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OPTIMIZATION OF PRESS-GRANULATOR WORK IN
SMART TECHNOLOGIES SYSTEM

Abstract

It has been repeatedly tested and proven that granulated feed and granulated semolina have a number of advantages over
loose feed, since there is no self-sorting of components, losses during transportation and loss of nutrients during storage is reduced.
The effective effect of such compound feeds is higher than that of loose feeds by 10-15% due to an increase in the level of sanitary
quality and an increase in the digestibility of nutrients. In addition, up to 3...4% of liquid components can be introduced into the
compound feed during granulation, compared to 1...2% for loose compound feed. At present, there is a tendency towards an increase
in the share of production of granulated feed. The technology of granulating feed allows you to ensure stable uniformity, improve
sanitary and hygienic indicators, increase nutritional value, increase shelf life, and minimize losses during its transportation and
distribution. All this affects both the consumption of compound feed and the performance of animal and poultry rearing. At the same
time, the main equipment for the production of mixed feed pellets is a pellet press. The task of controlling the press granulator as
part of SMART technologies is to determine and implement such a ratio of steam consumption and the initial product, in which the
indicators of the granulation process such as productivity, specific consumption of steam and electricity, as well as the quality
properties of the granules would correspond to the required values. According to the most important practical recommendation for
conducting the technological process of granulation, it is to provide the required conditions for conditioning with steam, liquid
components in accordance with the properties of the initial processed product. At the same time, the hydrothermal treatment of
compound feed affects, practically, all indicators of the granulation process and the quality of its final product. An analysis of the
dependence of productivity on steam consumption obtained for various compound feed recipes allows us to conclude that it is
possible and expedient to search for the optimal position of the regulating body for supplying steam to the pellet press mixer. At the
same time, it is necessary that the productivity of the press tend to the maximum depending on the position of the regulating body for
supplying steam to the press, and the magnitude of the current load of the main drive motor, which mainly determines the energy
intensity of the process, was limited in a given range of values at zeroing of the corresponding compound feed recipe: The increment
in the filling time of the cooling column between the cycles of the unloading device, which characterizes the performance of the pellet
press, can be used to indirectly evaluate it and be used as an output indicator in the control system for the granulation process. The
search algorithm for the optimal granulation mode consists of two parts: the stepwise start algorithm (bringing the system into the
search zone) and the search algorithm for the optimal granulation mode. It is proposed to use the SMART-INDIVIDUAL system,
which is equipped with a module with a regulation for monitoring parameters of equipment according to passport characteristics. At
the same time, the system maintains an archive and controls the timing of maintenance.

Keywords: press granulator, performance, stabilization, optimization, search algorithm, SMART technology

Introduction

It has been repeatedly tested and proven that
granulated feed and granulated semolina have a number
of advantages over loose feed, since there is no self-
sorting of components, losses during transportation and
loss of nutrients during storage is reduced. The effective
effect of such compound feeds is higher than that of
loose feeds by 10-15% due to an increase in the level of
sanitary quality and an increase in the digestibility of
nutrients. In addition, up to 3...4% of liquid components
can be introduced into the compound feed during
granulation, compared to 1...2% for loose compound
feed. At present, there is a trend towards an increase in
the share of production of granulated feed [1, 2].

Purpose and objectives of the study

One of the main directions of intensification of
the technological process of granulation is the
introduction of automated control systems, the highest
form of which, at present, is the use of SMART

technologies. Automatic control of the granulation
process should be aimed at maintaining such a ratio of
steam consumption and the initial product, which
provides the nominal value of the stator current of the
main drive electric motor of the press at a given output
and the required quality of finished granules. However, it
is far from always possible to establish the optimal value
of this ratio in each specific case, since its value is not
constant and depends on the physical and mechanical
properties of the initial product, steam parameters. This
circumstance leads to the need to apply methods for
searching for regime parameters of granulation. Existing
control systems for the granulation process do not
implement search control methods, limiting themselves
to stabilizing one or more parameters.

The purpose of this work is the implementation
of search methods (on a model or directly on an object)
that requires the use of a set of technical means of
SMART technologies.
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Equipment and research methods

Mixed feed granulation technology allows
ensure stable uniformity, improve sanitary and hygienic
indicators, increase nutritional value, increase shelf life,
as well as minimize losses during its transportation and
distribution. All this affects both the consumption of
compound feed and the performance of animal and
poultry rearing. At the same time, the main equipment
for the production of mixed feed pellets is a pellet press
[1]. The granulator press is rather specific, technological
equipment, the design of which has several varieties [3].
The granules leaving the press are cooled in a cooling
column to a temperature not exceeding the ambient
temperature by more than 10°C, sieved to isolate the
product required by its physical and mechanical
properties, which is then weighed by portion scales and
with the help of transport mechanisms is placed in the
warehouse of finished products. The fine fraction
(crumb) obtained by sieving the granules is returned for
re-granulation. Figure 1 shows the principle of operation
of the press-granulator.

Structurally, press-granulators consist of the
following main units: feeder, mixer, pressing section,
communications for supplying steam and liquid
components.

Loose mixed fodder (initial product) in the
process of production enters the auger-feeder 1, designed
for uniform feeding and dosing of the initial product into
the press mixer. The rotation speed of the auger is
changed using a V-belt variation 2. Under the feeder
there is a mixer 3 designed for hydrothermal processing
(conditioning) of loose feed with steam or water, as well
as enrichment with liquid components (molasses, hydrol,
fats, etc.).

The conditioned product is fed into the pressing
section 4, where it is pressed through the holes of the
rotating annular die 5 with the help of corrugated rolls 6.
The pressed product is cut off at the exit from the die by
knives fixed on the press casing.

The most widely used in domestic and foreign
practice is the "dry" method of granulation, implemented
on roller-type presses with a vertically rotating matrix. At
the same time, the task of controlling the granulator press
as part of SMART technologies is to determine and
implement such a ratio of steam and initial product
consumption, in which the indicators of the granulation
process such as productivity, specific consumption of
steam and electricity, as well as the quality properties of
the granules would correspond to required values.
However, the optimal value of the indicated ratio, for
each specific case, differs from each other and cannot be
determined a priori, due to the instability of the
composition and quality of raw materials, the
peculiarities of the technology for preparing loose feed
intended for subsequent granulation, a large number of
options feed recipes.

According to the most important practical
recommendation for conducting the technological
process of granulation, it is to provide the required
conditions for conditioning with steam, liquid
components in accordance with the properties of the
initial processed product. At the same time, the
hydrothermal treatment of compound feed affects,

practically, all indicators of the granulation process and
the quality of its final product.

Results and discussion

Considering the press - granulator as a control
object in the form of a "black box", it is advisable to
highlight the main parameters that affect the granulation
process [3]. The input parameters are: the flow rate of the
initial product G and the flow rate of steam Q for
conditioning. The outputs parameters are taken as - load

= steam

granules 4

Fig. 1. Schematic diagram of the technological
process of granulation of feed:
1 - screw feeder; 2 — feeder rotation speed variation;
3 - mixer; 4 - pressing section: 5 - rotating matrix;
6 - corrugated rolls.
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condensate
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current - Jm of the main drive motor of the press and
temperature &;_,of the conditioned product at the outlet
of the press mixer. Disturbing influences that cause
changes in the current load of the main drive electric
motor of the press are determined by the variability of the
physical and mechanical properties of the original
product, and disturbances that affect both the
conditioning temperature and the current load of the main
drive of the press are due to a change in the steam meters
of steam, fluctuations in temperature and quality of the
original product.

As a result of the experimental studies carried
out in production conditions, it was revealed that the
analysis of the dependence Pri = f (Q) obtained for
various compound feed recipes allows us to conclude that
it is possible and expedient to search for the optimal
position of the regulating body for supplying steam to the
mixer of the granulator press . At the same time, it is
necessary that the productivity of the press tend to the
maximum depending on the position of the regulating
body for supplying steam to the press, and the magnitude
of the current load of the main drive motor, which mainly
determines the energy intensity of the process, was
limited in a given range of values at zeroing of the
corresponding compound feed recipe:

Bi=f(Q max
mpu Jii <l =]z
e
where: Pri-productivity of the press granulator at
developmentlst compound feed recipe, kg /s;

I; —’is the value of the current load of the main
drive electric motor, which varies in a certain range of
values of [,; =J; =], during the development of
the i-th compound feed recipe, A,

Q - position of the regulator of steam supply to
the press,% r.b.s.

The task of implementing the search for the
optimal granulation mode required the solution of two
issues: the development of a method for measuring the
performance of a granulator press and the choice
(development) of an automatic search algorithm.

The formulation of the problem of automatic
search for the optimal granulation regime is determined
by the presence of factors that ensure the possibility and
necessity of this search.

It is known [2] that in order to be able to
implement the search, there must be an extreme static
dependence between the output parameter of the object
and the corrective action; As the results of the research
showed, there is such a dependence. We are talking about
the dependence of the press productivity on steam
consumption at a stabilized current load of the stator of
the main drive electric motor of the press.

On the other hand, the need for an automatic
search for the optimal granulation mode is confirmed by
the fact that this dependence is characterized by an
extremum drift, which occurs not only when changing
the recipe, but also when developing the same feed
recipe.

When considering the issue of measuring the
productivity of a press, it should be noted that there are

© “3epHOBI poayKTH 1 KOMOiKopMu”, 2022

known methods for directly determining the productivity
of technological equipment using flow meters. However,
the attempts of researchers to use these tools to measure
the instantaneous value of the press performance turned
out to be unsuccessful, since the low noise immunity did
not allow estimating and taking into account the
measurement error.

The productivity of the press- granulator can be
estimated from the rotational speed G of the feeder.
However, when stabilizing the current load J of the main
drive electric motor of the press through the channel G -
J, it is difficult to obtain reliable performance values
under the conditions of existing disturbances.

With automatic control of the granulation
process, the performance of the press can be determined
by the number of weights (per unit time) of portion
scales installed after the granule sifter in the production
line. This method has certain advantages, since it allows
you to indirectly assess the quality of the produced
granules, since only a high-quality product without a fine
fraction is sent for weighing, which is returned for re-
granulation. However, the technological scheme of the
granulation process can be built in such a way that the
weighing of the finished product is carried out by one
common scale installed for a group of presses. At the
same time, the problem arises of determining the
productivity of the press in other ways, for example, by
the time of filling T_n of the cooling column between the
cycles of the unloading device.

The task of the study is to confirm the
assumption made about the possibility of measuring the
productivity of the press in terms of time Tn, which is
spent on filling the working chamber of the cooling
column between the next cycles of the unloading device.

A positive solution to this problem depends on
the degree of correlation between Tn and the rotational
speed G of the press feeder, for which it is necessary to
determine the correlation coefficient between these
parameters. On the other hand, it is necessary to estimate
the relative error in determining the productivity by
filling time Tn to obtain the probabilistic characteristics
(expectation, dispersion) of this process.

The proposed method for  measuring
productivity can be used in the development of a control
system for the granulation process, the relative error does
not exceed 10%. However, the practical application of
this method is hampered by the need to determine the
current value of the bulk density of granulated feed. In
addition, when changing the unloading time of the
cooling column (the cycle of operation of the unloading
device), which is associated with technological features,
it can become significantly more complicated, which will
lead to difficulties or impossibility of determining it. In
this case, it is proposed to determine the productivity by
the number of cycles of operation of the unloading
device of the cooling column for a certain fixed operating
time of the press.

Conclusion

Thus, based on the foregoing, the following
conclusion was drawn - the increment ATh of the cooling
column filling time between the cycles of the unloading
device, which characterizes the performance of the
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granulator press, can be used to indirectly evaluate it and
be used as an output indicator in the granulation process
control system.

The search algorithm for the optimal granulation
mode consists of two parts:

- step-by-step start algorithm (system output to
the search area);

- search algorithm for the optimal granulation
mode,

A feature of this algorithm is the fact that after
the control system enters the search zone (regulated
zone), after a time equal to the period of the switch, a
trial step is made (the search begins). At the same time, it
is not known exactly at what point of the static
characteristic the system is located. After the end of the
trial step, a time delay is provided corresponding to the
time of the transient process in the object, and the values
of Tn (memorized and steady) are compared. The
analysis of the obtained increment ATn in this case
allows you to determine the need for further execution of
a trial step, if the increment value is greater than the
value of the dead zone value, or to carry out a working
step, i.e. change the position of the steam supply
regulator in the direction of increase. Trial steps of the
value set for each compound feed recipe are made by
changing the position of the steam supply regulator only
to decrease, working steps — only to increase. Taking into
account the studies carried out, as well as on the basis of

the SMART-INDIVIDUAL system, created using
SMART technology by specialists of the Scientific and
Production Complex "Elevator Equipment Plant" (ZEO),
together with employees of the Department of
Technological Equipment of Grain Production of the
Odessa National Academy of Food Technologies ", it
seems it is possible to apply the developed system to
control the granulation lines of feed mills.

SMART self-control and reporting technology is
an effective technology for setting and formulating goals
is inextricably linked with the SCADA system [4] of
supervisory control and data collection, which is
designed to monitor and supervise a large number of
remote objects or one geographically distributed object.

The tasks of SCADA systems include:

- automatic optimization of the operation of
technological and transport equipment, including press
granulators

- data exchange with USO (devices for
communication with the object), that is, with industrial
controllers and input - output boards) in real time through
drivers;

- processing of information in real time;

- displaying information on the monitor screen
in a form understandable to humans;

- maintenance of a real-time database with
technological information.
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OIITUMIZALIA POBOTHU ITPECA-T'PAHYJIATOPA
B CUCTEMI SMART TEXHOJIOI'IA

Anomauin

Heoonopaszoso nepegipeno i 006e0eHo, wo epanyibo8anuti KOMOIKOPM i SPAHYIbOBAHA MAHHA KPYNA MAOMb PAO nepesazs
nepeo cunyuuMu KOMOIKOPMAamu, OCKiIbKU He 8i00Y8ACMbCsl CaMOCOPMYBAHHS KOMROHEHMIG, 3MEHULYIOMbCS 6MPamu npu mpaHcno-
PMYBANHI MA 6MPamu ROACUBHUX pevosun npu 36epicanni. Epexmuena dis maxux kombikopmie guwa 6io cunyuux kopmie na 10-15
% 3a paxyHox nio8uwjeHHs pieHsa caHimapHoi akocmi ma nioguweHHs 3aC60108aHOCMI NOAHCUBHUX peyosuH. Kpim moeo, npu epanynsa-
yii' 6 kombikopm modicna 66o0umu 00 3...4% piokux komnonenmie npomu 1...2% ons cunyuux kombikopmie. B danuii yac cnocmepi-
2aemvCsi MeHOeHYisi 00 30LbULEHHST YACMKU BUPOOHUYMBA 2PAHYIbOBAHUX KOPMIG. TexHonoeisa epanynosants Kopmy 00360J5€ 3d-
besneyumu cmabinbHy OOHOPIOHICMb, NOKPAWUMU CAHIMAPHO-CIZIEHIYHI NOKASHUKY, NIOSUWUMU XAPY08Y YIHHICMb, 30itbuumu
mepMmiH 30epieanis, MIHIMIZyeamu empamu npu 1o20 MpaHCROPMYSanHi ma po3nodini. Bee ye ennusae ax Ha cnosicusanus Komoi-
KOPMY, MAK I Ha RPpOOYKMUGHICMb UPOWYeants meapur i nmuyi. [Ipu ybomy ocHo8HUM 001aOHAHHAM 01 BUPOOHUYMEA ePAHY ONis
KOMOiKopMi6 € nenemuuil npec. 3a80aHHAM YNPAGIIHHA NpeC-2paHyIamopom y cknadi mexnonoziti SMART € eusnauenns ma énposa-
O0JiCeH s MAK020 CNIBGIOHOWEHHSA SUMPAmMU Napu ma GUXioHo2o NPOOYKMY, Npu AKOMY 6paxoeylomvCs MAakKi NOKA3HUKU Npoyecy
2PAHYNI08AHHS, AK NPOOYKMUGHICb, NUMOMA GUMPAMA NAPU MA eleKMpOoeHep2ii, a Maxoic AKICHI 61ACMUBOCMI 2paHyl 8i0nosioa-
U 6 HeOOXIOHUM 3HAYEHHAM. 32I0HO 3 HAUBANCIUGIULOIO NPAKMUUHOIO PEKOMEHOAYIEI U000 NPOBEOCHH MEXHON02IUHO20 npoyecy
SPAHYNI0BAHHS, Ye 3a0e3neden s HeOOXIOHUX YMO8 Oisk KOHOUYIOHYBAHHS NAPOI0, PIOKUMU KOMROHEHMAMU 8I0N0GIOHO 00 6]1aCMUBO-
cmetl 8UXiOH020 NPOAYKkmy 06podku. Boonouac ciopomepmiuna 00podKa KoMOIKOPMY GNIUBAE NPAKMUYHO HA 6CI NOKAZHUKU Npoye-
Cy ePAHYMIOBAHHA Ma SKICMb 11020 KiHYe8020 NPOOYKMY. AHANI3 3anencHoCmi NPOOYKMUBHOCIE 610 UMPAmu napu, OMpUMaHutl Ol
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PI3HUX peyenmyp KOMOIKOpMIE, 00380A€ 3p00UMU BUCHOBOK PO MOJICIUGICIY | OOYINbHICb NOULYKY ONMUMATLHO2O NOJIOICEHHS
pezynioyo2o opeany 01a noodadi napu 0o 3miutyeaua npec-neinem. Ilpu yvomy neobxiono, wob npoOyKmusHicms npeca npasmyid
00 MAKCUMYMY 8 3ANeNHCHOCI 8i0 NONOJCEHHs pe2ynioiouo20 opaany nooayi napu Ha npec, a Maxodic eIUduHY NOMOYHO20 HABAH-
Masdcents 0BUZYHA 20106HO20 NPUBODY, U0 8 OCHOBHOMY BUIHAUAE eHepeOEMHICIb npoyecy, Oyna odomedicena 6 3a0anomy 0ianazomi
3HAueHb npu oOHYNIHHI 6i0N0BIOHOI peyenmypu kKombikopmy: [Ipupicm uacy 3anoeHenHs KOIOHU OXOI00NCEHH MIdC YUKIAMU PO36a-
HMAdCYBANLHO20 NPUCIPOIO, WO XAPAKMePU3ye npoOYKMUSHICMb npecd - 2PAHYIAmopd, Modice 6ymu 6UKOPUCMAHULl 015 Onocepeo-
KOBAHOT 11020 OYIHKU Ma 6UKOPUCMAHUL K GUXIOHUL NOKA3HUK V CUCIEMI KePYBAHHS NPOYEeCOM SPAHYI6ANHS. Aneopumm nouyKky
ONMUMATILHO0 PEXCUMY SPAHYIAYIT CKIA0AEMbCA 3 080X YACMUHN: AN20PUMMY NOKPOKOBO20 3aNYCKY (nepeseoenHs CUCmeMi 6 30HY
NnowyKy) ma aneopummy HOULYKY ORMUMANLHO20 PedCUMY 2panyisayii. 3anpononosano eukopucmogyeamu cucmemy SMART-
INDIVIDUAL, sxa ochawena mooynem 3 pe2yio8anHam MOHIMOPUH2Y napamempie 001a0HAHHA 34 NACNOPIMHUMU XAPAKMEPUCTU-
kamu. Ilpu ybomy cucmema 6ede apxie i KOHMPOIOE MEPMIHU 0OCIY208Y8ANHSL.
KniouoBi ciioBa: npec-rpaHyJisitop, NpoAyKTHBHICTb, cTabinizanis, onTumisauis, aJropuT™ NOLUIYKY, TEXHOJIOTis
SMART.
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FORECASTING GRAIN CARGO HANDLING AT PORT
ELEVATORS SOUTH-EASTERN REGION OF UKRAINE

Abstract

The results of a study of the state and possibilities of increasing the capacity of grain transshipment in the ports of Ukraine
and substantiation based on the developed trend models of forecast volumes of grain cargo transshipment in Berdyansk and Mariu-
pol seaports of the South-Eastern region of Ukraine until 2025 are presented. The studies established the characteristics of grain
cargo flows in the seaports of Ukraine, the SWOT analysis revealed the strengths and weaknesses, advantages and threats of the
Mariupol Sea Trade Port, developed trend forecast models for grain transshipment volumes in the ports of the South-Eastern region
of Ukraine and substantiated the forecast volumes of transshipment grain cargo until 2025. A rather uneven loading of the Mariupol
port during the year is shown. August and all summer months are especially critical, when both industrial and agricultural goods
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need to be exported from the nearby region at the same time. The urgent need to increase the capacity of elevators for the ports of
Chornomorsk, Reni and Olvia, as well as the ports of the Sea of Azov, in particular, the construction of a new elevator in the port of
Mariupol, which is a timely strategic decision, has been substantiated. It was noted that at present most of the country's seaports are
expected to increase the transshipment of food cargo of all kinds. To predict the volumes of transshipment of grain cargo at the Ber-
dyansk and Mariupol seaports, based on the analysis of data from the state enterprise "Administration of the Sea Ports of Ukraine",
forecast models (trends) are proposed that contribute to the growth of production capacity and competitiveness of agricultural prod-
ucts of the adjacent agro-industrial region. It is shown that the forecast for the next 2-4 years is optimistic — subject to a good grain
harvest, the transshipment of grain cargo by 2025 in the Berdyansk and Mariupol ports can reach 2,000 and 1,300 thousand tons,
respectively, that is, increase compared to 2021, respectively, 5 and 1.3 times. The conducted SWOT-analysis made it possible to
identify and evaluate the factors influencing decision-making on the possibility of developing the Mariupol seaport. On the basis of
analytical data, a long-term forecast was made for the further development of the transport and logistics component of the seaports
of the South-East region of Ukraine, which will expand and improve port services aimed at increasing its throughput. Among the
most important measures is the construction of an elevator in the Mariupol seaport, which will help increase the quality and safe
transportation of agricultural products in the chain from the producer to the end consumer. The main measures aimed at increasing
the competitiveness of the Mariupol port were identified, including: construction of complexes for transshipment of grain, containers,
vegetable oil; dredging, construction of hydrotechnical bank protection structures; reconstruction of berths 2-4 and 14-15 of the
port; reconstruction of the nearby railway station Mariupol-Port.

Key words: region, seaport, grain cargoes, innovations. elevator, statistical analysis, trend model, forecast

Formulation of the problem

The development of the agro-industrial com-
plex and, first of all, the grain economy is one of the
areas that ensures socio-economic progress and deter-
mines the country's food security. According to the lev-
el and condition of the grain economy and the grain
market, they judge the efficiency of the functioning of
the economy of the agro-industrial complex and the
reliability of the country's grain forage supply.

In recent years, grain yields in Ukraine have
consistently exceeded the optimistic expectations of
experts. Increasing volumes have significantly actual-
ized the issue of preserving grain reserves in the coun-
try, and domestic agricultural producers have acutely
felt a shortage of high-quality storage capacities.

Storage of grain of different crops is an im-
portant stage in the implementation of international
transportation and transportation of products in the food
supply chain from producer to consumer. Therefore, it
is necessary to constantly assess the ability of seaports
to serve the flow of goods, especially grain, which, un-
der improper storage conditions, can quickly deterio-
rate.

Literature review

The availability of modern elevator capacities in
the seaports of Ukraine for the intermediate storage of
grain products that are exported is very important. This
allows you to temporarily accumulate the necessary
batches of grain and minimize costs in general, which
positively affects the export opportunities of ports [1].

According to the Elevatorist.com website [2],
certified elevator capacities in Ukraine are about 45-50
million tons. Currently, 65-70% of elevators are morally
and physically obsolete and do not meet modern re-
quirements for grain storage, acceptance and shipment
efficiency.

Against the backdrop of a record harvest of
more than 100 million tons, the shortage of elevators
exceeds 50%. According to various estimates for 2021, it
is about 30 million tons and will only increase with the
growth of yields. Given the trend of the last five years to
an increase in modern elevator capacities of about 1.5
million tons per year, the trend towards an increase in
grain storage capacities will continue in the next 3-5
years [2]. It is easy to calculate that with a projected
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grain harvest of 100 million tons in 2022 and beyond,
this deficit will only increase.

In addition to the construction of new trans-
shipment complexes, a very interesting alternative is the
transshipment of grain crops into containers in polypro-
pylene liners (liner-runs), which protect the cargo from
contact with the container and protect the container from
contact with the cargo. The absence of the need for addi-
tional transshipment (transshipment) of these cargoes
simplifies loading and unloading operations and signifi-
cantly expands the geography of deliveries [3].

It is known that the development of seaports
with the deregulation of cargo transportation is a big
problem. In this direction, studies have already been car-
ried out in order to increase the efficiency of the func-
tioning of the transport and technological system of the
seaport serving the industrially agrarian East Ukrainian
region [4]. A number of projects for the development of
Ukrainian ports have been developed, which embody
scientific approaches to the design and development of
domestic port facilities [5], taking into account all the
requirements of regulatory and technical documentation
and methodological literature [6, 7].

The general decline, which was observed due to
the stagnation of the Ukrainian economy over the past 5-
7 years, is almost over, and at present, an increase in the
transshipment of food cargo of all types is expected in
most of the country's seaports. This general trend can be
described by a predictive model — a trend, that is, a cer-
tain equation based on the statistical processing of a rela-
tively small amount of data. Extrapolation by trends can
also be used as the initial stage of a complex forecasting
technique that answers questions about the consequences
of continuing the previous development trend [8].

To compile a trend model, you need to select a
trend function, find its characteristics, check the adequa-
cy and accuracy. For trends that describe changes in indi-
cators over time (dynamics), polynomial, exponential and
S-shaped types of equations are most often used. The
resulting adequate trend model is further used for point
and interval forecasts [8, 9]. Regarding polynomial
trends, there are mutually accurate recommendations —
from the use of polynomials not higher than degree 3 [8,
10] to the use of polynomials of degree 6 [9]. Thus, for
the possibility of objective forecasting, it is necessary to
carry out a certain analysis of the choice of the corre-
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sponding trend equations.

In recent decades, Ukraine has confidently en-
tered the top five world grain exporters, which allows our
state to steadily replenish its gold and foreign exchange
earnings [11]. These achievements would not have been
possible without the proper development and well-
functioning of seaports. Their further development is a
strategic task that requires deepening research to find
reserves to improve the efficiency of seaports for grain
transshipment, in particular, the promising South-Eastern
region of Ukraine. The above determined the purpose
and objectives of our research.

The purpose of the research was to study the
state and possibilities of increasing the capacity of grain
transshipment in the ports of Ukraine and substantiate, on
the basis of the developed trend models, the forecast vol-
umes of grain cargo transshipment in Berdyansk and
Mariupol seaports of the South-Eastern region of Ukraine
until 2025.

According to the objectives of the research, it
was to establish the characteristics of grain cargo flows
in the seaports of Ukraine, to identify the strengths and
weaknesses, advantages and threats of the Mariupol Sea
Port, to develop trend forecast models of grain trans-
shipment volumes in the ports of the South-Eastern re-
gion of Ukraine and to substantiate the forecast volumes
of grain cargo transshipment to them up to 2025.

Materials and methods of research

The research materials were statistical data on
the performance of the ports of Ukraine for 2015-2021
for the transshipment of all types of cargo and, in particu-
lar, grain cargo. The work used graphic-analytical and
statistical methods of research, mathematical description,
modeling and evaluation of the results of the analysis.

In the tasks of approximating observational data
(volumes of grain transshipment) and compiling trend
mathematical models (equations), the MS Excel 2007
environment was used, in particular its procedure
"Search for a solution" (Excel Solver), by which the em-
pirical coefficients in the equations were determined by
the least squares method (LSM) trends models.

The adequacy of the obtained trend models and
their suitability for forecasting the volumes of grain
transshipment was carried out according to a simplified
method [10], which provides for their assessment accord-
ing to statistical criteria:

— the index (coefficient) of determination R? and
the correlation coefficient r.,, showing the tightness of
the time series of observational data with the trend curve
on the Chaddock scale;

— the autocorrelation coefficient of M. Ezekiel
and K. Fox r,; and the Durbin-Watson D-test DW, which
allow assessing the absence of autocorrelation of residu-
als;

— the average relative approximation error A,
which gives an estimate of the accuracy of the forecast.

To detect autocorrelation of residuals based on
the Durbin-Watson D-test, such an algorithm was used.
The formulas given in [10] were used to calculate the
values of the autocorrelation coefficient r,, and the D-
criterion DW. Further, according to special tables [12],
for a given number of observations n, the number of in-
dependent variables of the model m and significance
level a=0.05, the critical values of the D-criterion were
determined — its lower d; and upper limit da.

When the condition DW > d2 is met, it is con-
cluded that there is no autocorrelation of residuals (in
case of negative autocorrelation of residuals, not DW, but
4-DW is compared with tabular values). The closer the
actual value of the Durbin-Watson criterion to 2, the
greater the confidence in the absence of autocorrelation
in the residuals and the possibility of using the found
trend in forecasting.

Results and discussion.

Characteristics of grain cargo flows. The vol-
umes of cargo transshipment passing through the Mariu-
pol port over the past 7 years, plotted according to [13] as
a percentage, are given in table 1 and table 2.

According to table 1 and table 2, it is obvious
that the loading of the Mariupol port during the year is
rather uneven. August and all summer months are espe-
cially critical, when both industrial and agricultural
goods must be exported from the nearby region at the
same time. Therefore, in order to meet the growing de-
mand for the export of grain cargo through the logistics
system of the industrial and agrarian region of Eastern
Ukraine, it is proposed to build a new elevator on the
territory of the Mariupol Commercial Sea Port with a
total capacity of up to 2 million tons of grain per year.
The construction of an elevator in the port will help re-
duce the queues for idle transport for unloading grain, to
a greater extent in the summer.

Table 1 — Results of the total transshipment of all types of cargo through the port of Mariupol, %

Month
vear Jan Feb | March || April || May June July | August | Sept || Octob | Nov || Decem
2015 || 64.44 || 66.58 | 88.03 || 74.30 || 89.40 | 68.37 | 83.73 || 87.63 | 86.95 || 100.00 || 42.93 | 48.39
2016 || 46.58 || 37.40 | 47.21 || 57.31 | 72.48 | 85.69 | 94.59 [ 100.00 || 86.26 || 77.16 | 70.58 | 53.08
2017 || 41.02 || 47.02 | 55.72 || 65.71 | 100.00 | 78.18 | 82.06 | 33.99 | 46.52 || 93.28 | 62.94 | 69.33
2018 || 77.24 || 60.53 || 88.16 || 81.84 || 87.49 || 100.00 | 96.26 || 81.18 || 85.48 || 91.13 | 64.71 || 83.57
2019 | 43.41 || 49.11 || 71.98 || 51.14 || 66.62 || 46.43 | 69.70 || 100.00 || 95.44 || 91.58 | 65.95 || 89.38
2020 || 72.35 || 74.34 | 70.56 | 73.17 | 62.48 || 71.01 | 87.38 || 100.00 || 89.39 || 71.70 | 80.88 || 69.45
2021 || 72.80 || 80.91 | 73.59 || 90.95 || 84.62 || 63.59 | 63.44 || 92.13 | 100.00 || 76.79 | 77.86 | 78.00
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Table 2 — The results of the total transshipment of grain cargo through the port of Mariupol, %
Month

Jan Feb || March || April || May June July | August | Sept | Octob | Nov || Decem
2015 || 50.13 || 7.90 || 20.73 || 28.95 | 22.37 | 0.00 25.84 || 100.00 | 78.50 | 69.86 | 30,89 || 83.37
2016 || 17.74 || 19.81 || 43.42 || 43.87 || 56.65 | 39.10 || 67.55 | 100.00 || 56.45 || 48.31 | 47.15( 61.13
2017 | 28.00 || 47.80 || 38.09 || 21.27 || 31.72 | 16.62 | 39.49 | 100.00 || 45.10 | 37.94 | 23.25 | 61.78
2018 | 34.88 || 56.56 ||100.00| 54.10 || 50.82 | 12.57 || 93.33 || 84.56 || 82.38 || 49.04 | 49.45 | 86.72
2019 || 31.90 | 27.14 || 30.76 || 23.48 || 30.76 | 5.89 50.33 || 100.00 || 76.92 | 68.45 || 60.84 || 55.37
2020 || 31.37 | 28.34 || 52.66 || 48.61 | 27.62 | 8.96 61.76 || 100.00 || 51.22 | 34.38 || 25.68 || 16.38
2021 || 27.29 | 31.01 || 22.45 || 37.63 || 33.33 || 37.74 | 46.60 | 100.00 || 73.42 | 74.94 || 33.67 || 54.21

Year

The particles of each seaport of Izmayil Berdyansk Mariupol
Ukraine as a percentage of the total volume of 0,18% 2.82% 1.94%
transshipment of grain cargo for 2021 are '
shown in fig. 1. It can be seen that the main Chornomorsk
ports reloading more grain cargo in Ukraine 29,09%
are the ports of Chornomorsk, Mykolaiv, Yu-
zhny and Odesa. The ports of Mariupol and

Mykolayiv
~ 25,89%
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Berdyansk, although they are not competitors ﬁhgg(f/)“ e
of these powerful ports, play an extremely im- ' 0\ N
portant role in servicing the nearby region of

Odesa

South-Eastern Ukraine. On the part of agricul- Olvia
11,65%

tural enterprises, there is a certain demand for 5,74% '
the services of these ports, which makes it pos-

sible to optimize transport and logistics costs 1R762”(j/ Pinenf;yy/
in the overall supply chain. a7 19,3%%
On fig. 2 shows how the shares of Fig. 1. Shares of Ukrainian seaports in total volume |:|

grain cargoes have changed in the seaports of

Ukraine over the past 7 years as a percentage of grain cargo transshipment in 2021

of the total volume of transshipped cargo. seaports can be divided in terms of grain transshipment
Over the past 7 years, the share of grain cargo in volumes — with large volumes in the range of 5-16 mil-
the total volume of transshipped cargo has increased sig- lion tons per year (Mykolaiv, Chornomorsk, Yuzhny and

nificantly in the ports of Berdyansk (by 64.5%), Reni Odesa) and significantly more than 3,000 thousand tons
(35.8%), Chornomorsk (by 27.4%) and Olvia (by 20.5%) (all the rest 6 ports are indicated in figure 3). There is
. and grew in the ports of Mariupol (by 9.3%), Kherson also a large variability in grain transshipment volumes
(by 7.2%) and Mykolaiv (by 3.9%). Against the back- over the years. For example, we can note the increase in
drop of a drop in the flow of grain cargo in the ports of the volume of grain transshipment in Chornomorsk from
Izmail (by 1.1%), Yuzhny (by 2.0%) and Odesa (by 5 to 15 million tons, that is, three times.

7.9%) over 7 years, it was possible to increase

this flow of cargo by 6.7%. At the same time, g 100 I
the ports located on the Sea of Azov increased 5 L gp L
the grain cargo traffic by 17.4%. e | '
The presented analysis shows that S 60— —
there is an urgent need to increase the capacity = 2 bl |
of elevators for the ports of the Sea of Azov,as  S's 40 1 | -
well as for the ports of Chornomorsk, Reni and S - 20 +-em I
Olvia. Therefore, investment development and E °© . | ~
construction of a new elevator_ln the port (_)f = 0 \ I |
Mariupol is a reasonable and timely strategic dyansk . o
decision. per Remrs |
Forecasting the size of transshipment Chornom® Olia . ™= "=HN bl BN ~
of grain cargo in seaports. To assess the Mykolaylv “*.1‘“.[ |
change in the flow of grain cargo passing e e -, |
through the seaports of Ukraine, according to
[13], we present in graphical form information Izmayil 20152021 p.
on the transshipment of this type of cargo in p.
ports over the past 7 years (Fig. 3). Fig. 2. Shares of grain cargoes of seaports of Ukraine in the total
It is clearly seen that two groups of volume of transshipped cargoes in 2015 and 2021

1 1 http://grain-feed.onaft.edu.ua
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Fig. 3. Dynamics of the annual transshipment of grain cargo in the seaports of Ukraine in 2015-2021

To predict the volumes of grain transshipment in
seaports, it is necessary to develop mathematical models
(trend equations) that accurately approximated the obser-
vational (reporting) data and could give close to real me-
dium-term forecast values of grain transshipment vol-
umes for the next few years. Due to the presence of a
significant number of different types of equations that
can be used as mathematical models (trend equations),
we analyzed all standard types of trend one-factor equa-
tions provided in MS Excel.

Such an analysis of the MS Excel approximation
(trend) lines, carried out for two ports of the Sea of Azov
(Mariupol and Berdyansk), showed that linear equations
give determination coefficients of 0.56-0.59, in exponen-
tial equations the determination indices (coefficients) are
0.55-0.61, for logarithmic — 0.56-0.59, which are con-
sidered low. Polynomial types of equations (trends) have
higher indices (coefficients) of determination: from 0.59
(a second-degree polinom) to 0.94-1.00 (for 4th—6th de-
grees of polynomials). However, despite the much great-
er accuracy of describing the volumes of grain trans-
shipment by polynomial trends within the studied years
2015-2021, forecasts for them for the next few years
give completely unrealistic results — either negative or
too large values. So, for example, the forecast for the port
of Mariupol for 2023 according to the 6th degree poly-
nomial gives an increase in grain transshipment volumes
by 75 times compared to 2021, which is nonsense.

Subsequent analysis of other types of equations
showed that the modified exponential equation [8] can be
used as temporary trend models

y =k +aexp(-bx) , (1)

where Yy — estimated value of grain transshipment, thou-

sand tons;
k, a, b — are empirical coefficients determined by
the least squares method;
x — the time factor (year).

The coefficients k, a, b in the proposed modified
exponential equation have a certain geometric content.
Thus, the graph of function (1) as t—oo approaches the
horizontal asymptote y = k. Most often, equations are

© “3epHOBI poayKTH 1 KOMOiKOpMu”, 2022

used as trends when a<0 (i.e., the asymptote is located
above the trend curve), and b<1 (i.e., when the incre-
ments in y are constant and decrease with increasing 1).

As practice shows, the use of the numerical val-
ue of the year as a time factor in trend time series can
lead to significant discrepancies between the observa-
tional data and the data predicted by the obtained equa-
tion. This is due to the significant remoteness of the cur-
rent values of years in relation to the initial ("zero") ref-
erence point of the time factor (years). Therefore, instead
of years, it is more expedient to take the ordinal numbers
of the time scale (series of years) as a time factor. Using
this approach and reporting (observational) data on annu-
al volumes of grain cargo transshipment in 2015-2021
[13], we obtained trend equations describing the general-
ized nature of deregulation changes in annual grain flows
in the ports of Berdyansk and Mariupol:

— for Berdyansk
y = 1388,89 — 1085,48 exp(0,188849x), R?>=0,589;  (2)

— for Mariupol
y = 25551,3 — 24758,9 exp(0,00471517x), R?=0,573, (3)

where x — serial number of the year (2015 year — 1; 2016
year — 2 etc).
R? — index (coefficient) of determination.

The numerical values of the empirical coeffi-
cients of the trend equations were determined by the least
squares method using the procedure “Search for solu-
tions”.

The assessment of the adequacy of the obtained
trend models and their suitability for forecasting the vol-
umes of grain transshipment was carried out according to
the above simplified method [10], for which the follow-
ing statistical criteria were calculated:

— correlation coefficient ry, to estimate the tight-
ness of a series of observed data with a trend curve;

— autocorrelation coefficient of M. Ezekiel and
K. Fox r,; and D-test of Durbin-Watson DW to assess the
absence of autocorrelation of residuals;

— the average relative approximation error A for
estimating the accuracy of the forecast.

Using the formulas given in the sources [10, 8],
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2200 critical values of the D-
P criterion are — the lower lim-

2000 == it d,=0.700, the upper limit
= d,=1.356. Considering that

the autocorrelation coeffi-

1400 /-~ ’\*

1800
1600 f/ \ -

cients r,; have a minus sign,

according to [10], the fol-

1200 =

lowing relations can be writ-

ten:
—  for Berdyansk

800

DW = 4-2,126 = 1,874 > d;

600

- ~7 ( ----—
1000 <r;—"r—¢-()\ ——{—/"__ __-_\\)
N/
X

Transshipmentvolumes, thousand tons

‘/o’ N, =1,356;

400 —  for Mariupol

200 DW = 4-2,432 = 1,568 > d
0 = 1,356,

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

—O—Berdyansk == Mariupol

Fig. 4. Trend models for the forecast of transshipment of grain cargo
in the seaports of the Sea of Azov for the period 2015-2025

the following values of the necessary statistical criteria
were obtained:

— for Berdyansk
ry=0,77; r,;=-0,147; DW = 2,126; A =12,54%);

— for Mariupol
ry =0,76; r, =-0,263; DW = 2,432; A =19,44%.

An analysis of these data showed that for both
ports, the annual volumes of grain transshipment and
serial numbers of the considered 2015-2021 years have
correlations within 0.76-0.77, which is estimated as a
high level according to the Chaddock scale [10] (0.7-0.9)
and allows you to use trend models for forecasts.

The low values of the autocorrelation coeffi-
cients r,; indicate the possibility of using trend equations
for forecasts. However, the final conclusion was given by
a comparison of the Durbin-Watson DW criteria with
their critical limits d; and dz, determined from the table
[12] for the number of observations n=7, the number of
independent variables in the model m=1 and the accepted
significance level 0=0.05. For these characteristics, the

which indicate the absence
of autocorrelation of resi-
Years dues.

Average relative
approximation errors equal
to 12.54-19.44% do not ex-
ceed the recommended [10]
allowable limits of 10-20%.

Thus, according to the set of requirements, con-
firmed by the corresponding statistical characteristics, the
trend models obtained by us can be used for point and
interval forecasts.

Using the obtained adequate equations (2)—(3),
graphs of changes in the annual volumes of transship-
ment of grain cargo and trend lines were constructed,
which are generalized and give an idea of the indicative
medium-term forecast values for the period 2022-2025
(Fig. 4).

From the data analysis of fig. 4, we can con-
clude that the trends in the transshipment of grain cargo
in the ports of the Azov Sea of Ukraine are now in the
process of growth. The medium-term forecast for the
next 2—4 years is optimistic — given a good grain harvest,
which will grow in these seasons, the transshipment of
grain cargo by 2025 in the ports of Berdyansk and Mari-
upol can reach about 2,000 and 1,300 thousand tons, re-
spectively, i.e. year by 1.5 and 1.3 times.

Table 3 — SWOT analysis of the Mariupol seaport as of 2021

STRENGTHS

WEAK SIDES

— Proximity to large places of localization of the
production of ferrous metals — directly within the

enterprises of Ukraine — MMK im. Ilyich and MK
"Azov-stal".

Internal
environment

mining, clay.
— Versatility of berths.
— Quality and speed of customer cargo handling.

city, next to the port, there are powerful metallurgical

— Proximity to large places of localization of coal

— Small depths of the approach sea channel;

— Limited capacity of the transport infrastructure
(railways and railway station, highways).

— Lack of specialized transshipment facilities for
grain and bulk (oil) cargo.

— The possibility of expanding the territory of the
port through close proximity to the residential areas of
the city and the recreational zone is limited.

OPPORTUNITIES

THREATS

— Expansion of additional volumes of processing

— Since 2014, there has been a difficult political and

GREEN, PROCESSING GRAIN: TECHNOLOGY AND QUALITY

[ ]

_ c|lgrain and sunflower oil. economic situation in the South-Eastern region of
s § — Use of a very favorable geographical location of [|Ukraine, where the port is located.
§ § the port for the export and transit direction of goods. — Slowdown in the economic development of the
2 S| — Renewal of technological equipment and appli- | region.
& | cation of new technologies. — Decrease in demand for metallurgical products in

the world markets.
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port berths No. 2-4,
14-15; as well as the
reconstruction  of
the nearby railway
station  Mariupol-
Port. The said
works on moderni-
zation of transship-
ment of grain car-

Fig. 5. Modern silos of the grain terminal of the Mariupol Sea Port [16]

SWOT-analysis of the Mariupol seaport.

Even under the most pessimistic scenario of the
development of events, the news about the construction
of new elevator capacities will encourage producers to
increase the sowing of grain crops and increase their ex-
port.

The analysis of the data of the map of elevators
of the South-East region, including port ones, given in
the source [14], showed that the capacities of the eleva-
tors existing in this region (Mariupol 20, Zaporiyia 21,
Berdyansk 12, etc.) are still not enough to meet all the
needs of grain producers and grain traders, especially the
Mariupol seaport. This can be seen from the SWOT
analysis of the Mariupol seaport.

When comparing the ports of the South-Eastern
region of Ukraine with the most competitive ports of the
Black and Azov Seas, it can be summarized that the Ma-
riupol port has the following weaknesses:

— small depth of approach channels;

— high wear of hydraulic structures and berths;

— high wear and tear of the port fleet, crane
equipment and other technological equipment;

— limited warehouse space;

— limited capacity of the transport infrastructure
(roads, railways and railway station).

Outdated technological equipment reduces the
efficiency of loading and unloading cargo, and also in-
creases the risk of accidents. Of the 60 portal cranes
available in the Mariupol port, 30 of them are older than
30 years, 16 cranes are older than 20 years. More than
40% of forklifts are operated beyond the standard period.

To mitigate these risks, separate technological
lanes are being built in the Mariupol port for new and the
introduction of obsolete (subrogation) equipment.

The final SWOT analysis of the Mariupol sea-
port is given in Table. 3.

The main measures aimed at increasing the
competitiveness of the Mariupol port should be: con-
struction of complexes for transshipment of grain, con-
tainers, vegetable oil; dredging, construction of hydro-
technical bank protection structures; reconstruction of

14

goes are already
underway. Thus,
according to [15],
the construction of a
modern grain termi-
nal continues in the
Mariupol Commer-
cial Sea Port, the
decision to build
which was made
back in 2016 [16].
But due to a number
of objective reasons,
the deadlines for implementation were delayed. At pre-
sent, the project is more than 60% completed and the
modern grain transshipment complex (Fig. 5) is sched-
uled to be completed in March 2022.

Conclusions

1. A fairly uneven loading of the Mariupol port
during the year has been shown. August and all summer
months are especially critical, when both industrial and
agricultural goods need to be exported from the nearby
region at the same time. The urgent need to increase the
capacity of elevators, the ports of Chornomorsk, Reni
and Olvia, as well as the ports of the Sea of Azov, in par-
ticular, the construction of a new elevator in the port of
Mariupol, which is a timely strategic decision, has been
substantiated.

2. It is shown that at present most of the seaports
of the country are expected to increase the transshipment
of food cargo of all kinds. To predict the volumes of
grain cargo transshipment at the Berdyansk and Mariupol
seaports, based on the analysis of data from the state en-
terprise "Administration of the Sea Ports of Ukraine",
forecast models (trends) are proposed that will contribute
to the growth of production capacities and competitive-
ness of agricultural products of the adjacent agro-
industrial region. It is shown that the forecast for the next
2-4 years is optimistic — subject to a good grain harvest,
the transshipment of grain cargo by 2025 in the Ber-
dyansk and Mariupol ports can reach 2,000 and 1,300
thousand tons, respectively, that is, increase compared to
2021, respectively, 5 and 1.3 times.

3. The conducted SWOT-analysis made it pos-
sible to identify and evaluate all the factors influencing
decision-making on the possibility of developing the Ma-
riupol seaport. On the basis of analytical data, a long-
term forecast was made for the further development of
the transport and logistics component of the seaports of
the South-East region of Ukraine, which will expand and
improve port services aimed at increasing its throughput.
Among the most important measures is the construction
of an elevator in the Mariupol seaport, which will help
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increase the quality and safe transportation of agricultural including: construction of complexes for transshipment
products in the chain from the producer to the end con- of grain, containers, vegetable oil; dredging, construction
sumer. of hydrotechnical bank protection structures; reconstruc-
4. The main measures aimed at increasing the tion of port berths No. 2-4, 14-15; as well as the recon-
competitiveness of the Mariupol port were identified, struction of the nearby railway station Mariupol-Port.
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SHayionanvnuii mexuiunuii ynieepcumem Yrpainu «Kuiscoxuii nonimexuivnuii incmumym
im. leops Cikopcorocor, m. Kuis, Yrpaina

IMPOIHO3YBAHHS IEPEBAJIKW BEPHOBHUX BAHTA’KIB HA
IHOPTOBHUX EJEBATOPAX ITIIBAEHHO-CXITHOI'O PEI'TOHY YKPAIHU

Anomauin

Haseodeno pezynomamu 00CAiONCEHH CIMAHY MA MONCIUBOCMEU 30LTbULIEHHS NOMYAICHOCIEU NEePEeBAIKU 3ePHA
y nopmax Ykpainu ma oOIpyHmy8amnHs Ha OCHOGI pO3POOAEHUX MPEHOOBUX MOOenell NPOSHOZHUX 00Cs2i8 nepesanKu
3eprogux sanmadicig y beposmcoromy ma Mapiynonvcoxomy mopcokux nopmax Ilisoenno-Cxionoco peciony Yxpainu
00 2025 poxy. V docnidocennax CmanosieHo Xapakmepucmux nomoKie 3epHOSUX 8aAHMAICI8  MOPCbKUX nopmax Y-
painu, y SWOT-ananizi eusigieno cunvhi ma ciabki cmopoHu, nepesazu ma 3a2po3a Mapiynoiscoko2o MOpCbKo20 mop-
2i6eIbH020 NOpmYy, po3podaeHo Mmpendosi npocHosHi modeni 0ocseie nepesanku sepua y nopmax Iliedenno-Cxionozo
peziony Vkpainu ma o6rpyHmosano npocHo3ui 00csa2u nepesaniku Ha Hux 3epHoeux eanmaicie 00 2025 poxy. Ilokazano
docums HepieHoMipHe 3asanmadicents Mapiynonscokozo nopmy npomsizom poky. Ocobnauo KpUmMuyHUMY € CEpneHd i
6Ci IiMHI Micayl, KOIU 3 NPULE2NI020 Pe2ioHy 00HOYACHO NOMPIOHO BUBO3UMU | NPOMUCLO6I | azpapHi sanmadici. O0Ipy-
HMOBAHA HA2AbHA NOmMpeda 6 HapOWyEanHi NOMYdICHOCmel eneeamopie oasi nopmie Yopnomopcok, Peni i Onveis,
maxooic nopmie A306cvK020 Mopsi, 30Kkpema OyOieHUYMEA HOB020 elesamopy 6 nopmy Mapiynons, wo € c80€euacHuUM
cmpame2iyHum piutennam. Biomiveno, wo napasi y 0itbuiocmi MOpCoKuUx nopmie Kpainu o4ikyemvcs 3pOCmMaHius nepe-
BAIKU XAPUOBUX BAHMANCIB 6CIX 6U0I8. [[1a NpoeHO3y8aHHA 00CA2i6 nepesanku 3epHosUx anmasicie Ha bepoancokomy
ma Mapiynonbcokomy MopcbKomy nOpmie, 0CHOBI AHAI3Y OAHUX 0epIHCABHO20 NIONPUEMCcmEa « AOMiHicmpayis Mopco-
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Kux nopmie Yxpainuy 3anpononoeani npocHo3ni mooeuni (mpenou), saKi Cnpusmumyms 3pOCMAanHI0 UPOOHUYUX NOMY-
JHCHOCMEN MA KOHKYPEHMO30AMHOCMI CLbCbKO20CN00APChKOL NpoOYKYii npuie2io2o azponpomuciosozo peziony. Ilo-
KA3aHO, Wo NPO2HO3 HA HAUOIUdNCHT 2-4 pOKU € ONMUMICMUYHUM — 3 YMOB XOPOULO20 BPOICAIO 3EPHOBUX, NEPEeBANKa
3eprosux sanmaoicie 0o 2025 poxy y Beposaucvromy ma Mapiynonvcokomy nopmax modce docsemu 8ionogiono 2000
ma 1300 muc. moun, moébmo 3pocmu nopisuano 3 2021 poxom eionogiono y 1,5 ma 1,3 pasu. IIposedenuii SWOT-
aHaniz 003601U8 GUOLIUMU A OYIHUMU YUHHUKY, WO 6NIUBAIOMb HA NPUUHAMMA DIUeHb 3 MONCIUBOCMI PO3BUINKY
Mapiynonscokoco mopcvkozo nopmy. Ha ocHogi ananimuunux OaHUux CKia0eHo nepCHeKkmueHull NpoeHo3 NoOdIbUL020
PO38UMKY MPAHCHOPMHO-TO2ICMUYHOL CK1a0080i Mopcokux nopmie Iliedenno-Cxionozo pezionwy Ykpainu, wo 00360-
JUMb POSUWUPUIMYU MA NOTINUWUMYU NOCTY2U NOPMY, CNPAMOBAHI HA NIOSULEHHs 11020 NPOnYcKHoi cnpomoxcrocmi. Cepeo
HauobLIbW BAXHCIUBUX 3aX00i8 € OYOieHUYMBO enesamopy 8 MapiynonbcbKomy MOPCbKOMY ROPMY, WO Chpusmume 30i1b-
WIeHHI0 AKICHO20 Mma De3neyH020 MPAHCHOPMYBAHHA A2papHOi NPOOYKYIL 8 naHyoey 8i0 8UPpOOHUKA 00 KiHYe8020 CHo-
arcusaya. Busnaueno ocnosHi 3axo0u, cnpsamoeani Ha ni08UWEeH . KOHKYDEHMOCHpoMmodcHocmi Mapiynonbscokoeo nop-
my, cepeo sKux: 0yOiBHUYMBO KOMNIEKCI6 3 Nepesanio8aHHts 3epHd, KOHMelHepis, oii; OHOno2aubnosanvii pobomu,
0Y0i6HUYMBO 2IOPOMEXHIUHUX OEPe203aXUCHUX CROPYO; peKoHempyKyis 2-4 ma 14-15 npuuanie nopmy,; peKoHCmpyKyis
npuneznoi 3anisnuunoi cmanyii Mapiynono-Ilopm.

KirouoBi cjioBa: perioH, MopchbKuii IOPT, 3¢PHOBI BaHTa:Ki, iIHHOBaIii. e1eBaTOP, CTATHCTHYHMIA aHATI3,
TPEeHI0Ba MOJe/b, IPOrHO3.
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INFLUENCE OF GRAIN QUALITY INDICATORS ON
THE FLOUR QUALITY INDICATORS AT THE
LABORATORY MILLING

Abstract

In the conditions of high competition in the flour market, the development of models that allow to predict the quantitative and
qualitative indicators of flour during grain milling and to understand the correlation between grain and flour quality indicators is
extremely relevant and requires efforts in this direction. 64 samples of wheat grain from mills situated in different regions of
Ukraine, grown in 2019 and 2020 and straight flour obtained from this wheat in the laboratory at the mill MLU-202 were investigat-
ed. The data obtained confirmed great variability of grain and flour quality indicators which can depends on many factors: from
agro-climatic condition and variety features to milling flow diagram and tempering conditions before milling. Wheat quality indica-
tors are shown next results: test weight values ranged from 727 to 845 g/l, vitreousness — from 25 to 83%, initial moisture content —
from 10.4 to 13.7%, protein content — from 11.3 to 17.2%, ash content — from 1.35 to 1.73%, gluten content — from 17.6 to 38.3%,
gluten deformation index — from 46 to 96 units and Falling Number — from 309 to 500 seconds. Analyzing of correlations between
grain quality indicators and flour quality indicators shown: the direct extra high correlation between grain protein content and flour
protein content (r=0.95) and also between grain gluten content and flour gluten content (r=0.87); average correlation between ash
content of grain and ash content of flour (r=0.68). According to milling properties was found: average correlation of initial grain
moisture content and flour yield (r=0.52), a direct high correlation between grain vitreousness and the ratio of reduction and break
flour (r=0.70), and an inverse average correlation of test weight with ratio of break and reduction bran (r=—0.61). It has been estab-
lished that the flour strength W is affected by a set of grain quality indicators: grain protein content with high coefficient correlation
(r=0.70), grain gluten content and grain Falling Number with average correlation coefficients — r=0.53 and r=0.56, respectively.
For other rheological indicators, such as stability, water absorption capacity and P/L, no high correlation coefficients were found,
since their values depend on a complex of various indicators of grain. The obtained correlations can be used to improve the efficien-
cy of grain blending before milling, to substantiate the modes of tempering, grinding, and flour mixing stage in existing mills, as well
as to design a milling flow diagram for new mills.

Keywords: wheat, grain, flour, laboratory milling, test weight, vitreousness, protein content, quality indicators

CLEAN PRODUCTS: TECHNOLOGY AND QUALITY

Introduction

Milling of wheat is a physical or mechanical
process of separating the peripheral parts of the grain
(shells and germ) from the internal endosperm and turn-
ing the latter into flour. Complete separation is never
achieved, but when milling due to special methods of
preparation and milling, try to achieve the greatest possi-
ble release of endosperm into flour — to carry out the so-
called "selective grinding" [1].

The most important factor that determines the
consumer properties of flour is the quality of grain,
which is determined by the chemical composition and
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technological properties. The concept of "quality"” is an
integrated indicator that evaluates the physical, biochem-
ical and flour-milling properties of grain, as well as the
baking properties of flour obtained from it. In the tech-
nology of flour-milling production, "high-quality" grain
is understood as the grain from which the maximum
yield of grade flours with high whiteness, low-ash, high-
gluten, high-elasticity and stretchable flour is obtained,
which allows to obtain the best quality bread [2].
The quality of wheat depends on a complex

number of factors that depend on how it grows, grinds
and adapts to end use in any of the many products. Wheat

http://grain-feed.onaft.edu.ua
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is the main raw material, which has changes in composi-
tion and usefulness depending on the variety and grow-
ing conditions in a particular geographical location dur-
ing the year of its growth and production. Complex and
diverse processing methods and a variety of products
made from wheat have created significant requirements
for wheat, which has specific quality characteristics and
nutritional value [3].

When choosing grain before milling and forming
a milling batch by blending of grain of different quality,
the question often arises as to how well it is possible to
predict the real commercial quality of processing of this
grain and what quality indicators of finished products
could be. This can be done by laboratory milling of a
small amount of grain, considering how different labora-
tory milling flour will be from flour obtained in industrial
conditions.

Literary review

One of the most common and simplest criteria
for wheat quality is test weight and 1000 kernel weight.
These indicators have influence on the potential yield of
flour because larger grains usually have a higher ratio of
endosperm to peripheral parts.

The test weight and 1000 kernel weight depend
on the differences in the genetic makeup of wheat varie-
ty, growing location, different growing and environmen-
tal conditions prevailed during growing periods of wheat
in each region [4, 5], using an artificial irrigation [6],
particularly high temperature during the final phase of
grain filling [7]. Ultimately, high values of test weight
and 1000 kernel weight are determined by the wheat
grain size and shape of individual grains [8], surface
condition, grain density, which, in turn, is determined by
the biological structure of the grain, its chemical compo-
sition [9]. The grain is rounded, even in size, denser in
consistency, has a higher test weight and 1000 kernel
weight, and they have affected end-use quality and mar-
ket price [10].

Some authors considered, that the 1000 kernel
weight may been used as an good parameter of wheat
milling value [10]. Some authors have the opinion that
1000 kernel weight affects the milling properties only in
the case of very low or very high value. [11]. Other con-
sidered, that 1000 kernel weight is strongly heritable in
wheat and 1000 kernel weight as an index of milling val-
ue should be used only for the same wheat varieties, but
cultivated under different agro-environmental conditions
[12].

Agro-environmental conditions are also a de-
termining factor of the initial moisture content of wheat
grains after harvesting, in the future this indicator may
vary depending on storage conditions due to the hygro-
scopic properties of the grain [4, 13].

The main indicator of quality, which determines
the type of flour, is the ash content. This indicator in
grain is influenced by various factors such as wheat vari-
ety, geographical location, crop years. Interactions
among these factors determine flour ash content, flour
color value and flour extraction yield [14, 15]. At the
same time, the ash content of flour is a very variable in-
dicator due to the large differentiation of the ash content
of the endosperm [16].

© “3epHOBI poayKTH 1 KOMOiKOpMu”, 2022

The next important criteria of grain quality are
hardness and vitreousness. Grain hardness is arguably the
most important single determinant of wheat grain quality
and utilization, it forms the basis of differentiating world
trade of wheat grain [17]. The hardness of wheat deter-
mines the grain milling properties and the end use of its
processed products [18]. Hard wheat varieties have high-
er protein content than soft ones. Hard wheat has a com-
pact homogeneous structure of the endosperm with pre-
dominantly small starch granules firmly linked to the
surrounding protein matrix.

Vitreousness is natural kernel translucence and a
means of describing the appearance of wheat grains [19].
Vitreous kernels have a dark, translucent, glassy appear-
ance, as opposed to mealy kernels which have a light,
opaque appearance. Usually vitreous kernels are harder
and have higher protein content that mealy kernels, but
hard wheat kernels may look like non-vitreous, and, con-
versely, yellow-sided grains with viscous endosperm
after soaking, when visually inspected, look like vitreous
grains — the so-called false vitreousness [20]. Hard and
generally vitreous grains are more difficult to grind dur-
ing milling with increased energy per mill, requiring
more grinding systems [21].

The protein content is closely related to grain
hardness — it is a very important quality indicator for
bread-making quality and end-use of flour [5]. Protein
content is inversely proportional to grain yield [9], direct-
ly proportional to the amount of nitrogen fertilization
[22], while the protein quality is determined primarily by
the wheat genotype [23]. On the other hand, both indica-
tors — the quality and the protein content are affected by
the climatic conditions during wheat maturation [24].

The main feature of wheat proteins is the ability
of those proteins to form viscoelastic networks, i.e. glu-
ten [25]. The gluten proteins have very low extractabili-
ties in water or salt solutions and consist of gliadins (ex-
tractable in aqueous ethanol) and glutenins (unextractable
in aqueous ethanol). Gliadins are a heterogeneous poly-
peptide mixture, while glutenins consist of peptide poly-
mers connected by di-sulphide bonds [26]. Gluten is re-
sponsible for physical dough properties. It has been gen-
erally accepted that any increase in total protein content
of the flour results in an increase in the gluten content,
increase the strength of flour and the bread volume [27].
The quality of gluten is a genetically determined trait, but
growing conditions also have a strong influence on it. In
this case, the most important factors are temperature and
humidity, especially in the grain filling period [28], as
well as the provision of plants with nitrogen [29].

Precipitation during harvest period has an im-
pact on the quality indicator such as Falling Number
[30]. Low Falling Number in wheat grain means high ao-
amylase activity, which causes poorer wheat quality [31].
But for Ukraine in past seasons the opposite situation is
typical, due to an increase in average annual tempera-
tures, especially in summer, and a small amount of pre-
cipitation, the grain has a low amylolytic activity [32].

To ensure the required quality of flour, when
processing wheat at flour mills, the principle of forming a
milling batch before milling is used, which is based on
blending grain with known indicators and predicting
flour quality indicators after processing [32].
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Full understanding of the features of the change in
the quality indicators of grain in modern conditions un-
der the influence of changeable agro-climatic factors, as
well as the prediction of the flour-milling properties of
grain and dough properties of flour, is an urgent and im-
portant practical task [33, 34].

Purpose and objectives of the analysis

The purpose of this work was to establish the re-
lationship between grain quality indicators and laboratory
milling indicators, flour quality indicators and indicators
of physical properties of the dough. For this purpose, the
following objectives were achieved:

— determining the indicators of grain quality and
the establishment of a correlation between themselves;

— determining the milling properties, indicators
of flour quality and indicators of the physical properties
of the dough and establishment a correlation relationship
between themselves;

— establishing a correlation relationship between
indicators of grain quality and milling properties, indica-
tors of flour quality and physical properties of the dough.

Materials and methods

Samples. 64 samples of wheat grain from mill
plants situated in different regions of Ukraine, grown in
2019 and 2020, and straight flour obtained from this
wheat in the laboratory at the mill MLU-202.

Grain tempering. The grain was tempered ac-
cording to AACC 26-10A for 16-18 hours (depending on
the sample vitreousness) before milling to permit uni-
form distribution of the moisture. Tempering (Water—
thermal processing stage) of the hard type wheat grain
with vitreousness >60% was carried out with moistening
to 16.0% within 18 hours, while wheat with vitreousness
<40 % was tempered within 16 hours to 16.0% temper-
ing moisture.

The required water quantity to raise the moisture
content of grain to 16.0% was calculated using following
equation:

grain tempering

grain moisture -

100 — grain tempering moisture

rain
Amount _ g

of water = weight [

Before milling moisture content of grain was con-
trolled by AquaMatic 5200-A and if moisture content
was less required value, the grain was additionally mois-
tened. The amount of water was calculated according to
formula 1.

Experimental milling.

Buhler MLU-202 mill (Buhler Industries, Uzwil,
Switzerland) was used to mill the wheat samples accord-
ing to AACC International Approved Method 26-21.02,
and the flour extraction was determined as the percentage
of straight-grade flour produced on a product basis. A
10xxx polyamide screen (132 pum) was used for obtains
flour. With a standard procedure, as a result of grinding,
you get:

— break flour — from three break systems on which
corrugated rolls are installed,;

— reduction flour — from three reduction systems
on which smooth rolls are installed;

— break bran (large);
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moisture ] (1)

— reduction bran (small).

The total flour yield was determined as the sum of
all 6 flour streams (B1, B2, B3, C1, C2, C3) relative to
the mass of grain taken for milling (weight of grain was
3 kg).

To evaluate the efficiency of milling, the follow-
ing criteria were used:
Reduction flour yield

Break flour yield

Flour ratio

O]

Break bran yield
Reduction bran yield

Bran ratio

®)

Grain and Flour quality analysis. Evaluation of
grain and flour quality indicators was performed by:

—  physical-technological ~and  chemical-
technological indicators of grain (moisture performed by
air-thermal direct method according to I1ISO 712, test
weight according to 1ISO 7971, vitreousness according to
GOST 10987, protein content according to 1SO 20483,
ash content in accordance with I1SO 2171, wet gluten was
washed out according to GOST 27839 — by manually
washing of dough from 25 g of flour with 14 ml of water,
the gluten deformation index (GDI) — on the IDK-M de-
vice. Falling Number method performed according to
1SO 3093);

— indicators of laboratory milling (total yield of
flour, the ratio of bran and flour from break and reduc-
tion systems — according to formulas 2 and 3);

—  physical-technological ~and  chemical-
technological indicators of flour (moisture according to
ISO 712, protein content by Kjeldahl method according
to ISO 20483, ash content according to ISO 2171, gluten
content and gluten deformation index (GDI) according to
GOST 27839, Falling Number (FN) according to 1SO
3093, starch damage content by the SDmatic amperomet-
ric method (AACC 76-33));

— physical properties of the dough on Alveograph
PC following the method 1SO 27971 (flour strength W
and P/L ratio) and on Mixolab device (Simulator Proto-
col) which determine the parameters (water absorption
capacity (WAC) and stability (St) described in the meth-
od 1SO 5530.

Statistical evaluation. All the evaluation data
was statistically processed by employing the least signif-
icant difference (LSD 0.05) at a 95% probability level
and the correlations were calculated using the statistical
processing built-in Microsoft Excel Software. In the cor-
relation analysis, it was determined whether the quality
indicators have a correlation with each other and to what
extent in accordance with the following division: extra
high — 0.85< | r | <1.00; high — for 0.70<| r | <0.85; aver-
age — for 0.50<|r|<0.70; low — for 0.30<|r|<0.50;
have no correlation — at 0< | r | <0.30.

When analyzing the variation of quality indica-
tors, the range was divided into 5 groups and the ob-
tained variation histograms were compared with the
normal distribution law of the random variable.

Results and its discussion

Based on the results of quality indicators shown in
Table 1, it can be seen that the average indicators of
wheat, received for processing at flour mills, indicate
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Table 1 — Physical-technological and chemical-technological properties of wheat grain (n=64, p=0.95)

Quality T™W \% MC PC AC GC GDI FN

indicator (grain) (grain) (grain) (grain) (grain) (grain) (grain) (grain)
Minimum 727 25 104 11.3 1.35 17.6 46 309
Maximum 845 83 13.7 17.2 1.73 38.3 96 500
Average 794 53 12.1 13.9 1.55 27.2 73 423

Note to Table 1, 3, 4: TW (grain) — test weight, g/l; V (grain) — vitreousness, %; MC (grain) — initial moisture
content, %; PC (grain) — protein content, %; AC (grain) — ash content, %; GC (grain) — gluten content, %; GDI (grain)
— gluten deformation index, units; FN (grain) — Falling Number, seconds.

relatively high initial grain quality indicators. In these
2019 and 2020 harvest years in Ukraine (except for some
southern regions) there were favorable conditions for
growing wheat and, according to FAOSTAT data, record
wheat yield of 28.3 million tons were grown in 2019 and
24.9 million tons in 2020.

Although there were wide fluctuations in quality
indicators due to various agro-climatic conditions and
varietal characteristics of grain grown in different re-
gions, but only 6 of 64 grain samples had a test weight
with less than 760 g/l, 12 samples had low vitreousness
(less than 40%), 9 samples in terms of protein content
and 7 samples in terms of gluten content had insufficient
indicators for the subsequent processing of grain for
bread. Most of the samples (30 of 64) had an ash content
of 1.51 to 1.60%, which is typical for Ukrainian wheat
grown today (Figure 1).

GDI and FN indicators — the indicators character-
izing the quality of the protein-protease and carbohy-
drate-amylase complexes, as well as indirectly character-
izing the enzymatic activity of the corresponding en-
zymes of proteolytic and amylolytic action. According to
GDl, only 8 samples were insufficient values for bread
(with considering the relationship of this indicator with
flour [35]), when for the Falling Number only 3 samples
belonged to the group with normal amylolytic activity.
The remaining samples were characterized by insuffi-
cient amylolytic activity to obtain bread of good volume,
which is a feature of the quality of Ukrainian wheat in
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recent times, which is associated with an increase in av-
erage annual temperatures and a decrease in the amount
of rain in the spring and summer period [36].

Analyzing the type of histograms, it can be con-
cluded that the variation in test weight, vitreousness, ash
content, GDI were close to the normal distribution of a
random variable with an average value in the central
group, then in terms of moisture content, protein content
and gluten content, quality indicators are distributed rela-
tively evenly across groups without a pronounced pre-
dominance of the central group. This suggests that these
indicators are more influenced by agro-climatic condi-
tions, agro-technological conditions (fertilization), genet-
ic characteristics of grain.

The standard laboratory milling process assumes
70% flour yield. According to our results was obtained
lower indicators which associated with quality and varie-
ties of wheat samples and features of laboratory milling
(Table 2).

Due to the fact that bran finishers were not used in
laboratory conditions for additional flour extraction, bran
yield was high, especially break bran yield, so the ratio
between break bran and reduction bran was more than
3:1, although in industrial conditions usually 2:1. This
feature of laboratory milling also affected such indicators
as flour ash content, starch damage, and, as a result,
WAC, which are much higher for industrial flour — 0.48-
0.60% for ash content, 20-22 UCD - for starch damage,
58-60% — for WAC.
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Fig. 1. Histograms of distribution of grain quality indicators by groups
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Table 2 — Milling properties, flour quality indicators and rheological properties of the dough (n=64,
p=0.95)

FY FR BR PC AC || GC | GDI || FN SD |[WAC| St W P/L
Minimum 63.1 || 24 1.7 9.7 [ 031 | 218 | 45 333 || 10.8 | 51.3 || 1.0 || 173 || 0.31
Maximum 725 || 5.9 75 | 158 || 0.55 || 36.8 || 82 501 || 21.1 || 57.7 || 25.4 || 393 | 3.15
Average 68.4 | 3.3 32 || 122 || 041 || 281 || 65 402 || 15.7 || 54.2 || 3.3 || 261 | 0.98

Note to Table 2, 4, 5: FY — flour yield, %; FR — flour yield ratio reduction to break; BR — bran yield ratio break
to reduction; PC — protein content, %; AC — ash content, %; GC — gluten content, %; GDI — gluten deformation index,
units; FN — Falling Number, seconds; SD — starch damage, UCD; WAC — water absorption capacity, %; St — dough

stability, min; W — strength of flour, 10 J; P/L — configuration ratio.

For other quality indicators, on average, good re-
sults were obtained, but their wide variability in obtained
flour indicates its high instability. In order to increase the
stability of the quality of the produced flour in the future,
or to predict these indicators, it is desirable to establish
which quality indicators of the initial grain predetermine
one or another flour quality indicator. For this, a correla-
tion analysis was carried out between grain quality indi-
cators among themselves (Table 3) and grain quality in-
dicators with milling properties, flour quality indicators
and rheological properties of dough (Table 4). For con-
venience, all missing correlations (r<0.3) are extracted
from the Tables.

According to the obtained data results shown in
Table 3, test weight has a good direct correlation with
vitreousness and average inverse correlation with initial
moisture content of grain. The average correlation coeffi-
cient of test weight and vitreousness (r=0.45) can indi-
cate the presence of influence of the agroclimatic condi-

Table 3 — Correlation of

tions, due to the rather hot weather in crop years, but not
dry, because test weight has shown high values. Test
weight and moisture content of grain correlation
(r=-0.51) indicating larger grains are less hydrated and
more moisture remains in the peripheral layers, thereby
reducing flour moisture. Low inverse correlation between
test weight and grain ash content (-0.37) is observed by
considering the finer grain with a wrinkled surface and a
large proportion of surface shells. In addition, dust can
settle on a wrinkled surface, which also increases the ash
content.

The vitreousness indicator of grain has a weak
correlation with most of the studied quality indicators of
grain, except average inverse correlation (r=—0.54) with
moisture content. This can be explained by the fact of
influencing of hot weather on hardness and vitreousness
of grain. Consistently, the high vitreousness means that
the consistency of the endosperm is harder and the distri-
bution of moisture is poorer. Obviously, these same fac-

rain quality indicators among themselves

TW \% MC PC AC GC GDI FN
(grain) (grain) (grain) (grain) (grain) (grain) (grain) (grain)

TW (grain) 1 0.45 -0.51 -0.37

V (grain) 1 -0.54 0.48 0.45
MC (grain) 1

PC (grain) 1 0.87 0.53
AC (grain) 1

GC (grain) 1 0.54 0.42
GDI (grain) 1

FN (grain) 1

Table 4 — Correlation between grain quality indicators and milling properties, flour quality indicators and

rheological properties

CLEAN PRODUCTS: TECHNOLOGY AND QUALITY

FY | FR || BR | PC | AC GDI | FN | SD [WAC| st w || P/L
TW (grain) | -0.31 || 0.35 | -0.61 -0.51 0.39 || 0.40 | 0.47 0.38
V (grain) 0.70 0.47 0.32 0.53 0.40 | 0.40 | 0.41
MC (grain) | 0.52 | -0.35 || 0.45 -0.43 || -0.45 || -0.35 | -0.41 -0.41
PC (grain) 0.38 0.95 0.80 || 0.40 | 0.35 || -0.34 | 0.42 || 0.35 || 0.70
AC (grain) 0.68
GC (grain) 0.87 0.92 | 0.42 -0.39 | 0.38 || 042 || 0.53
GDI (grain) 0.31 0.58 || 0.59
FN (grain) 0.35 0.58 0.44 0.47 0.39 [ 0.43 | 0.56
21 http://grain-feed.onaft.edu.ua
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Fig. 3. Impact of grain vitreousness on the flour ratio (3A) and flour FN (3B)

tors cause a direct low correlation between the vitreous-
ness and grain protein content (r=0.48) and the grain
Falling Number (r=0.45).

Protein content of grain have a direct extra high
correlation with gluten content of grain, that it is general-
ly accepted that the direct relationship between vitreous-
ness and protein content has [37]. Direct average correla-
tion of protein content with FN (r=0.53) could be related
to growing weather conditions, since warm and sunny
weather influences the high amount of protein, which in
turn reduces the chance of sprouting and the amylolytic
activity of the grain. Gluten content showed direct aver-
age correlation with GDI (r=0.54), which is associated
with an increase in the proportion of the hydrophilic gli-
adin fraction of gluten during protein accumulation [38],
and direct low correlation with FN (r=0.42).

Test weight has an inverse average correlation
with bran ratio (r= —0.61), which is explained by the fact
that with an increase in test weight, grain completion and
the amount of endosperm increase. As a result, there is an
increase in the amount of break bran results which leads
to a decrease in bran ratio (Figure 2A). Contrariwise test
weight had a low correlation with flour yield and flour
ratio (r= -0.31 and r=0.35 respectively), which is associ-

22

ated with a short milling flow diagram of laboratory mill-
ing and tempering conditions. As can be seen from Fig-
ure 2B, test weight leads to a decrease in amount of ash
content in flour, which is related to increase of yield of
break flour, which contains less bran amount.

The only quality indicator that has a high corre-
lation (r=0.70) with grain vitreousness is the ratio of re-
duction and break flour (Figure 3A). This fact can be
considered when projecting flow diagram of new flour
mills or for improving the stage of formation of flour
grades in existing mills. And there is direct average cor-
relation between grain vitreousness and grain FN
(r=0.53) (Figure 3B), which is related to the weather
conditions in the grain filling stage, as described above
[28, 30].

As can be seen from the Table 4, the vitreous-
ness of the grain has a low correlation with most of the
studied indicators of flour quality: WAC of flour, stabil-
ity of the dough during kneading and strength of flour
(W), i.e. processing of high vitreousness grain does not
mean guaranteed quality of finished products. Although
the tendency to improve all indicators of flour with in-
creasing vitreousness of grain exists, which is described
in source [38], and the absence of the effect of vitreous-
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ness on flour yield is consistent with data [36].

It is noteworthy that there is no correlation be-
tween grain vitreousness and starch damage (SD) in la-
boratory milling flour, which is probably due to the lack
of mechanical action of roller mills in a short laboratory
milling flow diagram.

A direct average correlation was obtained between
initial moisture content of grain and flour yield (r=0.52)
(Figure 4A), which appears to be related to the tempering
and milling conditions in the laboratory. Because accord-
ing to the experimental method, the grain moisture con-
tent before milling was constant 16.0%, and the differ-
ence in the duration of moistening of high vitreousness
and low vitreousness grain was only 2 hours, this did not
contribute to the effective penetration of moisture into
the central part of the grain (endosperm) when tempering
grain with low initial moisture. Although, the total grain
moisture differed from the specified one by no more than
+0.1%. As a result, the grain did not soften so much, due
to the same gaps between the roller mills, the grain was
more difficult to grind to the particle size of flour and
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larger endosperm particles fell into the bran, reducing the
overall flour yield [39].

The higher the ability of the grain to give a
greater yield of flour with a lower ash content (greater
whiteness) is, the higher the flour milling properties of
the grain will be. At the same time, it is important to pro-
vide certain functional properties in flour that are suitable
for a particular bakery or flour confectionery product.
According to the source [40], the higher the initial ash
content of grain is, the higher the ash content of flour will
be. Therefore, it shows a correlation coefficient between
ash content of grain and ash content of flour (r=0.68)
(Figure 4B).

It is a known fact that the protein content of
grain directly affects protein content of flour (r=0.95).
Roughly 80% of the crude protein of wheat flour is glu-
ten [41] which corresponds with strong correlation be-
tween protein content of grain and gluten content of flour
(r=0.80), between gluten content of grain and protein
content of flour (r=0.87) and gluten content of grain and
gluten content of flour (r=0.92) (Figure 5B, 6A, 6B).
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Fig. 4. Impact of moisture content of grain on the flour yield (4A) and ash content of grain on the ash con-

tent in flour (4B)
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Most importantly, a high correlation was found
between protein content and gluten content of grain and
strength of flour W (r=0.70) and (r=0.53), respectively
(Figure 7A, 7B), which is consistent with the data [42]. A
lower correlation with protein content is apparently asso-
ciated with different hydrophilic properties of the gliadin
fraction of proteins in the studied samples and the effect
of the degree of starch damage on flour strength.

Gluten quality is determined by its composition,
by the presence or absence of specific protein types and
their concentrations, in a result direct average correlation
showed GDI of grain with gluten content (Figure 8A)
and GDI of flour (r=0.58 and r=0.59 respectively), but no
correlation was found with flour strength W and other
indicators of the physical properties of the dough, that
will not allow using this indicator as a predictor of flour
strength without considering the influence of other indi-
cators.

The lower the amylolytic activity of grain en-
zymes is, the more executed and larger grain will be.
This is due to an increase in average annual temperatures,

especially in summer, and a small amount of precipita-
y=0,278x+ 4,618

R*=0,755
18,0

fun
=~
(=]

-
m
[=]

tion, the grain has a low amylolytic activity. Respective-
ly, FN has an average effect on the protein content of
flour (r=0.56) and flour strength W (r=0.58) (Figure 8B).

The main criterion for the end use of flour is the
physical properties of the dough and the indicators of
trial baking. Rheological properties of the dough are a
complex indicator that describes the condition and be-
havior of the dough during kneading and throughout the
baking process. Good bread-making properties is gener-
ally associated with strength of flour (W) and coefficient
configuration (P/L), that based on the flour gluten quality
and flour gluten content.

According to the data obtained (Table 5), the pro-
tein content, gluten content and WAC have the greatest
effect on flour strength (W). Our results shown that flour
protein content has direct strong correlation with flour
strength W (r=0.70) and confirmed research concluded
that flour protein content is a primary factor contributing
to dough strength [43]. Gluten content of grain influ-
enced on W with direct average correlation coefficient
(r=0.53).
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Fig. 6. Impact of gluten content of grain on the protein content of flour (6A) and gluten content of flour (6B)
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Table 5 — Correlation between milling properties, flour quality indicators and rheological properties

among themselves

CLEAN PRODUCTS: TECHNOLOGY AND QUALITY

FY FR BR PC AC GC GDI FN SD || WAC St W P/L
FY 1 0.38 -0.40
FR 1 0.36 || 0.36 0.43 0.34 0.38
BR 1 0.32 -0.58 0.30 -0.35
PC 1 0.85 || 047 || 042 || -0.30 || 0.41 || 0.46 | 0.70
AC 1 -0.36
GC 1 0.49 0.53
GDI 1 [ ]
FN 1 0.34 0.44
SD 1
WAC 1 0.55
St 1 0.40
W 1
P/L 1

WAC have positive average correlation with
strength of flour W (r=0.55) by means of which the in-
creasing of WAC is stronger flour. Also, standard alveo-
graph test is designed for WAC=53% and variations in
this indicator in one direction or another will also affect
the value of W. No significant correlations with coeffi-
cient configuration (P/L) were found due to the fact that
the P and L indicators depend on various factors and their
influence in total does not correlate with the P/L indica-
tor.

Low correlations were obtained between flour ra-
tio, flour protein content, flour ash content and WAC,
which is related to the short laboratory milling flow dia-
gram, in which flour had lower SD and WAC values.
Protein content (r=0.41) has a slightly greater effect on
water absorption capacity which partially confirms the
studies [44] in which the authors identified four flour
components affect WAC: protein, intact starch, damaged
starch, and pentosans.

Conclusions
According to the achieved results, the quality in-
dicators of grain harvested in 2019 and 2020 and the

25

flour obtained from it, were found that quality indicators
vary greatly in their values, which depends on many fac-
tors: from the differences in the genetic properties of
wheat variety, growing location, different growing and
environmental conditions prevailing during growing pe-
riods; to milling flow diagram and tempering conditions
before milling. Wheat quality indicators are shown next
results: test weight values ranged from 727 to 845 g/I,
vitreousness — 25-83%, moisture content — 10.4-13.7%,
protein content — 11.3-17.2%, ash content — 1.35-1.73%,
gluten content — 17.6-38.3%, gluten deformation index —
46-96 units and Falling Number — from 309 to 500 sec-
onds. Such a range in indicators led to their different be-
havior during the laboratory milling process and to dif-
ferent quality indicators of flour.

During the study of the influence of grain quality
on its milling properties, the following results were ob-
tained. The flour yield was affected only by initial grain
moisture content (r=0.52), which is explained by the fea-
tures of the short laboratory milling flow diagram and
tempering conditions before milling. It was found a di-
rect high correlation (r=0.70) of grain vitreousness with
the ratio of reduction/break flour, and an inverse average

http://grain-feed.onaft.edu.ua
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correlation of test weight with the ratio of
break/reduction bran (r=-0.61), which is explained by the
influence of these indicators on the amount and structure
of the grain endosperm.

When establishing the dependences of grain quali-
ty indicators and flour quality indicators, we can con-
clude that protein and gluten content of grain are good
predictors of protein and gluten content of flour with
high correlation coefficients (r>0.80). At the same time,
the protein content of grain correlates with the protein
content of flour with a coefficient (r=0.95), and the glu-
ten content of grain correlate with gluten content of flour
with a coefficient (r=0.92). Average correlation was ob-
tained between ash content of grain and ash content of
flour (r=0.68), which says that the higher the initial ash
content of grain is, the higher the ash content of flour will
be. Another indicator that correlated with flour ash con-
tent is test weight (r=-0.51), it leads to a decrease in
amount of ash content in flour, which is related to in-
crease of yield of break flour, containing less bran
amount. Direct average correlation was found between

GDI of grain with gluten content and GDI of flour
(r=0.58 and r=0.59 respectively).

Rheological properties of flour, such as water ab-
sorption capacity, stability, strength of flour W and coef-
ficient configuration (P/L) — the main criteria for the end
use of flour and behavior of dough during kneading. Our
results shown that protein content of grain has direct
strong correlation with strength of flour W (r=0.70),
which confirms that protein content is a good predictor of
strength of flour. Gluten content of grain and Falling
Number of grain have positive average correlation with
strength of flour W (r=0.53 and r=0.56 respectively). No
significant correlations with stability, water absorption
capacity and coefficient configuration (P/L) of flour were
found due to the fact that these indicators depend on
complex of various factors.

The obtained correlations can be used to improve
the efficiency of grain blending before milling, to sub-
stantiate the modes of tempering, grinding, and flour
mixing stage in existing mills, as well as to design a mill-
ing flow diagram for new mills.

REFERENCES

Merko, I. T. Tekhnolohii mukomelnoho i krup’ianoho vyrobnytstva. / Odesa: Drukarskyi dim, 2010. 472 p.

2. Zhygunov, D. A. Tekhnolohycheskye svoistva razlychnykh sortov zerna pshenytsy Ukrayny. // Visnyk KhNTUSH im.
Petra Vasylenka. 2012. S. 293-298.

3. Satumbaga, R., Martin, C., Eustace, D., et al. Relationship of Physical and Milling Properties of Hard Red Winter Wheat
Using the Single Kernel Wheat Characterization System. // Association of Operative Millers-Bulletin. 1995. P. 6487-6496.

4. Ahmed, I, Ahmed, A., Mujtaba, A., et al. Optimization of tempering conditions of bread wheat grown in Barani area of
Punjab. // Life Sciences Leaflets. 2014. P. 131-144.

5. Abdipour, M., Ebrahimi, M., Izadi-Darbandi, A., et al. Association between grain size and shape and quality traits, and
path analysis of thousand grain weight in Iranian bread wheat landraces from different geographic regions. // Notulae
Botanicae Horti Agrobotanici Cluj-Napoca. 2016. Vol. 44, No. 1. P. 228-236. https://doi.org/10.15835/nbha44110256

6. Takhanova, V. A. Tekhnolohycheskye svoistva zerna pshenytsy Vostochnoi Sybyry. Dyssertatsyia k.t.n. / Moskva:
MHUPP, 2003. 149 s.

7. Rharrabti, Y., Villegas, D., Royo, C. Durum wheat quality in Mediterranean environments. Il. Influence of climatic
variables and relationships between quality parameter. // Field Crops Research. 2003. Vol. 80. P. 133-140.

8. Zhang, X., Deng, Z., Wang, Y., et al. Unconditional and conditional QTL analysis of kernel weight related traits in wheat
(Triticum aestivum L.) in multiple genetic backgrounds. // Genetica. 2014. Vol. 142, No. 4. P. 371-379.
https://doi.org/10.1007/s10709-014-9781-6

9. Matviiets, V. H., Lisnychyi, V. A., Horlachova, O. V., y dr. Problema yakosti zerna pshenytsi m’iakoi ozymoi: systemnyi
pidkhid do vyrishennia. // Visnyk TsSNZ APV Kharkivskoi oblasti. 2011. Vol. 10. S. 151-159.

10. Blanco, A., Mangini, G., Giancaspro, A., et al. Relationships between grain protein content and grain yield components
through quantitative trait locus analyses in a recombinant inbred line population derived from two elite durum wheat
cultivars. // Molecular Breeding. 2012. Vol. 30, No. 1. P. 79-92. https://doi.org/10.1007/s11032-011-9600-z

11. Dziki, D., Cacak-Pietrzak, G., Mi$, A., et al. Influence of wheat kernel physical properties on the pulverizing process. //
Journal of Food Science and Technology. 2014. Vol. 51, No. 10. P. 2648—2655. https://doi.org/10.1007/s13197-012-0807-8

12. Jankowski, S. Milling and groats technology. Review (in Polish): Warszawa: 1981.

13. Song, H. P., Delwiche, S. R., Line, M. J. Moisture distribution in a mature soft wheat grain by three-dimensional magnetic
resonance imaging. // Journal of Cereal Science. 1998. Vol. 27, No. 2. P. 191-197. https://doi.org/10.1006/jcrs.1997.0163

14. Shuey, W. C. Influence of wheat cultivars and environment of Agtron values and flour ash. // Cereal Chemistry. 1976. Vol.
53. P. 429-437.

15. Symons, S. J., Dexter, J. E. Aleurone and pericarp fluorescence as estimators of mill stream refinement for various
Canadian wheat classes. // Journal of Cereal Science. 1996. Vol. 23, No. 1. P. 73-83.
https://doi.org/10.1006/jcrs.1996.0007

16. Evers, A. D., Kelfkens, M., McMaster, G. Ash determination — a useful standard or a flash in the pan. Valencia, Spain,
June. 1999.

17. Pasha, ., Anjum, F. M., Butt, M. S. Biochemical characterization of spring wheats in relation to grain hardness. //
International Journal of Food Properties. 2009. VVol. 12, No. 4. P. 910-928. https://doi.org/10.1080/10942910802123281

18. Pasha, I., Anjum, F. M., Morris, C. F. Grain hardness: A major determinant of wheat quality. // Food Science and
Technology International. 2010. Vol. 16, No. 6. P. 511-522. https://doi.org/10.1111/j.1365-2621.2006.01245.x

19. Dziki, D., Laskowski, J. Wheat kernel physical properties and milling process. // Acta Agrophysica. 2005. 6, No. 1. 59-71.

20. Kazakov, E. Tekhnolohycheskye svoistva zerna pshenytsy. // Khleboprodukty. 2001. No. 11. S. 27-28.

21. Merko, I. T., Morhun, V. O. Naukovi osnovy i tekhnolohiia pererobky zerna / Odesa: Druk, 2001. 348 s.

22. Al-Saleh, A., Brennan, C. S. Bread Wheat Quality: Some Physical, Chemical and Rheological Characteristics of Syrian and
English Bread Wheat Samples. // Foods. 2012. Vol. 1, No. 1. P. 3-17. https://doi.org/10.3390/foods1010003

23. El-Khayat, G. H., Samaan, J., Manthey, F. A., et al. Durum wheat quality I: Some physical and chemical characteristics of
Syrian durum wheat genotypes. // International Journal of Food Science and Technology. 2006. Vol. 41, No. Suppl. 2. P.

26

Lo


https://doi.org/10.15835/nbha44110256
https://doi.org/10.1007/s10709-014-9781-6
https://doi.org/10.1007/s11032-011-9600-z
https://doi.org/10.1007/s13197-012-0807-8
https://doi.org/10.1006/jcrs.1997.0163
https://doi.org/10.1006/jcrs.1996.0007
https://doi.org/10.1080/10942910802123281
https://doi.org/10.1111/j.1365-2621.2006.01245.x
https://doi.org/10.3390/foods1010003

Grain Products and Mixed Fodder’s, Vol.22, 1.1 (85) / 2022 %

22-29. https://doi.org/10.1111/j.1365-2621.2006.01245.x

24. Johansson, E., Svensson, G. Yield and protein concentration: Influences of weather on yield in some Swedish wheat
cultivars grown during the period 1975 to 1996. // Swedish Journal of Agricultural Research. 1997. 27. 3. 129-133.

25. Souza, E. J., Sneller, C., Guttieri, M. J., et al. Basis for selecting soft wheat for end-use quality. // Crop Science. 2012. Vol.
52, No. 1. P. 21-31. https://doi.org/10.2135/cropsci2011.02.0090

26. Hanif Mughal, M. Wheat compounds — A comprehensive review. // Integrative Food, Nutrition and Metabolism. 2019.
Vol. 6, No. 6. P. 1-6. https://doi.org/10.15761/ifnm.1000270

27. Sujitha, J., Muneer, M. R. S., Mahendran, T., et al. Influence of Storage Temperature on the Quality Parameters of wheat
Flour during Short Term Storage. // Sabaragamuwa University Journal. 2018. Vol. 16, No. 1. P. 53.
https://doi.org/10.4038/suslj.v16i1.7718

28. Daniel, C., Triboi, E. Changes in wheat protein aggregation during grain development: Effects of temperatures and water
stress. // European Journal of Agronomy. 2002. VVol. 16, No. 1. P. 1-12. https://doi.org/10.1016/S1161-0301(01)00114-9

29. Wrigley, C.W., Batey, I.L., Miskelly, D.M. Cereal grains: Assessing and managing quality / Woodhead Publishing, 2017.
788 p.

30. Liu, J., Fu, Y., Wang, H., et al. Simulation of winter durum wheat flour yield based on structural equation modeling. //
Preprints. Posted 31 December 2019. P. 1-18.

31. Edwards, M. A. Morphological features of wheat grain and genotype affecting flour yield Morphological Features of
Wheat Grain and Genotype Affecting Flour Yield : Thesis / Lismore: Southern Cross University, 2010. 242 p.

32. Zhygunov, D. O., Voloshenko, O. S., Broslavtseva, I. V., y dr. Tekhnolohiia ta otsinka yakosti zernovykh produktiv:
monohrafiia / Odesa: Oldi-plius, 2021. 351 s. ISBN: 978-966-289-501-8

33. Mykhaleva, E. N., Riabchenko, N. A., Kuzmyn, O. V. Metodyka opredelenyia kompleksnoho pokazatelia kachestva sortov
miahkoi pshenytser (zerno, muka, khleb): Kharchovi dobavky. Kharchuvannia zdorovoi ta khvoroi liudyny : materialy IV
mizhnar. mizhhaluz. nauk.-prakt. konf., 7-9 kvitnia 2011 r., m. Donetsk. — T. 2. - Donetsk : DonNUET, 2011. S. 110-135.

34. Amjid, M., Shehzad, A., Hussain, S., et al. A comprehensive review on wheat flour dough rheology. // Pakistan Journal of
Food Sciences. 2013. Vol. 23, No. 2. P. 105-123.

35. Zhygunov, D. A. Vzaymosviaz pokazatelei kachestva zerna y muky. // Khleboprodukty. 2013. No. 10. S. 64-65.

36. Snizhko, S., Shevchenko, O., Didovets, Yu. Analiz vplyvu klimatychnykh zmin na vodni resursy Ukrainy. Reziume
doslidzhennia / Kyiv: Ekodiia, 2021. 32 s.

37. Pomeranz, Y., Williams, P. Wheat hardness: its genetic, structural, and biochemical background, measurement, and
significance. In: Y. Pomeranz (Ed.) Advances in Cereal Science and Technology, vol. X / American Association of Cereal
Chemists, St. Paul, MN, 1990. P. 471-548.

38. Poperelia, F. O. Novyi pidkhid do vyznachennia kilkosti i yakosti kleikovyny v ukrainskoi pshenytsi. // Khranenye y
pererabotka zerna. 2002. No. 9. S. 30-34.

39. Dubat, A., Bock, J. Impact of the wheat tempering procedure on the grain behavior during milling and on the flour quality
at the laboratory. Part 1: Effect of final tempering moisture content. 2019.

40. Czaja, T., Sobota, A., Szostak, R. Quantification of Ash and Moisture in Wheat Flour by Raman Spectroscopy. // Foods. I:l
2020. Vol. 9, No. 3. P. 1-7. https://doi.org/10.3390/foods9030280

41. Thanhaeuser, S. M., Wieser, H., Koehler, P. Correlation of quality parameters with the baking performance of wheat flours.

/I Cereal Chemistry. 2014. Vol. 91, No. 4. P. 333—-341. https://doi.org/10.1094/CCHEM-09-13-0194-CESI

42. Hruskova, M., Hanzlikova, K., Vara¢ek, R. Wheat and Flour Quality Relations in a Commercial Mill. // Czech Journal of
Food Sciences. 2000. Vol. 19, No. 5. P. 189-195.

43. Graybosch, R., Peterson, C. J., Moore, K. J., et al. Comparative Effects of Wheat Flour Protein, Lipid, and Pentosan
Composition in Relation to Baking and Milling Quality. // Cereal Chemistry. 1993. 70, 1. 95-101.

44. Buckley, E. Factors in hard winter wheat affecting water absorption tolerance : Thesis / Kansas: Kansas State University,

2011. 51.

] - n- ] - W -l - g ] - —u " ] m-

CLEAN PRODUCTS: TECHNOLOGY AND QUALITY

I.0. Kurynos?, 1-p Texn. nayk, npodecop, £-mail: dmytro.zhygunov@gmail.com

C.M. Cou', kana. TexH. HayK, gouenT, £-mail: sotsserega@gmail.com

10.C. BapkoBcbkal?, AcnipanT, Ximik-1a6opanT, £-mail: barkovska.yulya@gmail.com
Hiryo Jliy®, T'oa0Ba npasainns, E-mail: yudongmfd@163.com

®enryenr Banr®, Texuiunuii qupexrop, PhD, Ipodecop, E-mail: wangxiaoling74@163.com
Xinxin Jiy®, Tonosunii menemxep, E-mail: 659090030@qq.com

Kioinr Banrs, Texniunmii koncyabTant, E-mail: Mf123624@163.com

Xisn JIi%, JupexTop npoexry, E-mail: 413602599@qg.com

Y Ooecvra nayionanvna axademis xapuosux mexnonozit, eyn. Kanamna, 112, m. Odeca, Yrpaina, 65039
2 JIIT Agmintest Control Union, Osidiononsceka oop., 3, m. Odeca, Vkpaina, 65036

3 Xyiimin Koyumi IO0onz Bim ®@noyp xo. JImo,

30na pozsumxy Cyn Wy Can Jly, okpye Xyiimin, m. Binvuscoy, nposinyia Lllanvoyn, Kumaii

BIIVINB ITOKA3HHUKIB AKOCTI 3EPHA
HA NOKA3ZHUKU AKOCTI BOPOIIHA JIABOPATOPHOTI'O ITOMEJIY

Anomauin

B ymosax eucokoi konkypenyii na punky 6opouina po3pooxa mooenel, iKi 00360150Mb NPOSHO3YEaMU KLIbKICHI
ma sKICHI NOKA3HUKY OOPOUHA Npu NOMENL 3epHA Ma PO3YMIMU CNIGGIOHOUEHHS MIJNC NOKAZHUKAMU SKOCMI 3epHA ma
bopowHa, € HAO38UYALIHO AKMYATLHUM 3A80AHHAM Ma Nompedye 3yCulb y ybomy Hanpsamky. Jlocrioxceno 64 3pasku
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%X/ 3epHoBi npoaykTH i kombikopmu, Vol.22, 1. 1 (85) / 2022

3epHa nuieHuyl 3 MAUHI8 3 pisHUX pecionie Yrpainu, eupowjenux y 2019 ma 2020 poxax, ma OOpowHa, ompumanoeo 3
yiel nuenuyi ¢ nabopamopii Ha mauni MJIYV-202. Ompumani Oani niomeepounu 6eiuxy 6apiabenbHicmb NOKA3HUKIE
sKOCMI 3epHa ma OOPOWHA, WO 3anelCums 6i0 0A2amvoX PAKmopis: 6i0 AZpOKIIMAMUYHUX YMOE | 0cobausocme
copmy 00 MexXHONO2IMHOT cXeMu NOOPIOHEH ST ma YMO8 MeMNepy8ants 3epHa neped noopionenuam. Iloxasnuxu skocmi
nweHuyi npedcmagieni HACMYRHUMU Pe3yIbmamamu. Hamypa smMiHeanace 6io 727 /1 0o 845 /1, cknonodibnicme —
610 25 0o 83%, nouamkosa eéonozicme — 6i0 10,4 0o 13,7%, emicm 6inka — 6i0 11,3 0o 17,2%, 301bHicmb émicm — 6i0
1,35 0o 1,73%, emicm knetikosunu — 6i0 17,6% 0o 38,3%, inoexc oegpopmayii xknetikosunu — 8i0 46 0o 96 oounuys i
yucno nadinua — 6io 309 0o 500 cexyno. Ananiz KOpeaayii Midc NOKASHUKAMU AKOCMI 3ePHA MA NOKA3HUKAMU AKOCHI
bopouina nokazas: npsamy HAOBUCOKY KOPeNAYito Midxc emicmom OinKa é 3epHi ma emicmom binka 6 bopowri (r=0,95), a
MAKOXHC MIdHC 6MICHOM KIEUKOBUHU 6 3epHI ma emicmom Kieukosunu 6 oopowri (r=0,87); cepeonio KOpeaayito mixc
301bHICMIO 3epHa ma 30abHicmio bopowna (r=0,68). 3a mykomerbHUMU 81ACMUBOCAMU BCTNAHOBIEHO CEPEOHIO KOpe-
JIAYII0 nOYamKoe0i 601020Cmi 3epHa ma euxody bopowna (r=0,52), npsamy 6UCoKy KOpeuayilo MidiC CKION0OIOHICMIO
3epHA MA CNIB8IOHOWEHHAM PO3MENIO8AIbHO20 ma Opanozo bopowna (r=0,70) ma obepreny cepednio Kopeasyito Ha-
mypu 3epHa 3 6iOHOULEHHAM OPaHux ma posmenosaivhux eucieox (r=—0,61). Bcmanosneno, wo na cuny 6opowna W
6NIUBAE MAKI NOKAZHUKU SKOCMI 3epHA: emicm OLIKa 3 8Uucokum Koeghiyicumom xkopensyii (r=0,70), emicm Kieukosuru
ma 4wucno nadinHs i3 cepeonimu xoeiyienmamu xopenayii — r=0,53 ma r=0,56, 6ionoiono. /[ iHwux peonoiuHux
NOKA3HUKIE, MAKUX K CMAOLIbHICMb, 6000Nn02TUHATbHA 30amuicmb ma P/L, eucoxux koegiyicumis xopensyii He 6us6-
JIEHO, OCKIbKU IX 3HAYEHHS 3a1exHcams 8i0 KOMNIEKCY PISHOMAHIMHUX NOKA3HUKIE 3epHa. Ompumani cnieBioHOUEHH S
MOACYMb OYyMu 8UKOPUCIMAHT 0151 NIOBULEHHS eDeKMUBHOCI 3MIULY8AHHS 3ePHA Neped NoMenoMm, Osi OOIPYHMY8AHHSL
peodicumie emanie memnepysants, NOOPIOHeHHs Ma 3MIULYBAHHSA OOPOWHA 8 ICHYIOUUX MIUHAX, d MAKOMHC OJisl CKAAOAHHS
MEeXHONI02IUHOI cxemu nomeny OJid HOBUX MAUHIE.

Kuirouosi cioBa: nuenuus, 3¢epHo, 60poLIHO, JIA0OPATOPHMII ITOMeJI, HATYPa, CKJIONOAIOHICTB, BMicT 0iJ-
Ka, AKiCHI NOKAa3HUKM.
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VEGETABLE RAW MATERIAL IN MARSHMALLOW
PRODUCTION

Abstract

The article examines the main trends in obtaining new types of confectionery products with a balanced composition
and functional properties, the production of which is based on the use of a product of plant raw materials processing - carob.
Studies on increasing the nutritional value and reducing the energy intensity of marshmallow-type whipped products with the
use of carob and the sugar substitute isomalt are given. Information on the functional properties of carob, the effect of the
roasting process on its quality indicators, and the possibility of using carob in the production of confectionery products to
expand the range of raw ingredients and increase their nutritional value were considered. A comparative description of the
nutritional and energy value of medium-roasted carob and cocoa powder is given. The article examines the influence of the
product of the processing of plant raw materials of carob on the nature of the formation of the structure of marshmallow
masses of reduced energy content, and their main structural-mechanical, physico-chemical and organoleptic indicators are
determined. Based on the determination of the structural and mechanical properties of marshmallow masses, such as critical
shear stress, degree of general deformation and density of the mass, it is proposed to reduce the duration of their whipping by
increasing the rate of structure formation of the mass when using carob powder, so the complete replacement of cocoa pow-
der with carob leads to an increase critical shear stress by 51.83 Pa and an increase in mass density by 171 kg/m3 compared
to the control sample. As a result of a complex of conducted studies of physico-chemical and organoleptic quality indicators,
the expediency of using the product of the processing of plant raw materials of carob in reduced-energy marshmallow prod-
ucts with 75% isomalt has been proven, it is recommended to completely replace cocoa powder with carob at the stage of
whipping the mass. The calculated nutritional and energy value of the new marshmallow products showed a decrease in the
total content of fats and carbohydrates in the developed products, an increase in the content of vegetable dietary fibers by
28% and a decrease in the energy value by 55.65 kcal. Enrichment of marshmallow products with minerals, in particular cal-
cium, sodium and vitamins B6 and E, was noted.

Key words: marshmallows, whipped confectionery, carob, isomalt, density, nutritional value.

Introduction

Whipped confectionery products are in demand
among consumers due to their delicate light consistency
and the useful protein and pectin substances contained in
them. Marshmallow or "air marshmallow" is an aerated
confection consisting mainly of gelatin, sugar solutions,
glucose syrup, and foaming agents such as egg albumin.
Marshmallow products are most often white and have
various shapes (round, square, cylindrical, in the form of
colored bundles), glazed with chocolate or caramel glaze,
or with nuts [1].

A promising direction in the production of
whipped marshmallow products is to increase their
nutritional value, reduce energy content, and impart
functional properties. Modern consumers care about their
health and prefer products with a balanced composition,
which contain significant amount of dietary fibers,
biologically active substances, vitamins, and minerals [2,
3]. Therefore, the development of new marshmallow-
type whipped products with increased nutritional value
and reduced energy content using the products of
processing plant raw materials (carob and isomalt) is
relevant and promising.

© “3epHOBI poayKTH 1 KOMOiKOpMu”, 2022

Analysis of recent research and publications

Carob is a sweet powder made from the pulp of
the fruits (pods) of the carob tree, a plant of the legume
family. In its wild form, the carob tree is often found in
Palestine, and it is this country that is considered its
homeland. Currently, the plant is cultivated in India,
Brazil, Argentina, Mediterranean countries, and other
subtropical regions. Raw carob pods are collected, laid
out in the sun and dried. In the process of drying, the
fruits become sweet and suitable for consumption. After
drying, the pods are processed into powder: carob. Well-
roasted pods taste similar to dark chocolate [4]. Carob
can be used as a natural substitute for cocoa powder in
confectionery recipes. Carob is classified as a functional
food product due to its preventive properties, which are
due to its chemical composition: most of the pulp
consists of sugars (mainly sucrose, glucose, and
fructose), and dietary fibers. Carob fruits contain gum,
which has the properties of a stabilizer and thickener.
Due to this substance, carob is used as an ingredient that
gives the product thickness, shine, and viscosity. There
are few proteins in the pods, but they contain an almost
complete set of amino acids, including essential ones. A
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distinctive feature is the high content of arginine [5, 6].
In addition, carob contains pinitol (5-7%), condensed
tannins (18-20%), ash (mineral elements) 2-3%, as well
as fats (0.2-0.6%). Carob tannins bind toxins, thus
deactivating them [7-9].

Carob is a functional product and has a wide
range of therapeutic and preventive effects on the human
body. There are 10 times less fats in carob than in cocoa.
Sucrose and fructose provide sweetness, which gives
carob the right to be considered dietary. The fiber
contained in the powder improves digestion, and together
with antioxidants removes harmful substances from the
body, including toxins. Carob is sweeter than cocoa
powder, so diabetics should use it with caution (Table 1).
Raw and fried carob have certain differences. Non-
roasted powder is the sweetest, it has a light pink-beige
shade, and the taste is different from chocolate. Lightly
roasted powder has a light caramel taste. Medium-roasted
carob has dark chocolate color and characteristic smell.
The taste gains some bitterness characteristic to dark
chocolate. It is necessary to pay attention to the degree of
roasting, since the sugar content in the roasted powder is

Table 1 - Comparative characteristics of carob
and cocoa powder

Indicators Cocoa Carob
Taste Bitter Sweet
Color Dark brown Light brown (raw);

brown (roasted)
Allergy Causes Does not cause
Effect on the || Invigorates, can Does not affect
central cause migraines
nervous and insomnia
system
Vitamins Beta-carotene, Cholin, PP, Bs, E,
A By, PP, Bg, E C,B2,B1,Bs
Caffeine Contains Does not contain
Mineral Calcium, zinc, Copper, selenium,
substances sulfur, calcium,
phosphorus, manganese, zinc,
molybdenum, phosphorus,
copper, chlorine, potassium,
iron, manganese, magnesium,
potassium, sodium, iron
magnesium

Table 2 - Nutritional and energy value of carob
and cocoa powder, g/100 g

Components Cocoa powder Medium-roasted
carob
Proteins 27 4.6
Fats 11 0.6
Carbohydrates, 54 49
including
Sugars 0.5 40.5
Energy value || 1789 kJ (428 kCal) || 929 kJ (222 kCal)
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lower than in the raw one. The energy value of carob is
almost two times lower than that of cocoa powder, while
a large number of calories are accounted for by sugar.
The nutritional and energy value of medium-roasted car-
ob and cocoa powder is shown in Table 2 [10].

Carob, the product of processing plant ingredients,
is used in the manufacture of cookies, flour desserts, craft
candies, dark and white glaze, without changing the
original color and aroma of the final product. The use of
carob improves the sensory qualities of products,
particularly taste and aroma, and enriches them with
vegetable dietary fibers, vitamins, and minerals [5, 11-
12].

Studies were conducted regarding the use of raw
and roasted (at +110°C and +130°C for 20 min) carob
powder in the production of beverages and the use of
carob concentrate in the production of confectionery
products. According to the results of sensory evaluation,
the use of carob concentrate in the manufacture of toffee,
jelly candies, and Turkish delights in the amount of 5%,
20% and 10% of the sugar mass, respectively, led to an
increase in the antioxidant activity of these confectionery
products. Research results have proven that carob
concentrate can be used for the production of functional
and healthy food products [13].

The purpose and goals of the research

The purpose of the research is determining the
expediency of using carob, the product of processing
plant ingredients,, in the technology of marshmallow
whipped products with low energy value, establishing its
effect on the type of the marshmallow mass structure
formation, physical, chemical, and sensory properties.

To achieve the goal, the following tasks have been
set:

1. To investigate the influence of carob, the
product of processing plant ingredients, on the structure
formation type of the whipped mass of marshmallows
with reduced energy content.

2. To establish the main physical, chemical, and
sensory properties of the developed products.

3. To determine the nutritional and energy value
of marshmallows with carob and sugar substitute isomalt.

Research materials and methods

Research materials used were white crystalline
sugar according to DSTU 4623:2006; starch molasses
(DSTU 4498:2005); food gelatin (GOST 11293-89);
citric acid (DSTU 908:2006); isomalt (TM "IRCA");
medium-roasted carob powder from the company
"Manteca" (Lviv) TU U 10.6-2949619066-001-2019.

The density of the whipped mass was determined
by the volumetric method: the relation of the research
object mass to the mass of water, which occupies the
same volume and has the same temperature. Research on
the critical shear stress of marshmallow samples was
carried out by the penetration method: immersion of a
cone with 60° angle at the top with a constant penetration
force into the product using an automated penetrometer
AR-4/1 [14]. Physical and chemical properties were
determined by generic methods. Sensory properties
(taste, smell, color, consistency, structure, shape, and
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surface appearance) had to meet the requirements of
DSTU 6441-2003.

A chocolate marshmallow recipe, where 50 to
100% of cocoa was replaced with carob and 75% of
sugar was replaced with isomalt was chosen as a control
sample. The expediency of replacing 75% of sugar with
isomalt in the marshmallow recipe was proven in
previous studies [15]. To obtain marshmallows, gelatin
mass is prepared first. For this, pre-swollen gelatin and
molasses are gradually heated in an open pot to a
temperature of +80-90°C. The resulting mixture is cooled
to a temperature of +60-65°C, then isomalt and citric
acid are added and mixed. The resulting mass is filtered
through a sieve with a hole diameter of no more than
3 mm.

Preparation of foamy marshmallow mass is
carried out in a whipping unit. First, the gelatinous mass
is fed to the installation, then powdered sugar with a
particle size of no more than 260 pm is loaded. Carob is
added to this mixture and whipped for 5-6 minutes at a
speed of 340 rpm. The marshmallow mass is formed by
depositing it in the form of bundles on a surface covered
with a polymer film. The products are proofed indoors at
a temperature of +18-20 °C for 55-65 minutes. Then the

formed clusters are cut into separate products of the
required length. The technological scheme of making
marshmallows with isomalt and carob is presented in
Fig.1.

Results and their discussion

During the production of whipped marshmallow
products, two processes take place in succession: foam
and jelly formation. Foamy whipped masses are
dispersed systems consisting of cells filled with air and
separated from each other by films of the dispersion
medium. The hydrocarbon component of the dispersion
medium significantly affects its rheological properties,
which in turn depend on the type of structure formation.
In order to determine the effect of carob on the formation
type of the marshmallow mass structure, structural and
mechanical properties were determined by penetration,
which is characterized by such indicators as the critical
shear stress, the degree of general deformation, and the
density of the marshmallow mass. The obtained research
results indicate that increasing the amount of carob in
marshmallows with isomalt leads to a slight increase in
the critical shear stress of all the studied samples (Fig. 2).
When increasing the amount of carob from 50 to 100%,

Gelatin Water

Molasses

Isomalt Citric acid

\4

Gelatin swelling
1=50-60 min, t=20 °C

v \ 4

Gelatinous mass swelling and mixing

Cooling gelatinous mass
t=60-65 °C

\4

Adding additional ingredients

v

/

Sugar powder

Mixing gelatinous mass

Carob

4—
Whipping marshmallow
mass. t=6-8 min
Proofing
1=55-65 min. t=18-20°C | >

Forming products
(cutting, decorating)

Fig. 1. Technological flowcha
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be seen from the data in

200,00 150 Table 3, when the
180,00 - 145 amount of carob
160,00 - 140 2 increases from 50 to
£ 140,00 - ’g 100%, the amount of
g 120,00 - S 18 L marshmallow dry matter
£ 100,00 - 130 é increases, which may be
£ <000 4 g related to the moisture-
g 0 " 125 5 retaining properties of
A« 60,00 120 ®  the additive. Thus, for
40,00 - T  the sample with
20,00 - " 152 complete replacement of
0,00 - - 110 cocoa powder  with

Control sample 50% carob

mmm Total deformation, units

Fig. 2. Dependence of the penetration of marshmallow masses on the amount of carob

75% carob

=—Penetration, Pa

100% carob carob, the amount of dry
substance increases by
3.82% compared to the
control. The introduction

of carob helps to slightly

700

Control sample 50% carob

B Density, kg/m3

Fig. 3. Dependence of the density of marshmallow masses on the amount of carob

the mass of marshmallows becomes denser, so the
penetration indicators increase by 51.83 Pa for the
sample with 100% carob compared to the control. At the
same time, there is a decrease in the total deformation, so
for the control sample, the value of the total deformation
is 144 units, and for a sample with 100% carob it is 123
units.

Density is one of the main factors that determine
the quality of whipped confectionery products. As a
result of whipping, a mass is formed, with that part of
volume occupied by the gas phase. The degree of
saturation of the whipped mass with air can be
characterized by its density. Conducted studies on
determining the mass density of marshmallows with
isomalt and carob powder showed that the density of the
investigated samples increases with an increase in the
carob amount due to the additional filling of the spatial
frame around the bubble with powder particles. Thus,
when adding 50% carob, the density of marshmallow
masses increases slightly by 47 kg/m?, and when cocoa

powder is completely replaced by carob, the
density increases by 171 kg/m? (Fig. 3). This is due to the
fact that carob powder has moisture-retaining properties,
i.e. the ability to bind and retain moisture in the studied
samples.

The quality of finished marshmallow products
with carob and reduced energy content was studied by
their physical, chemical, and sensory properties. As can
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reduce the acidity of the
products. As the amount

of carob increases, the
number of  reducing

sugars in the samples

increases as well, which
may be related to the

chemical composition of
carob  powder. The

duration of whipping the
products is reduced by 2

600
500
400
300
200
100

0

min compared to the

% carob

Color

control for a sample with
100% carob due to an
increase in the density
and speed of structure
formation of the mass
when using carob

100% carob

powder.

Sensory properties include quality parameters that
determine consumer properties of products, such as
appearance, shape, taste, consistency, and color. The
sensory properties of low-energy chocolate marshmallow
with carob were converted using the Harington scale into
relative units and presented in the form of a profile dia-
gramm (Fig. 4).

Appearance
5

CLEAN PRODUCTS: TECHNOLOGY AND QUALITY

=502 carob

==t 7524 carob

=i 1 (00% carob

—+—Control sample

Texture Taste

Fig. 4. Quality profile diagramm of low-energy
marshmallows with carob

When increasing the amount of carob from 50 to
100%, samples of marshmallows with isomalt acquire rich
chocolate color, and the taste becomes more pronounced,

http://grain-feed.onaft.edu.ua




.

3epHoBi npoaykTH i KoMOikopmu, Vol.22, |. 1 (85) / 2022

Table 3 — Physical, chemical, and sensory properties of marshmallows with carob
Properties Control sample Carob amount, %
50% 75% 100%
Mass fraction of dry 81.88 83.05 84.25 85.7
substances, %
Acidity, degrees 0.68 0.65 0.66 0.66
Mass fraction of 25,84 28.26 29.97 320
reducing substances, %
Duration of whipping, min 8 8 7 6
Sensory properties

Taste and aroma Typical for marshmallows, The taste and aroma of bitter

with a hint of chocolate chocolate intensifies

Color

Brown Rich brown

Texture

Foamy, homogeneous, porous

Table 4 - Marshmallow recipes

Ingredients Amount of ingredients per 1 ton of
semi-finished product, kg

Control Marshmallow
sample "Chocolate Bear"

Sugar 671.0 167.1

Isomalt - 510.8

Molasses 94.6 94.6

Cocoa powder 38.7 -

Carob - 40.5

Gelatin 29.5 29.5

Water (for 177.0 177.0

soaking gelatin)

Citric acid 7.7 7.7

In total 1018.5 1027.2

Yield 1000.0 1000.0

with bitterness characteristic of chocolate. The texture of
the products is uniform, the sample where cocoa powder is
completely replaced with carob is denser than the control
sample. Products have a smooth surface and uniform
porosity. According to the sensory evaluation of the
studied samples, 100% of carob additive to the mass of
cocoa powder was recognized as optimal.

As a result of evaluating physical, chemical, and
sensory properties of chocolate marshmallows with
reduced energy content, the possibility of completely
replacing the cocoa powder with carob in the studied
products has been proven, while all quality indicators were
within normal parameters. Based on the conducted
research, the “Chocolate Bear” marshmallow recipe with
75% isomalt and 100% carob has been developed and
recommended for implementation in production (Table 4).

Data on the nutritional and energy value of the
developed marshmallows showed that adding 75% isomalt
and carob, the product of processing plant ingredients,
allows to reduce the total content of fats by 89%,
carbohydrates by 16%, increase the amount of dietary
fiber by 28%, which will have a positive effect on the
human body. The enrichment of marshmallows with
mineral substances, particularly calcium, sodium, and
vitamins B6 and E, was also determined. The energy value
of marshmallows "Chocolate Bear" decreased by 55.65
kcal compared to the control sample.

Conclusions

Structure formation type of the marshmallow
masses with reduced energy content with added carob, the
product of processing plant ingredients, has been studied.
Based on the determined structural and mechanical
properties of marshmallow masses, it is proposed to
reduce the duration of their whipping by increasing the
rate of mass structure formation when using carob powder,
so the complete replacement of cocoa powder with carob
leads to an increase in the critical shear stress by 51.83 Pa
and an increase in the density of the mass by 171 kg/m?
compared to the control sample.

As a result of conducted studies on physical,
chemical, and sensory properties, the expediency of using
carob, the product of processing plant ingredients, in the
technology of marshmallows with reduced energy content
with 75% isomalt has been proven. It is recommended to
carry out a complete replacement of cocoa powder with
carob at the stage of whipping the mass. The use of
products of processing plant materials in marshmallow
technology allows to expand the range of ingredients for
the production of whipped confectionery products,
increase their nutritional value, and enrich them with plant
dietary fibers, vitamins, and minerals.
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3ACTOCYBAHHSA NPOAYKTIB IEPEPOEKU POCJIMHHOI CUPOBUHU
TP BUPOBHUIITBI MAPHIMEJIJIOY

Anomauin
Y cmammi pozensnymo oCHO8HI meHOeHYIl OMPUManHs HOBUX U8 KOHOUMEPCLKUX 8UPOOIE 3i 30ANIAHCOBAHUM CKAA-
00M ma QYHKYIOHATLHUMU BIACMUBOCIAMU, BUPOOHUYMBO AKUX 3ACHOBANHO HA UKOPUCMAHHI NPOOYKMY NepepodKu pOCauH- I:l
HOI cupogunu - kepoby. Hasedeni 0ocriodcents no nidgUeHHI0 Xapuoeoi YiHHOCMI Ma 3HUIICEHHIO eHePeOEMHOCTI 30UBHUX
8UPOOIE MUNY MAPUWMENIOY 3 BUKOPUCTIAHHAM KepoOy ma yyKpo3aminHuxa izomansmy. Poszenanymo ingopmayito wooo gyn-
KYIOHATbHUX 61acueocmell Kepoby, enaugy npoyecy 00CMadcy8ants Ha 1020 AKICHI NOKAZHUKU MA MONCIUBOCTI GUKOPUC-
MauHs Kepoby npu 6UPOOHUYMEI KOHOUMEPCHKUX 6UP0DI6 OJi POSUUPEHHS ACOPMUMEHMY CUPOBUHHUX iHEpedieHmis | niogu-
wenns ix xapuosoi yinnocmi. HagedeHo nopieHsIbHY Xapakmepucmuky Xapuoeoi ma eHepeemuyHoi yihHocmi kepoby cepeo-
Hb020 CMYNEHI0 00CMAICY8ANHA | KAKAO-NOPOWIKY. Y cmammi 00cniodceHo 6naue npooykmy nepepooxu poCiuHHOi CUposuHu
Kepoby Ha xapaxmep QopmysanHs CMpYKmMypu Mac MapumMenioy 3HUNCEHOI eHepeOEMHOCMI, BUSHAYEHO iX OCHOGHI CIMPYKM Y-
PHO-MexariyHi, Qisuxo-ximiuni ma opearonenmuyHi noxasHuxu. Ha niocmasi eusnauenus cmpykmypHo-mMexaHiyHux e1acmu-
60CHIell MAC MAPUMENIOY, MAKUX K SPAHUYHA HANPY2a 3CY8Y, CMYNIiHb 3A2albHOI 0epopmayii ma 2ycmuna macu, 3anpono-
HOBAHO CKOPOYEHHS MPUBANOCHI iX 30UBAHHA 34 PAXYHOK NIOBUWEHHSA WEUOKOCTI CIMPYKIYPOYMEOPEHH MACU NPU BUKOP U-
CMAaHHI NOPOWKY KepoOy, MaK NOBHA 3aMIHA KAKAO-NOPOWKY HA Kepob npusooums 00 NiOBUWYEHHS SPAHUYHOT Hanpyau 3CY8y
na 51,83 Ila ma 36inbwenns cycmunu macu va 171 ke/M® y nopieHaHHi 3 KOHMPONLHUM 3paA3KoM. Y pe3yribmami KoMniexcy
nPOBEOCHUX OOCTIONCEHb QIZUKO-XIMIYHUX | OP2AHONENMUYHUX NOKAZHUKIE SKOCMI 008€0eHO OO0YLIbHICMb SUKOPUCTIAHHSI
npoOyKmy hnepepoOKu POCTUHHOI CUPOBUHU KepoOY ) 6UpOOAX MApuiMennoy 3HudceHoi enepeoemnocmi 3 75% izomansmy,
PEKOMEHO0BAHO NPOBOOUMU NOBHY 3AMIHY KAKAO-NOPOWIKY Ha Kepob Ha cmaodii 30useanna macu. Pospaxosana xapuosa ma
eHepeemuyHa YIHHICMb HOBUX GUPODIE MAPWMENTO0Y, BCMAHOGIEHO 3HUJICEHHS 3A2aNbHO20 6MICMY JHCUPIE ma 8y2neoodig y
PO3pobaeHux 8upobax, nio8UEeHHs 6MICIY POCTUHHUX XAPHUO8UX 80OKOH Ha 28% ma 3MeHuleH s enepeemudHol YiHHOCMI Ha
55,65 xxan. Biosnaueno 36azcauenns aupo0ie MapuimMenioy MiHeparbHUMU peioSUHAMY, 30KpeMa KAlbyieM, Hampiem ma 6i-
maminamu B6 ma E.
Ki1rouoBi ciioBa: MapuiMeJioy, 30MBHi KOHIUTEPCbKi BUPOOH, Kepo0, i30MaJIbT, ITYCTHHA, Xap4Y0Ba HiHHICTh.
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STUDIES OF THE NUTRITIONAL VALUE OF
COMPOUND FEED FOR STURGEONS

Abstract

Aquaculture is one of the fastest growing food industries in the world today. The share of aquaculture in world fish produc-
tion is growing every year. Over the past 50 years, the volume of fish farming in the world has increased by more than 50 million
tons, while the growth in the volume of world fish catch stopped in the 80s of the last century. Aquaculture is one of the most promis-
ing and at the same time underestimated areas of economic activity in the agro-industrial complex of Ukraine, which, with the ra-
tional use of water resources, is able to provide consumers with a wide range of fish and fish products in a short time. A certain in-
crease in the production of aquaculture products, especially the cultivation of sturgeon and salmon in Ukraine, is due to the use of
imported feed, which has a high cost. However, its further development cannot rely on imported feed products, at the same time, the
development of industrial fish farming methods is impossible without full-fledged balanced feeding of cultivated objects. Due to the
aquatic environment, the need of fish for energy, nutrients and biologically active substances has its own specificity, in comparison,
for example, with warm-blooded agricultural animals: it is the need for a high level of protein, another, a special ratio of protein and
total energy, fat and polyunsaturated fatty acids, sensitivity to an excess of carbohydrates. Thus, in natural feed for fish, more than
60% of the gross energy falls on protein, about 36% - on fat and only 4% - on carbohydrates. The development of domestic feed for
sturgeon is an important task of the feed industry in Ukraine. The paper investigates the current state of fish farming in the country,
the relevance and volume of production of compound feed for sturgeon fish, provides the advantages of growing sturgeon fish in
Ukraine, analyzes the needs of sturgeon fish in nutrients, micro- and microelements and vitamins, analyzes the physical properties of
compound feed for sturgeon fish recipes, an analysis of existing ones was carried out and a proprietary program for feeding stur-
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geon fish was developed. The developed sturgeon feeding program allows industrialists of the feed industry in Ukraine to use this
information when calculating compound feed for sturgeon and their production.
Key words: aquaculture, sturgeon fish, compound feed, feeding programs, sturgeon feeding, feed ingredients.

Introduction

According to the recommendations of the World
Health Organization, a person should consume at least 20
kilograms of fish annually[1].The Ukrainians have not
yet succeeded in reaching this norm. One of the reasons:
80% of fish in Ukraine is imported, which means it is
expensive. Today fish consumption in Ukraine is 12-14
kg per person [2].

More than 70% of the total global aquaculture
production is dependent upon the supply of external feed
inputs. Global aquaculture feed sales rose 4 percent to
reach 41 million tonnes in 2019, according to the 2020
Alltech Global Feed Survey [3].In 2018 Alltech Global
Feed Survey shows that the aquafeeds sector grew by 4
percent[4]. Production volumes are growing for the sixth
consecutive year, following an increase in consumption
of aquaculture products. The most notable growth over
the past year has occurred in Europe, which accounts for
9% of world production. 75% of the world production of
compound feed for aquaculture falls on the countries of
the Asia-Pacific region, 10% - in Latin America, 5% - in
North America, 1% - in the Middle East and Africa [5].

According to the results of aquaculture produc-
tion of 2020 year, the best results were shown by the
fisheries of Sumy (2.9 thousand tons), Cherkaska (2.6
thousand tons), Vinnitsa (1.9 thousand tons) and Kirovo-
grad (1.5 thousand tons) regions. In these regions (as
well as throughout Ukraine), the main objects of aquacul-
ture are carp and herbivorous species. This trend has re-
mained unchanged for a long time [6].

Sturgeons are fish species of biological and eco-
nomic importance. Sturgeon species are grown more by
fish farms located in the Zaporozhie, Cherkaska, Odesa,
Chernivtsi and Kiev regions [7]. The development of
sturgeon farming in Ukraine in recent years is also asso-
ciated with the development of recirculating aquaculture,
to a lesser extent with the development of horticultural
fish farming. Leading farms of Ukraine that are engaged
in the cultivation of sturgeon fish species: LLC "Stur-
geon" (Kiev region), PE "NPSP" Bester "(Kiev region),
PJSC" Chernigovrybkhoz "(Chernihiv region), LLC"
Ukrainian service company “(Kiev region) ), Private En-
terprise "Fortuna-XXI" (Kiev), LLC "Kind fish" (Kiev
region), "Odessa sturgeon complex" (Odesa region), FH
"Ishkhan™ (Chernivtsi region), LLC "Oasis Bisan" (Niko-
laev region) ), GC "Aquasvit", LLC "Aqua Top" (Odes-
sa), LLC "Scientific and Production Center" Trout
"(Volyn region), State Enterprise™ Irklievsky fish nursery
"(Cherkasy region), LLC" Brig LTD "(Zaporozhye re-
gion), LLC "Biosila" (Kiev), LLC "Olesya" (Kherson
region).

At the state level, the restoration of the sturgeon
population is carried out by the S.T. Artyuschik Dnieper
experimental production sturgeon fish hatchery(Kherson
region). This state-owned enterprise was created back in
1984 - specifically to revive the stocks of Russian stur-
geon, stellate sturgeon, beluga, sterlet, etc. Since then,
more than 50 million sturgeon young have been released
in the lower reaches of the Dnieper. In particular, in
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2018, the fish factory introduced 1.6 million Russian
sturgeon, sterlet and stellate sturgeon. In Ukraine, there
are fifteen farms engaged in the cultivation of sturgeon
fish species. In 2018, more than 200 kilograms of black
gourmet caviar were supplied to the domestic domestic
fish market. They have exported 67 kg of black caviar[8].
Over the past few years, more than ten sturgeon farms for
the production of caviar have opened in Ukraine, there-
fore, the competition is already high on the market. In
addition, active Chinese exporters in Ukraine are dump-
ing at prices for caviar. If in Ukraine the prices for stur-
geon caviar harvested by the classical method start at
$ 800 / kg, now a lot of Chinese caviar at $ 250-300 has
appeared on the market.One kilogram of feed for fry
costs more than 300 UAH (11.5 US dollars), and for
adult fish - more than 55 UAH. The farm needs a ton of
this feed per week.

A certain increase in the production of aquacul-
ture products, especially the cultivation of sturgeon and
salmon in Ukraine, is due to the use of imported feed,
which has a high cost[9]. However, its further develop-
ment cannot rely on imported feed products, at the same
time, the development of industrial fish farming methods
is impossible without full-fledged balanced feeding of
cultivated objects.

The aquatic feed produced in the world is main-
ly intended for feeding carp (32%), shrimp (21%), stur-
geon (12%) and salmon (12%) (tablel). Although certain
segments of the aquaculture industry, such as salmon,
face sustainability challenges with terrestrial feed sourc-
ing, the share of global animal feed used as aquafeed is
small—estimated at 4% (compared with roughly 40% for
poultry, 30% for swine, and 25% for ruminants) [10].

Purpose and objectives of the analysis

The objectiveof this review is to provide infor-
mation on sturgeon feeding programs and provide a basis
for recommendations for future research and use by fish
feed manufacturers of the developed own sturgeon feed-
ing program.

Results and its discussion

Sturgeons mainly live in temperate waters (from
subtropical to sub-Arctic) of the Northern hemisphere;
some grow and sexually mature in marine and brackish
waters but migrate to freshwater to spawn, while others
are land locked in freshwater for their entire life cy-
cle[12].

Sturgeon production volume doubled between
2009 and 2018. An increase was recorded in all the main
producing countries (ltaly, Poland, Bulgaria, France and
Germany). The rise of production was particularly
significant in Poland where production was five times
higher in 2018 than in 2009 and in Bulgaria where
production doubled. The sector-wide increase in
aquaculture production can be explained by restrictions
on the exploitation of wild sturgeon at EU level. How-
ever, the production for meat remains limited as they are

produced mainly for caviar (fig. 1, 2) [23].
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Fig. 1. Breakdown of EU production of fish eggs
for human consumption in 2018 in volume

In fact, the sturgeon gender can be determined
after three years of rearing, thus only after this period can
females be selected for further rearing and eggs produc-
tion and males are harvested for the consumption market
(fig. 3)[23].

These species belong to the phylum Chordata,
superclass Osteichthyes,  class Actinopterygii,  order
Acipenseriformes and family Acipenseridae. There are
27 species in the Acipenseridae family, but 4 species are
extinct. The 23 extant species are grouped into 4 genera
with 2 species in Huso, 2 species in Scaphirhynchus, 3
species in Pseudoscaphirhynchus and 16 species in
Acipenser[13]. Technologies for the commercial culture
of various sturgeon species have been established over
the last 20-30 years and they are now available for fish
farmers (fig. 4, 5) [23].

Table 1 - Top fish and crustaceans fed commercial feeds in 2019

Top fed species Tones (Mt) % on feeds Economic FCR Feed use (Mt)
Chinese carp 14.35 59 1.7 14.39
Shrimp 6.55 86 1.6 9.02
Catfishes 6.26 82 1.3 6.68
Tilapia 6.19 94 1.7 9.90
FW crustaceans 3.47 59 1.8 3.69
Marine fish 3.19 84 1.6 4.29
Salmon 2.87 100 13 3.73
Other MFWY/D fish 2.50 45 1.6 1.80
Milkfish 1.54 54 1.6 1.33
Trout 0.94 100 1.3 1.22
Eel 0.27 98 1.5 0.40
Total fed species production (Mt) 48.15 | Total feed use (Mt) | 56.45
0.3
2.3 |
4.9 = Rainbow trout wiJtaly
. Polamd
Sturgeons nei
= Bulgaria
u Siberian Mt
sturgeon Grermany

® Deinibe
sturgeon

60,6

Brook irout
Fig. 2. Breakdown of EU production of fish eggs
for human consumption in 2018 in value
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Fig. 4. Main farmed species in the EU
member states in 2018 in volume
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Fig. 5. Main farmed species in the EU member
states in 2018 in value
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The production of sturgeon meat for human
consumption has begun more recently. White sturgeon
The production of sturgeon meat for human consumption
has begun more recently. White sturgeon (A. transmon-
tanus) and Russian sturgeon (A. gueldenstaedtii) and
various sturgeon hybrids showed an increase weight be-
tween 1 and 2 kilograms and 100% survival. Pelleted
feeds were daily given 3-6% of body weight, and food
conversion ratio (FCR) was relatively at 4.5-5.0, likely
generating a high load of wastes. At temperatures of 21-
23°C, market size (1.0 - 1.3 kilograms) was attained in
12 months.

Physical properties of compound feeds for
sturgeon. The habits of this fish are taken into account in
the production of compound feeds. For sturgeon feed
should be floating, because this species of fish feeds on
the surface of the water, as a rule [14]. The physical
properties of compound feed for fish are characterized by
such indicators as size, moisture, fragility, bulk density,
angle of natural slope, etc[15]. Today, compound feed
for sturgeon, as well as for other fish species, is produced
in extruded and pelleted form, which is very popular to-
day. Paste-like compound feed for fish was produced in
the 70s of the 20th century, but due to the high (up to
50%) leaching of nutrients by water, they were aban-
doned[16].

The pellet length for all group numbers must be
less than 1.5 times the diameter. The fragility of granules
is not more than 8%, water resistance is not less than 25
minutes. The size of the granules (crumbs) of compound
feed depends on the body weight of the fish. Also, evalu-
ating the quality of compound feed for sturgeon, indicate
the mass fraction of protein, fat, ash, fiber, calcium,
phosphorus, lysine, methionine and cysteine, some vita-
mins, the presence of metal-magnetic and harmful impu-
rities, pest infestation [16].

Nutritional value of compound feed. Fish, like
warm-blooded animals, need up to 40 different compo-
nents, which are contained in 5 groups of nutrients: ni-
trogenous substances, fats, carbohydrates, vitamins and
minerals [15]. Feeding it is necessary to ensure not only
the amount of nutrients and biologically active substanc-
es, but also their ratio.

Sturgeon compound feed recipes are usually
composed by combining individual components accord-
ing to their chemical composition. Since the chemical
composition and nutritional value of individual feed
types differ, it becomes necessary to combine feeds with
each other in certain proportions. In practice, this hap-
pens in the formulation of feeding rations. The chemical
composition of compound feed gives a general idea of its
potential biological value. The actual value of the com-
pound feed is determined after adjusting for the inevita-
ble losses arising in the processes of digestion and assim-
ilation of nutrients of compound feed in the fish organ-
ism [17].

Young fish, having a high growth rate, require a
higher concentration of protein in the feed than older age
groups, which is associated with a decrease in the poten-
tial for growth of fish with an increase in body size.

Optimum dietary protein at 40.5%, 40%, 40% to
45%, 40% and 37% has been reported for the maximal
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growth of white, Siberian,Chinese, Persian and hybrid
sturgeons, respectively [18].

To provide fast-growing larvae with a sufficient
amount of essential and non-essential amino acids, starter
feeds should contain 50-65% protein. At the same time,
the amount of water-soluble protein fraction, by analogy
with natural food, should be sufficiently high. The spe-
cific needs of the larvae can be satisfied by including
various types of hydrolysates, microbial products that
contain degraded protein components in the starting feed
of fish.

The main feature of the needs of the larvae of
most sturgeon fish is the need for increased availability
of protein components. The original feed requires the
presence of digested protein products containing low
molecular weight peptides and free amino acids [17].
Requirements of sturgeon in amino acids and vitamins
are shown in table 2 [19].

Table 2 — Requirements of sturgeon in
amino acids and vitamins [19]

% Protein 1993 year 2011 year
Arginine 1.20 4.8
Histidine 0.60 2.3
Isoleucine 0.80 3.0
Leucine 1.30 0.2
Lysine 1.60 54
Methionine 0.60 2.0
Cysteine 0.90 0.2
Phenylalanine 0.07 3.0
Tyrosine 1.60 2.3
Threonine 0.70 3.3
Tryptophan 0.20 0.3
Valine 0.80 2.3
Thiamine - 60-120
Riboflavin - 80
Vitamin A, mg/kg ; 25
Vitamin D, mg/kg i} 100
Vitamin E mg/gk } 90
Vitamin K mg/gk i} 35

The importance of fats in sturgeon feeds is de-
termined by their high calorie content in comparison with
other nutrients, however, this does not exhaust their bio-
logical significance. The physiological value of fats de-
pends on the composition and availability of fatty acids
and vitamins. Since energy and plastic metabolism are
two sides of the same process, the requirements for fat
and protein are interrelated - the higher the protein con-
tent in the feed, the more fat should be.

The most important element of a balanced diet is
the presence of the required level of essential highly un-
saturated fatty acids with 4-6 double bonds in the lipids
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of the feed, which are recruited on diets with a large
amount of yeast or bacterial mass, i.e. growth and devel-
opment. Analysis has showed that dietary lipid require-
ment for maximum growth of juvenile hybrid sturgeon
was at 11.1% [18].

Table 3 shows the Requirements of 1993 and
2011 years of sturgeon fish in minerals according Na-
tional Research Council [19]; they have changed with
new scientific research.

Table 3 — Requirements of sturgeon fish in
minerals[19]

Macroelements, % 1993 2011
Calcium 1E }
Chlorine 0.9E }
Magnesium 0.05 0.05
Phosphorus 0.60 0.70
Potassium 0.70 )
Sodium 0.6E )
Microelements, mg/kg

Copper 3.0 3.0
lodine 1.10 1.10
Iron 60 .
Manganese 13 12
Selenium 0.3 0.15
Zink 30 15

On the next stage of the work we have analyze
the experience of leading sturgeon feed producers and
their feeding programs. Compound fishfeed for the world
market is represented by foreign manufacturers such as
Biomar, Likra Skreting, Aller Aquaetc, which occupy the
bulk of the market and are popular for both foreign and
domestic consumers due to high-quality raw materials
used and the latest technologies. A thoughtful feeding
program involves taking care of different sizes of differ-
ent species in their own niches in the pond. Commercial
fish feeds from Aller Aqua are the result of comprehen-
sive testing and evaluation, they have own research and
development department and trial station in Germany,
Aller Aqua Research. Accordin official information Aller
Agua use in sturgeon feeds fish meal, fish oil, grain

products, vegetable proteins, vitamins and minerals as
ingredients.

The paper considers the feeding programs of
such foreign manufacturers as Biomar and Aller Aqua,
they are presented in table 3, 4, 5. As can be seen from
the tables, the nutritional value of compound feed de-
pends on the purpose of the fish, for obtaining caviar or
for obtaining fillets from the fish. EFICO Sigma 844 is
specially designed for mature sturgeon females as a fin-
ishing feed for the final stages of caviar production. In
collaboration with top sturgeon farms in France, Bi-
oMar's caviar finishing feed is designed to promote high
yields of quality caviar.

As can be seen from table 4, sturgeon feeds re-
quire higher crude fat compare to feeds for fillet purpose
Table 5. AlsoBioMar has aquafeeds for fish in stress
conditions; they have higher crude protein content [22].
BioMar has over 20 years of experience with sturgeon
feed production. BioMar’s sturgeon feed is produced
with high quality raw materials. It is suitable for both
recirculation and flow-through systems in a variety of
climates for optimum growth performance and cost-
effective fish farming.

BioMar uses the following ingredients: feather
meal, fish meal, hemoglobin, meat bone meal animal fat,
rapeseed, rapeseed oil, soybeans, concentrated sunflower
protein, triticale, vitamins and minerals, wheat.

Potential alternative include meals and oils from
plants (the greatest source of protein and edible oil on
earth), fish processing waste, yeast, bugs and other spe-
cial meals, and even seaweed. Potential alternative ingre-
dients already in use include soybeans, barley, rice, peas,
canola, lupine, wheat gluten, corn gluten, other various
plant proteins, yeast, insects and algae.

Based on the analysis of the feeding programs
(table 5, 6, 7) and recommendations from foreign sources
and research, our own sturgeon feeding program was
developed, it shown in Table 8. The main impotent indi-
cators were chosen: crude protein, crude fat, crude fiber,
crude ash, lysine, methionine, phosphorus, gross energy,
vitamin E and vitamin C. As can be seen from the table
8, starting sturgeon feeds should have higher crude pro-
tein content (minimum 48.0 %) and less crude fiber con-
tent (maximum 1.1 %), lysine and methionine content (%
of protein) not less 5.4 and 2.0 respectively.

After analyzing the feeding programs of the pre-
sented manufacturers, it can be noted: the presented feed
manufacturers use feeding programs that differ in the

Table 4 - Feeding program of BioMar company for obtaining caviar from sturgeon [20]

Indicator EFICO Sigma 844 EFICO Sigma 844 EFICO Sigma 844
Pellets size, mm 3.0...45 6.5...9.0 12.0...15.0
Crude protein, % 47.0 44.0 43
Crude fat,% 14.0 18.0 18.0
Crude fiber,% 4.0 4.0 3.7
Crude ash, % 8.4 7.9 7.7
Phosphorus %, not less 1.2 1.1 1.1
Gross energy, not less, MJ / kg 20.7 21.4 21.6
Vitamin E, mg/kg, not less 200 200 200
Vitamin C, mg/kg, not less 300 300 400
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growing periods and nutritional value of the compound that differ in nutritional value, indicating the difference
feed; modern feeding programs mainly divide the period in feed (for example, economy and increased nutritional
of sturgeon rearing into prestart, starting, growers and value); in the programs of different companies, at the
productive (finishing); for fish of the same age, within beginning of productive cultivation, different weights of
the same manufacturer, compound feeds are produced fish correspond.

a)
w
L
LL
.|
<
Table 5 — BioMar feeding program for feeding for fillet purpose [22] ;
Indicator EFICO Sigma EFICO Sigma EFICO Sigma INICIO Plus 805 <
811R 811R 811R (stress conditions) %
Pellets size,mm 3.0...45 6.5...9.0 12.0...15.0 12.0...15.0 <
>_
Crude protein, % 46.0 44.0 44.0 51.0 8
Crude fat,% 14.0 16.0 16.0 16.0 o)
Crude fiber,% 5.0 5.3 5.3 2.4 <
Crude ash,% 6.3 6.6 6.6 8.7 ‘é
Phosphorus %, not less 0.9 1.0 1.0 1.3 S
|_
Gross energy, MJ / kg 21.8 21.9 21.9 18.0 3
.
Table 6 — Aller Aqua feeding program for sturgeon for fillet purpose [21] I
Indicator Aller SturgeonALLER Sturgeon ALLER Sturgeon ALLER i
Performa IVORY EX, 2 MM BRONZEGrower BRONZEGrower T
Fry feed to 50 g Feed Feed
Pellets size,mm 15 2.0 5.0 11.0
Crude protein, % not less 48.0 54.0 45.0 45.0
Crude fat, % not less 21.0 20.0 15.0 15.0
Crude fiber, % notmore 1.1 0.9 3.2 3.2
Crude ash, % 8.7 8.2 6.5 6.5 |:|
Phosphorus %, not less 1.2 1.1 1.2 1.1

Table 7 — Sturgeon feeding program [22]

Feeding period Fish size, Pellets Crude Crude Crude Gross Phosphorus
mm size,mm protein, % fat fiber energy
Prestrating 3-15 1.3-15 58.0 17.0 0.9 21.6 1.2
Starting 15-50 2.0 54.0 20.0 0.9 22.2 11
Grower 50-7000 38.0 45.0 15.0 3.2 21.2 11
Finishing more 7000 11.0 45.0 15.0 6.5 21.2 11
Table 8 — Feeding program for sturgeon (developed)
. Feeding periodof sturgeon
Indicator - .
Starting Grower Finishing

Pellets size,mm 1.5 15 5.0
Crude protein content, % not less 48.0 48.0 45.0
Crude fat content, % not less 21.0 21.0 15.0
Crude fiber, % notmore 1.1 1.1 3.2
Crude ash, %, 8.7 8.7 6.5
Lysine, % of protein, not less 5.4 5.4 5.4
Methionine, % of protein, not less 2.0 2.0 2.0
Phosphorus %, not less 1.2 1.2 1.2
Gross energy, not less, MJ / kg 20.0 20.0 21.2
Vitamin E, mg/kg, not less 200 200 200
Vitamin C, mg/kg, not less 300 300 400
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Conclusions

The current state of fish farming and the rele-
vance of the production of compound feed for sturgeon
fish have been investigated. In recent years, the new
sturgeon farms have been opened in Ukraine. The in-
crease in sturgeon cultivation is partly due to the use of
the highly efficient foreign-made compound feeds. In
Ukraine, for the effective development of aquaculture, it
is necessary to pay close attention to the efficiency and
quality of compound feed. Unfortunately, the quality and
nutritional value of domestic compound feeds are inferior
to foreign ones due to the use of outdated requirements

and programs for years of valuable fish species.

The article analyzes the physical properties of
compound feed for sturgeon fish and the peculiarities of
the formulation of foreign manufacturers. The need of
sturgeon fish in micro- and microelements, vitamins is
shown. The analysis of existing feeding programs Bi-
omar and Aller Aqua was carried out. Based on the anal-
ysis, we have developed our own sturgeon feeding pro-
gram. The developed sturgeon feeding program will di-
vide the period of fish development into initial, growth
and final periods and meets the needs of sturgeon fish
according to the latest recommendations.
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Kagheopa mexnonocii 3epua i kombixopmie

Oodecvka HayioHATbHA akademis Xapuogux mexnonoeit, yi. Kanamuas, 112, m. Odeca, 65039, Yrpaina

JOCJIIKEHHSA MOKUBHOI IIHHOCTI KOMBIKOPMIB JIJIS1 OCETPOBUX

Anomauis

Cb0200Hi akeaKyniemypa € 0OHI€I0 3 HAUOLIbWL WEUOKO3POCMAIOUUX Xapyosux eanyseti y ceimi. Yacmxka akeaxyniomypu y
CBIMOBOMY BUPOOHUYMET pUdU 3 KOJHCHUM pOKOM 3pocmace. 3a ocmanni 50 pokie obcsae pubnozo 2ocnodapcmea y cgimi 3pic binviu
Hioie Ha 50 man mow, mooi AK 3pocmantsa 00cA2i6 c8imo6oco 6un08y pubu npunununoca 6 80-x poxkax munynozo cmoaimms. Akeaxy-
AbMypa € OOHUM i3 HAUNEPCneKmuHiuux i 600HOUAC HEOOOYIHEHUX HANPIMI8 20CNO0APCbKOoi OISIbHOCMI 8 A2PONPOMUCTIOBOMY
Komniaexci Yxpainu, skutl npu payioHaibHOMY 6UKOPUCMAKHI 600HUX pecypcie 30amHuil 3a0e3neuumu CHONCUBAYi8 WUPOKUM acop-
mumerHmom pubu ma pubonpodykmie 3a kopomxkuii uac. Ileene 30inbuents supodHUYmMea NPOOYKYii aKkeaxyibmypu, 0cooIugo 6u-
POWYBAHHS OCEMPOBUX A IOCOCA 8 YKPAiHi, 3yMOGIEHO GUKOPUCTNAHHAM IMIOPMHUX KOPMIG, AKI MAOMb 8UCOKY sapmicmb. IIpome
11020 NOOANBLUWUL PO3BUMOK He MOXCE CRUPAMUCS HA IMROPMHI KOPMOSI NPOOYKMU, 0OHOUAC PO3GUIMOK NPOMUCTIOBUX Memo0die puO-
HUYmMBea Hemoxcauguil 6e3 nosHoyiHHoi 36anancosanoi 200ieni 06 ’ckmis supowyyeanus. Uepesz 6o0He cepedosuuje nompebdba pub 8
eHepeii, NoHCUBHUX | OI0N02TUHO AKMUBHUX PEUOBUHAX MAE C8010 CReyuiKy, 6 NOPIGHAHHI, HANPUKIAO, 3 MENIOKPOSHUMU CLTbCHKO-
20CN00APCLKUMU MBAPUHAMU: Ye nompeda Y BUCOKOMY DIi6HI npomeiny, ocobauge CniéGiOHOWEHHA NPOmeiHy i 3a2anbHoi eHepeaii,
JHCUPIB | NONIHEHACUYEHUX JHCUPHUX KUCTOM, YYMIUBICMb 00 HAOIUWKY 8Veneodis. Tak, y npupodHux kopmax ons pub 6invute 60%
3a2anbHoi enepeii npunaoae Ha npomein, 61u3bKko 36% - Ha scupu i auwe 4% - Ha gyenesodu. Po3pobka 6iMuusHAHUX KOPMIE Ols
0CemMpPOBUX € BANCTUBUM 3ABOAHHAM KOMOIKOPMOBOT npomuciogocmi Yrpainu. Y pobomi docniodiceno cyyacHuii cman pubHuymeda 6
Kpaini, akmyanibHicme ma 00csau upoOHUYMBEa KOMOIKOpMY Ol 0cempogux pub, HagedeHo nepesazy UPOUY8aAHHs 0CEMpPOsUX pub
6 YKpaini, npoananizoeano nompeou ocemposux pub y NOHCUBHUX PeHOBUHAX, MIKDO- MaA MIKpOeleMeHmax ma eimaminis, npogede-
HO aHani3 Qi3uyHUX enacmugocmell KOMOIKOpMY 05l peyenmis 0cemposux pud, npoeeoeHo aHaAi3 ICHYIOUUX A PO3POOIEHO 8IACHY
npozpamy 200ieni ocempogux pub. Pospobrena npospama 200i6ni ocemposux 0ac 3mMo2y HPOMUCIOBYAM KOMOIKOPMOBOI npomMucio-
eocmi Ykpainu suxopucmogysamu yio ingpopmayiio npu po3paxyrky KOMOIKopmy 05 0cemposux ma ix eupooHuymaa.

Kiio4oBi ciioBa: akBakyJbTypa, oceTpoBi pudu, KOMOiKOpMH, MporpaMu roAiBJji, roaiB/si 0ceTPOBUX, KOMIIOHEHTH
KOMOiKopMiB.
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INSECTS ARE A SOLUTION TO THE PROBLEM OF
PROTEIN SUPPLY OF MIXED FODDER’S

Abstract

In the materials of this article, the problems of protein deficiency in the production of compound feed are considered, and
ways to solve them due to the use of alternative, non-traditional protein components - insects that have high nutritional properties,
provide rapid accumulation of biomass, serve as sources of biologically active substances and are safe from from the point of view of
issues of veterinary medicine and ecology. It is predicted that up to 15% of additional protein will be provided by insects in 2050,
and their market will be estimated at $1.2 billion. The characteristics of the black lion fly (Hermetia illucens) and its larvae,
peculiarities of cultivation and chemical composition are presented. Larvae mostly consist of protein and fat, and also contain 7.0%
chitin, 5.0% calcium, 1.5% phosphorus and iron. The amino acid composition of the protein demonstrates the presence of a wide
range of amino acids and a relatively high content of lysine, which makes it possible to use them in the development of new
components of complete feed for farm animals and poultry. A method of introducing dry larvae of the black lion fly into the
compound feed through granulated and extruded mixtures with a mass fraction of larvae from 10 to 50% has been developed. The
structural scheme of the introduction of larvae in the production of compound feed is presented, which includes cleaning of grain
raw materials, grinding, sieving, mixing the passing fraction of the sieve with dry larvae in a certain ratio, and subsequent
granulation and extrusion of the mixture. The results of the study of the physical properties of the samples of the molded mixtures are
given, and it is established that the sample with 15% dry larvae has the best physical properties. With an increase in the content of
dry larvae in the mixture by more than 25%, the samples at the exit were characterized by significant fragility and fatness and
required an additional drying operation, which would significantly increase the cost of the finished compound feed. Calculated
recipes of complete ration compound feed for adult laying hens using larvae from 15 to 20%, which made it possible to exclude
expensive feeds of animal origin (fish meal, meat and bone meal) and partially replace soybean meal (up to 12%), which
significantly reduced the cost of finished compound feed.

Key words: compound feed, Black lioness larva, recipe, physical properties, granulation, extrusion, technology.

Introduction ute to the shortage of fish meal, which is almost the main

The development of new components of com- full-fledged source of animal protein in animal nutrition,
bined feed for farm animals and poultry is one of the forcing technologists around the world to invent new
topical directions of the modern combined feed industry. sources of raw materials. In addition, fish meal is a rather
The feed base, which determines the largest item of ex- expensive type of raw material, in addition, there is a
penditure, is represented by various ingredients of plant significant amount of counterfeiting of this compound
and animal origin, as well as feeds obtained with the help feed component on the feed raw material market.
of microbiological synthesis. Thirdly, such protein components as soybean

Considerable attention is paid to their protein meal, fodder yeast, dry amino acid preparations are also
supply when balancing complete ration compound feeds, characterized by high cost and falsification.
therefore, the search for new sources of protein is quite One of the areas of use of new alternative pro-
an urgent issue. So, let's consider the problems of lack of tein components is non-traditional types of raw materials,
protein in modern fodder production and the possibility which can reduce the intensity of these problems and
of its replenishment. To understand why the creation of expand the possibilities of the compound feed industry.
alternative proteins is generating so much interest in the

animal feed industry, we need to first appreciate the con- Literary review

text in which this new industry has emerged over the past The base of non-traditional feeds is expanding

decade. High-protein components are necessary to ensure every year, which makes it necessary to conduct experi-

the animal's need for protein, its balance, and therefore, ments with various biological objects, to study the possi-

for the full development of the body. bilities of their use as feed ingredients, to identify the
First, the grain and legume group (barley, oats, most promising ones from an economic point of view.

wheat, corn, soybeans, peas) serves as raw material for Such objects must have high nutritional properties (pri-
the production of not only compound feed, but also food marily in terms of protein and fat content), provide rapid
products for humans, which causes competition for these accumulation of biomass, serve as sources of biologically
sources of protein. large areas of arable land that could active substances and be safe from the point of view of

be used for food production. veterinary and ecological issues. These requirements are
Secondly, the geographical isolation of fish pro- met by insects, in particular the black lionfly (Hermetia
duction and the decline of global fish stocks can contrib- illucens) and its larvae [1].
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The work of both foreign and domestic scien-
tists, who proved the expediency of their use from both a
productive and an economic point of view, is devoted to
the issue of the prospective use of insects in the produc-
tion of compound feed [1, 2, 3]. Therefore, one of the
most promising alternative proteins for compound feed
for animals is currently considered to be insects. The
very first modern studies on the cultivation of flies and
larvae of the Black Lioness (Hermetia Illucens) were
conducted by three researchers Furman, Young and Catts
back in 1959. According to forecasts, it is expected that
by 2050 (Fig. 1), insects can provide 15% of the addi-
tional protein that will be needed by that time [1, 4-6].

- additional
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Fig. 1. Prospects for providing protein

through the use of insects

The use of edible insects and the animal protein
produced from them is rapidly gaining momentum
around the world. According to UN forecasts, this market
will be valued at $1.2 billion in two years [1, 6]

In China, EU countries, and especially in the
USA, insect protein is actively used for the production of
compound feed: in particular, in 2020, a subsidiary of
Nestle Purina began producing such feed [7]. This is
quite an important event, because previously large trans-
national holdings showed a rather restrained interest in
alternative protein. If one of the global giants enters this
market, it can be expected that others will follow. This
means that production and the range of available prod-
ucts will grow exponentially in the foreseeable future.

Black soldier fly (Hermetia illucens, or Black
Soldier Fly) is a large American fly from the family Stra-
tiomyidae (Fig. 2), whose natural range is North and
South America [1, 2]. The insect is one of the few spe-
cies of invertebrates capable of fully developing in pure
culture in a confined space of artificial conditions, which
allows the species to be used for biotechnological pur-
poses.

A variety of sources serve as a feed substrate for
the larvae of this type of insect: manure, substandard
grain and processed products of the agricultural and food

/

Fig. 2. Black lioness fly and larvae
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industry, food waste. Every day, up to a third of the vol-
ume of produced products is thrown away as food waste,
a large part of which is of plant origin (the remains of
fruits and vegetables, which is connected with the com-
plexity of their storage and transportation). The products
quickly decompose and become unsuitable for further
use. Bioconversion of waste when growing larvae on it
partially solves the problem of utilization and allows
obtaining a high-quality protein fodder product [8, 9].

When breeding Black lion flies, the main factors
that affect the growth, development and production of
fodder biomass are lighting, humidity, temperature re-
gime, fodder substrate, chemical factors, which include
the gas composition of the air, mineral composition of
water, acidity, mechanical and chemical composition the
environment in which the insect develops, its air penetra-
tion and density, as well as noise, gamma radiation and
electromagnetic oscillations [10, 11]. But, despite the
entire range of necessary factors of the distribution envi-
ronment, the insect is unpretentious, and its larvae (Fig.
2) are omnivorous and able to develop in a wide range of
temperatures (+20-50°C) and relative air humidity (40-
90%) [9, 10].

The Black Lionfly and its larvae have gained
great popularity in the last decade due to its introduction
as a fodder for reptiles, poultry and other domestic and
farm animals [12-14]. First of all, this is due to the high
nutritional value of larvae grown on organic waste,
which contains proteins (=40%) and fats (=40%) [10]. In
fig. 3 shows the chemical composition of the larvae of
the Black lioness fly grown on pig droppings.

nitrogen-free
extractive

ash; 14,6 substances; 1,4

humidity; 8

rotein; 42
fat; 34 P !

Fig. 3. Chemical composition of the larvae of
the Black lioness fly

As can be seen from the diagram, the larva's
body consists mostly of protein and fat. When conduct-
ing research, it was found that the protein content in the
larva is not affected by the composition of the feed sub-
strate, while the amount of fat and ash varies depending
on the type of feed - for fat 20-45%, for ash 3-20% [1, 2,
3] In the composition of fatty acids, lauric acid accounts
for 50% [3]. Omnivorousness and nutrition is determined
by the ability of Black lioness larvae to eat any solid or-
ganic waste without exception and as a result accumulate
in their body a complex of macro- and microelements,
the percentage of which depends on the diet. On average,
the larva contains 7.0% chitin, 5.0% calcium, 1.5%
phosphorus and iron. In the table 1 shows the results of
the study of the amino acid composition contained in the
dry flour of fly larvae [1-3].

The amino acid composition of the protein in the
larva shows the presence of a wide range of amino acids
and a relatively high content of lysine (Table 1). In addi-
tion, it contains useful organic compounds that have
commercial and industrial value.

http://grain-feed.onaft.edu.ua
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Table 1 — Amino acid composition of flour
from the Black lioness

Ne Amino acid Content, %
1 Lysine 3.37
2 Threonine 0.55
3 Methionine 0.86
4 Valin 341
5 Leucine 3.53
6 Isoleucine 1.96
7 Tryptophan 0.20
8 Phenylalanine 2.20
9 Arginine 2.24
10 | Histidine 1.91
11 | Aspartic acid 4.56
12 | Serine 0.12
13 || Glutamic acid 3.81
14 | Proline 3.26
15 | Glycine 2.88
16 | Alanine 3.69
17 | Cystine 0.06
18 | Tyrosine 2.51

A total of 40.12

Formulation of the problem

In this regard, the goal of the work was to find,
characterize and process the possibility of alternative
protein raw material - larvae of the Black lioness, as a
component of compound feed for agricultural poultry.

Materials and methods

The object of the study was dried larvae of the
Black lioness, as well as granulated and extruded mix-
tures of grain with larvae. The mass fraction of dry black
lionfish larvae in the mixtures was 10, 15, 25, 35, 50%.

In the work, standard analytical, physical and
chemical research methods were used to evaluate chemi-
cal and physical properties.

The mass fraction of moisture was determined
by the accelerated method, by drying the weight of the
sample in a drying cabinet at a temperature of +130°C
for 40 minutes. Volumetric mass using a liter flask with a
falling load and laboratory scales of the 2nd accuracy
class. The angle of the natural slope was determined ac-
cording to the degrees applied to the side surface of the
special device R.L. Zenkova by pouring the product from
a watering can. Average particle size by sieving a portion
of bulk product through a sieve with openings of a speci-
fied size and weighing the residue on the sieve. Flowabil-
ity by measuring the flow rate of the product through an
opening of a certain diameter. Granule fragility according
to the granule abrasion index in the PPG 2 apparatus. To
obtain molded mixtures - technological methods of gran-
ulation and extrusion.

Results of the study and their discussion

Taking into account the high content of fat in
the larvae, as well as the satisfactory physical properties
of the dry larvae of the Black Lioness, when introducing
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them into the compound feed, a method of their use has
been developed (Fig. 3), which includes cleaning the
grain raw material - corn grain, grinding it with subse-
quent sifting through a sieve PR No. 30-40, mixing the
passing fraction of the sieve with dry larvae in a certain
ratio and subsequent granulation and extrusion of the
mixture under the following technological modes:

- granulation in a press granulator of the OPG
150 brand (the number of pressing rollers - 2 pcs., the
diameter of the die of the matrix 4.0 mm; the mass frac-
tion of moisture of the mixture that is fed to granulation —
16...18%; the temperature of heating the matrix — + 90 +
5°C; pressure — 2-3 MPa; temperature of granules at the
exit from the press —+ 70 £ 5 °C);

- extrusion in an EZ-150 extruder (the diameter
of the die at the exit 10.0 mm, the mass fraction of mois-
ture of the mixture that is fed to granulation is 16...18%;
the temperature in the working area is + 120 £ 5°C; the
pressure is 1 MPa; the temperature of the extrudate at the
exit is + 100 £ 5°C).

Black lion, KPCV,

Grain raw materials . .
! mineral raw materials

Dosage

Cleaning
|

Dosage

Cleaning
1

Grinding
I—|
Mixing

——

Cleaning

Granulation / Extrusion

Cooling
|
A Grinding Large
small i
e : . } fraction
raction Size control
|
Packaging

Fig. 3. Structural diagram of the introduction
of Black Lioness larvae during the production of
compound feed

The physical properties of the obtained samples
of the obtained molded mixtures in the form of granules
and extrudate (Fig. 4) were investigated. The best physi-
cal properties were in the sample of the mixture, which
included 15% of dry larvae (Table 2).

When the mass fraction of dry black lionfish
larvae in the composition of the mixture was increased to
more than 15%, the effect of its extrusion (swelling) was
not noted, as a result of the increase in fat content and the
acquisition of a more plastic shape by the product due to
this. With an increase in the content of dry larvae in the
mixture by more than 20%, the samples at the exit were
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The larvae are dry
Fig. 4. Granulated and extruded mixtures of grain with larvae (maize grain:larvae)

85:15

75:25

Table 2 - Physical properties of compound feed

ules, %

Index Dry Granules [ Extru-
insects date
Mass fraction of 45.6 14.0 15.3
moisture, %
Volumetric mass, 315 580 429
kg/m?®
Thickness, mm 12 3 mm, 2.1
=4 mm

Angle of natural 48 40 41
slope, degree.
Flowability, cm/s 1.75 4.2 3.54
Brittleness of gran- - 9.8 -

Table 3 — Recipes of wh

ole grain feed for laying hens

Ingredient % complete ration compound feed
No-1-1 || Ne-2-2 No-3-3
Wheat 31.00 28.00 36.70
Corn 24.00 16.00
Barley - 13.23 15.00
Bran - - 2.60
Millet without films - - 25.10
Soy meal SP46% - 11.30 -
Sunflower SP36% 13.00 10.50 5.00
Black Lioness 19.00 15.00 12.24
Monocalciumphosphate | 8.00
Fodder chalk 2.00 - -
Limestone flour 1.56 3.90 1.90
Kitchen salt 0.25 0.10 0.26
Baking soda - 0.70 -
Lysine 98% 0.13 0.10 0.10
DI-Methionine 98.5% 0.06 0.17 0.10
P1-1 1.00 1.00 1.00

70:30 50:50

characterized by significant fragility and fatness and re-
quired an additional drying operation, which would sig-
nificantly increase the cost of the finished compound
feed.

Taking into account the chemical composition
of the larvae of the Black lioness, we calculated recipes
for adult laying hens using larvae up to 20% of the input,
which are presented in the Table. 3, which made it
possible to eliminate expensive feed of animal origin
(fish meal, meat and bone meal) and partially replace
soybean meal (up to 12%), which significantly reduced
the cost of ready-made compound feed.

The obtained extruded/granulated mixture can
be used in the future for the production of complete ra-
tion compound feed with increased fat content, with lines
for the preparation of grain raw materials, preparation of
FPFI, Black Lion, and other mineral raw materials, the
main mixing and forming line, size control and packag-
ing of finished products.

Conclusions

The technology of organic waste processing by
black lioness fly larvae is a natural and innovative meth-
od of obtaining natural and complete feeds and their
components, quick replenishment of soil fertility, as well
as effective methods of fighting for environmental safety
and improving green technologies.

The fodder market of vermiculture (insects, lar-
vae) is at the initial stage. Based on the literature review
and the results of experimental studies, it is advisable to
use the larvae of the Black Lioness insect as an alterna-
tive to proteins of animal origin and vegetable crops
(cakes, meal). A method of introducing the larvae of the
Black Lioness into compound feed as part of grain raw
materials has been developed.

The appearance of black lionfish larvae on the
feed market of Ukraine makes it necessary to evaluate
the biological effectiveness of this feed product as part of
compound feed for poultry, pigs, fish and domestic ani-
mals.
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KOMAXMU - BUPIHIEHHA ITPOBJIEMU BIVIKOBOI'O
3ABE3IIEYEHHSA KOMBIKOPMIB
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Anomauis.

B mamepianax cmami posenswymi npoonemu 6i1k08020 dehiyumy npu supoOHuymei KOMOIKOPMI6, ma WAsAXU IX eUPIUEHHS
34 PAXYHOK GUKOPUCMAHHS ANIbIMEPHAMUGHUX, HEMPAOUYILIHUX OIIKOBUX KOMIOHEHMIE — KOMAX, 5Ki 801001I0Mb GUCOKUMU NONCUE-
HUMU 61ACMUBOCMAMU, 3a0e3neyuyiomb Weuoke HAKONUYenHs OiomMacu, cayxrcamy Odxcepenamy Oion02iuHO aKMUBHUX PEHOBUH i €
be3neyHuMu 3 Mo4KU 30py NUMars eemepunapii ma exonocii. Haeedoeno npoenos 3abesneuentns 0o 15 % dooamrosoeo 6inka y 2050
Poyi 3a paxynox komax, a ix punok 6Gyoe oyiniosamucs ¢ 1,2 mapd. $. IIpedcmasneno xapaxmepucmuxy myxu Yopna nesuna
(Hermetia illucens) ma ii auuunxu, ocobrusocmi supoujysanns ma ximiuno2o ckiady. Juuunxu 6 oinvuwiiti Mipi ckiadaromscs 3 OiKa
i orcupy, maxode micmame 1,0 % ximuny, 5,0 % xansyiro, 1,5 % gocopy i 3aniza. Aminoxucromnuii cknad 6inka demoncmpye npu-
CYMHICTD WUPOKO20 CNEKMPA AMIHOKUCIOM | BIOHOCHO BUCOKULL 6MICI TI3UHY, WO 0AE MONMCIUGICMb IX GUKOPUCIMAHHA NPU PO3POOYT
HOBUX KOMNOHEHMI8 NOGHOPAYIOHHUX KOMOIKOPMIE ONIsl CLlbCbKO20ChOOapcokux meapur i nmuyi. Pospobneno cnocobu esedenus
cyxux audunox myxu Yopna neeuna 0o cknady KOMOIKOpMI6 uepe3 epaHyib08aHi ma excmpyoo8ani cymiuti 3 MAco8oio 4acmikolo
auuunox 6i0 10 do 50 %. Ilpedcmasneno cmpykmypHy cxemy 68e0eHHs TUHUHOK NPU UPOOHUYMBE KOMOIKOPMIS, KA BKIIOUAE OYUC-
MKY 3ePHOB0I CUPOBUHU, NOOPIOHEHHS, NPOCIIOBANHHS, 3MIULYEAHHS NPOX00060T ppakyii cuma 3 CyXumu TUMUHKAMU Y NEGHOMY CNiG-
BIOHOWIEHHT MA NOCTIOYIOUe 2PAHYTI08AHHS | eKecmpyoyeanns cymiwi. Hasedeno pesynomamu 0ocniodicenns Qizuunux enacmugocmei
3paskie popmosanux cymiutell, 6CmaHo8IeHo, wo Hauxkpawi ¢izuuni enacmueocmi y 3paska 3 15 % cyxoi nuyunxu. 3i 30invuennam
emicmy cyxoi tuyunku y cknaoi cymiui nonao 25 % 3pasku na euxooi Xapaxmepusy8anucs 3HAYHOIO0 KPUXKICMIO ma JHcupHicmio i
nompebysanu 000amrogoi onepayii cywlinns, wo 3nHauno nioguwjuno O eapmicme 20moeo2o Kombikopmy. Pospaxoeani peyenmu
NOBHOPAYIOHHUX KOMOIKOPMIB 0151 O0POCIUX KYpeli-HeCyuoK 3 8uKopucmanusam auyunxu 6io 15 oo 20 %, wo dozsonuno suxaroyumu
00pO2i KOpMU MEAPUHHO20 NOXOONCEHHSL (DUOHY MYKY, M'SICO-KICIMKOBY MYKY) mMa 4acmkogo 3aminumu coceutl wpom (0o 12%), wo
3HAYHO 3MEHWUTIO 8APIICMb 20MOBUX KOMOIKOPMIS.

Kiro4oBi cioBa: xomoikopmMu, JU4YMHKA YopHOY JieBHHH, pelenT, (pi3suyHi BJACTHBOCTI, TPaAHYJIIOBAHHS, eKCTPYAY-
BaHHSI, TEXHOJIOTisI.
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Ukrainian LiveStock Summit 11.11.2022 KuiB
R

FEED, QUALITY, TECHNOLOGY AND ANIMAL FEED

Ukrainian LiveStock Summit

YkpaiHcbkuin TBapuHHMUbkun Camit — nogis MixxHapogHoro oopmarty 3 e(pekTMBHOro TBapvHHULTBA Ta nTa-
xiBHuuTBa. Lle event-nnatcopma ans obroBopeHHs CyvacHUxX TpeHAiB n NpobnemMHMx NuTaHb PO3BUTKY TBa-
PVYHHULTBA Ta NTaxiBHMUTBA, MicLe 3yCcTpidi 1 0BMiHy AocBiAoM npodbecioHanis 3 YKpaiHu Ta 3apybiioks.

Micue i gaTta npoBegeHHs: Event Hall Golf Center, YkpaiHa, m. Kuie, ObonoHcbka HabepexHa, 20, m.Kuis.
11 XKoBTHs 2022 p. [ ]

MeTa — 3anyuuTn 4o 06roBopeHHs Npobnem TBapuMHHMLITBA YKpaiHWU CBITOBY Ta BiTYM3HSIHY CNIfbHOTY , MO-
LUYK LWINAXiB 30epexeHHs , BiApOOXXEHHsI Ta CTPIMKOro 3poCTaHHA TBapUHHULITBA Ta KOPGIKOPMOBUPOOHMLTBA
YkpaiHu.

OpranizaTtopu: Acouiauis Coto3 ntaxiBHukiB Ykpainu, 'C «MixperioHansHun Coto3 MNTaxiBHukiB Ta Kopmo-
BMPOGHMKIB YKpaiHuy, Cninka MonovHmx nignpuemcTs YkpaiHu, ProAgro Group.
3a nigTpymku : Ypsagy YkpaiHu

CawmiTt BknoyaTume:
— ®opym «TBapUHHMLTBO Ta NTaxiBHULTBO YKpaiHu . BUKNMKU BOEHHOrO Yacy Ta
nicrNsiBOEHHOI po30ya0BWY;
— «KombikopmoBun dopymy»;
— CeMiHapv 3 iHHOBALiNHMX TEXHOMOrI Ta NPOAYKTIB;
— pianoroBi NnaHeni Ta Kpyrni CTonu 3 NpoBiaHMMK haxiBLUsSMK, ekcnepTamu ranyai;
— BUCTaBKy obflagHaHHs Ta TEXHOJSTOMYHUX pilleHb Y ranysi TBapMHHULTBA Ta NTaxiBHULTBA;
— VIP-30Hy ans 6i3Hec-neperoBopis;
— Npec-KOHepeHLito;
— KaBa-naysu, oypLueTu.

FonogHi agianoroBi naHeni:
e [0OnOBHI BUKIMKN BOEHHOrO Yacy Ta edheKTUBHI pilleHHs X No0NaHHSA
e BigHoBneHHs. [Jo 4Yoro roTyBaTUCh Ta 3 YOro NOYUHaTL?
o [lepxaBHa nigTpumka, dickanbHa nonitvka, MixkHapogHi dhoHan Ta diHaHCOBI ycTaHOBW. Yoro veka-
TW, Ha WO crnoaiBaTtucb?
e KanampaTtcTBo B YneHn €C — HOBI BUKMNKW | HOBI MOXITMBOCTI
o EHeproedeKTMBHICTE Ta eHeprobesneka — BaXNUBILLWIA TpeH MiCNsIBOEHHOI po30y0BU
o BnpoBagxeHHs iHHOBALINHMX TEXHOMOrIN Ta NPOAYKTIB — LWAAX A0 CTPIMKOro 3pOCTaHHsA

49 http://grain-feed.onaft.edu.ua
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10:00-13:00 [lawnens |

Bidkpumma. lNpodosonsya 6e3nexa nodcmea —~ npiopumemHa Mema Cy4acHo20 caimy.
- fllanozoea cecis; - [0N08HI BUKAUKU BOEHHO20 ALy Ma ehexmusHI piluenHs IX nodoNaHHS.
- Aianozosa ceciz: — BidHosneHHA. Jo 4020 20my8amucs ma 3 4020 novuHamu?

Cnixepu:
Tapac Bucoybkmi, nepwni sactynimk Minictpa w [ Y
arpapHoi NONITUKK Ta NPOROBONLCTBA YKpPaiHK NPOROECALCTBA VHpAINK
Onekcanap laipy, 4
ronoga Komitery BepxosHoi Pagu Ykpainmn [%,JJ
3 NUTaHb arpapHoi Ta 3emenbHol NoNiTUKK
Voaxim BepmaHH, Npe3ngenT coiosy Ko“lul ns?zmm s mﬁc‘nln:

Onbra WesueHKO, 3aCTyNHUK roNosn

AEPKMPOACTOXUBCITY XBA
IOpin MenbHUK, 3aCTYNHNK roNoBuM NPasniHKA _Mxrl_
Cainka
Bapum YarapoBcbKui, ronosa crinku m e
e/ BED

Poman CnacTboH, reHepanbHuin AUpeKTop
YKPAIHCLKWA KNYB ATPAPHOIO BI3HECY

vcab

‘ o —

EDINSTVO
GROUP

Ceprin KapneHKo, BUKOHaBUMIA AUPEKTOp

Cepriit Bakym, reHepanbHnit gupexkrop

BorgaH Eropos, pektop E
OJIECHKWUW HALIOHANBHWUIA TEXHONOTYHWUK YHIBEPCUTET

Onin ®nbopoBsa, reHepanbHnin ANPeKTop

Mukona Kpemesb, AMpekTop ST HO)
«HBIM» MOBUHCLKU CBUHOKOMIMEKC (@/

Haranis iKUMeHKo, ronosa crinku Tcany -‘
I'C «BIBYAPCTBO TA KO3IBHULITBO YKPATH» ey

SR

Anartonin Hezamai, resepansHuil AMpeKTop

W DD O™ T D

14:00-15:00 [lanens Il
- flianozoea cecin: - Topeians i hinakcu. Yozo yekamu, Ha wo cnodisamucs?
Cnixepu:

| wsucTEecTRO
EXONOMIUHOTO POIRNTEY
| TOPTIBAL YXMIun

Tapac Kauka, 3actyniuk MiHicTpa ekoHoMiKu
YKpaiHu ~ TOProsui NpeacTaBHuUK YKpainm

"

Nauwno lermaxyes,

ronosa Komirety BepxosHoi Pagwm Ykpaiuu ) d
3 NUTaHb GiHAHCIB, NOAATKOBOI Ta MUTHOI NOIITHKK
Bnagucnas KapneHko, @ USA|D
KepiBHUK HANPAMY PO3BNUTKY arpapHuX puHKis

ACOUIALIA

FanuHa Xenno, siue-npesugeHt VKOAMC BRAX BAHKES

fap's [iaKoBcbKa, reHepanbHuin AUPexKTop APK-RESURS
AmunTpo Ky3bmeHKo, BUKOHABUMI AUpPEeKTOp
YKpaiHcbKol Acoujiauii BeHuypHoro Ta UVCA

i frg IRl 19

NPWBATHOrO Kanirany

' /GRECO group
Soclrade

NABOPATOPHE OBNAOHAHHA

> P

MDKPETTOHAJIBHA CIILTKA
c°’°3 NTAXIBHUKIB rAXIBHUKIB TA KOPMOBMPOBHHUKIB
i YKPAIHU

ProAgro ﬂ‘ﬁ
247 GROUP

15:00-16:30 [lanens lll
- lianozosa cecin: - EHepzoegexmusHicms ma eHepzobesneka —
8aX/Iusiwul mpeHo nicnasoeHHO] po3bydosu.

Cnixepu:

@ Cepriin Kpasuyk, reHepanbHuii gupekrop

Gals Aaro
) Ceprii CaByyK, AMPEKTOP i3 PO3BUTKY iIHHOBAUIN v
a FPYNA KOMNAHI VITAGRO VITAGRO
IBaH KopXXeHKo, reHepanbHuin AnpeKTop =
GRECO group
4’ :\\ leopriit leneTyxa, ronosa npasniHHA uaBlo
\g BioenepreTuuHa acouiauis Ykpainn

)
&

@ Ceprin Ciniu, 6peHg-meHexep

" I0pin Noponak, reHepanbHUin ANPEKTOp

IBaH Tpakcnep, AupekTop Emxn | Exo Enepaxm

=CorFLouw

Pd IKNET

16:30-18:00 [lanens IV
- lianozoea cecin: — BnpoeadxerHa iHHOBAYIIHUX mexHonozit ma npodyKmie —
WAARX 00 CMPIMKO20 3pOCMAHHA.

Cnixepu:

Bagum LLinAK, rerepanbHuid AMpexTop
I'C «MPKPEMOHAJIbHWIA COIO3 MTAXIBHUKIB
TA KOPMOBUPOBHUKIB YKPATHM»

5% @

PO
AN Ty mnmmv cenmm

@

AHTOH BOAAHWK, KepiBHUK NPOEKTIB

. AOBPO
Hapis boWko, aupexkTtop Hayxoao-nocplnuoro - TOB «CI'M «MECs
| HaBYaNbHOro IHCTUTYTY MoneKynApHOT Mikpobionorii s pernsoroes argramcros
o MIEPOSONOT Fis CACTRMI
Ta imyHonorii can3osux 060NOHOK

. ) o 08 uDAGPAKA

Amutpo Konomoeub, KepiBHUK TexHiYHOro siaainy . “m-n

- PGS

S

Anna KosanescbKa, AMPEKTOP 3 PO3BUTKY BizHecy

Auxaronin MiHgens, npesnaeHT komnanii

QGO%QMD

KoHTakTu opraHisaropiB:
Ten.: +38 044 248 02 67, +38 067 243 38 03
email: proagro-inform@urk.net,
info@proagro.com.ua
https://proagro.com.ua/events/date/2022/li
vestock _summit

TOB «DABPUKA
PYKABHWX
= OUbTPIBN

&

NMPOMABTOMATWNKA
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OAKVYJIbTET

TEXHONOTII 3EPHA
| 3EPHOBOIO
BI3HECY

XAPYOBI TEXHONOTrII

OcgiTHI nporpamu:

» TexHonorii Ta ynpaeniHHA 3ePHOBUM 6i3HECOM;

* TexHonoris 36epiraHHsa 3epHa Ta eneBaTopHMi 6i3Hec;
» TexHonorii Ta ynpaBniHHA KOPMOBHUM 6GisHecom;

* TexHonorii Ta ynpaBniHHA XNi6ONeKapHUM i
KOHAWTEPCbKUM 6izHeCcoM.

nanPUEMHULUTBO, TOPIIBNA
TA BIPXXOBA AIAJIbHICTb

OcsiTHA nporpama:
* MixxHaponHa Toprieng 3epHOMm;

FAJTY3EBE MALLMHOBY1YBAHHSA

OcBiTHA nporpama:

¢ IT KOHCTpyIOBaHHS Ta 06CNYroByBaHHS O6NafAHaHHS
(3epHOnepepobHoI ranysi).

MpauesnawTyBaHHs:

* KepiBHMKamMu Xxap4OBUX Ta 3€PHOBUX NiIANPUEMCTB i
(eneBaTopiB, 60POIHOMENbHUX, KPYN AHUX, KOM6iKOpMOBUX |
3aBOJiB, KOHAUTEPCbKUX pabpuk, xnibozaBogis);

* KepiBHWKamun arponpoMucnoBux nignpuemMCTs;

* KepiBHMKamu MalwiMHO6yAiBHUX 3aBOAIB, KOMEPLINHUX
CTPYKTYP TEXHIYHOrO CepBicy;

* KepiBH1MKamMu TOpriBenbHUX, 3ePHOTOPriBENLHUX KOMMaHIN
Ta ix nigpo3ainise;

» KepiBHMKamu nignpuemMcTs mManoro 6izHecy;

* KepiBHnkamu 6ipcoBUX CTPYKTYp Ta iX Niapo3ainis;

» MaxisBusaMuU-aHaNi TUKaMM 3 AOCNIAKEHHSA TOBAPHUX PUHKIB
i Bipx;

* TexHONoramu, ronoBHUMMU iHKEHEPAMHM, 3aBiAYIOUMMU
naboparopisMmu, MEHeaXKepamu 3 SKOCTI;

* bpokepamu Ha ToBapHuUX GipxKax;

» QaxiBusamMu 3 noricTuky;

* Excnepramu 3 30BHILIHBOEKOHOMIYHUX MUTaHb;

* EkcnepTamu 3 OUiHKW Ta NPOrHO3yBaHHA AiANIbHOCTI
3epHOTOPriBeNbHUX MIANPUEMCTB Ta iH.

_ (048) 712-41-86
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