'SICHUMM BUPO6aMM € BapeHi KOBOACH, OCKIIbKM BOHU KOPUCTYIOThCSI
HaOITBIIMM TIOTIUTOM Cepell YKpaiHChKMUX CITOXMBauiB. HalirmommpeHimi MeToau yIOCKOHAJEHHS SIKOCTi KOBOGACHUX
BUPOGIB — KOPEKIIist SKUPHOCTi i 3HMKEHHS KaJIOPifiHOCTi. TOCTiIkKeHb TEXHOIOTii KOBOACHUX BMPOOGIB 3 iHYTIHBMiCHOIO
cupoBMHOIO. CUCTeMaTH3allisl Ta CTPYKTYPYBAaHHSI HassBHOTO MacuBY iHGoOpMallii IOA0 BUKOPUCTAHHS iHYIiHBMiCHOI
CUPOBUHM y TEXHOJIOTii KOB6ACHUX BUPOOIB MOJETTIUTh BCTAHOBIEHHIO JOIUIJBHOCTI Ta HEOOXiMHOCTI MPAKTUYHOTO
3aCTOCYBaHHS 11bOT'O METOAY MOJIMIIEeHHS SIKOCTi 3a3HaY€HOI0 CerMeHTY XapuyOBMX MPOIYKTiB

KirouoBi ¢y1oBa: 3aMiHHUKM SKUPY, M’ICHi BUPOOU, iHYITiH, IUKOPIii, TOMiHAMOYP, apTUIIOK, OPTaHOIENTHKA, 03J0POBUi
BJIACTMBOCTI
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