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Abstract. Propolis is a sticky resinous substance collected from buds, leaves, stems of wild plants
and processed by bees, which has bactericidal properties and which they use to seal cracks in the hive,
polish the walls of wax cells, embalm the corpses of enemies. The analysis of research and publications
gives grounds to conclude that Ukraine has not yet paid sufficient attention to the conditions of
propolis production. No devices or equipment to improve the process of production of safe and high-
quality propolis, which will meet the high requirements of regulatory acts on the quality and safety
of food products and raw materials, are available today. Currently, apiaries use methods of collecting
propolis, which require considerable human labor, are not economically efficient, and the resulting
product does not meet the quality requirements of market operators. Therefore, there is a need to
improve existing technologies for obtaining propolis, to ameliorate sanitary-hygienic conditions of
production, to increase productivity and economic efficiency, mechanization, and automation of the
production process. The goal of the present work was to develop a new propolis collecting device.
The study was carried out as a part of the thesis research at the Department of Standardization and
Certification of Agricultural Products of the National University of Life and Environmental Sciences
of Ukraine during 2020-2021. A new propolis collecting device has been designed and manufactured.
The design of the device shafts and the principle of mechanical cleaning of the grids from the propolis,
laid down during its development, can be used to develop highly automated lines for cleaning the
grids. The use of the device in industrial apiaries in countries with tropical and subtropical climates is
possible by placing the device in honeycomb storage, if available, or in a manufacturing area equipped
with air conditioning. For a good cleaning of the grids with propolis using the device, it is sufficient
to cool the grids at a temperature of +5°C for 60-90 minutes, depending on the type of propolis. The
device can be used at apiaries in Ukraine and in other countries where the production of propolis from
bee colonies is carried out using elastic grids. The use of the device ensures the production of pure
propolis without mechanical impurities, which meets the requirements of current legislation. The
developed device is patented, a patent No. 139736 “Propolis collecting device”
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Introduction

Production in the field of beekeeping is aimed
at reducing human labor costs in the technolog-
ical process and thus increasing profitability. At
the same time, minimization of the presence of
human labor and human contact with raw mate-
rials and products minimizes the risks associated
with deterioration of sanitary-hygienic condi-
tions of production. The number of bee colonies
kept in the apiaries affects the number of employ-
ees involved, the time spent on servicing one bee
colony, the time devoted to proper sanitary-hy-
gienic conditions of production, the rate of return
in production. Today, according to the Register of
apiaries in Ukraine (https://dpss.gov.ua/diyalnist/
reyestrividkritidani), 8% of apiaries keep up to
10 bee colonies, 39% — up to 30, 24% — up to 50,
20% — up to 100, 7% — up to 200, 2% more than
200. The apiaries with the number of bee colonies
from 100 can be attributed to industrial apiaries,
which is 29% of the total number of registered
apiaries in Ukraine. Therefore, there is a need to
develop, research, and implement in production
of industrial and automated equipment for the
production and obtaining of beekeeping products
and propolis. The analysis of research and pub-
lications gives grounds to conclude that today,
not enough attention has been paid to the con-
ditions of propolis production in Ukraine. There
are no devices and equipment to improve the
process of production of safe and high-quality
propolis, which will meet the high requirements
of regulatory acts on the quality and safety of
food products and raw materials.

Analysis of Recent Researches and
Publications

Propolis is a sticky resinous substance collected
from buds, leaves, stems of wild plants and
processed by bees, which has bactericidal prop-
erties and which they use to seal cracks in the

hive, polish the walls of wax cells, embalm the
corpses of enemies (mice, reptiles, etc.) (DSTU
4662:2006). Propolis as a raw material is used
in the food, pharmaceutical, and other indus-
tries (Karabas et al., 2020; Ozer, 2020; Safaei &
Azad, 2020; Sahlan et al., 2020;). In the temper-
ate climate zone in which Ukraine is located, hon-
eybees collect plant resins mainly from Populus
nigra L., Populus tremula L., Betula pubescens L.,
which determines their chemical and physical
properties. Subsequently, bees transfer plant
resins into the nest and use them for sealing
cracks or as a building material (Denis et al.,
2011; de Groot, 2013; Isidorov et al., 2016;
El-Guendouz et al., 2019). The chemical com-
position of propolis, specifically 344 chemicals
are identified to date in samples collected by
bees from Populus spp. and they determine its
value as raw material and the use of this prod-
uct by humans (de Groot et al., 2014).

Obtaining propolis from bee colonies is
carried out today in two known ways: a) by
cleaning the elements of the hive (frames, bee
entrance, and inner covers); b) the use of spe-
cial tools (grids, gratings, and collectors) for
the accumulation of propolis, considering the
known biological instincts of bees (Osipitan
et al., 2012; Lima et al., 2015, Okhale et al.,
2021). Cleaning the elements of the hive is car-
ried out with a hive tool and may be inefficient
and expensive way to collect propolis. Because
during cleaning, propolis gets mechanical im-
purities: parts of bees’ exoskeleton, wooden
fragments of hive elements, wax.

In countries with tropical climate, the pro-
duction of propolis is carried out using collec-
tors of different designs (de Ayala et al., 2019).
The collectors are based on the instinct of bees
to seal holes and cracks to prevent pests and en-
emies from entering the nest and restore the mi-
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croclimate of the bee nest. Collectors Intelligent
Collector of Propolis (CPI), Pirassununga, Marco
Propolizador, Cuadro Propolizador are made in
the form of a frame (cover) with openings of dif-
ferent sizes and a way to increase these openings
as they are filled with propolis. The productivity
of propolis collection using collectors depends
on many factors and averages 600-1000 g of
propolis per month (Jonathan, 2015; de Ayala
et al., 2019). Cleaning of collectors from propolis
is carried out manually with a knife, dismantling
or without dismantling. From non-demountable
collectors (frames), workers cut propolis in spe-
cially designated areas without automation and
mechanization of the collector cleaning process
(Breyer et al., 2016).

The Campechano (Mexico) method of prop-
olis collection or the Sarrafo method (Brazil) in-
volve the placement of bars measuring 2x3 cm
and a length of 45 cm on both sides of the upper
body of the hive. Propolis productivity is deter-
mined to be 960 g per year with the cleaning
of collectors every week with a stainless-steel
knife (Lima et al, 2015; de Ayala et al., 2019).

Ra’ed et al. (2008) proposed and inves-
tigated a modification of the hives of the
Langstroth system placing in the side and rear
wall metal sheets with slots of 4 mm with a dis-
tance between them of 10 mm. According to the
results of the study, propolis productivity was
highest in the sheets located in the side part of
the hive and averaged from 91.92 to 96.60 g.

De Ayala et al. (2019) note several disadvan-
tages in the use of collectors. Among the main
obstacles to the adaptation of the collector use
in temperate climate zone, there should be dis-
tinguished such factors as the formation of gaps
with significant size, which cannot be used in
countries with temperate climate due to cooling
the honeybees’ nest; the use of external collectors
is accompanied by contamination of the product
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with mechanical impurities carried by wind gusts;
the accumulation of propolis in the temperate cli-
mate zone by honey bees occurs in the second half
of the beekeeping season, which coincides with
the preparation of bee colonies for the winter and
is accompanied by increased aggressiveness of
bees; the formation of holes in the constructions
of hives will intensify the attack of bees and may
lead to the death of bee colonies.

The selection of propolis from bee colonies
in Ukraine and many countries is also carried
out using plastic gratings, grids, and canvases.
These tools are placed above the nest of honey-
bees so that the bees have access to them to de-
posit propolis. Gratings and grids contain holes
usually 1.6 mm wide. The grids and gratings are
frozen for cleaning and subsequently, the prop-
olis is knocked out or scraped (Tsagkarakis et al.,
2017; Bankova et al., 2019; Mountford-McAuley
etal.,2021). Water is used to purify propolis from
wax and other mechanical impurities. Propolis is
frozen and crushed and then mixed with water.
Wax that has risen above the water’s surface is
removed, and propolis is dried on metal sieves
(Bankovskiy et al., 2009). Solvent-based grid
cleaning is not used because the water solubility
of propolis at various temperatures ranges from
7% to 11% in ethyl alcohol from 50% to 70%, re-
spectively, which affects the quality of the raw
material and excludes certain uses (da Silva
et al., 2011; Sukhanova et al., 2014).

Sadovnik (1982) proposed a line for obtain-
ing propolis by cleaning canvases. The line con-
sists of the SIP-55 brand machine, the SIP-up ma-
chine, the manual toothed roller, the Veterok-3
vacuum cleaner, the TsKL-1 centrifuge, the OKS-
030 hydro-press. This equipment is not manu-
factured or sold on the market, and fabric can-
vases are not used in modern apiaries in Ukraine.

Polezhaikin et al. (2005) developed a prop-
olis collecting device from propolized fabric
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canvases. According to their technology, propo-
lis canvases covered by bees are selected, sewn
into a solid strip, wound on the reel of the de-
vice and in the process of cleaning cooled to
-10°C using a liquid cooling agent. Tuktarov
et al. (2017) proposed a device for cleaning lin-
en canvases from propolis. The device is made
in the form of a mouthpiece for household pow-
er tools, which involves cleaning the canvases
with knives mounted in it.

The disadvantages of these devices are that
the propolis contains mechanical impurities of
the canvas particles. This affects the quality of the
product and requires additional time to clean it.

Thus, now, the apiaries are using methods of
collecting propolis, which require considerable
human labor, are not economically efficient, and
the resulting product does not meet the quali-
ty requirements of market operators. Therefore,
there is a need to improve existing technologies
for obtaining propolis, to improve sanitary-hy-
gienic conditions of production, to increase pro-
ductivity and economic efficiency, mechaniza-
tion, and automation of the production process.

The goal of the present work was to devel-
op a new propolis collecting device. In order to
achieve the goal, the following tasks were set: a)
to carry out research on scientific publications,
to perform patent searches, to review catalogs
of leading manufacturers of equipment, exist-
ing technologies and propolis collecting devices;
b) to develop an experimental 3d model of the
device; c) to make a prototype of the device for
the preliminary laboratory test; d) according to the
results of laboratory tests, if necessary, to refine
the 3d model with the subsequent adjustment of
the prototype of the device (re-production).

Materials and Methods

The work was carried out as part of thesis re-
search on “Scientific and technical support of

the process and equipment of propolis produc-
tion” at the Department of Standardization and
Certification of Agricultural Products of the
National University of Life and Environmental
Sciences of Ukraine during 2020-2021.

The analysis and synthesis of scientific in-
formation were performed using the Torraco
(2005) method using the Springer scientific
metric base and the Google Scholar search tool.
The patent search was performed at our re-
quest by the patent-legal firm PRIMA VERITAS
(https://prima-veritas.ua). Catalogs of beekeep-
ing equipment manufacturers have been pro-
cessed: Thomas Apiculture, Lyson, Melissa-93,
ABB-100, PVIK Pavik, Civan, Park Plus, ICKO, Bi-
enen-Voigt & Warnholz, Giordan Srl, Logar, Pres-
tige Stainless, Boutelje Products, Dadant, Maxant.

The focal object method was used to develop
an experimental device (version 1.1). The es-
sence of the method is to transfer the features
of randomly selected objects to the object be-
ing improved (Krupa & Lytvyn, 2016). The focal
object in the development of the device was a
machine for cleaning the painted canvases pro-
posed by Sadovnikov (1982) — SIP-up.

The device was modeled using the COM-
PAS-3D v19.0.16 software by solid modeling
method (Requicha, 1980; Requicha & Voelcker,
1982) with subsequent preservation of the device
modeling results into files for 3d printing (format:
*stl) and laser cutting of metal (format: *.sdr).

Making an experimental model of the de-
vice. The framework of the device was made
of profiled square metal pipe measuring
15x15x1.8 mm. The pipes were connected by
manual arc welding using a Paton VDI-MI-
NI 150 DC welding inverter. Subsequently,
the framework was covered with metal sheets
0.45 mm thick and painted. The sheet metal
was attached with aluminum rivets. A set of
gear trains, a motor, and shafts were mounted
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and installed on a preparatory frame. The mov-
ing machinery, shafts, and motor were covered
with a metal casing made of sheet metal.

Making an experimental model of the device.
The framework and other elements of the device
(version 1.2) are made using additive technologies
(3D printing) (Lazebnyi et al., 2020). A strong ABS
pro polymer was applied to make the framework.
The protective chamber that comes in contact
with the product is made from environmentally
safe PLA plastic. The elements of the built-up
shafts of the device were made of stainless steel
in accordance with the developed drawings with
the use of laser cutting of metal. The metal frame-
work of the device is made of steel with holes for
mounting a set of gear trains, 2 electric motors,
two pairs of built-up shafts, a protective chamber,
and the device body and a handle.

The device was tested at the Department of
Standardization and Certification of Agricultural
Products of the National University of Life and
Environmental Sciences of Ukraine. Grids covered
with propolis and collected from the authors’ api-
aryinKyiv Oblast, Ukraine were used to test the de-
vice (version 1.1). Subsequently, 75 grids covered
with different types of propolis from Ukrainian
apiaries in a total of 24 oblasts of Ukraine were
obtained for testing the device (version 1.2).

Results of the Research and
Discussion

A review of the scientific literature concluded
that no industrial equipment was produced for
propolis production. The catalog 2021 of BIE-
NEN-VOIGT & WARNHOLZ contains a proposal
for the implementation of new development
(device) for purifying plastic gratings from
propolis. The device offered by the company is a
plastic manual propolis stamp (Propolis Stamp)
from the grating. The patent search conduct-
ed by the patent-legal firm “PRIMA VERITAS”
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testifies that there are no useful models and in-
dustrial prototypes of use in Ukraine that would
allow receiving propolis.

The general form and principle of shaft op-
eration of the machine were transferred to the
selected focal object to produce a wave-shaped
metal profile, the dimensions of which were
adapted to the given tasks. The following crite-
ria are met, which must have the experimental
model of the device: a) will allow for the rapid
cleaning of propolis from the grids without fur-
ther preparation; b) it will not contain rapidly
worn elements requiring additional financial
costs for the maintenance of the device; c) be
mobile with the possibility of usage in different
production conditions; d) can be used at indus-
trial and recreational apiaries; e) excludes man-
ual work on the cleaning of propolis; f) is made
of materials which do not affect the chemical,
physical, and mechanical properties of propo-
lis; g) enables reuse of the same grids in subse-
quent production cycles; h) maintainable.

The solvent-based cleaning of the grids was
not considered because it affects the quality of
the product. The base was a mechanical bend of
elastic propolis grids with pre-cooling.

Device modeling. Propolis has increased ad-
hesion (gluing), which depends on temperature, a
contact area of propolis with the surface, pressure
force and time. The average value of the adhesion
of propolis in contact with steel is 2.29 J/m?, while
with glass — 2.96 J/m?2. The tests were carried out
at room temperature of 24°C with a specified
load of 5 mN and without delay between contact
time and take-off time. The work of propolis ad-
hesion on contact with glass (reference standard)
and the increase of the contact time to 60 s at a
temperature of 24°C and a specified load of 5 mN
increases from 2.96 J/m? to 6.72 J/m?. The radius
of contact at maximum load was 36.06+17.14 ym
(Saccardi et al., 2021). These physico-chemical
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characteristics of propolis were considered in the
design of shafts (Nekrashevich, 2005; Chursinov,
2006; Matin et al., 2016). The contact time of
propolis is directly proportional to the work of
propolis adhesion, which was considered in the
design of a set of gear trains that transmit torque
from engines to the shafts.

An experimental model of the device (Fig. 1),
consisting of a metal framing on which one pair
of shafts was placed, has been developed. The
shafts are made in such a way that the protru-
sions on one of them enter the gaps between
the protrusions of the other shaft, and the grid
passing between them is mechanically bent in a

wave-like form. The torque from the electric mo-
tor is transmitted to the shafts through a set of
gear trains. The shafts rotate opposite each other
and intake the grid with propolis without the
need for additional supply thereof. The intake of
a grid by shafts is caused by a design of shafts
sheets proposed. The motor, a set of gear trains,
and shafts are mounted in the metal framing of
the device and placed on a stand made of metal
quadrilaterals. The tray for grids is inserted into
the framing of the device by horizontal move-
ment. As a result of modeling, an experimental
model of the device was designed and subse-
quently manufactured (Fig. 1 (A)).

Figure 1. Experimental Model of Propolis Collecting Device (version 1.1): A — cut-away 3d Model
of Propolis Collecting Device; B - lateral view of the manufactured device;
C - profile view image of the device

The principle of device operation (Fig. 1).
The device works as follows: propolized grids
removed from the honeybee nest are cooled at
+5°C for 60-90 min in a cooling chamber and
are removed. The operator places the tray in
the tray compartment and turns on the device.
The cooled grids are alternately inserted by the
operator into an opening located at the top of
the device. The rotating shafts bend the grids in a
wave-like form, so the propolis is separated from
the grids and crumbled in the tray. The grids
pass through the device and fall into the tray.
The tray is in the lower part of the device.

Preliminary laboratory tests of the device
(version 1.1) were performed by cleaning the
elastic grids from propolis with pre-cooling.
Several disadvantages of the experimental de-
vice (version 1.1) have been identified. When
modeling and manufacturing the device, the
need to provide a protective chamber of the
shafts was not considered, which led to the in-
gress of propolis into the mechanisms of the
device. The peculiarities of propolization of
grids by honeybees are that the grid with prop-
olis has a front and back side. The bending of
the grid by a wave-shaped pair of the built-up
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shafts of the device causes one side of the grid
to bend outwards and, at a certain distance, the
same side inwards. This wave-like bending re-
sults in incomplete purification of the grid from
the propolis during a cycle of passing a grid
through the set of device shafts. To completely
purify the grid from propolis using the exper-
imental device model (version 1.1), the grid
should be passed through the device 2-3 times.

Based on the results of the laboratory tests
of the experimental model (version 1.1), it was
decided to improve the device (Fig. 1). It was
determined that the device model (version 1.1)
needed to be equipped with a protective shaft
chamber to limit the propolis ingress into the
mechanism of the device. Considering the results
of laboratory tests of the device (version 1.1), it
was established that it was necessary to design
and manufacture a device with two pairs of
shafts arranged one pair under the other. The el-
ements of the second pair of built-up shafts are
arranged in such a way towards the first one in
order to ensure the reverse bending of the same
section of the grid. Thus, the same part of the
grid that passes through the upper pair of shafts
and bends outwards and it bends inwards as it
passes through the lower pair of shafts. In addi-
tion, the need to reduce the weight of the device

was identified, so that it can be moved more eas-
ily within production if necessary.

The main technical characteristics of the de-
vice. Based on the modeling results, a device
for further testing and evaluation of the effec-
tiveness of design solutions was constructed
(Fig. 3). The structural design of the built-up
shafts of the device (Fig. 2 (2)) consists of a pair
rotating oppositely to each other and retract-
ing the grid independently, without the need to
install additional mechanisms for its supplying.
This approach in shaft design provides a sim-
plified design of the device and minimizes ele-
ments that should be repaired and maintained
in the future. The grid covered with propolis as
it passes through the upper pair of the shafts
bends in a wave-shaped form and the same sec-
tion bends outwards and inwards when passing
through the lower pair of the shafts. This solu-
tion provides improved cleaning of the grid,
considering the bee ethology during the accu-
mulation of propolis in the grids that we have
observed. A set of gear trains and motors provide
a speed of the grid of 2.5 m/min. To reduce prop-
olis contact time with the shaft elements, rota-
tion thereof with the aid of motors and a set of
gear trains (Fig. 2 (1, 3)) is ensured at a speed of
60 m/min and this reduces the adhesion work.

Figure 2. Experimental 3D Model of Propolis Collecting Device (version 1.2):
1 - a set of gear trains; 2 — lower and upper pair of shafts, the protrusions of which enter into each
other; 3 - electric motor; 4 — propolis grid insert opening; 5 — outlet; 6 — electric cable; 7 — switch;
8 — protective chamber; 9 — power supply cable compartment; 10 — metal framing

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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To verify the effect of the shafts on the grid
mechanical condition, a test with a passage of
the grid through the device shafts in 100 cycles
was conducted, and no visual mechanical dam-
age was detected. To avoid the accumulation of
propolis on shaft elements and the possibility of
cleaning the grids at room temperatures (+20-
25°C), the elements of the built-up shaft were
designed so that the contact surface with prop-
olis is 19.32% of the area of the elements in the
ratio to the grid area in the shaft zone. The con-
tact of one shaft element with the accumulated

propolis in the grid is 40 mm?. The inlet and out-
let openings of the device (Fig. 2 (4, 5)) are de-
signed in such a way that, if necessary, without
disassembly thereof, it makes it possible to clean
the device shafts from small amounts of propolis
(>1 g cycle). The noise level of the device when it
is idling is up to 72 dB. As a result of the replace-
ment of some metal constructions of the device
(Fig. 1) with plastic ones, the weight of the de-
vice was ensured without basket — 8 kg, which
ensures its mobility. The device is powered by a
domestic network of 220-240/50 V/Hz.

Figure 3. Experimental Model of Propolis Collecting Device (version 1.2): A — 3d Model of
Propolis Collecting Device, general arrangement; B — profile view image of the device;
C - lateral view of the manufactured device

The device is equipped with a protec-
tive shaft chamber to prevent the ingress of
the propolis fractions which are cleaned from
the grids into the mechanisms of the device
(Fig. 2 (8)). Use of the device does not require
additional consumables, special preparation,
adjustment to start the operation. To minimize
the consequences of mishandling of the device,
it was possible to turn on the reverse rotation
of the device shafts by turning the switch in the
reverse position.

The main part of the device case is ar-
ranged on a plastic basket-stand in which prop-
olis and cleaned grids accumulate after passing
through the shafts of the device (Fig. 3). The

stand-basket is disconnected from the main
part of the device once it is filled or when trans-
portation is necessary.

This approach ensures the compactness of
the device as compared to the previous solution
(Fig. 1), which had a solid body of the device.
The device has a compartment for a power sup-
ply cable from the network, which can be closed
for transportation purposes (Fig. 1 (9)). The de-
vice can be moved by means of a folding handle.

The operation principle of an improved Prop-
olis Collecting Device (Fig. 2). For cleaning the
grids, it is sufficient for the operator to place the
device on a stable surface at a convenient level
for laying the grids through an opening at the

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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top of the device. After the reliable placement
of the device, the operator connects the device
to the domestic network. Cooled propolized
grids are inserted one by one into the device.
A transparent window made of plastic is built
in to evaluate the filled tray. After the tray is
filled, the operator switches off the device and
disconnects the upper part of the device from
the basket with cleaned grids and propolis
using a handle. Once the tray is cleaned, the
cleaning operation is repeated. In the case of
propolis adhesion on shaft structure, the shafts
are cleaned with a metal brush in the reverse
motion of the shafts.

Therefore, the design of the device shafts
and the principle of mechanical cleaning of
the grids from propolis, incorporated in its de-
sign, can serve to develop highly automated
lines for cleaning grids. The use of the device
in industrial apiaries in countries with tropical
and subtropical climates is possible with the
placement of the device in honeycomb storages
if available or in manufacturing area equipped
with air-conditioning. Minimizing the transfer
time of propolis grids after cooling to +5°C from
the cooling chamber to the device and cleaning
contributes to the cleaning efficiency. For a
high-quality cleaning of the propolis grid using
the device, it is sufficient to cool the grids at
+5°C for 60-90 minutes depending on the type
of propolis.

The developed device is patented, a pat-
ent No. 139736 “Propolis Collection Device”

and approved at 3 conferences (Dvykaliuk
& Adamchuk, 2020', 2020% Dvykaliuk &
Adamchuk, 2021).

Conclusions

A new propolis collecting device has been de-
signed and manufactured. The device can be
used in Ukrainian apiaries and other countries
where the propolis is obtained from bee colo-
nies using elastic grids. The use of the device
makes it possible to produce pure propolis
without mechanical impurities that meet the
requirements of the current legislation.

The prospects for further research are the
production tests of the device and the assess-
ment of the influence of different types (kinds)
of propolis on the degree of cleaning of the
grids, whether or not the shaft elements need
to be periodically cleaned, wear resistance of
the movable elements of the device (set of gear
trains, motor), convenience of use of the device
in different production conditions, and safety
precautions rating of the operators when per-
forming work with the device.

Acknowledgements

The publication was prepared with the active
participation of researchers involved in the in-
ternational network AgroBioNet of the Institu-
tions and researchers for realization of research,
education, and development program “Agrobi-
odiversity for improving nutrition, health and
life quality” TRIVE (ITMS 26110230085).

References

[1] Bankova,V.,Bertelli, D., Borba, R., Conti, B.]., da Silva Cunha, I. B., Danert, C.,... & Zampini, C.
(2019). Standard methods for Apis mellifera propolis research. Journal of Apicultural Research,
58(2), 1-49. https://doi.org/10.1080/00218839.2016.1222661

[2] Bankovskyi, V.V., Popov, D.M., Liakyna, M.N., Bankovskyi, D.V. (2009). Ochystka propolysa-
sirtsa [Purification of raw propolis]. Pharmacy, 6, 37-39. Retrieved from https://www.elibrary.
ru/download/elibrary 12882659 _46467416.pdf

Animal Science and Food Technology. 2021. Vol. 12, No. 3




Dvykaliuk & Adamchuk

85

(3]

(4]

(5]

(6]

[7]

(8]

(9]

Breyer, H.F.E., Breyer, E.D.H., & Cella, 1. (2016). Producao e beneficiamento da prépolis.
Florianépolis, SC: Epagri. (Boletim Didatico, 138). Retrieved from https://publicacoes.epagri.
sc.gov.br/BD/article/view/405

Chursinov, M.V. (2006). Tekhnolohyia y lynyia obrabotky propolysa [Propolis processing
technology and line]. (Dissertation for the degree of Candidate of Technical Sciences). Ryazan,
State Agricultural Academy named after P. A. Kostychev.

da Silva, F.C., Favaro-Trindade, C.S., de Alencar, S.M., Thomazini, M., & Balieiro, ].C.C. (2011).
Physicochemical properties, antioxidant activity and stability of spray-dried propolis. Journal
of ApiProduct and ApiMedical Science, 3(2), 94-100. https://doi.org/10.3896/IBRA.4.03.2.05
de Ayala, L.M.P., Tucuch-Tun, J.R., Cruz-Sanchez, T.A., Canales-Martinez, M.M., Penieres-
Castillo, J.G., & Rodriguez-Pérez, B. (2019). Andlisis de Diferentes Técnicas para la Recolecta
de Propdleo Apegidndonos a la NOM-003-SAG/GAN-2017. Agroecosistemas tropicales:
conservacion de recursos naturales y seguridad alimentaria. Martinez-Puc-México:
Tecnoldgico Nacional de México, Instituto Tecnoldgico de China Instituto Tecnolégico de
la Zona Maya. 15-23. Retrieved from https://www.academia.edu/download/60886672/2019
Cetzal-Ix_et_al.-_Agroecosistemas_Tropicales_Libro20191013-52326-tp7af2.pdf#page=26

de Groot, A.C, Popova, M.P., & Bankova, V.S. (2014). An update on the constituents of
poplar-typepropolis. Wapserveen, The Netherlands: acdegroot publishing. Retrieved from
https://www.patchtesting.info/wp-content/uploads/2019/05/4-Update-on-the-constituents-
of-poplar-type-propolis-De-Groot-Popova-Bankova.pdf

de Groot, A.C. (2013). Propolis: a review of properties, applications, chemical composition,
contact allergy, and other adverse effects. Dermatitis, 24(6), 263-282. https://doi.org/10.1097/
DER.0000000000000011

Denys, A.IL., Rudnyk, A.M., Kovalov, V.M., & Hroshovyi, T.A. (2011). Perspektyvy vykorystannia
topoli kytaiskoi v medytsyni ta farmatsii [Prospects for the use of Chinese poplar in medicine
and pharmacy]. Pharmaceutical Review, 4, 127-132. Retrieved from https://ojs.tdmu.edu.ua/
index.php/pharm-chas/article/download/2764/2584

[10] Dvykaliuk, R.M., & Adamchuk, L.O. (2020). Patent 139736 Ukraine. Kyiv: State Patent Office of

Ukraine.

[11] Polezhajkin, G.M., Ladonkin, N.A., Fomin, A.P., Martyshkin, A.P., & Vorob’eva, E.G. (2005).

Patent 2250608 Russian Federation. Moscow: Federal service for intellectual property, patents
and trademarks.

[12] Tuktarov, V.R., Yumaguzhin, F.G., & Kamaletdinov, R.R. (2017). Patent 2632330 Russian

Federation. Moscow: Federal service for intellectual property, patents and trademarks.

[13] DSTU 4662:2006. (2007). Propolis. Specifications. Kyiv: DP “UkrNDNTSs”.
[14] Dvykaliuk, R.M., & Adamchuk, L.O. (2020)'. Device for propolis collection [Prystrii dlia zboru

propolisu], Proceedings of the International scientific and practical conference “Scientific
and technological challenges of animal husbandry in the XXI century”, dedicated to the 90th
anniversary of the Doctor of Agricultural Sciences, Professor, Academician of UAAS and RAAS
GO Bogdanov. Kyiv: NULES of Ukraine.

Animal Science and Food Technology. 2021. Vol. 12, No. 3




86

Development of a propolis collecting device

[15] Dvykaliuk, R.M., & Adamchuk, L.O. (2021) Development of a device for obtaining high quality
propolis [Rozrobka prystroiu dlia oderzhannia propolisu vysokoi yakosti], Proceedings of the
scientific and practical conference with international participation “Modern beekeeping:
problems, experience, new technologies”, August 20, 2021. Kyiv: National Science Center “P. 1.
Prokopovych Beekeeping Institute”.

[16] Dvykaliuk, R., & Adamchuk, L. (2020)2 Device for propolis collection, Proceedings of the VIII
International scientific and practical conference of scientists, postgraduates and students’
scientific achievements in solving current problems of production and processing of raw
materials, standardization and food safety. Kyiv: NULES Ukraine.

[17] El-Guendouz, S., Lyoussi, B., & Miguel, M.G. (2019). Insight on propolis from Mediterranean
countries: chemical composition, biological activities and application fields. Chemistry &
biodiversity, 16(7), e1900094. https://doi.org/10.1002/cbdv.201900094

[18] Ellis, J.D., & Hepburn, H.R. (2003). A note on mapping propolis deposits in Cape honey
bee (Apis mellifera capensis) colonies. African Entomology, 11, 122-124. Retrieved from
https://hdl.handle.net/10520/EJC32532

[19] Isidorov, V.A., Bakier, S., Piroznikow, E., Zambrzycka, M., & Swiecicka, I. (2016). Selective
behaviour of honeybees in acquiring. European propolis plant precursors. Journal of chemical
ecology, 42(6), 475-485. https://doi.org/10.1007/s10886-016-0708-9

[20] KarabasKilig,Z.,Erdem, S., Kabakei, D., & Akdeniz, G. (2020). Recent Studies in the Use of Propolis as
a Traditional Medicine: A Review. Bee Studies, 12(1), 12-16. https://doi.org/10.51458/BSTD.2021.3

[21] Krupa, V.V., & Lytvyn, O.V. (2016). Zastosuvannia asotsiatyvnykh metodiv tekhnichnoi tvorchosti
pry proektuvanni tekhnichnykh system [Application of associative methods of technical creativity
in the design of technical systems]. Ternopil: Vektor. Retrieved from http://elartu.tntu.edu.ua/
bitstream/123456789/19436/1/Krupa_V_Zastosuvanna%20asociatyvnych%20metodiv.pdf

[22] Lazebnyi, V., Dosenko, S., & Bilevska, O. (2020). Pryntsypy 3d modeliuvannia mekhanichnykh
detalei dlia zastosuvannia 3d pryntera [Principles of 3d modeling of mechanical parts for the
application of 3d printer]. Computer-integrated technologies: Education, Science, Production,
41, 51-58. https://doi.org/10.36910/6775-2524-0560-2020-41-09

[23] Lima, M., Orsi, R.D.O., Costa, G.D.M., & Malaspina, O. (2015). Brazilian Propolis Production
by Africanized Bees (Apis mellifera). Bee World, 92(3), 58-68. https://doi.org/10.1080/000577
2X.2015.1129229

[24] Matin, G., Kargar N., & Buyukisik, H.B. (2016). Bio-monitoring of cadmium, lead, arsenic and
mercury in industrial districts of Izmir, Turkey by using honey bees, propolis and pine tree
leaves. Ecological Engineering, 90, 331-335. https://doi.org/10.1155/2020/4395496

[25] Mountford-McAuley, R., Prior, J., & Clavijo McCormick, A. (2021). Factors affecting propolis
production. Journal of Apicultural Research, 1-9. https://doi.org/10.1080/00218839.2021.1938456.

[26] Nekrashevych, V.F., & Chursinov, M.V. (2005). Osnovnie svoistva propolysa [The main
properties of propolis]. Beekeeping, 8, 56-57. Retrieved from https://beejournal.ru/
propolis/3566-osnovnye-svojstva-propolisa

Animal Science and Food Technology. 2021. Vol. 12, No. 3




Dvykaliuk & Adamchuk

87

[27] NORMA Oficial Mexicana. NOM-003-SAG/GAN-2017. Comisién Federal de Mejora Regulatoria
(COFEMER). Propdleos, produccion y especificaciones para su procesamiento. 2017. Retrieved from
https://normateca.agricultura.gob.mx/sites/default/files/normateca/Documentos/norma_
oficial mexicana_nom_003_sag gan 2017 propoleos_produccion_y especificaciones_para_su_
procesamiento.pdf.

[28] Okhale, S.E., Nkwegu, C., Ugbabe, G.E., Ibrahim, J.A., Egharevba, H.O., Kunle, O.F., &
Igoli, J.0. (2021). Bee propolis: Production optimization and applications in Nigeria. Journal of
Pharmacognosy and Phytotherapy, 13(1), 33-45. https://doi.org/10.5897/JPP2019.0561

[29] Osipitan, A.A., Babalola, O.Y., & Lawal, O.A. (2012). Preliminary study of a method of
stimulating propolis collection by honey bees (Apis mellifera) (Hymenoptera: Apidae) in bee
hives. Journal of Entomology, 9(5), 274-281. https://doi.org/10.3923/je.2012.274.281

[30] Ozer,E.D.(2020).Propolis and Potential Use in Food Products. Turkish Journal of Agriculture-Food
Science and Technology, 8(5), 1139-1144. https://doi.org/10.24925/turjaf.v8i5.1139-1144.3324

[31] Papachristoforou, A., Koutouvela, E., Menexes, G., Gardikis, K., & Mourtzinos, 1. (2019).
Photometric Analysis of Propolis from the Island of Samothraki, Greece. The Discovery of Red
Propolis. Chemistry & Biodiversity, 16(7), e1900146. https://doi.org/10.1002/cbdv.201900146

[32] Requicha,A.A.G., & Voelcker, H.B.(1982).Solid Modeling: A Historical Summary and Contemporary
Assessment. IEEE Computer Graphics and Applications, 2(2), 9-24. https://doi:10.1109/
mcg.1982.1674149

[33] Requicha, A.G. (1980). Representations for Rigid Solids: Theory, Methods, and Systems. ACM
Computing Surveys, 12(4), 437-464. https://doi:10.1145/356827.356833

[34] Saccardi, L., Schiebl, J., Schwarz, O., Gorb, S.N., Kovalev, A., & Weber, K. (2021). Adhesive
behavior of propolis on different substrates. Frontiers in Mechanical Engineering, 7, 660517.
https://doi.org/10.3389/fmech.2021.660517

[35] Sadovnykov, A.A. (1983). Tekhnolohyia poluchenyia propolysa [Propolis production
technology]. Moscow: Russian agricultural publishing.

[36] Safaei, M., & Azad, R.R. (2020). Preparation and characterization of poly-lactic acid based films
containing propolis ethanolic extract to be used in dry meat sausage packaging. Journal of Food
Science and Technology, 57(4), 1242-1250. https://doi.org/10.1007/s13197-019-04156-z.

[37] Sahlan, M., Fadhullah, H., Pratami, D.K., & Lischer, K. (2020). Physical and chemical
characterization of dry mud propolis for natural scrub cosmetic, In AIP Conference Proceedings.
AIP Publishing LLC. 1 (2230). https://doi.org/10.1063/5.0002437.

[38] Sukhanova, L.V., & Kanarskyi, A.V. (2014). Propolys kak byolohychesky aktyvnyi produkt [Propolis
as a biologically active product]. Bulletin of the technological University, 17(4), 198-203. Retrieved
from https://cyberleninka.ru/article/n/propolis-kak-biologicheski-aktivnyy-produkt/viewer.

[39] Torraco, R.J. (2005). Writing integrative literature reviews: Guidelines and examples. Human
resource development review, 4(3), 356-367. https://doi.org/10.1177/1534484305278283.

[40] Tsagkarakis, A.E., Katsikogianni, T., Gardikis, K., Katsenios, I., Spanidi, E., & Balotis, G.N.
(2017). Comparison of Traps Collecting Propolis by Honey Bees. Advances in Entomology,
5(02), 68-74. https://doi.org/10.4236/ae.2017.52006.

Animal Science and Food Technology. 2021. Vol. 12, No. 3




88

Development of a propolis collecting device

Po3po6ka npucTporo 1J1s 300py mponoJicy
Poman Map’sHoBuY /IBUKaJIIOK, JleoHopa OnekcaHapiBHa AaMuyK

HauioHanpHMIT yHiBEpcUTeT 6iopecypciB i MpUPOJOKOPUCTYBAHHS YKpaiHu
03041, Bysn. TepoiB O6oponu, 15, m. Kuis, YkpaiHna

AHoTanig. AHaii3 qocmigkeHb Ta Myomikaiiit mae migcraBu 3po6UTHM BUCHOBKY, 1O B YKpaiHi
IO CbOTOIHI He MOCTATHbO MPUIIISUI HAJIEXKHOI yBary yMoBaM BMPOOHUIITBY MPOTIONicy. MeToio
Hauoi poboTu 6y/0 PO3pOOUTM HOBMIT TIPUCTPi st 360py MPOTIONiCYy KOTpMii BiAmosimaTtume
BMCOKMM BMMOTaM HOPMAaTMBHO-TIPABOBMX aKTiB 3 SIKOCTi Ta Ge3MEeUHOCTi XapuoBUX MPOMYKTIB
Ta CMPOBMHU. 3aCTOCOBYIOUM MeTOo[, (GOKATbHUX 00’€KTiB Ta METOJ TBEPAOTIJIOTO MOJETIOBAHHS
HaMu Oy/lo po3pobieHO, CIIPOEKTOBAHO Ta BUIOTOBJIEHO i3 3aCTOCYBaHHSIM aJaTMBHUX
TeXHONOTiN (3D-IpyK) AOCTIAHY MOJEb IIPUCTPOIO JIJIST OUMINEHHS CiTOK Bim mpororicy. Po6ora
MMPOBOIMIACH B paMKaxX BMKOHAHHS AMCEPTALifHOTO OOCTiIKeHHs Ipy Kadenpi crangapTmu3saiii
Ta ceprudikauii cimbcbrorocmnomapcbkoi mpoaykuii HanioHanbHOro yHiBepcuTeTy 6iopecypciB
i mpupomokopucTyBaHHsI YKpainu» BIpomoBk 2020-2021 pp. CKOHCTpYiOBaHO Ta BUTOTOBJIEHO
HOBMII TIPUCTPIit 1jig 360py mporosicy. KOHCTPyKIlisl BajiB MPUCTPOIO Ta MPUHIMUIT MeXaHiYHOT
OUMCTKM CiTOK BiJ IIPOIIOJiCyY, 110 3aKJIaieHi Mpu oro po3pobiii MOXKe CIYryBaTH IJIsi PO3POOKM
BMCOKO aBTOMATM30BaHMX JIiHiil 3 OYMCTKU CiTOK. BUKOPUCTAHHSI MPUCTPOI HA ITPOMUCIOBUX
nacikax y KpaiHax 3 TPOITiYHMM Ta CyOTPOITIUYHMM KJIiMaTOM MOSK/IMBE 3 PO3MillleHHSIM MPUCTPOIO
Yy CTiTbHMKOCXOBMIIAX 3a IX HAsSBHOCTI ab0o y BMPOOHMYMX MPUMIIIEHHSX, IO 3abe3meveHi
KOHAMIIIOHepOM. I SIKiCHOI OUMCTKM CiTOK 3 ITPOTIONiCOM 3 BMKOPUCTAHHSIM MPUCTPOIO CiTKM
IOCTAaTHbO OXOJOAMUTU TMpu TemrmepaTypi +5°C mporsarom 60-90 XB 3a7€XHO Bif, TUITY ITPOIIOJIICY.
ITpucTpiit Moxke 6YTM BUKOPUCTAHMI HA MACIYHUIIBKMX TOCIIOHAPCTBAxX YKpaiHy Ta iHIIMX Kpaid ge
OTPMMAHHSI TIPOIIOJIICY Bif 6I3KOMMHMX CiMeii 3Mi/iICHIOEThCS 3 BUKOPUCTAHHSM eTaCTUYHUX CiTOK.
BUKOPUCTaHHS TPUCTPOIO 3a6e31euye OTPMMAaHHS YMCTOTO 6e3 MeXaHiuHMX JOMIIIIOK MPOIIOJIiCY,
110 BiATIOBiae BMMOram YMHHOT'O 3aKOHOZABCTBA. PO3p06/eHMi1 TPUCTPiit 3a11aTeHTOBAHO ITaTEHT
N 139736 «IIpuctpiii 1yt 360py MPOIIOTiCy»

Ki11040Bi ¢JioBa: IpoIosiic, mpoiec OUnINEeHHS CiTOK, IPUCTPIiit, AKiCTh
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