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Influence of geometric parameters of screw nozzles
of a twin screw extrusion press on the oil output

Maksym Hudzenko’, Volodymyr Vasyliv, Mikhailo Mushtruk, Marija Zheplinska,
Igor Palamarchuk, Zinaida Burova, Viktor Sarana

National University of Life and Environmental Sciences of Ukraine
03041, Henerala Rodimtseva Str.19, Kyiv, Ukraine

Abstract. The relevance of the study is due to the search for rational geometric parameters of
screw nozzles and the identification of the influence of the compression ratio of twin screw
extrusion presses on the oil compression process. An important criterion in this paper is the
indicator of the value of oil yield to obtain economic profit. From the analysis of optimisation
methods in similar studies, the following variable geometric parameters of screw nozzles were
selected for twin screw extruders: axial pitch, channel width between turns, rig width of the turn,
and nozzle length. Two sets of experimental working bodies with modified geometric parameters
were manufactured based on theoretical calculations and computer modelling to improve the
working bodies of the EK 75/1200 twin screw extrusion press. Their theoretical compression ratio
is determined, which is 5.50 and 4.33, respectively. It is also defined for the basic set of working
bodies, which was recommended by the manufacturer, which was 4.69. It is established that the
general nature of changes in the free volume along the length of the screw shaft is accompanied
by an uneven decrease from 40 to 80% toward the press cake output. From the reviewed scientific
literature, it was identified that the nature of changes in the free volume of turns along the length
of the screw shaft characterises the correctness of its design. However, after analysing the results
of the work performed, it was determined that the selection of rational geometric parameters of
the working bodies should be considered in conjunction with other structural parameters, which
will further intensify the oil compression process. It is experimentally confirmed that the oil yield

Suggested Citation:

Hudzenko, M., Vasyliv, V., Mushtruk, M., Zheplinska, M., Palamarchuk, I Burova, Z., & Sarana, V.
(2021). Influence of geometric parameters of screw nozzles of a twin screw extrusion press on the
oil output. Animal Science and Food Technology, 12(3), 5-17.

‘Corresponding author



6

Influence of geometric parameters of screw nozzles...

depends on the degree of compression due to the geometric parameters of the screw nozzles.

The oil yield increased by 0.9% when using a set of working bodies of set 1 when compared with

the basic set of working bodies from the manufacturer’s factory (set 2) in terms of volume of

processed raw materials per unit will bring additional profit. It was determined that with the

production volume of 50 tons of oil with an improved set of working bodies (set 1), the economic

effect amounted to UAH 19,250

Keywords: oil production, double screw extrusion press, improvements, geometric parameters

Relevance

Over the past ten years, the area planted with
oilseeds in Ukraine has grown substantially.
From 1998 to 2020, sunflower production in-
creased 6.7 times (from 2.26 to 15.254 million
tons), while seed exports decreased by almost
17 times. The capacity for processing oilseeds
increased 9.2 times (from 2.6 million tons to
24.0 million tons per year) and continues to
grow as a result of the construction of new
plants and the reconstruction and modernisa-
tion of existing ones. Sunflower oil production
increased 16.3 times (from 432.8 thousand tons
to more than 7.0 million tons). The fat-and-oil
industry of Ukraine is export-oriented. The in-
ternal market consumes up to 10% of the total
oil production in Ukraine [1]. The oilseed pro-
cessing facilities created in Ukraine allow the
processing of all grown crops (sunflower, soy,
rapeseed). However, due to the constant in-
crease in production capacity and mass export
of soybean seeds, rapeseed, and partial export
of sunflower seeds, processing enterprises are
not fully loaded, which creates competition for
raw materials in the internal market [2].

1,200 business entities are engaged in
processing oilseeds in Ukraine. Therewith, the
industry is characterised by a fairly high con-
centration of production: more than 90% of

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

oil is produced by 51 specialised enterprises
of large and medium capacity [3]. In small-ca-
pacity workshops, unrefined oil is usually pro-
duced by pressing. Basically, these workshops
were created by agricultural enterprises to gen-
erate additional profit from processing their
own agricultural products. Their products are
focused mainly on the needs of the popula-
tion of villages and district centres. Since the
mid-90s of the 20™ century, the range on the
market among equipment for oil production
has increased rapidly. Press equipment of low
capacity (from 50 to 450 kg/h) was very diverse
in the design of presses and the complexity of
lines. However, most of them used unneces-
sarily energy-intensive, labour-intensive, and
bulky complexes of machines and presses for
oil production. Therefore, after a certain pe-
riod of time, many manufacturers of unprof-
itable pressing equipment quit the market.
Among the few manufacturers of equipment
for oil production that remained in demand by
processing enterprises, were manufacturers of
twin screw extrusion presses. They occupied a
certain niche among pressing equipment with
a capacity of 150-500 kg/h. During the opera-
tion of twin screw extrusion presses, there is no
need to use auxiliary equipment for preparing
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oilseeds: rudders, roller machines, roasters.
This allowed substantially simplifying the tech-
nology of processing oilseeds by combining the
operations of heat treatment, grinding, form-
ing (granulating) the press cake, and pressing
vegetable oil in one machine, which is certainly
beneficial for raw material processing in small
volumes. Notably, among other advantages of
such extrusion presses is that they do not re-
quire complex installation and large rooms, can
be serviced by unqualified workers, and within
2 hours they can be converted to other types of
oilseeds. In addition, it is possible to press out
the oil of unhulled sunflower seeds with twin
screw extrusion presses [4].

Oil-pressing screw presses belong to the
group of continuous machines, the main work-
ing body of which is a cylinder with one or more
set screw shafts placed in it. Numerical values
of the geometric parameters of the working
path of the press substantially affect the char-
acteristics of oil compression processes: pro-
ductivity, oil yield, long-term operation, and
power costs. Therefore, the study of geometric
parameters of working bodies remains a very
relevant issue for further substantiation of
their rational values and determination of eco-
nomic feasibility.

Analysis of Recent Studies and
Papers

The main principle of operation of the screw
press is to move oilseeds along the working
chamber and compress it with a screw shaft.
Compression of raw materials is conducted
by reducing the free volume of the channels
of the working area of the screw shaft, which
is achieved by shifting the pitch, reducing the

depth of the channel and the internal diameter
of the seer cylinder. Therewith, there is a wide
variety of specific combinations of these geo-
metric parameters [4, 5, 6].

In the study [7], the influence of the design
parameters of a screw shaft, the screw groove of
which is made in the form of a curved triangle,
on the energy indicators of a screw oil press is
proved. These theoretical dependencies allow
for calculating the total power consumption of
an oil press.

Oil yield is one of the most important
variables in the oil extraction process, so ana-
lysing this parameter is extremely important.
Papers [8, 9, 10] are devoted to the modelling
and optimisation of technological and de-
sign parameters for oil extraction. In the pa-
pers [11, 12], mathematical models have been
developed that consider the parameters of
controlling the pressing process with improved
press characteristics. The optimal geometric
parameters of the screw shaft design and opti-
mal operating conditions for maximum oil yield
were determined, and the influence of many pa-
rameters that affect the oil yield from the screw
press was investigated.

The shortage of cost-effective oil press
options is very noticeable in agricultural coun-
tries. Science-based advanced presses are the
perfect solution to this particular problem. In
the study [13], the design parameters of the
screw press were improved. The screw length,
pitch diameter, heating temperature, and rota-
tion speed were determined to have a substan-
tial impact on the oil yield efficiency.

The mechanical press method of oil ex-
traction is the most common in the world. How-
ever, most screw presses used for this purpose

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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leave about 8-14% of the oil in the press cake.
A modified press was designed and developed
based on the new principle of two-stage sin-
gle-feed compression to improve the efficiency
of oil extraction [14].

The paper [15], which contains an analysis
of the use of twin screw extruders, deserves at-
tention. It provides a comprehensive overview of
the key parameters that affect the productivity
of the oil pressing process. Therewith, consid-
erable attention is paid to the development of
innovative processes using twin screw extruders.

From the conducted literature research,
it was determined that in the scientific litera-
ture more attention is paid to improving sin-
gle screw oil presses than twin screw ones [4].
There are quite a lot of papers [16, 17, 18] in
which the rheology of material behaviour in
the geometric space of the channel is well de-
scribed, formulas for calculating screw presses
and extruders are given, and the effect of mix-
ing and grinding working bodies of twin screw
extruders related to the processing of rubber
mixtures and plastics is described. From the
standpoint of mathematical modelling, twin
screw extruders are much more complex than
single screw extruders, and therefore for a long
time the choice of geometric parameters and
processing modes was based on practical ex-
perience and experimental data, and, in addi-
tion, they had limited application due to a more
complex design [4].

Little attention is paid to the problem of
investigating the influence of geometric pa-
rameters of the oil pressing path and screw
nozzles on the process of oil production in
screw presses in the Ukrainian scientific liter-
ature. Insufficient coverage of issues related to

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

the scientific justification of rational parame-
ters and design of working bodies in twin screw
extruders substantially hinders their techni-
cal development, leads to the appearance of
imperfect equipment and unnecessary costs
for its manufacture and operation. Therefore,
there is a need to supplement the existing ideas
about the interaction of special grinding work-
ing bodies with transporting and compressing
screw nozzles and the development of grinding
units for twin screw extrusion presses.

The purpose of the study is to determine
the rational geometric parameters of screw
shafts of twin screw extrusion presses through
theoretical analysis and experimental studies.
The main task of the study was to offer the best
design and technological solutions, consider-
ing the characteristics of existing analogues of
extrusion presses for oil pressing and rational
geometric parameters of modern screw nozzles.

Materials and Methods

Experimental studies were conducted in pro-
duction conditions on the extrusion press pro-
duction facilities of SPE Extruder (Kharkiv) to
determine the rational geometric parameters of
the screw shafts of twin screw extrusion presses
for the efficiency of the oil extrusion process.
The research methodology included conduct-
ing preparatory works of the same type and
experiments, namely - setting the maximum
operating modes of the extruder for sunflower,
rapeseed, and soybean seeds, determining the
humidity of the selected batch of seeds for ex-
periments. When performing experiments, gen-
erally accepted methods were used from litera-
ture sources and developed in the course of the
study. The design-technological parameters of
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the extrusion press were controlled by various
measuring devices. The choice of devices and
measuring equipment was made on the con-
dition that they provide the accuracy of mea-
surements regulated by standardised methods.
Processing of experimental data and graphic
design of the work was conducted using com-
puter software: Microsoft Office Excel.

Main Material Presentation

During the development and operation of
screw presses of various designs, extensive ex-
perience has been accumulated. From the be-
ginning of pressing, the seed passes from one
physical state to another until the oil and press
cake are released. The method of their sepa-
ration (decomposition) and consideration in
parts is used to examine these processes. No-
tably, such separation in most cases is purely
conditional, since such parts are intercon-
nected and have an impact on previous and
subsequent processes. Therewith, each of the
processes in a complex processing system can

take place simultaneously (in parallel) or simul-
taneous-sequentially, which is implemented
inside the pressing path of the extruder, where
oilseeds, along with transportation, grinding,
mixing, are subjected to heating and pressing.

Improving the quality of oil pressing in ex-
trusion presses, in contrast to classic oil presses,
is achieved by replacing traditional turns (screw
nozzles) with two structural and technological
zones (power, compression) with screw shafts
with four main zones: power, compression,
grinding and mixing, final pressing. As a result,
twin screw extrusion presses are distinguished
by longer screw shafts, which is associated with
the introduction of special mixing and grinding
elements into their design [20].

The working shaft of twin screw extruders
is made as a set (Fig. 1) and consists directly of
a shaft-rod 1, on which screw nozzles are put
on 3, 4, 6, 7, triangular cam nozzles 5, interme-
diate or mounting rings, if necessary, which are
attached to the shaft by a spline or, preferably,

keyway connection.

Figure 1. Geometry of the screw channel of a twin screw extrusion press: 1 - shaft; 2 — case;
3,4, 6,7 - screw nozzles; 5 - triangular cam nozzles

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




10

Influence of geometric parameters of screw nozzles...

The outer surface of the screw nozzles and
cams together with the inner surface of the
housing form a screw channel. The screw noz-
zle (auger) and channel are characterised by ex-
ternal and internal diameters D, and d , screw
step t, channel height h, channel width b, rig
width e, helical line lifting angle ¢, the gap be-
tween the cylinder wall and the coil rigs §,, the
gap between the rigs of one screw and the core
of another §,, the gap between the side surfaces
of the coil rigs §,, the length of the screw noz-
zles and the working area of the shaft, etc.

When describing a screw pressing mecha-
nism, the principle of its division into sections
is used. In general, a section is an elementary
screw mechanism with conditionally constant
parameters of the pressing process. The section
can end with a matrix or compression gate — a
section of the machine where the screw turn is
interrupted and the flow section decreases [4].

In twin screw extrusion presses with
hooked screws, the screw channels are divid-
ed by turns of conjugated screws into sepa-
rate C-shaped volumes. Complete extrusion
of C-shaped volumes due to the mutual hook-
ing of the screw shafts ensures equal time of
the material processing in the channels of the
screw nozzles, and this is an important factor
so that the oil-containing material does not
overheat. However, the need to ensure geomet-
ric compatibility of the screws implies the pres-
ence of gaps §,, §,, which violate the isolation
of C-shaped volumes and lead to material flow
between them.

Compression of oil-containing material in
the screw press during its movement through
the working chamber is conducted due to a
decrease in the free volume of channels in the

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

working area of the screw shaft. The differ-
ence in the operating principles of twin screw
and single screw extruders is due to different
mechanisms for creating pressure in the pro-
cessed material. In twin screw extruders, unlike
single screw ones, there is a push-out effect of
the turns of the conjugated shafts. If in a single
screw extruder the ability to increase pressure
is determined by the depth of the screw shaft,
then in a twin screw extruder - by the geomet-
ric degree of closure of the screw channel (com-
pression degree), which is determined from the
Formula [4]:

) M

where e — width of the screw nozzle rig, t — screw
pitch, and i — number of screw thread entries.

Value k_shows which part of the channel
cross-section overlaps, and characterises the
compulsion to transport the processed material
to the forming tool of the extruder and the abil-
ity of the augers to gain pressure.

In a screw press, the degree of compression
of oil-containing material is the ratio of the
free volume of the previous turn to the free vol-
ume of the next one.

Kow =12, )
where k - degree of compression of the

oil-containing material; V_, V- respectively,

B1? B2
the free volume of the first (previous) turn and
the next, m3.

The seed mass, if it gets to the first trans-
portation turn, has a large number of cavities
between them, which should be eliminated as

soon as possible. Therefore, the free volume of
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subsequent nozzles should be sharply reduced.
At the end of the shaft, the free volume of the
last nozzles should change less intensively,
since the inner surface of the oil-containing
material decreases due to compression of the
capillaries of the gel part, the volume of which
is relatively small. The nature of changes in the
free volume of turns along the length of the
screw shaft characterises the correctness of its
design, and the degree of compression of the
oil-containing material created by the screw
characterises it from the quantitative side.

In a twin screw oil press with unidirec-
tional shaft rotation, the diameter of the screw
nozzles and the cylindrical surface of the case
around them and the height of the turns of the
screw nozzles are constant along the entire
length of the working part of the screw shaft. Ac-
cordingly, the mass is compacted only by reduc-
ing the volume of the C-shaped section of the
screw channels of each subsequent screw noz-
zle. This is done by stepwise reducing the pitch
of the turns of the screw nozzles and changing
the width of the rig of the turn. The width of
the turn rig can vary from larger to smaller and
vice versa, which means that there are a large

number of options for changing configurations
to find rational parameters. The pressure force
generated by the screw nozzles depends on the
screw thread pitch of the screw. Greater pres-
sure forces can be created by reducing the pitch,
but simultaneously reducing productivity.

The analysis of geometric parameters of
three sets of working bodies of a twin screw
extrusion press (set No. 2 — recommended by
the manufacturer, sets No. 1 and No. 3 — ex-
perimental screw nozzles made based on the
calculations of the study and partially by the
manufacturer, respectively) is conducted. Cal-
culations are made based on their geometric
parameters for determining the free volume in
each nozzle (screw nozzle “SN” and cam nozzle
“CN”) and the theoretical degree of compres-
sion in the working chamber. Usually, their
number, type, and size differ depending on the
oilseeds that are planned to be processed.

The results of determining the theoretical
degree of compression of oil-containing ma-
terial in the working chamber for three sets
of working bodies (for sunflower seeds) of the
EK 75/1200 extrusion press (SPE “Extruder”,
Kharkiv) by formula (2) are displayed in Table 1.

Table 1. Degree of compression of sunflower seeds along the pressing path of the screw shaft of the
working bodies

Nozzle number

Total compression

degree
SN SN CN SN CN SN SN CN SN CN SN SN SN SN Ne1/ Set
N2l N22 N2l N23 N22 N24 N5 N23 N9 N°4 N°27 N28 N29 SN N29
1 1.58 1.29 0.70 1.25 0.74 1.10 1.25 1.75 0.72 1.54 1.06 1.08 5.50 No. 1
1 170 129 0.80 1.25 0.80 1.12 1.11 1.86 0.67 1.49 1.06 1.08 4.69 No. 2
1 1.83 1.29 0.68 1.25 0.76 1.10 1.25 1.64 0.72 1.54 1.01 1.08 4.33 No.3
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The total degree of seed compression ob-
tained by dividing the free volume in the zone
of the first conjugate pair of screw nozzles by
the free volume of the last pair of screw nozzles
is only theoretical, which to a certain extent
characterises the screw shaft. The nature of

changes in the free volume and compression ra-
tio of material along the length of the working
path of the press in each conjugate pair of screw
nozzles (SN), cam nozzles (CN) of the three an-
alysed sets of working bodies is displayed in the
diagram (Fig. 2) and chart (Fig. 3).
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Figure 2. Change in the free volume within the conjugate pair of the screw (SN) and cam nozzles
(CN) along the pressing path of the screw shaft
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Figure 3. Change in the compression ratio of material within the conjugate pair of the screw (SN)
and cam nozzles (CN) along the pressure path of the screw shaft
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The difference in the position of the com-
pression ratio curves of the material within
the conjugated pairs of screw nozzles of sets of
working bodies along the length of the press-
ing path of the screw shaft shows a smooth
(smaller) or larger angle of the nature of changes

in geometric parameters (screw pitch t, channel
width b, rig width e) of the nozzles. The next step
of the study was to identify the influence of the
calculated geometric parameters of the analysed
sets of working bodies of twin screw extrusion
presses on the oil yield experimentally (Fig. 4).

Figure 4. General view of experimental extrusion presses EK 75/1200

Based on previous studies with modes and
possible technological adjustments, rational
design, and technological parameters of the
upgraded extrusion press were established.
The temperature of the first and second heat-
ing zones of the cases for sunflower seeds was
125-130°C. The size of the gap in the matrix for

sunflower seeds was 5.0 mm. The angular ve-
locity of the screw shaft is 6-7 rad/s, the time of
technological influence on the oil-containing
material in the press path is 60-75 s. Their use
allowed for increasing the productivity of the
machine and reducing energy costs for the oil
pressing process.
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Figure 5. Dependence of sunflower oil yield and compression degree on the set of working bodies
of installed nozzles

Studies conducted with sets of working
bodies with different geometric parameters
confirmed their effect on the oil yield. Even
with the same operating modes and technolog-
ical adjustments of the extrusion press, chang-
ing the geometric parameters of the first and
second nozzles already affects the throughput
of the number of seeds captured by the turns
of the screw nozzles. However, further changes
in the press path, namely a decrease in the free
volume in the next screw nozzle, caused an
increase in pressure at their edges, followed
by a decrease in it in the cam nozzle groups.
A rather rapid increase in pressure leads to a
greater load on the engine. Notably, the change
in the performance of the extrusion press also
affected the oil yield. However, it should be
considered in conjunction with the energy con-
sumption of the machine. These statements

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

may be the subject of further research on the
improvement of twin screw extrusion presses.

Conclusions

The theoretical degree of compression deter-
mined for three sets of working bodies of a twin
screw extrusion press for processing sunflower
seeds according to calculations is 5.50, 4.69,
and 3.33, respectively. It has been experimen-
tally confirmed that the oil yield depends on
the degree of compression due to the geometric
parameters of the screw nozzles. The general na-
ture of changes in the free volume in the zones of
nozzle groups is accompanied by an uneven de-
crease of 40-80% toward the press cake output.
The selection of rational geometric parameters
of working bodies should be considered in con-
junction with other structural parameters, which
will allow intensifying the oil pressing process.
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BnyiuB reoMeTpUYHHMX NapaMeTPiB TIBUHTOBUX HACAJAOK JBOTBUHTOBOTO
IpeceKcTpyaepa Ha BUXiJL OJIil

Maxkcum MuxkonaiioBuu I'ynzenko, Bonogumup ITaBnoBuu Bacuiris,

Muxaitno Muxaimosnu MymTpyk, Mapist MuxairiBHa YKerutiHcbKa,

Irop ITaBnoBuu ITanamapuyk, 3iHaiga AHapiiBHa Byposa,
BikTop Bonmogumuposuu CapaHa

HarionanbHuit yHiBepcuTeT 6iopecypciB i mpupomoKopucTyBaHHS YKpainu
03041, Byn. 'epoiB O6oponu 15, m. Kuis, Vkpaina

AHoTanisi. AKTya/JbHICTh [OCTiI)KeHHS 3yMOBJIEHa IIOIIYKOM paljiOHaJbHUX TeOMETPUUHUX
rapamMeTpiB TBUMHTOBMX HAcaJlOK Ta BUSIBAEHHS BIUIMBY TIOKAa3HMKA CTYMEHI0 CTUCKAaHHS
JIBOTBMHTOBUX IIPeCEeKCTPYAEPIB Ha MpoLeC BiATMCKAaHHS ojii. 3HAYYIIMM KpuUTepieM B JaHil
po60Ti 06paHO MOKA3HUK BEJIUYMHM BUXOMAY OJTii 3 METOI0 OTPMMAaHHS €KOHOMIUHOTO MPUOYTKY.
3 MpOoBeneHOro aHaji3y MeTOAiB ONTMMIi3allil B aHaJOTiYHUX OOCTiIKeHHSIX OJISI JBOTBUHTOBUX
eKCTpyAepiB 06paHO HACTYIMHI 3MiHHI TreOMeTpUMYHi MapaMeTpy TBMHTOBMX HAcCamoK: KPOK
yepBsiKa, IMMPUHA KaHATY MK BUTKaMU, IIMPUHY rpeGHS BUTKA Ta JOBXKMHY Hacaaku. Ha ocHOBI
TEOPETUYHMX PO3PAXYHKIB Ta KOMIT I0TEpPHOTO MOJIETIOBAHHS 10 BIOCKOHAIEHHIO PO6OUMX OpraHiB
IBOIBMHTOBOTO Tpecekcrpynepa EK 75/1200 BUTOTOBJIEHO IBA KOMILIEKTY €KCIIEPUMEHTATbHUX
pPO6OYMX OPraHiB 3i 3SMiHEHMMY reOMeTPUIHMMM [TapaMeTpamMu. BU3HAUeHO iX TEOPEeTUYHY CTYITiHb
CTUCKaHHS, SIKa CTAHOBUTD, BimMmoBigHO, 5,50 Ta 4,33. Takoxk i1 BU3HaueHo AJist 6a30BOr0 Habopy
po6oUMX OpraHiB, IKMii 6yB peKOMEHI0BaHMI1 3aBOJJOM BUPOOHUKOM, sIKa CKiiaia4,69.BcraHoBieHO,
IO 3araJbHUIT XapaKkTep 3MiHM BiIBHOTO 06’€MY IO TOBXKMHi ITHEKOBOTO BTy CYMPOBOIKYETHCS
HepiBHOMipHUM 3MeHIIeHHSM BiZl 40 no 80% B CTOpOHY BMXOAY MaKyxu. 3 OJISHYTOI HayKOBOI
JliTepaTypu CTaJIO BigOMO, 110 XapaKTep 3MiHM BiJIbHOTO 06>€MYy BUTKIB IO TOBKMHi IITHEKOBOT'O
BaJIy XapaKkTepu3ye MpPaBUIbHICTh OTO KOHCTPYKIii. OmHak, MpoaHali3yBaBIIM pe3yabTaTu
BMKOHAaHOi POOOTH, BUSBWIM, IO MiA6ip pallioHATbHUX TeOMETPUUYHUX TapaMeTpiB poOoUMx
OpraHiB WIiJ pO3MISIAATY B KOMIUIEKCI 3 iHIIMMM KOHCTPYKLITHMMM TTapaMeTpaMu, 110 JO3BOIUTh
JIOMATKOBO iHTeHCHGiKyBaT Mpolec BiATUCKaHHS oii. EKClIepMMeHTaIbHO ITiATBEPIKEHO, 1110
BUXil Ol 3a/eXXUTh Bifj CTYMeHs CTMCKAaHHS, OOYMOBJIEHOTO T€OMETPUUYHMMM IapaMeTpaMu
IBUHTOBUX Hacajok. 36inbluennit Buxin omii Ha 0,9 % mpu 3acTOCYBaHHI KOMIUIEKTY POOOUMX
opraHiB Hab6opy 1 npu MOpiBHSAHHI 3 6a30BUM HAGOPOM POOOUMX OPraHiB Bif 3aBOAY BUPOOHMKA
(Habip 2) y mepepaxyHKy Ha OAMHUIO 06’eMy Mmepepob6ieHoi CMPOBUHM MpUHece MOJaTKOBMI
pubyTOK. BM3HaueHo, 1110 1pu 06cs13i BupobHuirTBa 50 T osii 3 BHoCcKoHaIeHMM Habopom po6ounx
opraHiB (Hab6ip 1) ekoHoMiuHM edekT ckiaaB 19250 rpH

KirouoBi cs1oBa: BUPOOHUIITBO OJ1i1, ABOTBMHTOBMIL TPECEKCTPYLED, YIOCKOHAIEHHS, TeOMEeTPUYHI
napamMeTpu
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Examination of thermophysical characteristics of food products
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Abstract. The development of food, biotechnological, and processing industries, the invention
of new ingredients, optimisation and improvement of technological processes require reliable
information about the main thermophysical characteristics of raw materials and materials of
biological origin. This paper presents the results of the cooperation of specialists from leading
universities and scientific institutions of Ukraine, embodied in the developed methods of analysing
the parameters of thermodynamic and mass transfer processes and determining the thermophysical
characteristics of the latest substances and products using modern metrologically certified devices
and information-measurement systems. The main problem in analysing materials of biological
origin is the inhomogeneity and heterogeneity of the structure of samples. It is demonstrated that
it is advisable to determine the coefficient of effective thermal conductivity of bulk materials and
cereals in a stationary thermal mode on a device for determining the thermophysical characteristics
of materials and thermal effects, equipped with heat flow and temperature sensors, in which a
symmetric scheme of the thermometric measurement method is implemented. The simultaneous
use of four measuring cells allows for performing a synchronous comparative analysis of several
samples, and the rotary-clamping mechanism helps to minimise contact resistances. The developed
method of measuring the coefficient of effective thermal conductivity considers the features of
bulk food products and substantially improves the accuracy of the examination by introducing a
correction for the contact resistance of the wall layer. Long-term observations allow for analysing
thermolabile materials, examining thermal effects in samples, and evaluating volumetric and
integral heat generation. It is necessary to use the STA system to conduct calorimetric studies
of a wide range of biological materials and substances with the necessary accuracy, which
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implements methods of step-by-step scanning and synchronous thermal analysis to determine the

specific heat capacity, the heat of evaporation, and the ratio of free and bound moisture in non-

homogenous materials. These characteristics are necessary parameters for analysing the kinetics

and optimisation of heat and mass transfer processes, in particular, drying, in the calculation and

design of technological equipment

Keywords:

inhomogeneous materials, coefficient of effective thermal conductivity, heat

dissipation, specific heat capacity, heat of evaporation, drying

Relevance

The main task of the food industry is to pro-
cess agricultural products into high-quality
food products. It should be conducted with the
lowest financial and material costs, which is
impossible without using the achievements of
modern science. Science is the basis of modern
technologies. Any technology is a set of pro-
cesses by which raw materials are converted
into the final product. Deep knowledge of the
regularities of processes conducted during food
production allows for intensifying processes,
creating new types of apparatuses, and devel-
oping methods for optimal process control.
Most of the processes of food, biotechno-
logical, and processing industries are thermal,
the speed of which is described by the laws of
heat transfer (heating, cooling, condensation),
and mass transfer — diffusion, which are char-
acterised by the transfer of one or more com-
ponents of the initial substance from one phase
to another (drying, sorption, rectification, etc.).
Most often, these processes are interrelated and
occur simultaneously. Many papers by Ukrainian
and foreign researchers are devoted to the exam-
ination of the laws of heat and mass transfer.
But any such calculation is impossible
without knowledge of the basic thermophysi-
cal characteristics of materials and substances,
which include, in particular, the coefficients

of heat and temperature conductivity, specific
heat capacity, heat of evaporation, and their
temperature dependences. Usually, such data
is taken from the reference literature, and un-
til recently, specialists in the food and pro-
cessing industries used well-known reference
books [1; 2]. Currently, modern editions have
been published [3; 4] containing the main ther-
mophysical characteristics of semi-finished
products and products necessary for calculating
processes and equipment for the food industry.
In addition to tabular data, the thermophysical
parameters of many products, especially bulk
and non-homogeneous ones, are presented in
the form of empirical dependencies. This allows
for performing technological and engineering
calculations with a certain accuracy, which is
currently insufficient for research works.

The invention of new ingredients, the cre-
ation of food products based on them, and the
development of technological processes for their
manufacture require updating the existing base
of thermophysical characteristics. This requires
additional research on a modern instrument
base. Imported instruments can meet all the
requirements for accuracy and reproducibility
of measurement results, but the main problem
with their use is the need for periodic calibration
to ensure proper metrological indicators.

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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The specialised scientific Institute of Tech-
nical Thermophysics (ITTP) of the National
Academy of Sciences of Ukraine has accumu-
lated more than half a century of experience
in determining the main physical parameters
of thermodynamic and mass transfer processes
in various sectors of the national economy.
The achievements of thermometry, electronics,
and metrology of heat flow measurements are
embodied in devices and systems for precision
measurements of thermal conductivity and
heat capacity of materials and substances, the
study of energy effects in the physicochemical
and biological processes of the food and pro-
cessing industry.

Research Analysis

Difficulties in obtaining qualitative and ade-
quate information about the thermophysical
characteristics of substances of biological ori-
gin are usually associated with their inhomoge-
neity and heterogeneity of structure. For exam-
ple, bulk food materials — crops and cereals as
objects of research have specific physical char-
acteristics: flowability, self-sorting, and duty
cycle. Mechanisation and automation of grain
processing processes in the flow [5], the use of
pneumatic and vibrotransport, the introduction
of new drying methods [6] require definitions of
their heat, temperature, and thermal conduc-
tivity, heat capacity, ability to self-heat [7; 8].
Therewith, the thermodynamic parame-
ters of air, which is an integral part of the grain
mass and affects all the processes that occur
with it, play a huge role. In particular, air gaps
contribute to the transfer of heat by convection
and the movement of moisture in the form of
steam. Due to self-sorting, the porosity of the
grain mass, that is, the presence of gaps be-
tween its solid particles filled with air, can be

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

uneven. The porosity and bulk density of grain
also depend on the shape, elasticity, size, and
surface condition of solid components. These
factors together lead to variability in the value
of contact resistance between material parti-
cles and should be considered when developing
a measurement methodology, because they can
substantially distort the results of examination
of thermophysical characteristics.

Calorimetric studies are used to calculate
the thermodynamic characteristics of substances,
chemical equilibria, establish a relationship be-
tween the thermodynamic characteristics of a
substance and its properties and structure, and
draw up thermal balances of technological pro-
cesses in the food, biotechnological, and phar-
maceutical industries [9]. Differential scanning
calorimetry (DSC) is used to obtain reliable
calorimetric information about the material
during its linear or stepwise heating or cooling.
DSC is also used to determine the melting point
and assess the degree of purity of substances,
investigate the kinetics of drying, lyophilisa-
tion, and crystallisation processes, investigate
the stability and thermal decomposition of sub-
stances and determine their shelf life, deter-
mine the glass transition temperature of amor-
phous substances, etc. [10]. DSC in combination
with thermogravimetric analysis (TGA) forms
a method for synchronous thermal analysis of
materials and substances (STA).

Now there is a wide range of foreign devices
for synchronous thermal analysis, the principle
of operation of which is based on the simul-
taneous determination of mass reduction and
the amount of heat consumed by liquid evapo-
ration. Their versatility and wide temperature
range are their undoubted advantages. However,
most of them are poorly adapted for analysing
samples of plant origin, the liquid in which is a
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mixture of water and numerous complex sub-
stances (saccharides, organic acids, plant pig-
ments, colloidal solutions of pectins, essential
butyric acids, aldehydes, alcohols, terpenes,
etc.). Another negative factor is that the size of
the crucibles of modern devices is calculated for
a weight of the order of a milligram, which is
very small and not informative for plants due to
the size of their cells.

Analytical determination of the specific
heat of evaporation of plant raw materials is
also associated with substantial difficulties and
is often almost impossible since it is necessary
to calculate simultaneously the characteristics
of a mixture of several liquids and insoluble
substances [11]. This is especially important
when calculating and optimising the parameters
of the drying process of any raw material of plant
origin, which is associated with the removal of
moisture, free and bound [12]. The experimen-
tal method of synchronous thermal analysis is
much more appropriate for this purpose.

The purpose of the study is the develop-
ment of a methodology for measuring the coef-
ficient of effective thermal conductivity of bulk
food products, in particular, cereals and crops,
and examination of the specific heat capacity
and heat of moisture evaporation during the
drying process of biological raw materials.

Materials and Methods for
Analysing Thermal Conductivity

Various experimental methods for determining
the thermophysical characteristics of bulk ma-
terials, including stationary and non-station-
ary heat flow, are known — probe and non-con-
tact — optical [13; 14]. The presence of air
between the particles of bulk materials allows
for predicting that their thermal conductivity

is commensurate with the thermal conductiv-
ity of heat-insulating materials, therefore, the
method of analysing the coefficient of thermal
conductivity regulated in ISO 8301-1991 can be
applied to them [15].

The essence of the thermometric method
regulated in ISO 8301 is to create a stationary
heat flow through a flat sample directed per-
pendicular to its front (largest) surfaces. The
coefficient of thermal conductivity is deter-
mined by the results of measurements of the
thickness of the sample, the difference in the
temperature values of its working surfaces and
the surface density of the heat flow that passed
through the sample, provided that it is unidi-
rectional and uniform.

Studies are conducted in a stationary
thermal mode on a device for determining the
thermophysical characteristics of materials
and thermal effects, developed at the ITTP of
the National Academy of Sciences of Ukraine,
which implements a symmetric scheme of the
thermometric method [16]. The device, which is
displayed in Figure 1, is an information-meas-
urement system consisting of a functionally
combined thermal unit 1, which is displayed
in Figure 2, an electronic unit 2 with a built-in
temperature control device for the reference
junctions of thermocouples and a computer
with specialised software 3.

Main technical characteristics of the device:

« range of measured heat flux density
5...500 W/m?;

- limits of permissible relative error ¥3%;

+ operating temperature range minus
40°C...180°C;

- sample size:

— 1 sample 250%x250%(10...120) mm;

— 4 samples @100x(10x50) mm.

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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Figure 1. Appearance of the device (operating position):
1 - thermal unit, 2 — electronic unit, 3 — software
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Figure 2. Scheme of the thermal unit of the device: 1 — temperature control units;
2 - heat-measuring units; 3 — thermal insulation inlay; 4 — rotary clamping device;
5 — guide posts; 6 — retainer; 7 — fan units; 8, 9 — measuring cells
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A characteristic design feature of this de-
vice is the presence of a rotary mechanism,
which allows setting the heat unit in the work-
ing position at an angle of 90°, as presented in
Figure 1. This allows ensuring the necessary ac-
curacy of measuring the heat flow and temper-
ature of samples during the experiment. When
assembled, four (8, Fig. 2) or one (9, Fig. 2)
measuring cell, designed to accommodate sam-
ples of experimental material and provide the
necessary thermal and temperature conditions.
The use of four measuring cells allows for per-
forming a synchronous comparative analysis of
four samples at once.

The temperature control units 1 with the
inlay 3 installed between them and the proto-
types are placed in the rotary-clamping device
4, which is a frame structure on the guide posts
5 and is designed to fixate the samples and
minimise the contact resistances between them
and the heat-measuring units in the measur-
ing cells. The force is set by means of a screw
mechanism with a power spring. The struc-
ture is rotated by an angle of 90° and set to the
working position (vertical, Fig. 1), securing with
a retainer 6.

The software of the device is designed for
long-term (from several hours to several days)
indication and recording of the values of tem-
perature and density of heat flow in the sample
for further processing and analysis of thermal
processes, calculation of thermal resistance

and coefficient of effective thermal conductiv-
ity of samples of bulk materials.

Calculation formula for the coefficient of ther-
mal conductivity A, W/(m*K), has the form:

A=h-(4T/§—RQ™, )

where: h — thickness of the prototype equal to
the thickness of the thermal insulation inlay,
m; AT=T,-T, - temperature difference T, and
T, respectively, the upper and lower working
surfaces of the sample, K; § = 0,5 (qg + qn) -
mean value of the heat flux density, W/m?,
passing, respectively, through the upper g, and
the lower g, working surfaces of the sample;
R, - correction for the total contact thermal re-
sistance of the measuring cell, which is deter-
mined during calibration of the device, m*K/W.

The value of the coefficient of thermal con-
ductivity of samples of the experimental mate-
rial is determined as the mean value, consid-
ering the measurement error according to the

formula:

= 1
ATZE Iiv=1)LT,i+6: 2

where: 1; — mean value of the coefficient of
thermal conductivity for the temperature value
T; A~ value of the thermal conductivity coeffi-
cient i- th sample at temperature T; N — number
of samples; § —-measurement error.

Research results of samples of grain mass
in the range of average temperature values
from 35 to 70°C are displayed in Fig. 3.
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Figure 3. Results of the examination of the coefficient
of effective thermal conductivity of grain mass

Samples 1 through 4 were examined simul-
taneously in cells @100 mm, and sample 5 was
examined in a 250x250 mm frame. The bulk
density of all samples was within £3%. The av-
erage graph for the four samples correlates well
with the results obtained for sample 5.

The device can also be used to study
the thermal effects that accompany the

q, W/m?
2807;

260{
240—2
220
200-

1807

examination of thermolabile materials, for
example, in the presence of heat release in
samples. Therewith, the information and
measurement system records and processes
signals from primary sensors throughout the
entire process time, resulting in graphs of
changes in heat fluxes on the sample surfaces,
as presented in Figure 4.

160 ! T T
0

T, hours

Figure 4. Graphs of changes in the surface density of heat flow on sample surfaces during heat
release at a temperature of 20°C
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The following formula is used to determine
the volumetric heat release:

qy — (qZ;ql) (3)

Values of integral heat releases Q, kJ/m?, for
the time t, are obtained using the formula:

q, W/m?

6000 -

No. 4

5000
4000
3000
2000
1000

Q. = J qvdr, @)
where 7 - current time value, h, 7- value of the
heat release start time, h.

The results of calculations of heat release
of chicken droppings samples in four tempera-
ture conditions are presented in Figure 5.

Volumetric heat rease

0
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4000007
350000
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100000
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T, hours
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Figure 5. Volumetric and integral heat release of samples in temperature conditions:
No. 1 - 20°C, No. 2 - 30°C, No. 3 - 40°C, No. 4 - 50°C

Therefore, the presence of a limited vol-
ume of cells allows for maintaining the same

bulk density of the material in different exper-
iments, and measurements simultaneously on
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four samples give a substantial gain in time.
Comparison of experimental data for different
sample thicknesses allows compensating for
the influence of the contact resistance of the
wall layer on the result of measurements of the
thermal conductivity of bulk grain material.

The method of conducting long-term stud-
ies enables the investigation of the thermal ef-
fects and changes in sample parameters during
heat release in real time, which expands the
functionality of the device.

Materials and methods for
analysing the heat capacity and
heat of evaporation

As mentioned above, it is advisable to use the
synchronous thermal analysis (STA) method for

analysing the processes of dewatering plant raw
materials, which covers the following analysis
methods:

o differential microcalorimetry — measure-
ment of the expenditure of energy for a phase
transition in the test sample,

e thermogravimetry — recording changes in
sample mass loss over time.

The STA system developed by ITTP of NAS
of Ukraine combines calorimetric and thermo-
gravimetric analyses and allows determining
with sufficient reliability the specific heat of
evaporation during the drying of a thin layer
of wet dispersed material and liquids in the
chemical, microbiological, pharmaceutical, and
food industries [17]. The appearance and block
scheme are presented in Figure 6.

ELECTRONIC
| UNIT OPERATOR
e "| CONVERTER
AIR FLOW UNIT MODULE [ |
SENSOR =S
' L~ COMPUTER
btk '—‘ REGULATOR
} MODULE
BALANCE
| COMPRESSOR | ﬁ

Figure 6. Appearance and block scheme of the STA system
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The STA system is an information and
measurement complex of a functionally com-
bined thermal unit, analytical scales, compres-
sor, electronic unit, and personal computer with
the appropriate software. The main difference
between this system and its well-known ana-
logues is the ability to perform measurements
under the optimal temperature regime, main-
taining the surface temperature of the product
approximately equal to the temperature of the
dynamic medium. This is achieved due to the
fact that the calorimeter platform has inde-
pendent temperature control.

The object of research can be both pure
liquids (water, alcohols, organic solvents) and
various materials: food and vegetable products
(grain, vegetables, fruits, etc.), pharmaceuticals,
lacquers, paints, etc. for determining the

evaporation of both free and material-bound
liquids.

Main technical characteristics of the STA
system:

¢ range of measured specific heat of evapo-
ration from 500 to 2500 J/g;

e limits of the permissible relative error
of measuring the specific heat of evaporation
*0.5%;

e temperature range from 18 to 105°C;

e limits of the permissible error of temper-
ature measurement +0.5 K;

e range of mass values of the sample of the
test solid is from 1 to 5 grams.

In the thermal unit of the installation, the
scheme of which is presented in Fig. 7, there is a
working chamber with a replaceable calorimet-
ric platform for analysing samples.

Figure 7. Schematic diagram of the working chamber of the heat unit : 1 — upper thermostatic

unit; 2 - lower thermostatic Unit; 3 - calorimetric platform with the main electric heater;

4,5 — heat flow sensors; 6 — cell with a sample of the test substance; 7 — reference cell;

8 — working chamber; 9 - analytical scales

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




28

Examination of thermophysical characteristics of food products

The working chamber is formed by two
thermostatic units with built-in heaters, which
allows for maintaining an isothermal mode in
the working chamber during the experiment.
The calorimetric platform is mounted on a coax-
ial rack, which is placed on analytical scales used
to record the mass reduction of the wet sample
during the drying process. Therewith, the plat-
form is not mechanically connected to the static
elements of the thermal unit, and electrical

communication is conducted using a special
collector consisting of loop-shaped radially ar-
ranged wires with a diameter of 0.03 mm. This
design of the current collector minimises the
impact of electrical wires on mass measurement.

Replaceable calorimetric platforms are rep-
resented by three versions of calorimetric cells
(Fig. 8), which expands the range of types of
materials suitable for the study, depending on
their characteristics.

Figure 8. Variable calorimetric platforms with open cells, flat cells with sample fixation and high
cylindrical cells
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In each of the designs, the cells are made as
similar as possible in both geometric and ther-
mophysical parameters. Each cell is equipped
with heat flow sensors (HFS). One cell is a
working cell and is intended for placing the
test sample in it. The second cell is a reference
cell and remains empty during the experiment,
or serves to place the comparison substance.
The platform contains an electric heater and
two platinum resistance thermometers, one of
which registers the platform temperature, and
the second is part of the platform temperature
control system.

The open-cell calorimetric platform is
equipped with two cup-shaped open cells with
heat flow sensors under the bottom of each of
them. Such a platform is designed to examine
the heat of evaporation of solvents from solu-
tions, pasty materials, liquid homogeneous
samples, and the heat capacity of solid samples
with a prepared surface that provides thermal
contact with the flat bottom of the cell.

The platform with high cylindrical cells
is designed for analysing samples with a dis-
persed structure and high thermal resistance
between particles. A special feature of this plat-
form is that the heat flow sensors of the cells
are located on the perimeter along the cylin-
drical walls of the cell. This allows for obtaining
correct information about the thermophysical
and thermodynamic characteristics of inhomo-
geneous materials due to the almost complete
coverage of the sample by the heat flow sensor.
This platform is convenient for analysing the
heat capacity of a wide range of materials, in-
cluding wet samples of moderately large sizes.

Determining the specific heat of evap-
oration of liquids from some materials may
be difficult due to changes in their geometric

parameters during drying. Deformation during
drying of samples such as leaves of medicinal
plants, thin sections of parenchymal tissues of
fruits, some organic thin-leaf materials, and
sections of tissues of small thickness leads to a
disruption of the thermal contact of the sample
with the flat surface of the cell. This introduces
an additional error or completely distorts the
measurement information. For such studies,
a platform with flat cells of rectangular shape
with heat flow sensors under the bottom of
each and a sample holder - a flexible tape of
small diameter was developed.

The system implements the possibility of us-
ing two different research methods: the method
of synchronous thermal analysis for analys-
ing the heat of evaporation and the method of
step-by-step scanning, regulated by ISO 11357-
4:2014 [18], for analysing the heat capacity. The
preparation of the sample for the study also
differs depending on the structure and charac-
teristics of the sample material, and the type of
calorimetric platform chosen.

During the study of the specific heat ca-
pacity, the temperature range in which the
measurement will be performed is divided into
equal intervals (steps) of sufficient duration
to establish an equilibrium state in the work-
ing chamber of the system and maintain it for
at least 20 minutes. If the temperature of the
heaters increases to the next interval, the heat
flow sensors of the cells record the amount of
heat that is spent on heating the working cell
with the sample and the reference cell to the set
temperature. The signals of all primary temper-
ature and heat flow sensors are recorded by the
information-measurement system, processed,
and displayed on the computer monitor in the
form of graphical dependencies (Fig. 9).
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Figure 9. Graphs of step-by-step temperature changes and corresponding heat
flow values over time

The value of the specific heat capacity for
a single interval is calculated by the formula:

c=1/m- [ [7? 8Q(x)dr/AT — Cy + ACBALJ (5)

where: m — mass of the test sample; AQ - dif-
ference in heat fluxes recorded by the work-
ing cell and the reference cell for the time
from 7, to 7, (interval duration); AT - differ-
ence in temperature values between inter-
vals; AC,,, — parameter that considers the
difference of the thermophysical parameters
of the working cell and the reference cell; the
heat capacity of the container C, is consid-
ered if the test sample is in the container and
the reference cell is empty.
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During the study of the specific heat of evap-
oration by synchronous thermal analysis, the
dependence of the mass loss of the sample over
time and the amount of heat that is spent on the
evaporation of liquids from the sample in an iso-
thermal medium for the corresponding period of
time is recorded. The study continues until the
evaporation of liquids from the sample stops,
which is determined by the cessation of the de-
crease in mass readings and the stabilisation of
the signal of the heat flow sensors of the cells.

Mean value of the specific heat of evapora-
tion over the time interval from the initial mo-
ment 7, until the final moment 7, is calculated
using the formula:
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_ 1101 ()= @z (T)+Qur(M)]dx
rij (T; m; T) = (6)

m(z;))-m(tj)

where: Q, - heat flow passing through the work-
ing cell; Q, - heat flow passing through the ref-
erence cell; Q,, — uncontrolled heat exchange
of the sample with the medium, which is not
detected by heat flow sensors; m(z) - m(r) -
loss of mass of the sample over time from the
moment 7, until the moment .

Study results

Researchers of ITTP of the National Academy of
Sciences of Ukraine, the National University of
Food Technologies, and the National University
of Life and Environmental Sciences of Ukraine
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conducted a number of studies of some food
products and plant raw materials intended for
the production of biofuels using the STA sys-
tem. The purpose of these studies was not only
to determine the thermophysical parameters of
the samples but also to establish temperature
and time parameters and optimise the drying

process.

Thus, based on thermophysical experi-
ments, experimental-statistical models of the
drying process of the stem and cap of a cultivat-
ed Champignon mushroom (Fig. 10) are creat-
ed, the expediency is proved, and a technologi-

cal scheme for separate drying of Champignon
is developed [19; 20].
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humidity, %

—t40 —t50 —t60 —t70 —t80

Figure 10. Dependences of changes in the heat of evaporation on humidity at different
temperatures during the drying of the mushroom: a — stem, b — cap

The total increase in the specific heat of
evaporation of moisture from native tissues
of the cap at different temperatures compared
to the table value for evaporation of pure wa-
ter from the free surface is ~9%, and the nature
of its dependence on humidity correlates with
the dynamics of changes in the state of free

and bound water in the case of dewatering of
the fungus. A gradual increase in the total heat
consumption for evaporation almost from the
very beginning of the drying process of fungal
tissues leads to a decrease in the proportion of
free water and an increase in the proportion of
bound moisture. In the further development of
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this study, to solve the problem of determining
the ratio of free and bound moisture in inhomo-
geneous materials, the concept of a cryocalorim-
eter for analysing the energy of the phase tran-
sition of moisture in a material is proposed [21].
Investigating the latest materials, for ex-
ample, solutions for the manufacture of bio-
degradable polymer packaging and their dewa-
tering parameters from 69-72% in the initial
substance to 6% in the dried film/coating in
production conditions is of interest [22].

Conclusions and Prospects

Food production technologies are constantly
progressing, and the product range of process-
ing enterprises in the industry is constantly
increasing. Modern science offers a wide range
of studies of the parameters of thermodynamic
and mass transfer processes and the determi-
nation of the thermophysical characteristics of
the latest substances and products. Positive is
the fact that Ukraine has its own material and
technical base of metrologically certified de-
vices and systems for measuring temperature
and heat flow, thermal resistance, coefficients

of thermal conductivity, and heat capacity of
various materials and substances.

The developed method of measuring the
coefficient of effective thermal conductivity
considers the specific features of studies of bulk
food products and enables the introduction of a
correction for the contact resistance of the wall
layer of bulk materials, which substantially in-
creases the accuracy of analysing their thermal
conductivity. The possibility of long-term ob-
servations allows for analysing thermal effects
in samples and calculating volumetric and inte-
gral heat dissipation.

The STA system provides the ability to de-
termine the specific heat capacity by step-by-
step scanning and the heat of evaporation by
synchronous thermal analysis during the study
of a wide range of substances and products of
biological origin.

Studies of the thermophysical character-
istics of non-homogenous materials and sub-
stances will allow for optimising production
processes and further developing technologies
in the food, biotechnological, and processing
industries.
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JociimkeHHs Tena0(i3snYHIX XapaKTePHUCTUK XapUYOBHX MPOIYKTIB

3. A. Byposal, C. O. Ianos?, T. 0. Poman3, B. I1. Bacuiis!, M. M. JKemrincekal,
M. M. Mymrpyk!, L. I1. [Tanamapuyk!, B. B. Capana!, M. M. I'yn3eHKo!

'HauioHanbHMiT yHIBepCcUTET 6iopecypciB i MPUPOIOKOPUCTYBAHHS YKpaiHu
HHcTuTyT TexHiuHOi Terutodisukm HAH Vkpainn
SHarioHapHMIT YHIBEPCUTET XapuOBUX TEXHOOTI

AHoTaIis. 310poBe XapuyBaHHS € OMHMUM 3 HABAKIMBILIMX eJIEMEHTIB 30epeXXeHHS 30POB’S Ta
3MillHEHHS IMyHITeTy Hallil, HeOGMiHHOIO YMOBOIO JOCSITHEHHSI aKTMBHOTO JOBTOJITTS HUHIIIHIX
Ta MaitbyTHiX MOKOMiHb. BMHaliJeHHSI HOBUX iHIPeAi€HTIB Ta CTBOPEHHS XapuOBMX MPOLYKTIB Ha
ixHiif OCHOBi, po3po6Ka HOBUX Ta BAOCKOHAJEHMX HASIBHMX TEXHOJIOTiii MOTpebye MOCTOBipHOL
indopmaiiii mpo ocHOBHI Ternodi3nMuHi XapaKTepUCTUKM CUPOBMHM Ta MaTepianiB 6i0a0riuHoro
TTOXOMKEHHSI Uil PO3PaxXyHKy # OINTUMi3salii Terio MacooOMiHHMX IIpOIeCciB Iepepobku i
BUpo6GHMIITBA. CydacHa HayKa IIPOITOHYE MIMPOKE KOJIO AOCTiIKEHb ITapaMeTPiB TEPMOIMHAMIUHUX
Ta MacOOOMiHHMX IIPOIIeCiB, BU3HAUeHb TeIUTOGMI3MUHUX XapaKTePUCTUK HOBITHIX PEUOBUH
Ta TMPOXYKTIB i3 3acTOCYBaHHSIM METPOJIOTIYHO aTecToBaHMX NIpwianiB Ta iHdopmaliitHo-
BUMipIoBa/IbHUX cyucTeM. OCHOBHOIO MPOGIEMOIO TIif] Yac AOCTiIsKeHHS MaTepianiB 6iosoriauHoro
MOXOMXKeHHSI € IXHSI HEerOMOTeHHICTb Ta HEeOOHOPIOHICTb CTPYKTypM 3paskKiB. BusHaueHHS
KoeoilieHTa eeKTUBHOI TEIJIONMPOBIZHOCTI CUIIKMX MaTepialiB Ta KpyH AOLITbHO MPOBOSUTHU B
CTallioHapHOMY TEIIOBOMY PEXKMMIi Ha MpUafi 1151 BUSHAUEHHS TerIoQi3sMuHMX XapaKTepUCTUK
MaTepiamiB i TernmoBux edekTiB, y SIKOMY peajsi3oBaHa CMMETPUMYHA CXeMa TeIJIOMETPUYHOTO
MeTOAY BUMIpIOBaHb i3 3aCTOCYBAaHHSM CEHCOpiB TeIJIOBOTO IOTOKyTaTeMIlepaTypu.
BuKopuCTaHHS YOTMPbOX BUMIpPIOBJIBHUX KOMIpPOK JA€ MOXKIMBICTb MPOBOOUTU CUHXPOHHMIL
MOPiBHSUIbHMIA aHali3 [OeKiJbKOX 3pa3kiB, a IOBOPOTHO-TIPUTUCKHMUIA MexXaHi3M CIIpusie
MiHimi3alii KoHTakTHMX omopiB. Po3pobieHa meTonuka BMMiploBaHb KoedilieHTa edeKTUBHOL
TEIUIONPOBITHOCTI BpPaxOBYe OCOGIMBOCTI CUIIKMX XapuOBMX IMPOAYKTIB Ta 3HAUHO IIiIBUIIYE
TOUHICTh JOCTiIKeHHS iXHbOI TEeIJIONPOBIITHOCTI Yepe3 BBeIeHHS MOIpaBKy Ha KOHTAKTHUI OITip
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MPUCTIHHOTO Iapy. MOX/IMBICTb MPOBEIEHHSI TOBIOTPUBAINX CIIOCTEPEKEHDb A€ MOKIUBICTH
IOCTiIKyBaT TePMOabiibHI MaTepianu, aHai3yBaTu TeIUIOBi edeKkTM B 3pa3Kax, OIL[iHIOBATHU
o6’eMHeTa iHTerpajJbHeTeIUIOBUAiNIeHHs. KajlopuMeTpuuHi OOCTIAKEeHHS LIMPOKOI raMm
GionoriuHMx MaTepiaiB Ta peUOBMH i3 JOCTATHHOIO TOUHICTIO MOKHA IIPOBOAUTH Ha cucteMi STA,
y sIKili pea/si30oBaHO MeTOAM MOKPOKOBOTO CKaHYBAHHS Ta CMHXPOHHOTO TEIJIOBOTO aHali3y JJis
BU3HAUYEHHSI MMTOMO] TEIVIOEMHOCTI Ta TETUIOTY BUITAPOBYBAHHS, MOCTiIKeHHS CITiBBiJHOIIEHHS
Bi/JIbHOI Ta 3B’s13aHOi BOJIOTM B HETOMOTeHHMX MaTepianax. L[i XapaKTepucTUKM € HeBil e MHUMM
rapamMeTpaM¥u IIif] Yac JOCTiIKEHHS KiHETUKY TeIIOMacOOOMiHHMX ITPOLIECiB, 30KpeMa CYILiHHSI,
IUIST PO3PAXYHKY i MPOEKTYBAHHS TEXHOJOTiYHOTO OO6iMamHAHHS. IoCTimkeHHST TermodisnyHux
XapaKTepUCTUK HETOMOT€HHMX MaTepiasiiB Ta peuoBMH JaayThb 3MOTY ONMTMMi3yBaTy BUPOGHMUI
Tpoliecu Ta HaZali PO3BMBaTU TEXHOIOTI XapuoBoi, 6i0TeXHOIOTiUHOITa TepepobHOi ramysi

KnouoBi cimoBa: HeomHOpimHi Matepiann, KoedilieHT e¢peKTUMBHOI TeILIONpPOBiTHOCTI,
TeIJIOBU/IiIEeHHS, MUTOMAa TeIJIOEMHICTh, TeIJIOTa BUTIAPOBYBAHHS, CYIIiHHS
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Revival of the resource potential of cattle breeding as a factor in the
development of competitiveness of enterprises of the dairy product
subcomplex of the agro-industrial complex of Ukraine

Viktor Yemtsev', Nataliya Slobodyaniuk

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. Permanent crises in the Ukrainian economy, the devaluation of the hryvnia, the decline
in incomes of the population and its purchasing power, increased competition on the world market,
and the constant increase in world prices for food and non-food products created new realities
of functioning of enterprises of the dairy sub-complex of the agro-industrial complex of Ukraine
and led to its transformation. Therefore, the study of the reasons for the existence of these trends
is very relevant. The purpose of the study is to assess the current state of the sub-complex and the
development of practical recommendations for improving the efficiency of its functioning. The
performed study was based on the use of methods: qualitative analysis and synthesis, economic-
statistical analysis, comparisons, analytical and logical generalisations, etc. At the beginning of
2021, the total number of cattle in Ukraine was 2.874 million heads and over the past 10 years
decreased by 1.952 million heads, including cows by 0.958 million heads. Milk production remains
small-scale. In 2020, 9.263 million tonnes of milk were produced (17.66% less than in 2010). A
substantial reduction in the volume of milk supplies for processing led to a reduction in the number
of processing enterprises in 2020 by 69.14% compared to 1990. The main factors of transformation
of the dairy sub-complex in Ukraine include: reduction of the number of cows, insufficient quantity
of high-quality dairy raw product and their non-compliance with the regulations and standards
of the European Union, low technological level of milk production, insufficient control over the
quality of raw product, lack of modern equipment, high capital and labour intensity of production
processes, rising prices for energy and other resources, reduced consumption of dairy products
due to low purchasing power, increased competition in the world and internal markets of dairy
products, etc. The conducted research should help to solve and highlight the main functional
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problems of milk processing enterprises that operate in the agro-industrial complex of Ukraine,

the results of the above-mentioned studies can be useful and relevant for the revival of dairy cattle

breeding in the post-war period

Keywords: dairy cattle breeding, dairy industry, dairy raw product, milk processing, dairy products

market

Relevance

Milk and dairy products are valuable food prod-
ucts, the world consumption of which is con-
stantly growing both in connection with the
overall growth of the world’s population and the
increase in their consumption in some countries
(China, Vietnam, etc.), which is associated with
an increase in the standard of living of the popu-
lation of these countries. According to a study by
IFCN experts, the growth of global milk produc-
tion in 2019 was mainly due to India, Oceania,
Africa, and the Middle East [1]. However, this
increase was 1.4% and was substantially lower
than the long-term average (2.3%).

In 1990, Ukraine ranked 6th in the world in
the world ranking of milk-producing countries,
with milk production volumes of 24.5 million
tonnes. In 2020, the country ranked 22nd in the
world ranking (among 123 countries — the main
milk producers, producing 98% of the total world
production) [2]. It is the reasons for the devel-
opment of these trends in its functioning and
the current state of affairs in the dairy product
subcomplex of the agro-industrial complex of
Ukraine that requires additional research.

Analysis of recent research and
publications

A comprehensive study, assessment, and
analysis of the state of enterprises of the dairy
subcomplex of the agro-industrial complex of
Ukraine and the prospects for their development

is considered in the papers of many researchers.

Among them are the papers of N. Belinska,
P. Berezivskyi, V. Boyko, I. Evsieieva, M. Ilchuk,
T. Mostenska, N. Oliadnichuk, M. Parkhomets,
V. Radko, P. Sabluk, N. Shiian, I. Fedulova, and
many others. These researchers investigated
important issues related to the development
of the feed base, breeding work, conditions for
keeping dairy herds, optimising the organisa-
tional and economic mechanism of function-
ing of sub-complex enterprises, and ensuring
the growth of their competitiveness. However,
dynamic changes in the global and internal
markets and the introduction of modern inno-
vative technologies, equipment, and products
require constant identification and clarification
of trends in the development of sub-complex
enterprises to develop effective tools for man-
aging their functioning and developing com-
petitiveness.

The purpose of the study is to assess the
current state of the dairy sub-complex of the
agro-industrial complex of Ukraine, trends in
functioning, and factors of its transformation,
development of practical recommendations for
stabilising and improving the efficiency of its
activities and competitiveness.

Materials and Methods

The study was based on the use of methods:
qualitative analysis and synthesis, economic-sta-
tistical analysis, comparison, analytical and
logical generalisation, etc.
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Results

As aresult of the changes that have taken place in
the countryover three decades, in 2020 the overall
structure of agricultural production has changed:
79.1%,

horticulture production - livestock

Livestock
production
22.7

Cattle breeding 12.0
Milk 6.7
Eggs 3.1
Other products

of animal husbandry 0.9

production - 20.9% (Fig. 1). Therewith, the
structure of agricultural production in agricul-
tural enterprises changed even more and in 2020
amounted to 83.8% and 16.2%, respectively [3].

Grain and grain-legumes 33.9
Industrial crops 26.5
Potato, vegetable,

and melon cultures 12.9

Fruit, berry cultures and grape 2.2

Other products of horticulture 1.8

Figure 1. Structure of agricultural products in 2020, % (Statistical Yearbook of Ukraine for 2020)

The results of the conducted research indi-
cate that the root cause of the current state of
affairs in the Ukrainian animal husbandry and
dairy product subcomplex of the agro-industrial
complex is the existing trends in dairy cattle
breeding, namely, the reduction in the number
of cows and milk production. This was due to
a decrease in the number of all types of ani-
mals, including cattle. Thus, according to the
results of the study, at the beginning of 2021,
the total number of cattle in Ukraine amounted
to 2.874 million heads, which is 7.1% less than
at the beginning of 2020 (Table 1). Therewith,

the number of cattle in agricultural enterprises
decreased to 1.008 million heads, and the num-
ber of dairy cows decreased to 423.9 thousand
heads, which is 2.6% less than at the beginning
of 2020 [4]. The results of the study show that
today Ukraine has the smallest number of cattle
in the last 120 years. All this ensured the invari-
ability of the negative trend towards a decrease
in the number of dairy farms, on average, by
4.3% per year and a decrease in milk produc-
tion by an average of 2.3% per year, in contrast
to the existing positive trend of growth in milk
production in the world [5].

Table 1. Dynamics of cattle and cow productivity in Ukraine (at the end of the year) [6]

2020/
Years 1990 2010 2015% 2016* 2017* 2018* 2019* 2020* 2010

pp.-%

Cattle, thousand heads: 24623 4826 3884 3750 3683 3531 3092 2874  59.55
Including cows, thousand ¢ 276 521 9167 2109 2018 1919 1788 1673  63.6

heads
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Table 1. Continued

2020/

Years 1990 2010 2015* 2016* 2017* 2018* 2019* 2020* 2010

pp.%

Including in households, » ya¢ 9049 1 17335 1662 1551 15512 1451.6 13499 66.1
thousand heads

Per cow, kg of productofall - pgoc 4009 4ea4 4735 4820 4922 4976 5129 1256
Categorles

Average annual milk yield
kg of milk per cow in 2941 3975 5352 5643 6025 6190 6101 6634  166.9

agricultural enterprises

Note: *- excluding the temporarily occupied territory of Crimea, Sevastopol, and parts of the temporarily
occupied territories in Donetsk and Luhansk regions

Therewith, households at the beginning of
2021 reduced the number of cattle to 1.865 mil-
lion heads, including the number of dairy cows
to 1.249 million heads, or by 6.4% compared to
the number at the beginning of 2020 [7]. That is,
the reduction in the number of cattle and cows
in households has a higher rate than in agricul-
tural enterprises engaged in cattle breeding.
Notably, quantitative indicators of the number
of cattle and cows in private farms of the popu-
lation raise some doubts due to the fact that, for
various reasons, the identification of livestock
in them is still not completed, although the
state should have ensured its implementation
before 2015.

Analysis of the data in Table 1 allows con-
cluding that over the past 10 years alone, the
number of cattle in the country has decreased
by 1.952 million heads, including cows by 0.958
million heads, which indicates the persistence
of a negative trend in the development of meat
and dairy cattle breeding and in the volume of
milk production and supply to processing en-
terprises (Table 2).

The reduction in the number of cows, de-
spite their increasing productivity in farms of
all categories (by an average of 2% per year), led
to a decrease in the production of high-quality
dairy raw product (Table 1 and 2). Thus, accord-
ing to the results of the conducted research,

Ukraine produced 9.263 million tonnes of milk
in 2020 (7.1% less than in 2019). Of these, 2.761
million tonnes (1.2% more) — in agricultural en-
terprises and 6.502 million tonnes (6.3% less) —
in households [8].

All this led to a 2.2% reduction in factual
milk consumption per capita, which in 2020
was only 53.13% of the scientifically based con-
sumption standards for milk and dairy products.
Despite the preservation of livestock in agricul-
tural enterprises, successful seasonal laying of
feed and high purchase prices for milk, accord-
ing to the results of three quarters of 2021, milk
production in Ukraine continued to decline by
6.1% compared to the corresponding period
in 2020. Although agricultural enterprises are
improving the quality of milk, fat, and protein
content, there is still no substantial increase in
milk volume, which would compensate for the
reduction in milk production in households.
This is hindered by the focus of agricultural en-
terprises on crop production, the lack of exter-
nal investment, global inflation, currency vola-
tility, the land market factor, etc.

All this has led to a reduction in the con-
sumption of milk and dairy products per capita.
Thus, if in 1990 the average consumption of
one person was 373 kg/year of dairy products
(calculated in terms of milk), then in 2010 this
figure decreased to 206 kg/year, and in 2020 the
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average consumption of one person was only
201.5 kg/year (Table 2).

Most milk in 2020 was produced in the
Poltava — 734.2 thousand tonnes (3.2% less
than in 2019), Vinnytsia - (728.4 thousand

tonnes; 4.6% less), and Khmelnytskyi (651.5
thousand tonnes; 2.5% more) regions. The
lowest volumes of milk production in 2020
were in the Luhansk, Donetsk, and Zaporizhia
regions [9].

Table 2. Dynamics of milk production and processing volumes in Ukraine [10]

Indicators 2010 2015* 2016* 2017* 2018* 2019* 2020* 2020t0
2010, %
Milk produced, thousand tonnes 11249 10615 10382 10281 10064 9963 9263 82.34
Milk delivered to processing
enterprises, in total, thousand 4793 4251 4183 4348 4179 3868 3299 68.8
tonnes:
Including from enterprises, 2193 2744 2512 2689 2720 2750 2566  117.12
thousand tonnes
Including from the population,  »50, 1346 1793 1239 1089 870 733 2838
thousand tonnes
Marketability level, % 426 400 402 423 412 388 3561 836
Milk consumption per capita, 2064 2099 209.5 2000 1977 2005 201.9  97.8

kg/year

Note: *- The data are provided without considering the temporarily occupied territory of the Autonomous
Republic of Crimea and the city of Sevastopol, and without considering the temporarily occupied

territories in Donetsk and Luhansk regions

The results of the analysis of the dynamics
of milk production volumes allow concluding
that there has been a transformation of the raw
product base of the milk processing industry not
only in terms of volumes but also the quality of
milk received by processing enterprises (Table 2
and 3). 10 years ago the ratio of the volume of
milk delivered by different categories of produc-
ers for processing to the enterprises of the milk
processing industry was about 50:50, in 2020 the
share of households in the total volume of milk
transferred to processing enterprises was only
22.8%. That is, there was a sharp reduction in the
volume of supplies for processing low-quality,
but cheap, milk from farms, which agricultural

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

enterprises are not able to compensate for by in-
creasing the supply of high-quality product.

Notably, the quality and safety of milk
delivered for processing by agricultural enter-
prises are steadily growing. According to the
results of the analysis, there was an increase
in the share of milk of the extra and first grade
categories (Table 3). Thus, the share of extra
grade raw product in the total volume of milk
received for processing increased from 27.2%
in 2019 to 34.6% in 2020. However, the share
of top grade milk decreased, respectively, from
35.9% to 34.2% and first grade — from 32.3% to
30.4 %. The share of the second grade sharply
decreased from 3.7% to 0.6% [11].
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Table 3. Dynamics of the structure of milk quality received for processing from agricultural
enterprises, % of the total volume [12]

Year Extra Top grade First grade Second grade Non-grade
2010 44 31.3 59.3 4.1 0.9
2015* 10.3 35.2 49.6 4.7 0.2
2016* 154 38.8 44.46 6.74 0.3
2017* 16.4 36.7 379 8.7 0.3
2018* 21.6 38.1 32.9 7.1 0.3
2019* 27.2 35.9 32.3 3.7 0.2
2020* 34.6 34.2 30.4 0.6 0.2
2020 to 2010, % 7.46 times 109.26 51.26 14.6 22.2

*~ The data are provided without considering the temporarily occupied territory of the Autonomous Re-
public of Crimea and the city of Sevastopol, and without considering the temporarily occupied territories

in Donetsk and Luhansk regions

Notably, there was a rise in quality in
households, but only on paper. The share of
second-grade milk delivered by the popula-
tion for processing decreased from 83.2% to
18.4%, while first-grade milk, on the contrary,
increased from 12% to 79.9% without almost
any noticeable changes in the technology of
milk production, storage, and delivery [7]. That
is, milk processing enterprises in the conditions
of a shortage of raw product could not refuse
to accept milk for processing from households
and, thus, are trying to fulfil the requirements

of new legislative acts on the quality and safety
of milk by mixing milk of the population and
agricultural enterprises.

This is confirmed by the fact that in Ukraine,
sanitary quality control of milk is conducted only
in 14.8% of households engaged in milk produc-
tion (Statistical collection Livestock of Ukraine,
2020). Therewith, milk quality control occurs only
in 8.4% of households that cultivate 0.5 hectares
of land or less, 17.1% of households with a land
area of 0.51 — 1 hectares and 28.3% of house-
holds with a land area of more than 1 hectares.

Table 4. Dynamics of the number and production capacity of milk processing enterprises in Ukraine [7]

1990 2000 2007 2010 2014* 2019 (fozrgzgst) fg;g,to/‘:
Number of enterprises 643 447 354 287 252 192 157 29.86
Total production capacity, 186 139 1346 127 120 98 8.1 52.69
million tonnes
Average capacity, thousand g 511 3807 442 476 5104 51.6 176.6

tonnes

Note:*- The data are provided without considering the temporarily occupied territory of the Autonomous
Republic of Crimea and the city of Sevastopol, and without considering the temporarily occupied

territories in Donetsk and Luhansk regions

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




42

Revival of the resource potential of cattle breeding...

The results of the conducted research show
that if the existing negative trends in the dy-
namics of milk production and supply volumes
for processing continue, 1-2 large milk pro-
cessing enterprises will disappear annually in
Ukraine. This is confirmed by the results of the
analysis of changes in the number and level of
processing capacities of milk processing en-
terprises (Table 4). The results of the analysis
demonstrate that if at the end of 1990 there
were 643 processing enterprises operating in
the country, then in 2020 there were only 192
(of which 178 were functioning) or 29.86%
compared to 1990 [13] although, mostly old
low-capacity enterprises were closed. The re-
sult of this process was an increase in almost
twice the average production capacity of milk
processing enterprises. However, even these ca-
pacities, due to the lack of raw product, are used
on average, by 30-40%.

The conducted analysis of production in-
dicators of the main types of dairy products
(Table 5) indicates that until 2014 there were
positive trends in the production of milk, fresh
cheese, and fermented milk, fermented milk

products, and since 2014 there has been a de-
crease in production for all types of products.
Among the main groups of dairy products, the
largest market share is accounted for by whole
milk, which accounts for approximately 84.0%
in quantitative terms, cheese (with a market
share of approximately 8.0%) and butter (with
a market share of 5.0%).

The results of the analysis allow concluding
that 80 of the most powerful milk processing
enterprises today produce 75-85% of Ukraini-
an dairy products from whole milk. The owners
of these enterprises value their reputation and
therefore invest substantial funds in the mod-
ernisation of production, in innovative technol-
ogies to improve the quality of dairy products,
monitor, and promptly respond to changes in
market conditions, constantly improve and ex-
pand the range to optimise the production pro-
cess, increase production volumes and profit of
enterprises. They are also prompted to do this by
the problem of adapting milk and dairy produc-
ers in Ukraine to European requirements, which
became particularly acute after the annexation
of Crimea and the loss of the russian market.

Table 5. Production of dairy products in Ukraine [14]

Years Growth rate
Indicator from 2020
2010 2012 2014 2015 2016 2017 2018 2019 2020 52010, %
Processed milk
liquid, thousand ~ 822.3 911.6 1116.5 965.6 926.2 954.1 9979 969  982.3 19.5
tonnes
Butter,thousand ) - ga ¢ 414 1009 101 1023 1051 91.6 875 5.3
tonnes
Powdered milk
and cream, 68.7 631 667 609 588 453 374 345 353 -48.4
thousand tonnes
Fresh
unfermented
cheese and 785 79 747 67  69.6 68.7 728 641 814 3.7

fermented milk
cheese, thousand
tonnes

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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Table 5. Continued

Years Growth rate
Indicator from 2020
2010 2012 2014 2015 2016 2017 2018 2019 2020 o 2010, %
Hard cheeses,
thousand tonnes 207 168 130 122.6 113.1 105.6 96.3 86.1 85.2 -58.3
thousand tonnes
Fermented
milk products, 497 489 473 426.1 420.2 410.2 405.2 415.3 443.2 -10.9
thousand tonnes

The main areas of technological innova-
tions in the milk processing industry are the
use of energy-saving and low-waste technol-
ogies, low-temperature processing to preserve
the health benefits of milk, nanotechnology,
technology for extending the shelf life, etc. In
addition, current trends in the dairy market in
recent years are relevant areas for improving
the range of dairy products: healthy nutrition;
increasing demand for lactose-free milk; active
development of the vegetable milk sector, which
does not contain cholesterol, lactose and casein.

This encourages enterprises of the dairy
sub-complex of the agro-industrial complex to

Europe 41.8%
B 1.6%

P

America 2.6% Eﬂ'x.. _‘m U
3

# Africa 5.2%

&,7 L
}’i

increase production volumes of products that
are attractive segments for export to the EU,
CIS, Asia, and Africa (Fig. 2).

Today, Ukrainian dairy products are ex-
ported to 104 countries around the world.
145 enterprises are engaged in export. The
main types of exported dairy products in 2020
were: butter ($49 million and 9th place in the
world in terms of product exports), milk and
cream dry or condensed ($45 million 19th
place), cheeses ($24 million and 25th place),
whey ($10 million and 10th place), milk and
cream non-concentrated ($12 million and 26th
place), etc. [15].

EAEU 17.4%

Asia 14.8%

'y,

-
&/Iiddle East 10.9%

Figure 2. Geography of dairy exports in 2020 [8]
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However, due to the reasons mentioned
above and the high requirements of importers
regarding the quality and safety of products,
the volume of Ukrainian exports of dairy prod-
ucts tends to decrease (Fig. 3).

Thus, the export of dairy products in 2020
is only 29.0% of its volume in 2011. Moreover,
in 2020, Ukraine became a net importer of dairy
products both in value terms and in physical
volumes. Exports of Ukrainian dairy products
currently account for only 0.8% of world exports.

Expot

593
515

497

Therefore, considering the competitive-
ness of milk processing enterprises and their
products in the world and internal markets, to
make a high-quality dairy product, several com-
ponents are needed: high-quality raw product,
modern equipment, and qualified personnel.
Admittedly, for enterprises to use the product
quality and safety system as the basis for organ-
ising production and are certified according to
international quality management and control
standards ISO 9000, 14000, 22000, and HACCP.

Import =—Balance

172

2011 2012 2013 2014 2015

75 N

=125

2016 2017 2018 2019 2020

Figure 3. Dynamics of dairy export volumes, $ million [8]

Based on this, it would be economically fea-
sible for a processor who would like to export its
products profitably to have one modern plant
with a processing capacity of at least 500 thou-
sand tonnes of milk per year. However, the cre-
ation of such an enterprise in Ukraine requires
a powerful raw product zone in which 5-6 mod-
ern commercial dairy farms will function with a
population of 10 thousand cows each and with
a capacity of 10 tonnes of milk per cow per year.

The results of the study allow identifying
abnormally hot weather and loss of feed among
the factors that directly or indirectly affected

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

the reduction in milk production during 2020.
In this regard, there was a substantial increase
in prices (December 2020 to December 2019) for
feed wheat by 57%, feed corn — 82%, sunflower
meal — 126%, soybean meal — 74% [11]. In dairy
cattle breeding, the problem of an insufficient
amount of feed to meet the requirements of
feeding technology also remains, because to
have high productivity of animals, it is nec-
essary to use balanced feeding rations. In the
opinion of the study, the increase in feed prices
will continue, because the global trend of rising
prices for agricultural products continues. From
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this, it can be concluded that a further rise in
the price of grain will lead to an increase in the
price of mixed feed, and therefore the produc-
tion of meat and milk will remain low-prof-
itable or even, for many farms, may become

unprofitable Therefore, agricultural enterprises
should focus their efforts both on increasing
the number of livestock and on the real intro-
duction of innovative technologies and reengi-
neering of production and business processes.

Table 6. Dynamics of average purchase prices for milk for agricultural enterprises and
profitability of its production

Years 2000 2005 2010 2012 2014 2016 2018 2019 2020
Price,

UAH/tonne 630 1127 2938 2662 3588 5461.8  7602.4 8198.2 11.64

Profitability,%  -6.1 12.2 18.0 2.3 11.1 18.6 16.1 20.6 20.4

The profitability of milk production de-
pends on the cost of its production and the
level of the purchase price, which depends on
the volume of supply, indicators of milk quality
and safety, the availability of cold logistics, etc.

It is the increase in feed prices that directly
affects the cost of production of livestock prod-
uctsand leadstoanincreasein prices forit. Thus,
milk prices in 2020 were: extra — 12.15 UAH/kg,
top - 11.7 UAH/kg, first —11.08 UAH/kg. The
mean price is 11.64 UAH/kg. The range of price
fluctuations for medium and large batches
of extra grade milk by region was: North and
Centre — 11.7-12.45 UAH/kg; South - 11.7-
12.45 UAH/kg; East — 11.6-12.4 UAH/kg; West —
11.6-12.35 UAH/kg [7].

The results of the analysis show that in
Ukraine, prices for extra and top grade milk are
higher than in some EU countries. This leads to
the fact that Ukrainian dairy products have a
low level of competitiveness in foreign markets
and opens up the possibility of importing dairy
products from EU countries (Fig.3).

Ukraine has a huge potential in dairy
production, and the sustainable development
of this industry is possible, but only if there
are cheap and long-term loans, appropriate

professional education, and a stable national
policy regarding the conditions of functioning
of the dairy sub-complex of the agro-industrial
complex. Notably, in 2018, the state programme
for feeding young cattle in private farms was
launched, by resolution of the Cabinet of Minis-
ters of Ukraine No. 107 of February 7, 2018, “On
approval of the procedure for using funds pro-
vided for in the state budget to support the live-
stock industry”. This resolution provided budget
assistance to households on an irrevocable basis
for raising young animals up to 13 months of age
in the amount of 2500 UAH/head. However, al-
ready in 2019, the population began to be mas-
sively denied subsidies, and in 2020 they were
completely cancelled.

Substantial amounts of investment are
needed for the development and stable func-
tioning of dairy cattle breeding and the milk
processing industry. Thus, to increase the num-
ber of cows to 2.1 million heads by 2030, milk
production — to 11 million tonnes and process
9 million tonnes, it is necessary to invest UAH
9-11 billion annually in the industry. The state
should take an active part in this, taking the EU
model as an example, where up to 50% of pro-
ducers’ expenses for the construction of new
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farms are compensated by the state. With the
restoration of the Ministry of Agrarian Policy,
it is necessary to develop a strategy for the de-
velopment of dairy cattle breeding and milk
processing industry, which would include state
support for breeding work and genetic renewal
of the herd, state involvement in the investment
of new buildings, reconstruction and moderni-
sation of existing dairy complexes, the develop-
ment of cooperation of various forms, farming,
infrastructure development for cold logistics,
etc. However, regarding the real involvement
of the state in supporting the agro-industrial
complex and, in particular, dairy cattle breed-
ing, by cancelling the special VAT regime for
agricultural producers in 2017, the government
undertook to allocate at least 1% of the volume
of agricultural GDP to programmes of state
support for the agro-industrial complex until
2021 - that is, about UAH 7 billion. However,
not a single year since the adoption of this de-
cision, the total amount of state support did not
correspond to the declared amount, and only
UAH 4.5 billion is planned for 2021.

As for the issues of increasing the produc-
tion of high-quality and safe milk and its sup-
ply for processing, the future lies in the con-
centration of production due to vertical and
horizontal integration for large enterprises and
cooperation for farms and households. Cooper-
ation between milk producers and processors
is necessary to survive and be present on the
world market, which will ensure the settlement
of price relations between the parties and not
lose the volume of milk production. This can be
facilitated by the new Law of Ukraine “On ag-
ricultural cooperation”, which comes into force
on 15.11.2020. By combining into one of 4 types
of cooperatives (service, production, process-
ing, or multi-functional which can operate with
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or without profit), they can ensure the stability
of production volumes, quality, and safety of
milk and get the opportunity to work with large
processors. This is confirmed by the results of
investigating the experience of Poland, where
about 200 thousand family farms with an aver-
age number of 10 cows function. Thus, with a
total number of cows of about 2 million heads
and an average productivity of 6.5 tonnes/year,
the country produces 13.5 - 14.6 million tonnes
of milk per year and ranks 6th in Europe and
13th in the world [11]. The price of Polish raw
milk is 9-11% lower than the European aver-
age and 5% lower than the global average. In
such conditions, the export of Polish milk and
dairy products is characterised by a high level
of competitiveness in foreign markets, includ-
ing the internal market of Ukraine.

Conclusions and Prospects

The main factors of transformation of the dairy
sub-complex in Ukraine include: reduction of
the number of cows, insufficient quantity of
the high-quality dairy raw product and their
non-compliance with EU regulations and stand-
ards, low technological level of milk production,
insufficient control over the quality of raw prod-
uct, lack of modern equipment, high capital and
labour intensity of production processes, rising
prices for energy and other resources, reduced
consumption of dairy products due to low pur-
chasing power, increased competition in the
globalandinternalmarketsofdairyproducts,etc.

Negative factors that hinder the develop-
ment and stable functioning of the subcomplex
are also:

- low level of investment attractiveness of
the subcomplex due to the long payback period
and insufficient level of state support for its
functioning and development;
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- the need to allocate substantial areas of
agricultural land for forage crops, hayfields, and
pastures, which is quite problematic for enter-
prises engaged in animal husbandry in the con-
text of the opening of the land market.

Many issues of stabilising and improving the
efficiency of dairy cattle breeding (reproduction
and preservation of cows, increasing their pro-
ductivity, reducing production costs, improving
the quality and safety of products, and increas-
ing the profitability of the industry) should be
solved at the micro level, that is, in enterprises
based on a rational organisation of production
in accordance with regional location, specialisa-
tion, and their specific features. In the opinion of
the study, the priority areas of state regulation
and support for increasing milk production are:

- increasing the level of concentration of
production and organisation of management
of existing enterprises based on specialisation
and cooperation, creating integrated agro-in-
dustrial formations or corporate organisations
on market mutually beneficial terms for all par-
ticipants in the technological chain: breeding —
feed production — cultivation and production of
milk - processing - saly of finished products;

- creating a favourable investment cli-
mate to improve the material and technical

base of dairy cattle breeding, including by
attracting private investment, implementing
structural adjustment of the industry as a pri-
ority for its development in large specialised
agricultural enterprises or integrated agricul-
tural formations;

- development of breeding-genetic work,
increasing the role of breeding plants, breeding
farms, using the best samples of Ukrainian and
foreign gene pools;

- formation of an effective economic mech-
anism in the field of pricing, financial-credit
relations, leasing relations, factoring develop-
ment opportunities;

- providing a high-quality feed base based
on advanced technologies for harvesting and
storing feed, ensuring the development of in-
tensive resource-saving technologies aimed
at producing high-quality and competitive
products.

The problems of functioning of the milk
processing sub-complex of the agro-industrial
complex can be solved by implementing the
concept of state support for animal husbandry
for 2021-2023 and the national strategy for the
development of the dairy industry 2021-2030,
developed by the Ministry of Economy in a dia-
logue with industry associations.
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BigposkeHHs pecypCHOr0 OTEHIliaJy CKOTapCTBa K (paKTOp PO3BUTKY
KOHKYPEHTOCIIPOMOKHOCTI i IIPHEMCTB MOJIOKOIIPOAYKTOBOIO
nigromiuiexcy AITK Ykpainu

BikTop IBanoBuu Emiies, Haraxis MuxaitiBHa Cl10600ASIHIOK

HarmionanpHmit yHiBepcuTeT 6iopecypciB Ta MpUPOIOKOPUCTYBaHHS YKpaiHu
03041, Byn. l'epoiB O6opounu, 15, m. Kuis, Ykpaina

AHotaujis. [lepmaHeHTHi KpU3U B YKPaiHChKili eKOHOMIlli, 3HELliHEHHSI TPUBHI, 3HVKEHHS TOXOiB
HaceJIeHHS Ta 110T0 KYIiBeabHOI CIIPOMOXHOCTI, MOCWJIEHHSI KOHKYpPeHIIii Ha CBITOBOMY PUHKY, a
TaKOX TOCTiliHe MiJBUILEHHS CBITOBMUX I[iH Ha MPOJOBO/IbY /i HEIIPOJOBOJbYi TOBApU CTBOPUINU
HOBi peasii GYHKITIOHYBaHHS MiANPUEMCTB MOJIOKOIIPOAYKTOBOrO migkomIuiekcy AITK Ykpainu
Ta MpusBeau Ao ioro TpaHcopmanii. Tomy JOCTimKeHHS MIPUUYMH iCHYBAaHHS IIUX TeHIEHIIil
€ IyXe akTyaJbHMM. MeTa JOUTiIKeHHS € OI[iHKa Cy4acHOTrO CTaHy ITiIKOMILIEKCY Ta Po3pobKa
MPaKTUYHMUX PEKOMEH/AIliii om0 MiABUIIEeHHS e(eKTUBHOCTI i10ro QyHKI[iOHYyBaHHS. BukoHaHi
JOCTiIKeHHST 6a3yBa/MCh HA 3aCTOCYBaHHI METO/iB: SIKICHOTO aHaji3y Ta CMHTe3y, eEKOHOMiKO-
CTaTUCTUYHOTrO aHali3y, MOPiBHSIHb, aHATITUUHUX Ta JIOTIYHUX y3arajbHeHb TOIO0. Ha mouaTok
2021 poky 3arajibHe TOTOMIB’Sl BeIMKOi poraToi xymobu B YKpaiHi ctaHOBWIO 2,874 MJIH TOMIB i
3a ocranHi 10 pokiB ckopotmioch Ha 1,952 MutH romiB, y ToMy umcii, KopiB Ha 0,958 mutH rosmis.
BUpO6GHUIITBO MOJIOKA 3a/IMIIAETHCS ApioHOTOBapHUM. Y 2020 potii 6ymo Bupo6ieHo 9,263 MIH T
Mosoka (Ha 17,66 % meH1ie, Hixk y 2010 porii). 3HauHe CKOPOUYEHHS 06CSTiB TOCTAYaHHST MOJIOKA Ha
repepoOKy Mpu3BeNo q0 ckopoueHHs y 2020 polli KiTbKOCTi mepepo6HuX mianpreMcTs Ha 69,14 %
npotut 1990 poky. 1o OCHOBHMX UMHHMKIB TpaHchopmallii MOTOKOMPOLYKTOBOTO IMiJKOMILIEKCY
VKpaiHi HaJlexkaTh: SHVKEHHS ITOTOTiB’SI KOPiB, HEIOCTATHS KiJIbKiCTh SIKICHOT MOJIOYHO1 CMPOBUHM
Ta i1 HeBiAMOBIAHICTh peryiaMeHTaM i cTaHIapTaM EBpornelicbkoro Cowo3y, HU3bKUI TEXHOMOTIUHU
piBeHb BUPOOHUIITBA MOJIOKA, HEOCTATHi KOHTPOJIb 32 SIKiCTIO CUPOBMHM, BiZICYTHICTb CYy4aCHOTO
ob6naiHAHHS, BMCOKA KaIliTaJo- i TPYOOMICTKiCTb BUPOOGHMUMX IPOLECiB, 3pOCTaHHS I[iH Ha
eHepreTMYHi Ta iHII pecypcy, 3HVKEHHS PiBHS CIIOKMBAHHS MOJIOYHMX TTPOAYKTiB Uepe3 HU3bKY
KYIIiBeJIbHY CIIPOMOHICTb, 3POCTAaHHSI KOHKypEeHIlii Ha CBITOBOMY Ta BHYTPIIIHbOMY DPMHKax
MOJIOUHOI MpoAayKiii Tomo. IIpoBefeHi HOCTiIKeHHS TMOBMHHI JOTOITM pPO3B’S3aTH i BKasaTu
Ha OCHOBHi (GYHKIIIOHaJIbHiI MPOGIEMM MOJIOKOIIEPEPOOHUX MiAMPUEMCTB, IKi (DYHKI[IOHYIOTh B
arporpoMMCIOBOMY KOMILIEKCI YKpaiHu, pe3yabTaTy BUIL€3a3HAUYEHMX JOCTIIKEHb MOKYTb 6yTI
KOPMCHUMMU Ta aKTyaJbHUMMU [IJIS1 BiIpOJIKEHHSI MOJIOYHOTO CKOTapCTBa Y MiCAsIBOEHHUI Tepiof,

Ki11040Bi cJioBa: MOJIOYHE CKOTapCTBO, MOJIOYHA Tay3b, MOJIOYHA CMPOBMHA, TepepoOKa MOJIOKA,
PMHOK MOJIOYHOI ITPOAYKIii
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Microstructural analysis of cooked sausages with spelt flour
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Abstract. In a market economy, it is especially important to produce and provide the population
with marketable, high-quality, and safe food products. Given its valuable chemical composition,
spelt flour is a promising raw material of vegetable origin intended for improving meat products.
Therefore, the purpose of the study is to clarify the features of the structure of boiled sausages and
the microstructure of their components that arise during technological processing when spelt flour is
added to minced sausage, using histological research methods that substantiate the microstructural
analysis of control and experimental samples. The study highlights the results of the examination
of microstructural analysis of sausages with the addition of spelt flour, which affects the structure
formation of boiled sausages during technological processing. The study presents drawings of
sections of control and experimental samples under a microscope. The main components of rubbed
minced meat, which contains spelt flour, were examined and analysed to introduce new high-tech
solutions that will be competitive not only in the Ukrainian, but also in the European market. Studies
of histology specimens of control samples of rubbed minced meat and stained with hematoxylin and
eosin identified that minced meat is represented by an inhomogeneous mass of pink-red colour with
numerous vacuoles of various sizes and shapes. Sections of the samples show inclusions of spelt
flour, which are located in vacuoles very similar to vacuoles with tissue fluid, but unlike the latter,
they have a fibrous structure. It is established that through histological studies, which form the basis
of microstructural analysis, it is possible to clearly identify all the components of minced meat from
which sausages are made. The obtained results allow for expanding the range of sausages, and the
use of spelt flour — enriching the finished product with biologically active substances such as dietary
fibre, natural antioxidants, micro- and macronutrients
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Relevance

In the context of rapid growth in the world
population, the problem of providing it with a
sufficient amount of food products is becom-
ing more acute. The state of nutrition of the
population of Ukraine is characterised by a
deficiency of many essential nutritional fac-
tors, accompanied by an imbalance in the main
nutrients (proteins, fats, carbohydrates) and a
pronounced deficiency of macro- and microe-
lements, vitamins, etc. Therefore, modern food
technologies provide for the creation of prod-
ucts that are characterised not only by high
organoleptic properties but also by a balanced
amino and fatty acid composition, enriched
with the content of omega-three fatty acids,
macro- and microelements, vitamins, and die-
tary fibre [1], [2].

The advantage of boiled sausage products
is their high nutritional and biological value.
However, the conventional technology of their
manufacture is characterised by a high cost of
raw materials.

Analysis of Recent Studies and
Papers

Increasing the efficiency of the production of
boiled sausages due to cheap plant raw mate-
rials without changing the quality indicators is
a very urgent problem [3]. High-protein plant
crops are now used to solve it: soy, peas, len-
tils, barley, etc. The modern food market offers
a wide range of various additives of plant origin
intended for the production of meat products [4].

Considerable attention should be paid to
the appearance of new ingredients with im-
proved functional properties, which include
spelt flour [5].

Spelt is known for its healing properties.
Flour is made from grain grown without the

use of chemical exposure in the western and
south-eastern regions of Ukraine. It preserves
all the useful components contained in the
grain: vitamins A, E, Group B, and the entire
complex of amino acids, macro- and microele-
ments [6], [7].

Spelt flour is a fine cream powder with a
neutral taste and a light nutty smell, with a dry,
uniform texture. The grinding sise according to
DSTU 46.004 is 99.2%.

Spelt is characterised by a high protein
content — 17.4%. The total content of dietary
fibre in spelt is 14.3%, but the cellulose content
is much lower - 2.1%, compared to conven-
tional types of plant raw materials [8]. The rich
vitamin and mineral composition of spelt can
be explained by its specific ability to absorb nu-
trients from the soil better than free-threshing
wheat [9], [10].

Currently, histological methods of com-
position identification are most widely used to
control the quality of meat products. The use of
such methods allows giving both a qualitative
and quantitative assessment of the raw compo-
nents of meat products, which form the basis of
microstructural analysis [11].

The purpose of the study is to identify the
features of the structure formation of boiled
sausages and the microstructure of their com-
ponents that arise during technological pro-
cessing in the case of adding spelt flour to
minced sausage by methods of histological
studies, which substantiate the microstructural
analysis of control and experimental samples.

Materials and Methods

The material for the research was 2 types of
samples of boiled sausages (4 samples each).
Control samples contained, in addition to

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




52

Microstructural analysis of cooked sausages with spelt flour

minced meat, pink salmon caviar, nori seaweed,
vegetable components, salt, and spices (TS U
10.1 - 37792346-002:2021). Spelt flour was
added to the test samples.

The research was conducted in the histo-
logical laboratory of the Department of Animal
Anatomy, Histology, and Pathomorphology
named after academician V.G. Kasyanenko of
the National University of Life and Environ-
mental Sciences of Ukraine.

Histological studies were performed accord-
ing to the generally accepted methodology [12].
Samples with a length of 1.5-2 cm were cut out
of the selected material, labelled, and fixed in
an 8% aqueous solution of neutral formalin
for 6 days. The recorded samples were washed
with running tap water for 4 hours and dehy-
drated in ethyl alcohol of increasing concentra-
tion (60%, 70%, 80%, 95%, and 100%). In each
solution, they were kept for 12 hours [13]. The
dehydrated material was compacted with paraf-
fin and blocks were made, from which sections

with a thickness of 6-11 microns were made us-
ing an MS-2 sledge microtome. The latter were
placed on slides. The sections were stained with
hematoxylin and eosin, Van Gieson’s stain, and
placed into balsam [14], [15]. The resulting
histology specimens were examined using an
Olympus light microscope.

Research Results

Studies of histology specimens of control sam-
ples of rubbed minced meat and stained with
hematoxylin and eosin identified that it is rep-
resented by a heterogeneous mass of pink-red
colour (crushed muscle tissue) with numerous
vacuoles of various sizes and shapes. They can
be rounded, oval, heart-shaped, or slit-shaped.
Most vacuoles are filled with air (Fig. 1), and
some of them contain a pink-red substance
(tissue fluid) (Fig. 2) and filamentous nori al-
gae (Fig. 3). Most of the identified algae have a
pronounced membrane and are formed by oval,
square, or rectangular cells (Fig. 4).

Figure 1. Vacuoles with air in the sausage of the control sample (shown by arrows).
Hematoxylin and eosin dyeing. Magnification x100
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Figure 2. The substance is pink-red in the vacuoles of the sausage of the control sample (shown
by arrows). Hematoxylin and eosin dyeing. Magnification x100

Figure 3. Filamentous nori algae (arrows) in the sausage of the control sample.
Hematoxylin and eosin dyeing, x100

Figure 4. Nori algae cells (arrows) in the sausage of the control sample.
Hematoxylin and eosin dyeing. Magnification x200
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In some cells, purple nuclei are visible. noticeable, which are cut along and across the
Also in this minced meat, individual fragments  transverse striation and the nuclei are not pro-
of completely non-destroyed muscle fibres are  nounced in them (Fig. 5).

Figure 5. Fragments of muscle fibres (arrow) in the sausage of the control sample.
Hematoxylin and eosin dyeing. Magnification x100

In some vacuoles, eggs of rounded, oval, which are intensely coloured dark red, and sur-
square, and diamond shapes are noticeable, rounded by fibrous structures of pink colour.

Figure 6. Group of eggs (arrow) in the sausage of the control sample.
Hematoxylin and eosin dyeing. Magnification x100
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In some histology specimens of control sections, turn red (Fig. 7). In the histology spec-
samples, fragments of bundles of fibrous struc-  imens of sausages of control samples, flavour-
tures (bundles of collagen fibres) are detected, ing additives are detected.
which, in the case of Van Gieson’s staining of

Figure 7. Bundles of fibrous structures (arrows) in the sausage of the control sample.
Van Gieson’s staining. Magnification x100

Figure 8. Pepper fragments (arrow) in the sausage of the control sample.
Hematoxylin and eosin dyeing. Magnification x100

The general plan of the microstructure of  In addition to the structures described above, it
minced meat of experimental samples is simi-  contains inclusions of spelt flour. They come in
lar to the same minced meat of control samples. many shapes and sizes. Some of the inclusions
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are located in vacuoles, and some - outside of  unlike the latter, they have a fibrous structure.
them. In one field of view of the microscope, In the case of Van Gieson’s staining of sections
there can be 4-7 of them. On sections stained of experimental samples, the fibres of spelt
with hematoxylin and eosin, inclusions of spelt  flour inclusions acquire a specific colour. They
flour, which are located in vacuoles, are very  have a gray-black colour (Fig. 10), which allows
similar to vacuoles with tissue fluid (Fig. 9),but  clearly differentiating them.

Figure 9. Inclusion of spelt flour (arrows) in the sausage of the experimental sample.
Hematoxylin and eosin dyeing. Magnification x100

Figure 10. Inclusion of spelt flour (arrow) in the sausage of the experimental sample.
Van Gieson’s staining. Magnification =100
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Conclusions and Prospects e
p For more accurate identification of spelt

Histological studies, which form the basis of flour in minced meat, which is used for making

microstructural analysis, can clearly identify all ~ sausages, it is recommended to stain sections

the components of minced meat, from which of histology specimens using Van Gieson’s

sausages are made. method.
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MikpocTpyKTypHHUIi aHAJII3 BAPEHUX COCHCOK 3i CIIeJIETOBUM OOPOIIIHOM

Jlapuca BamyiaBiBHa Banb-Ilpunnnko, Borogumup TumodiiioBuu Xommuy,
CeiTiiana IBaniBHa YceHKo, BasenTHna MukonaiBHa IcpaensH,
MapuHna BikropiBua HaszapeHko

HarmionanpHuit yHiBepcuTeT 6iopecypciB i mpupomoKkopmcTyBaHHS YRpainm
03041, Byn. l'epoiB O6opoun, 15, M. Kuis, Ykpaina

AHoTanis. B yMoBax pMHKOBOi €KOHOMiKM OCOGIMBO BaKIMBMM € BUITYCK i 3abe3reueHHs
HaceJIeHHSI KOHKYPEHTOCIIPOMOSKHOIO, SIKiCHOO Ta 6e31eYHOI0 XapuoBOI0 MPOAYKIIi€0. 3BaKal0un
Ha IiHHUI XiMiYHUI CK/Iaj, CIIeJIbTOBE OGOPOIIHO € TMEePCIEeKTUBHOI CHUPOBUHOI0 POCIMHHOTO
TTOXO/IKEHHSI, TIPU3HAYEHOIO JJIS1 BIOCKOHAJIEHHSI M’SICHMX TTPOAyKTiB. ToMy MeTOI0 po60oTu 6yiio
3’ICyBaHHSI OCOGIMBOCTEN CTPYKTYPOYTBOPEHHSI BapeHUX COCMCOK Ta MIiKpPOCTPYKTYpPY iXHiX
CKJIaIOBMX, 10 BMHMUKAIOTH IIifi Yac TEXHOJIOTiYHOI MmepepoOKy Mpy JOoAaBaHHI O KOBOACHOTO
(dapury crienpTOBOr0 60pOIIHA, METOZAMM TiCTOJNOTIYHMX AOCTIIKEHb, SIKUMM OOI'PYHTOBAHO
MiKpOCTPYKTYPHMIi aHasli3 KOHTPOJbHUX Ta NOCIIAHMX 3pa3KiB. Y CTATTi BUCBITIEHO pe3yabTaTu
JOCTiIKeHb MiKpOCTPYKTYPHOTO aHaji3y COCMCOK i3 JOJaBaHHSIM CIT€JIbTOBOTO GOpOIIHA, SIKe
BIUIMBAE HA CTPYKTYPOYTBOPEHHS BapEeHUX COCMUCOK, ITiJi YaC TEXHOJOTiYHOI nmepepobku. Y cTaTTi
HaBeleHO PUCYHKM 3Pi3iB KOHTPOAbHMX Ta MOCTIIHMX 3paskiB I MikpockomoM. BuBueHO
Ta MPOAHATi30BaHO OCHOBHI CKIAZOBi KyTepoBaHOTO dapiiy, B SIKOMY MiCTUTbCS CIIeJIbTOBE
GOPOIIIHO, SIKe TOaBajIM 3 METOIO BIIPOBA/I’KEHHSI HOBMX BYCOKOTEXHOJIOTIUHMX PillleHb, SIKi OYIyTh
KOHKYPEHTHUMMM He Ti/IbKM Ha yKpaiHChbKOMY, aje i Ha €BpoIlleiicbhkoMy pUHKY. [IpoBemeHMMM
JOCTiIKEeHHSIMM TiCTONperNapariB KOHTPOIbHUX MPO6 KyTepoBaHHOTO dapiry i 3adapboBaHUX
reMaTOKCMJIIHOM Ta €03MHOM BCTaHOBJIEHO, IO (apil INpencTaBIeHUI HEOMHOPITHOI Macoio
POYKEBO-YEPBOHOTO KOJIBOPY 3 UMCIEHHMMM BaKyoIsIMM pi3HOMaHiTHMX po3MipiB i ¢dopm. Ha
3pisax JOCTiTHMX 3pasKiB BUSBISIOTbCS BKIIOUEHHS CIIEJbTOBOTO GOPOIIHA, SIKi PO3TaIllOBaHi Y
BaKyoOJISIX Ay>Ke MOAIOHI 10 BaKyosieil i3 TKAHMHHOIO PiAMHOIO, ajie Ha BiIMiHy Bif OCTaHHIX BOHM
MaloTh BOJIOKHUCTY CTPYKTYpy. BcTaHOB/IEHO, 110 3a JOMOMOIO0 TiCTOMIOTIYHUX JOCTiAKeHb, SIKi
CKJIAJAl0Th OCHOBY MiKpPOCTPYKTYPHOTO aHasli3y, MOKHa YiTKO BUSIBUTU YCi CKJIAHOBi M’SICHOTO
(apury 3 ikoro BUroToBseHi cocucku. OTpuMaHi pe3yabTaT OCTiIKEHD AAIOTh 3MOTY PO3IIUPUTI
ACOPTUMEHT COCMCOK, @ BUKOPWCTAHHSI CIIEJbTOBOTO OOPOIIHA AO03BOJSIE 36araTUTU TOTOBUIA
MPOAYKT TaKUMM 6iOJOTiYHO-aKTMBHMMM PEUOBMHAMM, SIK XapuoBi BOJOKHA, MPUPOTHIMU
AHTUOKCUAAHTAMM, MiKpO- Ta MaKpoeJeMeHTaMM1

KiiouoBi cioBa: COCMCKM, CII€JIbTOBE OOpPOINHO, TiCTONMOTIUHI moCimkeHHS, dapi,
MiKpOCTpPYKTYPHMIi aHaJTi3
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Application of the papain enzyme in meat products technology
Valentyna Israelian’, Nataliia Holembovska, Nataliia Slobodianiuk
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03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. The production of enzyme preparations occupies one of the leading places in modern
biotechnology and belongs to industries whose production volume is constantly growing, and the
scope of application is expanding. Therefore, it is advisable to use enzymes for various industrial
processes from an economic and technological standpoint. The main purpose of the study is to
examine the chemical composition and activity of the enzyme preparation papain with subsequent
use in the technology of meat products production to increase the biological value and improve the
functional and technological properties of the finished product. The following research methods
were used to solve these problems: moisture content — by drying the sample to a constant mass;
fat content — by the Soxhlet method; ash content — by the generally accepted weight method;
protein content — by the Kjeldahl method; papain activity was determined by a method based on
the spectrophotometric determination of the number of proteolysis products under the action of
an enzyme. Based on the results of the analysis of literature sources and own studies, the prospects
of the research and use of enzymes and enzyme preparations obtained on their basis in the food
industry are demonstrated, since this contributes to improving the quality of finished products and
the level of greening of production, more rational use of raw materials and material resources. As
a result of a study of the chemical composition, it was determined that the enzyme papain has a
high protein content of 87.44%, so it has a broader effect on meat proteins. During the studies, the
dependence of papain activity on the pH of the medium, temperature, sodium chloride and enzyme
concentrations was investigated. The results of the conducted studies demonstrated that papain
shows the greatest activity in the pH range of 5.5-6.0. The enzyme has a maximum collagenase
activity of PH 6.0 and at a temperature of 50-60°C. The obtained results allow expanding the range
of meat products, increasing the nutritional and biological value of raw materials, and obtaining a
finished product with high organoleptic parameters
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Relevance

Rational use of meat raw materials and the de-
velopment of new products of high nutritional
value and quality that are safe for the consumer
is an urgent task of the meat processing indus-
try in Ukraine and the world [1].

In the modern food industry, the trend of
finding and developing innovative technolog-
ical solutions for the production of products
characterised by a high level of quality, envi-
ronmental friendliness, biological safety, and
functional orientation prevails [2].

Resource-saving food technologies are a
real source of strengthening the raw material
base of processing industries. The growing need
for meat products leads to the need to involve
raw materials with a high content of connective
tissue in technological processes and search
for ways to improve its technological proper-
ties [3], [4]-

Today, scientific discoveries in the field of
enzymology have made enzyme preparations
an indispensable participant in many food
technologies. The creation and implementation
of innovative technologies allowed for substan-
tially expanding the scope of the application
of enzyme preparations. Today, enzymes help
to improve product quality, increase the safety
and efficiency of technological processes, re-
duce production costs and anthropogenic im-
pact on the environment [5].

In food technology, enzyme preparations
with amylolytic, proteolytic, lipolytic, pectol-
ytic, and oxidase activity are used.

Of particular importance is the use of pro-
teolytic enzyme preparations, since they are
characteristic of high catalytic activity, the
possibility of implementation without the use
of extreme temperatures and aggressive media,

the specificity of the action of enzymes, and the
ease of inactivation at conventional tempera-
tures of heat treatment of meat products [6].

Analysis of recent studies and
papers
Technologies of meat products using biotech-
nology techniques based on enzymatic proteol-
ysis of meat raw materials are widely used in
international practice.

Today, the use of biotechnological tech-
niques is a common practice in the United
States, Canada, England, France, Germany, etc.
Enzymes of proteolytic and collagenase action,
in meat and meat systems enable [7], [8]:

- the intensification of autolytic processes
and acceleration of maturation;

- provision of a high level of juiciness and
tenderness of meat;

- an increase in the production of
high-quality natural meat products;

- obtainment of new sources of meat re-
sources in the form of meat pastes, emulsions,
hydrolysates for enriching various food prod-
ucts with protein, developing therapeutic nu-
trition;

- use of meat products as part of prescrip-
tion and component solutions instead of the
main raw materials;

- rational and maximum use of meat re-
sources to increase the yield of useful products
per unit of raw materials.

Enzyme preparations must meet the re-
quirements imposed by specific technologies
not only for the type of catalysed reaction but
also for the conditions of their action: pH,
temperature, stability, the presence of activa-
tors and inhibitors, that is, those factors that
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determine the effectiveness of the preparation in
this environment and allow correctly determin-
ing the technological modes of its application [9].

Depending on the purpose of the appli-
cation, certain requirements are imposed on
enzyme preparations not only for the composi-
tion of enzymes and optimal conditions of their
action, but also for the degree of purification,
fillers used, cost, and a number of other param-
eters [10], [11].

The purpose of the study. Study the chem-
ical composition and activity of the enzyme
preparation papain with subsequent use in the
production technology of meat products to
increase the biological value and improve the
functional and technological properties of the
finished product.

Methods

The research was conducted in the laboratory
of the Department of Meat, Fish and Seafood
Technology of the National University of Life
and Environmental Sciences of Ukraine.

For the research, the enzyme papain was
selected, which is the most commonly used
proteolytic enzyme in production, it is pro-
duced from the latex of the melon tree fruit
(Carica papaya).

The experimental studies were conducted
according to the established relevant stand-
ard methods: moisture content — by drying ac-
cording to DSTU ISO 1442:2005 Meat and meat
products. Method for determining the moisture
content [12]; the amount of protein was deter-
mined according to GOST 25011-2017 Meat
and meat products. Methods for determining
protein [13]; the amount of fat was determined
by DSTU 8380: 2015 Meat and meat products.
Method for measuring the mass fraction of

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

fat [14]; the mass fraction of ash was determined
by weight according to DSTU ISO 936:2008 Meat
and meat products. Method for determining the
mass fraction of total ash [15]; papain activity
was determined by a method based on the spec-
trophotometric determination of the number of
proteolysis products of tyrosine-containing sub-
stances under the action of an enzyme.

Results and Discussion

The practice of using enzyme preparations
shows that not all drugs have the same effect
on the muscle and connective tissue proteins
of meat, including raw materials with abnormal
autolysis. The same enzyme preparation, de-
pending on the reaction of the meat medium,
hydrolyses protein macromolecules in differ-
ent ways. Technologists are largely interested
in questions concerning the effect of enzyme
preparations on the connective tissue proteins
of meat. Therewith, an important point is to
investigate the effect of enzyme preparations
on the structural and mechanical properties of
meat raw materials, which ultimately affect the
quality of the resulting finished products.

Of particular interest are enzymes that
contribute to the formation of the structure of
meat products. In this case, the choice of the
papain enzyme for softening meat is primarily
due to the specificity of its effect on connective
tissue proteins and the fact that it is now pre-
sented on the internal market and is offered for
use in the meat industry.

Any technological processes are influenced
by various factors. Therefore, to identify the
field of practical use of biocatalysts, an impor-
tant aspect is to investigate the behaviour and
stability of biologically active systems and find
optimal parameters for their operating mode.
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Based on this, restructuring meat is the pur-
pose of proteolytic enzymes. Softening of meat
is effective under the action of endogenous

proteases, especially neutral ones. The total
chemical composition of the enzyme papain is
presented in Table 1.

Table 1. Chemical composition of the enzyme papain, (n=3, pJ0,95)

Indicator Content, %
Moisture Protein Fat Ash
%‘;Zp‘gf‘: 10, 86 + 0,85 87,44 2,76 0,61 +0,05 0,87 + 0,02

According to Table 1, the enzyme papain
has a high protein content of 87.44%, so it has
a broader effect on meat proteins. The enzyme
papain is a tested preparation that has proven
itself to accelerate the maturation and tender-
isation of meat with a high content of connec-
tive tissue.
that

characterise the effectiveness of various en-

The most important indicators

zyme preparations on meat raw materials are

structural and mechanical properties, which,
in the end, characterise the tenderness of the
finished product.

The dependence of papain on the pH of the
medium was investigated to clarify the activity
of the enzyme used in the study. The results of
the conducted studies showed (Fig. 1) that the
greatest proteolytic activity of papain is man-
ifested at pH 5.5-6.0, and at pH 6, the enzyme
has the maximum collagenase activity.

Enzyme activity, units/hour

3||“|E

Figure 1. Effect of medium pH on papain enzyme activity

It is known that for the meat industry, the
activity of the enzyme at temperatures of 2+2°C,

recommended during salting, maturation of

meat, and for storing finished products, is of
practical interest. The effect of temperature on
papain activity is displayed in Figure 2.
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Enzyme activity, units/hour

Temperature, °C

Figure 2. Effect of temperature on papain activity

Notably, the collagenase activity of pa-
pain in this experiment was recorded after 60
minutes of hydrolysis and therefore it is nec-
essary to regard the “short-term activity”, that
is, the highest specific activity of papain at
each specific temperature. The obtained data
showed that papain shows maximum activity
at temperatures of 50-60°C. At t=4°C, the ac-
tivity of papain is 6.0% of the maximum value.
According to the results of studies, complete

inactivation of papain occurs at t=90°C. It is
known from the literature sources that during
the production of meat products, the matura-
tion of raw materials occurs in the presence of
sodium chloride, which increases or decreases
the activity of proteolytic enzymes. In this re-
gard, the effect of sodium chloride on papain
activity was investigated. The dependence of
the activity of the papain enzyme on the NaCl
concentration is shown in Figure 3.

o
v

4
*

—

™~

S

Enzyme activity, %
of the original value

Concentration of NaCl, %

Figure 3. Dependence of papain enzyme activity on NaCl concentration
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The results of research suggest that the
plant enzyme papain can be used to tenderise
meat. The greatest proteolytic activity of pa-
pain is manifested at pH 5.5-6.0, temperatures
60-80°C, and NaCl concentrations of approx-
imately 2%, which are used for boiled meat
products. The use of the enzyme papain for the
fermentation of ostrich meat will increase the
production of high-quality whole meat products.

Conclusions and Prospects

The obtained research results allow conclud-
ing that the use of the enzyme papain for the

production of meat products is promising for
the rational use of raw materials and the de-
velopment of new types of meat products with
high quality indicators.

During the studies, the dependence of pa-
pain activity on the pH of the medium, tem-
perature, sodium chloride concentration, and
enzyme concentration was investigated. The
results of the conducted studies demonstrated
that papain shows the greatest activity in the pH
range of 5.5-6.0. The enzyme has a maximum
collagenase activity at PH 6.0 and at a tempera-
ture of 50-60°C. Enzyme activity at 2+2°C.
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3acrocyBaHHs (pepMeHTY nanaiHy B TEXHOJIOTil M>SICHUX BUPOOiB

BanenTnHa MuxkosnaiBHa IcpaensH, Hatanist Bonogumupisaa l'oiemMG0BCbKa,
Harasnisa MuxaiiniBHa C1000IHIOK

HarmionanpHuit yHiBepcuTeT 6iopecypciB i mpupomoKkopmcTyBaHHS YRpainu
03041, By:n. l'epoiB O60poun, 15, M. Kuis, Ykpaina

AHoranis. BupobHunTBo pepMeHTHUX MpernapariB 3aiiMae ogHe 3 MPOBiIHUX MICIb Y CyJaCHiii
6ioTexHONOril i HAIEKUTb OO Taly3eif, o6CIT MPOAYKIii SKMX IOCTiifHO 3pocTae, a cdepa
3aCTOCYBAaHHS PO3MIMPIOETHCSI. ToMy depMeHTM IOLITBHO BUKOPUCTOBYBATU [JISI TTPOBEIEHHS
pi3HUX MPOMMUCIOBUX IPOIIECIB, SIK 3 €eKOHOMIUHO1, TaK i 3 TeXHOJOTiUHOI TOUOK 30py. OCHOBHA
MeTa poGOTM CIpSIMOBAHA Ha JOCTiIKEHHi XiMiUHOTO CKJIagy Ta aKTUMBHOCTI (hepMeHTHOrO
npernapary Tarnaid i3 MoJaJbIIMM BUKOPUCTAHHSIM Y TEXHOJIOTii BUPOOHUIITBA M>SICHUX BUPOOiB
IJIST THOBUINEHHS OiosoriuHoi I[iHHOCTI Ta TIOKpalleHHs (YHKIIOHAJIbHO-TEXHONOTIYHMUX
BJIACTMBOCTE} FOTOBOTO MPOAYKTY. /s BUPillleHHs TOCTaBIeHNUX 3aBJaHb BUKOPUCTOBYBaIM TaKi
MeTOAV AOCTiIKeHb: BMICT BOJIOTM — METOAOM BUCYIUIYBaHHS 3pa3ka A0 MOCTiliHOI Macu; BMicCT
Kupy — MmeTofiom CokcieTa; 30/IbHICTh — 3aTaJIbHOMPUITHSITAM BaroBMM MeETOOM; BU3HAUEHHS
BMicTy 6inka — MmeTogom K'esbaasist; akTMBHICTh ManaiHy BU3HAYAIM 38 METOIOM, 3ACHOBAHUM Ha
crieKTpooToOMeTPUUYHOMY BM3HAUEHHi KiJTbKOCTi IMPOAYKTIB IMPOTEOJi3y TIif, [i€lo dhepMeHTy. 3a
pesyabTaTaMy aHaJli3y JIiTepaTypHUX JixKepes Ta BAaCHUX AOCTiIyKeHb ITOKa3aHO MTepCIIeKTUBHICTh
JIOC/TiIKEHHS Ta BUKOPUCTaHHS (hepMEeHTIB i ofiepskaHuX Ha iXHilt OCHOBi (hepMeHTHMX IperapaTiB
y TaTy3i Xap4uoBOi MPOMMCIOBOCTi, OCKIJIBKU 1ie CIIpUSIE€ MiJABUILIEHHIO SIKOCTi TOTOBOI MPOOYKIIil
Ta piBHS eKosori3alii BUPOOHMIITBA, OibII paliOHATbHOMY BUKOPMUCTAHHIO CUMPOBMHHMX Ta
MaTepiaTbHUX PecypciB. Y pe3yabTaTi JOCTiIsKeHHS XiMiYHOTO CK/Iay BCTAHOBJIEHO, 10 (GepPMEHT
maraid Ma€ BUCOKMIT BMicT 6inky 87,44 %, 3aBASIKM YOMY BOJIOMi€ GibIll IIMPOKUM BIUIMBOM
Ha 6inky M’sca. ITim vac mootigkeHb Oysa BMBUEHA 3aJIEKHICTh aKTMBHOCTI marainy Big pH
cepenoBUINA, TEMITEPATypPH, KOHIIEHTPAIlii XJIOpu Iy HATPito i KOHIeHTpallii depmeHTy. Pe3yabTaT
BUKOHAHUX MOCTiIKeHb MOKa3an, 1[0 Hai6iblly aKTMBHICT MamaiH MposBIIsIe B Aiama3oHi 3a
pH 5,5-6,0. ®epMeHT Mae MaKCMMaJIbHY KO/UTareHa3Hy akTuBHicTb pH 6,0 Ta 3a Temrieparypu 50-
60 °C. OTpuMaHi pe3yabTaTy JOCTiIKEeHb JAI0Th 3MOTY PO3IIMPUTI ACOPTUMEHT M 'SICHUX BUPOGiB,
MiABUIIVTY XapyoBy i 6i0OriuHy I[iHHICTh CUPOBMHM, OTPUMATHM TOTOBMUIT TTPOAYKT 3 BUCOKUMU
OpraHoJIENTUUHMMU TTIOKa3HUKaAMU

KirouoBi cioBa: epmeHTHMIT IIperapar, narnaid, pepmMeHT, 6i0TexXHOJIorisI, 6e3MeuHiCTh
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Influence of marinade based on vegetable oil blends on the structural-
mechanical parameters of natural marinated meat semi-finished products

Oksana Shtonda’, Kateryna Semeniuk, Viktoriia Kulyk

National University of Life and Environmental Sciences of Ukraine,
03040, Heroiv Oborony Str., 15, Kyiv, Ukraine

Abstract. Marinades based on vegetable oil blends for the production of natural marinated meat
semi-finished products substantially affect the rheological and structural-mechanical parameters
of the product. They determine the plasticity and consistency of semi-finished products made from
raw materials of grades 1 and 2. Therefore, the purpose of the study was to develop recipes for
marinades and establish the effect of marinade based on blends of vegetable oils enriched with the
enzyme bromelain on the structural and mechanical parameters of natural marinated meat semi-
finished products during storage. The research developed 8 samples of semi-finished products,
namely: 4 samples using pork: 1 control sample without marinade and 3 samples with marinades
based on vegetable oil blends; and 4 samples using beef: 1 control sample without marinade and
3 samples with marinades based on vegetable oil blends. In this regard, it was concluded that it
is advisable to use blends of vegetable oils and enzymes in the marinade. An additional effect
on natural marinated meat semi-finished products is the better organoleptic and structural-
mechanical indicators in comparison with control samples. It was identified that the consistency
of semi-finished beef products during the storage period becomes more tender compared to the
control sample. It was proved that the plasticity of semi-finished pork products compared to the
control sample decreased, which indicates an increase in meat hardness. The results of the study
of the plasticity of marinated semi-finished products increased compared to the control sample,
which indicates a decrease in meat hardness. The use of vegetable raw materials in the technology
of natural marinated meat semi-finished products allows using meat raw materials of grades 1 and
2 and getting a tender, juicy, easily digestible product at the output
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Relevance

The structure of the consumer market is chang-
ing very quickly. All over the world, there is a
tendency to offer consumers a product that
requires minimal cooking time. In this regard,
semi-finished products and fast food products
are becoming more and more popular, simulta-
neously not losing the biological and nutritional
value of the product (Cai et al., 2018).

Most of the vital processes of the human
body depend on nutrition. Meat and meat prod-
ucts are the most complete food products be-
cause they are necessary as a material for build-
ing tissues, synthesis, metabolism, and energy
(Doneva et al., 2018).

Scientists have long proven that nutrition
is one of the main factors affecting human
health. The nutritional value of meat depends
on the amount and quality of proteins (amino
acids) and the presence of fats in it. Fats, along
with proteins and carbohydrates, form the ba-
sis of plastic material for building all cells and
tissues of the body. It is important to expand
the range of food products, especially meat, not
only by replacing animal raw materials with
vegetable ones, thereby worsening the nutri-
tional and biological value of the product, but
also to approach this issue in a comprehensive
way. That is, in the case of improving the prod-
uct technology, it is necessary to consider all
possible options for the influence of all compo-
nents not only on the product quality indica-
tors but also on the human body (Semeniuk &
Shtonda, 2021a).

The use of enzymes with specified proper-
ties leads to a substantial increase in the bio-
logical and technological functionality of col-
lagen-containing raw materials, allowing for
partially replacing the main raw materials, and
improving the properties and yield of products

due to the conversion of the structure of pro-
teins and the transformation of the properties
of complex biological systems in the produc-
tion of meat products — a well-known source of
high-grade protein in diets.

Studies analysis

The unforgettable aroma of fresh meat crack-
ling on a hot grill awakens the appetite and
promotes experiments. It remains only to end-
lessly experiment with the marinade.

The technology of natural marinated meat
semi-finished products involves the use of var-
ious types of raw materials of animal and veg-
etable origin.

During the production of natural meat
marinated semi-finished products, an impor-
tant component is the development of mari-
nade. An important place in the technology of
marinated semi-finished products is occupied
by marinades in liquid form, in particular, made
based on blends of vegetable oils. Due to the
use of vegetable oil during marinating meat,
the effect of the acid used is softened, and
the aromas of added spices are well dissolved.
Seeping through the structure of the meat, the
oil gently envelops the meat, sealing moisture,
not allowing it to dry out during further cook-
ing. (Borsolyuk et al., 2019; Jinap et al., 2018).

When developing a new food product, spe-
cial attention is paid not only to its biological
value but also to the formation of the necessary
structural and mechanical indicators.

The use of marinades based on blends of
refined vegetable oils gives the product the
necessary consistency, ensures the formation
of taste and aroma, the enrichment of blends
of vegetable oils with the enzyme bromelain al-
lows accelerating the maturation and softening
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of meat by 2-2.5 times (Tyshchenko et al., 2019;
Semeniuk and Shtonda, 2021b; Semeniuk &
Shtonda, 2018).

Verbytskyi S.B., Shevchenko V.V., Gotsyk T.P.,
Bandurenko G.M. identified that table salt with
food acids is used to improve the preservative
effect. The most used is acetic acid, but in the
food industry it is also allowed to use malic,
lactic, citric, and orthophosphate acids in mar-
inades. (Ivankin et al., 2020; Jung et al., 2018).

Peshuk L.V. considered the degree of sof-
tening and detection of the maximum shift of
marinated wild boar meat. Food acids, inter-
acting with meat, give it a pleasant specific taste
and aroma, and also break down proteins and
fats, which gives softness to raw materials. Acids
and their salts are used as technical food addi-
tives to regulate pH during the technological
process. Thus, the use of food acids and their
salts gives taste, aroma, colour; preserving ef-
fect and forming consistency (Ivankin et al.,
2020; Obajuluwa et al., 2020; Wie et al., 2020;
Wang et al., 2020).

The purpose of the study is the determi-
nation of structural-mechanical parameters,
namely penetration stress and plasticity, of
natural marinated meat semi-finished prod-
ucts, which show the feasibility of using the

blends of vegetable oils and an enzyme of veg-
etable origin in the production of marinated
meat semi-finished products.

Materials and Methods

For the study, the following was used: beef
meat, pork meat, rapeseed oil, olive oil, sun-
flower oil, the enzyme bromelain, crushed and
dried herbs and spices.

The degree of penetration was determined
on an Ulab 3 — 31 M penetrometer, in accord-
ance with (GOST R 50814-95, 2010).

The determination of the plasticity in-
dex was conducted using the pressing method
(Keniiz et al., 2019).

Results and Discussion

For the meat industry, the most interesting are
enzymes that affect meat proteins at the appro-
priate pH of the medium (which is inherent in
meat and meat products) and temperatures char-
acteristic of refrigeration and heat treatment of
meat, and information about the properties of
their effect on the collagen of internal connective
tissue. Marinade based on blended oils enriched
with the enzyme bromelain has a substantial ef-
fect on the consistency of the product. Recipes for
multifunctional marinades are shown in Table 1.

Table 1. Options for multifunctional marinades

Ingredient name Sample No.1 Sample No.2 Sample No.3
Turmeric + + +
Roman cumin + + +
Paprika + + +
Black pepper + + +
Red pepper + + +
Fennel + + +
Coriander + + +
Bay leaf + + +
Onion + + +
Cumin + + +
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Table 1. Continued

Ingredient name Sample No.1 Sample No.2 Sample No.3
Ginger + + +
Sodium Ascorbate + + +
Salt + + +
Sugar + + +
Rapeseed oil + - -
Blend No.1 (sunflower : rapeseed oil) - + -

Blend No.2 (sunflower : olive oil) - -

The enzyme bromelain + +

Yeast extract + +

The degree of penetration (penetration shown in Fig. 1 and 2. Samples No.1, No.2, No.3,
stress) of all prototypes during the storage period = No.4 —semi-finished pork products, samples No.5,
was determined to confirm this fact, which is  No.6, No.7, No.8 — semi-finished beef products.
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Figure 1. Change in the penetration stress of semi-finished pork products
depending on the storage period
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Figure 2. Change in the penetration stress of semi-finished beef products
depending on the storage period
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The results of determining the penetration
stress show that the consistency of semi-fin-
ished beef products becomes more tender dur-
ing the storage compared to the control sample.

An important indicator of a marinade
based on vegetable oil blends enriched with the
enzyme bromelain is a decrease in the hardness

of semi-finished products, so the plasticity of
the samples was determined on the first and
third days of storage, as shown in Fig. 3 and 4.
Plasticity is the ability of a product to undergo
irreversible deformations (the original shape
changes, and after the external action ceases,
the new shape is preserved).
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Figure 3. Changes in the plasticity of semi-finished pork products
depending on the storage period
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Figure 4. Change in the plasticity of semi-finished beef products
depending on the storage period
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The results of the studies shown in Figure
3 demonstrate that the plasticity of semi-fin-
ished pork products compared to the control
sample decreased, which indicates an increase
in meat hardness. The results shown in Fig. 4,
demonstrate that the plasticity of marinated
semi-finished products increased compared to
the control sample, which indicates a decrease
in meat hardness.

The use of enzyme preparations in the
meat processing process allows for substan-
tially accelerating a number of biochemical re-
actions and opens up interesting prospects for
modifying and intensifying processing, acceler-
ating softening, and increasing the tenderness
of tissues.

Conclusions and Prospects

The results of the examination of structural-me-
chanical parameters of natural meat marinated
semi-finished products showed that pork prod-
ucts have a tender, juicy consistency at the be-
ginning of the storage period, this is due to the
structure of muscle fibres and a large content
of adipose tissue. Beef products are more ten-
der and juicy in the middle and at the end of
the storage period, because they have a rough
structure of muscle fibres and a substantially
lower fat content compared to pork. The use
of bromelain in the technology of semi-fin-
ished meat products will increase the biological
value of products, reduce the maturation time
of meat, and will also contribute to better and
faster fermentation of the product.
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BriuB MapuHa Iy Ha OCHOBi KyllaKiB pOCJIMHHUX OJIiH
Ha CTPYKTYPHO-MeXaHi4Hi IOKa3HUKH HaTypaJIbHUX
M’ICHUX MapHMHOBaHUX HaniB(aOpUKaTiB

OxkcaHa AHatosniiBHa lllToHna, Karepmuna MukonaiBHa CeMeHIOK,
BikTropis KoctasaTuHiBHa Kymmk

HarionanpHmii yHiBepcuTeT 6iopecypcis i mpupomokopucTyBaHHs YRpainm, 03040, Byit.
T'epoiB o6opoun 15, m. Kuis, Ykpaina

AHoTanig. MapyHagy Ha OCHOBi KyHaXiB POCAMHHMX OJiif IJisT BUPOGHMIITBA HATypaTbHUX
M’SICHUX MapMHOBAaHUX HamiBhabpMKaTiB CYTTEBO 3[iliCHIOITh BIUIMB HAa DEOJIOTIYHI Ta
CTPYKTYPHO-MEXaHiuHi TOKasHUKM TpoAykTy. CamMe BOHM BM3HAYalOTh I[JIACTUYHICTh Ta
KOHCHCTEHIIi10 HariBhabpuKaTiB, BUTOTOBIEHNX i3 cpoBMHM 1 Ta 2 raTyHKiB. TOMy MeTOI0 PO6OTU
6yJs1a po3pobKa perenTyp AJiss MapMHA/IiB Ta BCTAHOBJIEHHS BIUIMBY MapyHaay Ha OCHOBI KyMaxiB
POCIMHHMX OJTiii, 36araueHnx hepMeHTOM 6poMenaiHOM Ha CTPYKTYPHO-MeXaHiuHi IMOKa3HUKU
HaTypaJbHUX M’SICHMX MapMHOBAHMX HamiBbabpuKaTiB y mpoiieci 36epirants. JoctimkeHHIMU
6ys10 po3pobiieHo 8 3paskiB HamiBhabpuKaTiB, a came: 4 3pa3Kky i3 BUKOPUCTAHHSIM CBMHUHUA:
1 KOHTpONBHUIT 3pa30K 6e3 3aCTOCYBaHHSI MapMHAAy Ta 3 3pa3Ku i3 MapuHaAaMM Ha OCHOBI
KYIIaXiB POCIMHHUX OJiif; Ta 4 3pa3Kky i3 BUKOPUCTAHHSIM SITTOBUUMHM: 1 KOHTPOJIBHUI 3pa30K
6e3 3aCTOCYBaHHSI MapyHAaIy Ta 3 3pasKy i3 MapMHaJaMM Ha OCHOBi KYITaskiB POCIVMHHUX OJIiii.
V 3B’I3Ky 3 IIMM MPUIANLIM [0 BUCHOBKY IMPO AOLIBHICTh 3aCTOCYBAHHS B CKJIAZi MapuHamy
KyTaxkiB pOCJIMHHUX 0O71ilt Ta hepmeHTY. [JoOHaTKOBUM BIUIMBOM Ha HATYPaJIbHI M’SICHI MapuMHOBaHi
HamiBdabpMKaT € Kpalli OpraHoAeNTUYHI Ta CTPYKTYPHO-MeXaHiuHi MOKa3HMKM B MOPiBHSIHHI
i3 KOHTPOJBPHMMM 3pa3KaMy. 3’SICOBAHO IO KOHCUCTEHIlis HamiBpaOpuUKaTiB 3i SJIOBUUMHU
BIPOIOBXK TePMiHy 36epiraHHs cTae HiXKHiIllIa Y TTOPiBHSAHHI 3 KOHTPOJIbHMM 3pa3koM. [loBeieHo,
IO TUIACTUYHICTh HamiBpabpuKaTiB 3i CBMHMHM IPOTM KOHTPOJIBHOTO 3pa3ka 3MEHIINWIAcCh,
IO CBiAUMTb TPO 36iMbIIEHHST JKOPCTKOCTI M’sica. A pe3ylbTaTy MOCTiIKeHHS TUIACTUYHOCTI
MapMHOBaHMX HamiBha6pMUKaTiB 36iMbIIMINCH TTOPIBHSIHO 3 KOHTPOJBHIM 3Pa3KOM, III0 CBiTUUTH
PO 3MEHIIEHHS JKOPCTKOCTi M’sica. 3aCTOCYBaHHS POCMHHOI CMPOBMHM B TEXHOJIOTi1 HATYpaIbHUX
M’SICHUX MapMHOBaHMX HaMiBPabpuKaTiB 1a€ MOXKINBICTh BUKOPUCTOBYBATU M SICHY CUPOBUHY 1
Ta 2 TaTyHKiB Ta HAa BUXOAi OTPUMAaTH Hi>KHUI, COKOBUTHUIA, JIETKO3aCBOIOBAHUII TTPOAYKT

KirouoBi cimoBa: M’sico, o71ist, KyTiask, meHeTparliliHa Hampyra, IJIacTUYHiCTh, hepMeHT, SKOPCTKiCTb
HamiBdabpukaTis
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Development of a propolis collecting device
Roman Dvykaliuk’, Leonora Adamchuk

National University of Life and Environmental Sciences of Ukraine
03040, Heroiv Oborony Str., 15, Kyiv, Ukraine

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”

Keywords: propolis, grid cleaning process, device, quality

Suggested Citation:
Dvykaliuk, R., & Adamchuk, L. (2021). Development of a propolis collecting device. Animal Science
and Food Technology, 12(3), 76-88.

‘Corresponding author



Dvykaliuk & Adamchuk

77

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
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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
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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.
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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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Analysis of the dangerous factors related to food products
in a retail establishment
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Abstract. In accordance with the current legislation of Ukraine, retail establishments must
develop, implement, and apply permanent procedures based on the principles of hazard analysis
and control at critical points, and provide appropriate training on the application of permanent
procedures based on the principles of HACCP; persons responsible for these procedures during
the production and circulation of food products. The purpose of the study is to analyse food-
related hazards in retail establishments. The study used methods of analysing internet resources,
scientometric databases, in particular, Scopus and Web of Science, and regulatory documents on
the food safety management system. Food safety hazards can occur at any stage of the food chain.
Therefore, proper control throughout the entire food chain is essential. In the course of the study,
adapted recommendations for network use were developed in the form of a HACCP book, which
contains four volumes: Basic provisions, Basic programmes-prerequisites, HACCP Group, and
HACCP plan (Production). Another method for determining the substantiality of hazardous factors
is also proposed. In general, it is established that the implementation of HACCP principles ensures
both the safety of culinary products and contributes to the development of trade enterprises. The
process of production of culinary products becomes safe, the staff adheres to sanitary and hygienic
standards; the confidence of visitors in the quality and safety of food consumed increases the rating
of the institution; the detection of possible violations in case of inspections is practically excluded,;
the institution acquires a marketing advantage in the conditions of modern competition. Hazard
analysis is important for an effective food safety management system because its implementation
helps in streamlining the knowledge needed to establish an effective set of management measures
and implement integrated quality systems
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Relevance

In modern conditions, the problem of food quality
and safety is becoming particularly relevant. The
quality and safety of food products determine
the life and health of people, including the food,
economic, and national security of the state.

The issues of ensuring the stability of
quality and safety of products of processing
enterprises of the agro-industrial complex, in
particular, agricultural and food, are becom-
ing increasingly important, which is achieved
through the introduction of quality manage-
ment systems at enterprises in accordance with
the requirements of international standards, the
development of products considering consumer
preferences and the needs of the modern market.

According to the requirements of the Laws
of Ukraine “On food safety and quality”, “On
baby food”, all enterprises that are engaged in
the cultivation and production of agricultural
and food products must implement food safety
management systems based on the principles
of HACCP.

Today, food consumers demand that mar-
ket operators have an effective food safety
management system, in accordance with the
requirements of voluntary standards and certi-
fication schemes recognised by the Global Food
Safety Initiative.

In the context of European integration, it
is important for Ukrainian producers to meet
not only the EU requirements for food safety
but also apply knowledge of quality manage-
ment. This will help to correct gaps in certain
phases of development of Ukrainian enterpris-
es and, accordingly, the competence of per-
sonnel, which will contribute to the process
of integration of Ukrainian producers into the
European community, developing a produc-
tion culture, and applying best practices of
quality management.

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

All participants in the chain: from the
farmer - carrier, food producer and retail
chain — understand that today the condition for
their existence is precisely the safety of prod-
ucts. Therefore, the market and consumer un-
derstanding have led to new requirements for
food products, and therefore for the quality
management systems of all participants in the
food chain. Retail trade and purchasing unions
were the first to put forward their demands. They
were supported by major shopping centres in
Europe, which began to compile their own lists,
determine criteria for evaluating food producers,
and conduct internal audits. Manufacturers had
to adhere to the formulated requirements to be
able to sell their products in certain retail chains.

Implementation of food safety manage-
ment system (FSMS) is a strategic decision for
an organisation that can help improve overall
productivity in food safety.

In this regard, the identification and con-
trol of hazardous factors will allow for predict-
ing the quality and safety of products accord-
ing to the criteria of efficiency of technological
processes, so this subject is an urgent problem
and has practical importance. In addition, the
analysis of food-related hazards in retail estab-
lishments deserves special attention.

Analysis of Recent Studies and
Papers

In the course of research
Jackowska-Tracz, Michat Tracz, and Krzysztof
Anusz, 2018) determined that the introduc-

tion of only the HACCP concept at the enter-

(Agnieszka

prise for product safety control is not enough.
In addition to the concept of risk analysis, it is
also necessary to introduce programmes of pre-
requisites and various integrated approaches.
Mari¢ Radenko and Goran Vukmirovi¢ (2018)
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determined the dependence on the introduc-
tion of sustainable technologies in retail on
customer satisfaction. Thus, the results of the
study prove the importance of sustainable de-
velopment with the introduction of interna-
tional quality and safety management systems
in the retail sector. These principles also serve
as guidelines among buyers.

A considerable number of retail enterprises
have internal capacities for the production of cu-
linary products and semi-finished products. The
study (Mrdovic et al., 2019) identified that out of
297 samples of semi-finished meat products from
nine retail outlets, 5% (16/297) of semi-finished
meat products contained Escherichia coli, and
Salmonella spp. was detected in 1.6% of semi-fin-
ished meat products. Such results confirm the
need for corrective actions, hazard analysis and
revision of the current HACCP concept.

Availability of a record-keeping system
for documentation, hazard analysis, sanitation
compliance, and other necessary programmes —
support the successful development and im-
plementation of the HACCP concept (Gehring
K.B. and Kirkpatrick R., 2020). Product quality
in the study (Stoyanova, 2020) is considered as
a socio-economic category and is perceived as
a set of properties and features that must meet
the constantly growing needs of consumers and
consumption requirements. Identifying oppor-
tunities for a unified approach to integrated
management, which is implemented through
risk-based thinking at all levels of manage-
ment, is essential to ensure food safety.

Justification of the need to imple-
ment a food safety management system was
also covered by the following researchers:
M.T. Bilukha, F.F. Butynets, N.I. Lavrenchenko,
L.A. Maiurnykova, T. Maies, S. Mortymer,
V.M. Parkhomenko, Sh.A. Sfiev, I.Yu. Tymrienko,
and many others. Despite the presence of a

substantial number of scientific papers on this
subject, problematic issues related to the im-
plementation of the system in retail establish-
ments remain insufficiently investigated.

Purpose of the study. The purpose of the
study is to analyse food-related hazards in re-
tail establishments.

Materials and Methods

The study uses methods of analysis, synthesis,
information-search investigation, Internet re-
sources, and regulatory-methodological docu-
ments of Ukraine.

Research Results

Food market operator (market operator):

e legal entity, individual entrepreneur, in-
dividual, agri-food market;

e activities with or without the purpose of
making a profit;

e primary production, production, sale
and/or turnover of food products and/or other
objects of sanitary measures (except for con-
tacting with food materials);

e responsible for meeting the requirements
of the law and legislation on safety and certain
indicators of food quality.

Food safety is associated with the presence of
hazardous factors in the food at the time of con-
sumption. Since the food hazard factor can ap-
pear at any link in the food chain, adequate man-
agement throughout the food chain is essential.

Information throughout the food chain
is essential to ensure that all relevant food
hazards are identified and adequately man-
aged at each link in the food chain (DSTU ISO
22000:2019; Bal-Prylypko et al., 2020).

The tasks in the field of ensuring the qual-
ity system and food safety for a trading enter-
prise are continuous improvement of the food
production process, ensuring the stability of

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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product quality at all stages of its life cycle, im-
proving the efficiency of resource use, provid-
ing customers and regulatory authorities with
confirmation of product compliance with es-
tablished requirements. In accordance with the
main tasks, solutions are developed, which can
be expressed in the following: personal respon-
sibility of the manager and employees, constant
work with suppliers of food raw materials to im-
prove the quality and safety of delivered prod-
ucts, improving the forms and methods of pro-
duction organisation, the level of knowledge in
the field of food safety, preventive actions and
their management, regular internal audit and
monitoring of the effectiveness of the system,
systematic analysis of audit results, monitor-
ing and satisfaction of customers of retail es-
tablishments, continuous improvement of the
food safety management system (Nikolaenko
et al., 2017; Silonova, 2018).

HACCP groups are responsible for compli-
ance with and implementation of elements of
the food quality and safety management sys-
tem in accordance with legal requirements and
proper functioning of the implemented HACCP
concept in a retail establishment.

In accordance with the above, adapted rec-
ommendations in accordance with the require-
ments of national legislation and international
practices for network use in the form of a HAC-
CP book were developed. The HACCP book of
the retail chain has an extensive structure and
is generally divided into 4 books:

*The HACCP book. Main provisions - de-
scribes the architecture of the HACCP book, its
main provisions, terms, principles, and defines
responsibility.

*The HACCP book. Volume 1. Basic pro-
grammes-prerequisites — the basic conditions
for ensuring the safety of products of a network
of retail establishments are described.

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

*The HACCP book. Volume 2. HACCP
Group - the provisions on HACCP groups and
their responsibility are included, the methodolo-
gy for analysing hazards (risks), determining crit-
ical control points (CCP), and key information on
managing the HACCP concept are presented.

*The HACCP book. Volume 3. HACCP Plan
(Production) - the application of HACCP prin-
ciples on each type of production is described,
which includes: conducting a risk analysis,
determining the critical control points (CCP),
determining critical limits for each CCP, mon-
itoring system, corrective actions, procedures
for confirming the functioning of the system,
its documentation.

The HACCP plan contains information
about all critical control points identified in the
network’s production facilities, namely: general
information about the CCP (page number and
CCP, stage of the technological process, intended
monitoring method); object of control (name of
the CCP, substantial hazard factor, critical limits
for this CCP); monitoring of the CCP (subject of
monitoring, monitoring methods, frequency of
monitoring, ones responsible for monitoring);
corrective actions (corrective actions, protocol of
performing corrective actions, method of check-
ing the effectiveness of monitoring).

According to HACCP, hazards are classified
into three types: biological (B), chemical (C),
and physical (P). When further identifying haz-
ards, it is important to understand that hazards
include only those that can cause health dis-
orders, diseases, or injuries to a person. Many
other conditions are also highly undesirable
and must be controlled, but as long as these
conditions do not directly affect food products,
they are not included in the HACCP plan.

Biological hazard factors — microbiological:
and

pathogenic conditionally pathogenic

bacteria, viruses, parasites, and single-celled
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organisms, mould, etc. As arule, there is at least
one factor that can affect the degree of risk. The
determination of risk may be influenced by the
processing conditions to which the food prod-
uct is subject. A food product that is subjected
to heat treatment reduces the risk of disease
(Bocharova, 2019; Bal-Prylypko et al., 2018).
Chemical hazard factors — detergents,
migration of plasticisers from packaging, pes-
ticides, heavy metals, nitrates, nitrites, nitro
compounds, mycotoxins, food additives, veter-
inary drugs (antibiotics, hormones), etc. Chem-
ical hazards can also cause foodborne illnesses,
although they tend to affect fewer people.
Chemical contamination can occur at any stage
of production and processing. The potential
risk to consumers increases when the chemical

content is not controlled, or when recommend-
ed standards are exceeded (Bocharova, 2019).

Physical hazard factors — foreign objects:
glass, metal, stones, wood, plastic, etc. As a rule,
physical hazards create problems only for indi-
vidual consumers or a small number of them.
It is because of physical factors that injury oc-
curs immediately or shortly after eating and the
source of danger is easy to identify (Petrovskaya
et al., 2020; Bal-Prylypko et al., 2017). In a re-
tail establishment, the method of determining
the degree of dangerous factors is used, which
is presented in the table. The substantiality of
hazardous factors is calculated using the fol-
lowing formula:

Substantiality = probability of occurrence
multiplied by the severity of the consequences.

Table 1. Method for determining the substantiality of hazardous factors

Probability of

Severity of the consequences of exposure to a dangerous factor on humans

occurrence of a
dangerous factor
in humans

Mild lesion
Short-term malaise for a
time up to 1 day - 1 point

Temporary loss of ability to
work up to 1 week - 2 points

Average lesion Severe damage
Temporary loss of ability to

work up to 1 month - 3 points

Almost impossible

. 1 2 3
1 time per > years Can be neglected Acceptable Moderate

1 point

1 timlinhel;e?{y ears 2 4 6

PEr >yl Acceptable Moderate Substantial

2 points

1 tifggbil;leear 5 6 9

pery Moderate Substantial Unacceptable

3 points

All hazards the substantiality of which was 3 or
higher were further analysed to rank the man-
agement measures that will be applied to man-
age the relevant hazards.

Hazard analysis is conducted sequentially,
entering data in a special form. If at any stage
there is a dangerous factor that is not controlled
during the production process, it is marked as
a potential critical control point. This form in-
cludes: localisation of danger: technological
stage of the production process; description of

the danger: a type of dangerous factor, its pos-
sible source; hazard assessment: evaluated by
the method of determining the substantiality of
dangerous factors; explanation of the presence
or absence of danger. Management and record-
ing measures for insubstantial hazards (Slyva,
2021; Pivets et al., 2018).

Conclusions and Prospects

The introduction of a food safety manage-
ment system and Ukrainian legislation based

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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on HACCP principles is particularly useful for Hazard analysis is key to an effective food
organisations seeking to have a more focused, safety management system, as it helps to
consistent and integrated food safety manage-  streamline the knowledge needed to establish
ment system. an effective set of management measures.
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AHaJti3 He0e3MeYHNX YNHHHKIB, TOB’A3aHMX i3 XapYOBHUMH IIPOXYKTAMH B
3akJiaji po3apioHoI TopriBai

Aprem ImutpoBuu AHTOHIB, TeTsiHa BikTopiBHa Po36uiibKa

HairionanpHMit yHiBepcuTeT 6iopecypciB i MpupomoKopMCcTyBaHHS YKpainu
03041, Byn. TepoiB O6oponu, 15, M. Kuis, Ykpaina

AHoTanis. BigoBigHO 10 YMHHOTO 3aKOHOAABCTBA YKpaiHM 3aKiagy po3apibHoi Topris/i MaloTh
PO3POOSATH, BBOOUTU B Jil0 Ta 3aCTOCOBYBATY IOCTIffHO [il0dYi MpOIEIypH, IO I'PYHTYIOTHCS
Ha TIPUMHIMIAX aHaTi3y HeOe3MeuyHMX UMHHMKIB Ta KOHTPOII0 B KPUTUUYHMX TOUKAX, a TAKOK
3a0e3meuyBaTy HaJIEKHY ITiITOTOBKY 3 MMTaHb 3aCTOCYBAaHHSI IOCTifHO [MilOUMX TMIPOLELYD,
mo 6a3yoTbcs Ha mpuHimnax HACCP; ocib, sxi e€ BigmoBimaabHMMM 3a Ii MpouemypH, Iif
yac BUPOOHMIITBA Ta 06Ty XapuoBMX IMPOAYKTIB. MeTol MOCTiIsKeHHSI € MPOBEeIeHHS aHalli3y
Hebe3MeyHMX YMHHUKIB MOB’SI3aHUX 3 XapyOBMMM MPOAYKTaMM B 3aKaaAi po3npibHOI TOPriBii.
Ilim yac mocmimskeHHS BUKOPUCTOBYBAIM METOIOM aHali3y IHTepHeT-pecypciB, HAyKOMETPUYHUX
6a3 maHux, 30kpema Scopus Ta Web of Science Ta HopMaTHBHO-TIPaBOBi TOKYMEHTH IIOJI0 CUCTEMU
YIIpaB/IiHHS 6Ge3IeYHICTIO XapuOBUX MPOAYKTIB. [TosiBa HeOE3MEeUHMX UYMHHUKIB )11 6e3MEeYHOCTI
Xap4yoBOi MPOAYKITii MOKe CTaTHCS Ha OYb-SIKOMY eTalli XapuoBOro JaHIfora. ToMy HeoOXiTHUM €
HaJIeSKHUIT KOHTPOJIb YITPOJOB3K YChOT'O XapUuOBOTO JIAHIIOTa. B X0mi JocimKeHHs 6y/10 po3po6/ieHo
aJanToBaHi peKOMeHallii 1711 MepeskeBoro BUKopucTaHHs y Bumisagi «Kuura HACCP», ska MiCTUTD
yotupu Tomu: OCHOBHI MmojoskeHHs, ba3osi mporpamu-mnepemymosu, I'pyrna HACCP, ITnan HACCP
(Bupo6HuIITBO). TaKoK 3alIPOIIOHOBAHO I[e OAVH METOJ BM3HAUEHHS 3HAUYIIOCTi HeGe3meuHnx
YMHHMKIB. 3arajioM BCTaHOBJEHO, IO BIpoBamkeHHs1 npuHIuNiB HACCP 3abesmeuye, SK
6e3IeKky MPOAYKIIii i KyaiHapHMX BUPOGiB, TaK i CIIPUSIE PO3BUTKY MigIIPUEMCTB TOPriBmi. ITporec
BUPOGHMIITBA KyJdiHApHOI TMpOAYKIii cTae 6e3meuHuM, MepCcoHaa TOTPUMYETHCS CaHiTapHO-
ririeHiuHMx HOpPM; BII€BHEHICTh BiJBiZyBauiB B SIKOCTi Ta 6e3MeYHOCTi iXi, SIKy CIIOXXMBAIOTb,
MiIBUIILYETHCS PEMTUHT 3aKjially; IPAKTUUHO BUKIIIOUAETHCS BUSIBIEHHSI MOXIMBUX IOPYIIEHb
y pasi mepeBipok; 3akiaj, HabyBa€ MapKeTMHIOBY IepeBary B YMOBaX CydyaCHOI KOHKYPEHIIii.
Anai3 Heb6e3MeuHUX YMHHMKIB, MAa€ BaXKIMBe 3HAUYEHHS /151 e(PeKTUBHOI CUCTEMU YIIPaBJIiHHS
6e3IMeYHICTI0O XapuOBUX MPOMAYKTiB, a/ike OTO MPOBEEHHS AOIIOMArae B yIOPSIAKYBaHHI 3HAHb,
HeO6XigHMX JIT BCTAaHOBJIEHHS e(eKTUBHOTO KOMIUIEKCY 3aXOMiB KEPYBaHHS Ta BIIPOBAKEHHS
iHTerpoBaHUX CUCTEM SIKOCTi

KirouoBi cimoBa: SIKicTh, cMcTeMa yIpaB/iHHs 6e3MevHicTio XxapuoBuXx mpoaykti, HACCP, pusuku,
Hebe3IeyHi YMHHUKA
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The impact of storage on the sensory, viscosity and chemical characteristics
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Abstract. Oat pB-glucan has the potential of a functional additive to yogurt, however, texture
analysis and chemical characteristics during storage of yogurt with the addition of this additive
require more systematic research, which determines the relevance of the study. The aim of the
research work was to analyze the feasibility of enriching yogurt with 0.3% oat B-glucan. A number
of methods for obtaining new knowledge in the direction of developing healthy food products were
used. It was found that yogurt with the addition of 0.3% oat B-glucan had water-holding capacity.
All pH values ranged from 4.18 to 4.28, which are within the normal ranges for set-type yogurts. A
higher viscosity of the experimental sample of yogurt compared to the control was established, and
the highest values were 58560+2120 cp at 21 days for yogurt with the addition of 0.3% oat B-glucan.
The viability of probiotic bacteria in yogurts was examined. During the whole storage period, the
content of probiotics decreased, but yogurt with the addition of 0.3% oat B-glucan contained
significantly more live probiotic bacteria compared to the control. The viability of probiotic
bacteria of 0.3% oat B-glucan yogurt at 14 d (3.18+0.2x107 CFU/mL) was only slightly lower than
that of control yogurt at 1 d (3.45%0.3x107 CFU/mL). This fully demonstrates that the addition of
0.3% oat -glucan has a protective effect on probiotics in yogurt, which will be beneficial for human
health. It was found that the addition of 0.3% oat 3-glucan led to a decrease in adhesiveness, but an
increase in hardness and stickiness during storage. The results of the sensory evaluation showed
the highest acceptability values of 86.49 for 21 days of storage of yogurt with the addition of 0.3%
oat B-glucan. The practical value of the research work lies in the developed yogurt containing 0.3%
oat B-glucan being possibly to use as an innovative healthy dairy product
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Introduction

The demand for healthy foods has caused the
development of products containing function-
al components. In the dairy industry, prebiotic
substances or probiotic bacteria have sparked
interest due to scientific evidence related to
their positive health benefits [1].

Dietary fibers, usually polysaccharides, can
be insoluble or soluble in water. Soluble fibers
are usually found in fruits, vegetables, oat bran,
and barley, etc. Oat B-glucan (OG), a soluble di-
etary fiber from oat, has received tremendous
attention during the previous decades. It is a
non-starchy polysaccharide that comprises
mainly glucose molecules linked by (1-3), (1-4)
mixed linkage with glycosidic bonds [2]. More
importantly, it has diverse and great effects
on the maintenance and improvement of hu-
man health. For example, consumption of OG
can help in reducing the occurrence of some
chronic diseases such as high blood pressure,
insulin responses, obesity, and colon cancer [3].
In addition, it can modify the rheological and
mouthfeel attributes, and physical stability of
beverages, and be used as a prebiotic in yo-
gurt formulations [4]. Nowadays, consumption
of OG is encouraged and it is added to various
food products as a functional ingredient.

Analysis of Recent Researches and
Publications

Yogurt, a traditional fermented dairy prod-
uct containing probiotics and prebiotics, has
gained widespread consumer acceptance for
being considered as a healthy product [5, 6]. It
has shown a substantial consumption increase
in recent years due to its nutritional and health
interest. During the fermentation action, some
toxic or antinutritional factors, such as lactose
and galactose, can be removed from fermented
milk, thus preventing lactose intolerance and
accumulation of galactose [7]. In this sense,

yogurt can be used as an excellent matrix for
developing innovative health-promoting prod-
ucts and functional foods.

The addition of soluble fibers can change
the structural-mechanical properties [8] and
functional characteristics of fermented dairy
products. For example, used hydrolyzed guar
gum can be used to enhance the functional and
sensory properties of yogurt [9]. In recent years,
there is growing interest to launch health-pro-
moting foodstuffs with OG.

Because OG is a kind of dietary fiber, it can
be used as a prebiotic of probiotics, and it has
a positive influence on the physicochemical
properties and vitality of probiotics in yogurt.
This feature is conducive to OG as a functional
component of yogurt [10, 11].

From the analysis data of literature
sources, it can be said that OG has the potential
as a functional additive for yogurt; however, the
texture analysis and chemical characteristics
of the storage period after adding OG to yogurt
still need to be more systematically studied.

The addition of 0.3% OG decreased the fer-
mentation time of set-type yogurt, making the
highest score of sensory evaluation [12]. As a
functional food ingredient, 0.3% OG is impor-
tant in enhancing the nutraceutical quality
and physical characteristics of yogurt. Moreo-
ver, 0.3% OG shows its effect on starter culture
growth. However, the impact of 0.3% OG on the
quality of yogurt, such as sensory evaluation and
physical characteristics, during storage, has not
been evaluated. Therefore, in this work, the qual-
ity characteristics of set-type yogurt, i.e., control
yogurt and 0.3% OG yogurt, were studied. The
water-holding capacity (WHC), acidity value, pH,
viscosity, textural parameters, viability of probi-
otic bacteria, and sensory properties, during 21 d
of storage, were evaluated and compared.

The aim and objectives of the study. The
aim of the study is to analyze the effect of the

Animal Science and Food Technology. 2021. Vol. 12, No. 3
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feasibility of set-type yogurt fortification with
0.3% OG.

To achieve the aim of the study, it was nec-
essary to solve the following problems:

- to analyze the effects of yogurt with or
without 0.3% OG on sensory during storage;

- to examine the impact of yogurt with
or without 0.3% OG on viscosity and chemical
properties during storage;

- to investigate the effect on probiotics in
yogurt with or without 0.3% OG during storage.

Materials and Methods

Pure milk was purchased from Yili Industrial
Group Co. Ltd (Neimenggu, China). Oat B-glucan
(95% purity) was provided by Zhongkang Food
Co., (Guangzhou, China). Starters: Streptococcus
thermophilus and Lactobacillus bulgaricus (Lacto-
bacillus dechellii Bulgarian subspecies) (viable bac-
teria count was about 1x10° CFU/g) were provided
by Danisco (China) Co., Ltd, (Shanghai, China).
MRS medium was purchased from Shanghai Min-
grui Biotechnology Co., Ltd, (Shanghai, China).
Agar was purchased from Xi’an Huibang Bioengi-
neering Co., Ltd, (Xi’an, China). All other chem-
icals were used of analytical grade.

The preparation of yogurt samples refers to
the previous experimental methods [12].

Take a certain quality (M,) of yogurt in a
centrifuge tube; centrifuge at 4 000 r/min for 25
min at 4°C, discard the supernatant and weigh
the remaining mass (M,). It is not easy to sepa-
rate whey from yogurt with good water-holding
capacity during storage [13].

The calculation formula is as follows:

WHC (%) = M, + M, x 100% (1)

Determination of acidity by an acidimeter
(PB-10, Seidolis instruments, Germany): set-
type yogurt samples were taken every 1 h dur-
ing the fermentation process and the yogurt
samples were determined after being stored
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24 h. Then, 10 g yogurt samples were put into a
250 mL triangle bottle and 20 mL distilled wa-
ter was added to dilute and mixed, 0.5% phe-
nolphthalein was added as an indicator and
titrated with 0.1mol/L NaOH standard solution
until it was slightly red. Not fading within 30 s
marked the end of determination. Consuming
0.1 M of NaOH is equal to 1 °T.

All pH values were monitored after adding
starter bacterial cultures using a digital pH me-
ter (Thermol Scientific Inc., USA).

The viscosity of yogurt was measured at
4°C with a spindle (No. 3) rotation of 1500 rpm
using the digital display rotating viscometer
(NDJ-8S, Shanghai Yueping Scientific Instru-
ment Co., Ltd., Shanghai, China). The readings
were recorded at the 20th s of the measurement.
The measurements were made in triplicate.

The experiments were performed by a tex-
ture analyzer (TA-XT.plus Texture Analyzer;
Stable Micro Systems, Godalming, UK). Refer
to Bedani et al., Ciron et al. (2010) and other
methods, slightly improved. The yogurt sam-
ples were placed in 25 mL beakers and the Tex-
ture Profile Analysis (TPA) test mode and P/0.5
probe were used to determine the gel structure
of the fermented milk. The parameters are as
follows: the speed is divided into 2.0 mm/s be-
fore measurement, 1.0 mm/s during measure-
ment, and 2.0 mm/s after measurement. Test
samples shall be made in triplicate.

Microbial Analyses. The 1 g of yogurt with
9 mL of 0.9% (w/v) NaCl was mixed and diluted
to a concentration of 10%, 10°,and 10, and then
1 mL of each dilution was inoculated on plates
containing the MRS agar. Bacteria were counted
by the pour plate technique. The plates in du-
plicates were incubated anaerobically at 37°C for
72 h, and then colonies were counted [4, 14, 15].

According to the relevant sensory eval-
uation methods of the national standard, 10
volunteers (5 men and 5 women) with sensory
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evaluation experience of fermented milk were
selected to conduct the sensory evaluation of
fermented milk added with OG from the aspects
of color, structural state, texture, and flavor.
The full score was 100 and the sensory score
was the average score of 10 people.

Unless otherwise stated, all tests were
performed in triplicate, and data were averaged.
Standard deviation was also calculated. SPSS ver-
sion 17.0 (SPSS Inc., Chicago, IL, USA) was used
for all statistical evaluations, and OriginPro
8.6.0 (Originlab, Northampton, Massachusetts,
USA) was used for the construction of the
graphs. The sensory evaluation and yogurt
WHC with different storage times of OG were
analyzed by independent sample t-test of SPSS
17.0 software. The significance (P values) of the

microbiological parameters were calculated by
the general linear model. One-way ANOVA was
used to analyze the titration acidity of yogurt
for different storage time, LSD and Dunnett’s
T3 test were applied for multiple comparisons
and differences were considered to be statisti-
cally significant at P<0.05.

Results of the Research and
Discussion

For water-holding capacity values, a significant
decrease was observed in the control yogurt,
while a slight decrease was observed in 0.3% OG
yogurt (Fig. 1 (a)). This can be attributed to the
hydration properties of OG, which have an im-
pact on the shelf life of food products by prevent-
ing texture loss and avoiding syneresis problems.
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Figure 1. The WHC (a), acidity value

As can be seen from Figure 1(b), the acid-
ity of both control yogurt and 0.3% OG yogurt
significantly increased to 93.8+1.2 during 7 d of
storage. And then (7-21 d of storage), no signif-
icant (P<0.05) changes were observed in acidity
values. An opposite trend was observed for pH
values and reached the minimum (about 4.21 in
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control yogurt and about 4.18 in 0.3% OG yo-
gurt) (Fig. 1(c)). The decrease in pH values dur-
ing the storage period might be mainly due to
the utilization of OG by viable probiotic bacteria
and the production of lactic acid. In addition,
small amounts of CO, and formic acid from lac-
tose may also lead to a decrease in pH [16, 17].
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All pH values ranged from 4.18 to 4.28, which are
within the normal ranges for set-type yogurts.
Figure 1(d) shows the changes in viscosity
values over 21 d of storage. Significant differ-
ences were noted between control yogurt and
0.3% OG yogurt. In general, the viscosity values
increased throughout storage in concentrated
and non-fat plain yogurt throughout stor-
age [18, 19]. The increasing viscosity during stor-
age could be due to the protein rearrangement
and protein-protein contact. The 0.3% OG yogurt
had a higher viscosity than the control yogurt, and
the highest values were 58560+2120 cp at 21 d for
0.3% OG yogurt. This change could be attributed
to the fact that OG has the ability to entrap water
within the product. On the other hand, the addi-
tion of 0.3% OG could improve the protein rear-
rangement and protein-protein contact.

I control
B 0.3% OG

1 7
Storage time (d)

14 21

Viable Numbers of Lactic Acid Bacteria (x10” CFU/mL)

Figure 2. The viability of probiotic bacteria in
yogurts during the storage

Live and active probiotic bacteria are
considered to be beneficial for human health
[20, 21]. OG is considered to be prebiotic and
may contribute to the activity of probiotic
bacteria. So, the viability of probiotic bacteria
in yogurts was checked. As shown in Figure 2,
during the whole storage period, the con-
tent of probiotics decreased, which was only
0.63+0.05x10” CFU/mL at 21 d. However, 0.3%
OG yogurt contained significantly more live
probiotic bacteria compared to the control one
(P<0.05) throughout the whole cold storage pe-
riod. The viability of probiotic bacteria of 0.3%
OG yogurt at 14 d (3.18+0.2x107 CFU/mL) was
only slightly lower than that of the control yo-
gurt at 1 d (3.45%0.3x107 CFU/mL). Similar re-
sults have also been reported [15]. This fully
demonstrates that the addition of OG has a
protective effect on probiotics in yogurt. The
survival of yogurt microbiota in 0.3% OG yogurt
will be beneficial for human health.

The textural parameters of yogurt are im-
portant for yogurt products, as they can simulate
their breakdown occurring in the mouth. Results
of texture profile analysis (TPA) of yogurts, in-
cluding hardness (N), consistency, cohesiveness,
and springiness (%) are summarized in Table 1.
For both control yogurt and 0.3% OG yogurt, the
hardness of yogurts was improved, while the ad-
hesiveness and gumminess values declined dur-
ing the storage. The textural characteristics of
yogurts are affected by the addition of 0.3% OG.

Table 1. Results of TPA test in the control yogurt and 0.3% OG yogurt

Yogurt samples

Test Days
control yogurt 0.3% OG yogurt

Hardness 1 21.14 22.85

7 24.77 28.36

14 28.76 35.99

21 40.99 50.45

Adhesiveness 1 -8.23 -9.15
7 -9.18 -10.21
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Table 1. Continued

Yogurt samples

Test Days
control yogurt 0.3% OG yogurt
14 -9.25 -11.37
21 -10.39 -11.85
Gumminess 1 9.26 13.78
7 12.79 13.81
14 14.71 19.82
21 21.54 13.78
Cohesiveness 1 0.43 0.43
7 0.41 0.44
14 0.51 0.57
21 0.53 0.59
Chewiness 1 8.75 9.46
7 11.39 12.87
14 14.06 13.77
21 20.72 18.99
Springiness 1 0.94 0.92
7 0.95 0.93
14 0.95 0.95
21 0.96 0.97

The evaluation index of yogurt is mainly
the hardness. The hardness of 0.3% OG yogurt
was higher than that of control yogurt, espe-
cially after 21 days of storage (50.45 in 0.3%
OG yogurt and 40.99 in the control yogurt). The
higher hardness values could be attributed to
the ability of the OG to entrap water, and main-
tain structure within the product [19, 22].

In contrast, the adhesiveness of 0.3% OG
yogurt was lower than that of the control yo-
gurt, especially after 21 d of storage (-11.85 in
0.3% OG yogurt and -10.39 in the control yo-
gurt). The decrease in adhesiveness may be due
to the fact that OG can reduce adherence of the
yogurt with teeth during chewing.

The 0.3% OG yogurt had a slight increase in
gumminess as compared to the control yogurt.
And, during storage, an increase in gumminess
was observed, which might be due to the in-
creased hardness of yogurts. Similar behavior
was found for cohesiveness, which can be at-
tributed to the fact that OG has the ability to
form new gel structures with casein, effectively

intercepting and entrapping water within the
yogurt. No significant differences were ob-
tained for springiness values between the con-
trol yogurt and 0.3% OG yogurt.

In short, results of textural profile tests
showed appropriate hardness, less gumminess,
less adhesiveness, and less destruction in 0.3%
OG yogurt, giving a firm and creamy texture
that was near to creamy mouthfeel of full-fat
yogurt, improving the mouthfeel characteris-
tics thereby enhanced sensory appeal for the
product in which incorporated. The sensory
properties of the yogurts are shown in Table 2.
All yogurts had average sensory scores of above
80, indicating a preference both for the control
yogurt and 0.3% OG yogurt throughout storage.

The sensory results indicated that there
was a statistically significant (P<0.05) dif-
ference in sensory characteristics between
the control yogurt and 0.3% OG yogurt. The
control yogurt had the highest acceptability
value of 83.26 at 21 d of storage, while 0.3%
OG yogurt had the highest acceptability value
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of 86.49 at 21 d of storage. Clearly, the addi-
tion of 0.3% OG has a positive effect on the

acceptability of the yogurt, independently of
the storage time.

Table 2. Sensory properties of the control yogurt and 0.3% OG yogurt during storage

Yogurt samples

Variables Days
control yogurt 0.3% OG yogurt

Color 1 8.12+0.24 8.71 £ 0.46"

7 8.13+0.34" 8.68 £0.32”

14 8.18 £0.28" 8.51+0.48"

21 8.20+0.14" 8.50 £0.28"
Structural state 1 26.05 £ 0.47 26.78 £0.63”
7 27.05+0.12" 27.32+0.76"
14 27.02 £0.32" 28.08 +0.92

21 27.08 £0.28" 27.98 +0.88"
Texture 1 24.28 £0.39 24.97 +0.79”
7 24.92 +0.22" 25.12+0.82°
14 25.04 +0.28" 25.98 +0.70”
21 24.88 £ 0.40™ 25.88 +0.70”
Flavor 1 23.7+0.90 24.67 £0.47"
7 23.1+0.70° 24.02 +0.32
14 23.0 £1.20™ 24.12 +0.22"
21 23.1+1.20™ 23.88 £0.28"

Conclusions

The results of the present work showed that
0.3% oat B-glucan yogurt had good sensory and
mouthfeel characteristics by improving viscos-
ity and texture as compared to the control. Due
to the lack of dietary fiber in milk and yogurt,
B-glucan is a suitable choice for dairy systems.

The 0.3% oat B-glucan yogurt also has high
nutritional values as oat B-glucan can act as a
prebiotic in probiotic yogurt. Therefore, yogurt
containing 0.3% oat B-glucan could be an inno-
vative healthy dairy product for enhancing oat

B-glucan consumption.
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BnuiuB 30epiraHHs Ha CEHCOPHi MOKa3HUKH, B’I3KiCTh Ta XiMiuHi
XapaKTePHCTUKU HOTYPTY, 30arayeHoro BiBCIHUM [-IIIOKAaHOM

Cson3uusp 110!

ICyMCBbKMIi HalliOHAIbHUIA arpapHMit YHiBepCUTET
4002, Byn. l'epacuma KonnpatbeBa, 160, m. Cymu, Ykpaina

2XeHaHCbKUIT iHCTUTYT HAYKY i TEXHOJIOTI A
453003, ip-T1. XyanaH, M. CinbcstH, Kutait

AHoTauis. BiBcsHmit B-roKaH Mae moTeHIian QyHKITiOHATbHOT 06aBKY A0 JOTYPTY, OJHAK aHAIi3
CEHCOPHUX TMOKa3HMKIB, TEKCTYPU Ta XiMiuHi XapaKTepUCTUKM BIIPOJOBXK 36epiraHHsi orypTy 3
oJaBaHHSI 11i€l ;06aBKY MMOTPEOYIOTH O1/TbII CCTEMATUYHOTO BUBUEHHSI, 10 3yMOBJTIOE aKTYaJIbHICTh
IOCTiIKeHHs.. MeToo HayKoBOi po60TM Gyso ITpoaHali3yBaTy AOIUIbHICTh 36araueHHs HOTypTy
0,3 % BiBCSIHMM [-TMIOKaHOM. BuKOpuMcTaHi MeTonM IS OTPMMAaHHSI HOBUX 3HaHb B HANPSIMKY
PO3pO6JIEHHS KOPYCHMX JIJIST 3T0POB’SI IIPOAYKTIB XapuyBaHHSI. 3’ICOBAHO, 110 JOTYPT i3 JOJaBaHHSIM
0,3 % BiBCSIHOTO [-IVIIOKAHY BOJIOMi€ BOAOYTPMMYIOUOK 3[aTHiCcTIO. Yci 3HaueHHs pH, mig yac
36epiraHHs, cTaHOBWIN Bif 4,18 mo 4,28, 10 € B Mekax HOPMU IS OTypTiB. BcTaHOBIEHO BUIIY
B’SI3KiCTh €KCIIEPMMEHTAIBHOTO 3pa3Ka MOorypTy MOPiBHSIHO 3 KOHTPOJIbHMM, a HalBUILi 3HAUEHHS
6ym 58560 * 2120 cp Ha 21 mo6y 1yis itorypty 3 qomaBanHsaM 0,3 % BiBcsiHOTO B-ImoKkaHy. [TepeBipeHO
SKUTTE3AAaTHICTh TPOGIOTMUHMX GaKTepiit y itorypTax. 3a Bech repiof 36epiraHHst BMiCT TPO6GiOTUKIB
3HIKYBABCSI, MPOTe JorypT i3 momaBaHHSIM 0,3 % BiBCSHOrO [B-IVIIOKAHY MIiCTMB 3HAYHO OiJiblie
SKUBUX MTPOGIOTUUHMX GaKTepiii, MOPiBHSIHO 3 KOHTPoJIeM. JKUTTe3AaTHICTh ITPOOiOTMUYHMX GaKTepiit
iorypty 3 momaBaHHsIM 0,3 % BiBCSIHOTO B-TIToKaHy Ha 14 mo6y (3,18 = 0,2 x107 KYO/mu1) 6ysa auiie
He3HAYHO HMKYOI0, Hi3K Y KOHTPOIBHOTO HorypTy Ha 1 106y (3,45 + 0,3 x107 KYO/mu). Lie moBHiCTIO
IEMOHCTPYE, 1o AoaaBaHHs 0,3 % BiBCSIHOTO B-IIIOKAHY YMHUTH 3aXMCHY [il0 HA MPOGIOTUKYU B
JIOTypTi, 10 Gyae KOPUCHO /I 3MOPOB’S JIOAMHNU. BcTaHOBIEHO, Mo momaBanHs 0,3 % BiBcsSHOTO
B-rtoKkaHy, MPU3BeJo 10 3HMKEHHS aire3MBHOCTI, ajie TTOCU/IEHHST TBePIOCTi Ta KIeMKOCTi mif, yac
36epiraHHs. Pe3ybTaTii CEHCOPHOI OIiHKM TTOKa3a/Iy HaiiBUIIi 3HAUeHHSI IPUITHITHOCTI 86,49 Ha 21
o6y 36epiranHs itorypty i3 qomaBaHHsaM 0,3 % BiBcsiHOTO B-TTioKaHy. [IpakTUHA ITIHHICTh HAYKOBO1
pO6OTH TTOJISITAE B TOMY, 110 PO3POOIEHMIT OTYPT, AKMii MicTUTH 0,3 % BiBCSIHOTO B-IJIIOKaHY, MOXKe
6yTM iIHHOBAI[iTHMM MOJIOUHMM ITPOIYKTOM JJISI 3T0POBOTO XapuyBaHHS

KmouoBi cmoBa: 7orypr, BiBCSIHMIT [-IJIIOKaH, CEHCOPHi IOKa3HUKM, B’SI3KiCThb, XiMiuHi
XapaKTepUCTUKA
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