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DEVELOPMENT OF PRODUCTION TECHNOLOGY
OF HIGH-PROTEIN FEED ADDITIVE FROM
BY-PRODUCTS OF SUNFLOWER OIL PRODUCTION

Abstract

The oil and fat industry of Ukraine is one of the most powerful branches of the food industry, the development of which is of
particular importance for assessing the country's food security. The screening showed that Ukraine occupies a leading position in
the world market for the production of sunflower and sunflower oil, as well as the export of sunflower oil. The largest Ukrainian
companies producing unrefined and refined sunflower oil are listed.

The structural scheme of obtaining by-products, which are formed during the processing of oil crops, which have a rather
high feed value and are used in feeding agricultural animals and poultry, is presented. Determining factors affecting the amount of
by-products of vegetable oil production are characterized.

Production of a high-protein feed additive based on sunflower meal, sunflower cake and mineral raw materials is pro-
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posed.

A technological process scheme for the production of a high-protein feed additive has been developed, which provides for
the following technological lines: a line for cleaning oilseeds; fall line of oilseeds; oil seed core pressing line; cake and meal prepa-
ration line; mineral raw material preparation line; dosage line; mixing line; granulation line.

The production of the proposed high-protein feed additive in granulated form can be carried out at the existing oil pro-
cessing enterprise in the meal granulation shop, which will make it possible to effectively use the by-products of sunflower oil pro-
duction.

Key words: feed additive, sunflower oil, cake, meal, limestone flour, technology, farm animals.

Introduction

One of the most influential and important indus-
tries for the economy of Ukraine is agriculture. With its
powerful potential, as well as the wealth and diversity of
natural resources, agriculture can provide Ukraine with
high competitiveness both on the national and world
markets. On the world market, Ukraine occupies a lead-
ing position in the sale of sunflower oil.

According to the State Standard and the Minis-
try of Economy, Ukraine exported 6.9 million tons of
sunflower oil in 2020, which is 12% more than in 2019
(Fig. 1). It should be noted that there is a steadily grow-
ing demand for sunflower oil on the world market. The
largest importers of Ukrainian sunflower oil are India and
China. Recently, China has tripled its imports (Fig. 2).
The share of Ukrainian oil in total imports is 78% in In-
dia and 68% in China. [1-3]

In 2020-2021, MR produced 4.26 million tons
of refined and 0.59 million tons of unrefined sunflower
oil. The largest Ukrainian enterprises producing unre-
fined and refined sunflower oil are listed in the table. 1

[4].

At the current stage of development of the oil
and fat industry of Ukraine, the issue of ensuring the
competitiveness of oil processing enterprises is of partic-
ular importance. One of the strategic priority directions
for increasing the performance indicators of oil pro-
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cessing enterprises is the integrated use of production by-
products (Fig. 3) [5].

The rational and effective use of by-products of
vegetable oil production enables business entities to en-
sure competitive advantages of products on the world and
domestic markets, which will contribute to improving the
financial, economic and food security of the country as a
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Fig. 1. Production and export of sunflower oil
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Fig. 2. Importing countries of Ukrainian sunflower oil

whole. However, as practice shows, the management of
by-products at oil processing enterprises is a mechanism
of an extremely complex set of issues. A significant
number of factors affect the amount of by-products in oil
processing (Fig. 4) [6].

The by-products that are formed during the pro-
cessing of oil crops have a fairly high feed value and are
used in the diets of animals and poultry. The problem of
protein deficiency in the feeding of farm animals can be
solved, among other things, by introducing high-protein
fodder, in particular cake and meal of oil crops.

The purpose of the study
The purpose of the work is to develop a tech-
nology for the production of a high-protein feed additive
based on the by-products of processing oilseeds - cake

Table 1 — The largest companies producing sunflower oil [4]

Ne Name of Company 2019-2020 MY| 2020-2021 MY
Production volumes of unrefined sunflower oil, %
1. | "European Transport Stevedoring Company" LLC 7,7 8,3
2. | "Otpymusagrotrade” LLC 6 6,6
3. | LLC "Prydniprovsky OEZ" (Kernel) 5 6,1
4. | LLC "Ukrainian Black Sea Industry" 4,6 5,2
5. | PJSC "Vinnytsia oil and fat plant" (ViQil) 43 51
Production volumes of unrefined sunflower oil, %
1. | PJSC "Dnipropetrovsk Qil Extraction Plant” (Bunge) 15,5 19,6
2. | "Delta Wilmar Ukraine” LLC (Wilmar International) 16,6 14
3. | PJSC "Poltava Qil Extraction Plant - Kernel Group" (Kernel) 10,4 12
4. | "Prykolotnyansky OEZ" LLC (Kernel) 7,9 8,6
5. | PP "Oliyar" 8,8 8,2
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and meal, as a promising raw material for the production
of energetic and nutritionally balanced compound feed
for poultry and farm animals.

Results and its discussion

During the production of sunflower oil, about
36% of by-products are obtained from the mass of pro-
cessed oilseeds - cake and meal, which contain up to
48% easily digestible protein, fiber, vitamins of group B
and vitamin E. [7]

Features of by-products are technology and fat
content: the cake is obtained by pressing, the fat content
is up to 10%; meal - by extraction with a solvent and
toasting, as a result, loose meal with a fat content of 1-
2% is obtained. [7]

In addition to the quality indicators of cake and
meal, appearance is important for the sale of these by-
products. Cake is produced in the form of a shell or in
loose form, meal - in loose and granulated form. Granu-
lated meal is the most popular product, which is easy to
transport.

Large agroholdings for the processing of
oilseeds are aimed at obtaining the maximum amount of
oil by extraction, therefore they receive meal with a low
fat content, which allows using this by-product as a
source of protein for the production of compound feed
products. Screening of the oil processing industry prod-
ucts market shows that it is more profitable for oilseed
processing enterprises to produce granulated meal with
as low a fat content as possible and to make a profit from
the sale of vegetable oil.

Makuha is a popular protein component of compound
feed in Ukraine, it has a very high energy and nutritional
value. Depending on the oil content of sunflower seeds
and the previous preparation process, the fat content in
the cake can reach up to 20%, which leads to the deterio-
ration of the physical and technological properties of the
cake.

The use of a high-protein feed additive based on
the by-products of sunflower oil production and mineral
raw materials will allow not only to balance the diet of
animals in terms of protein, but also provide the energy
and mineral needs of farm animals and poultry.

FACTORS

technical and technological level of

quality indicators of raw materials

production

- moral and physical wear and tear of the
equipment,

- the level of automation and mechaniza-
tion of technological processes,

- reduction in the use of production facili-
ties, low efficiency of technological
equipment

qualification of service and engineering

entering production

- seed oiliness,

- seed moisture,

- the content of garbage and oil admix-
ture,

- the acid value of the oil in the oilseed,

- fractional composition of seeds

implementation of scientific and

and technical personnel

- low qualification level of personnel,

- insufficient general educational and
general technical training,

- lack of special production skills and
abilities

insufficient investment

research developments

- insufficient funding of research and
innovation works,

- insufficient availability of technical
information about special develop-
ments

low level of receptivity of relevant

attractiveness

- financial instability in the country,
which increases the level of risks,
high bank interest rates,

the complexity of the mechanism
for obtaining a medium- and long-
term loan, lack of benefits

innovations by subjects

- lack of production and scientific poten-
tial,

- insufficient target determination,

- low level of motivational and infor-
mation support for decision-making

Fig. 4. Determining factors affecting the amount of by-products of vegetable oil production [6]
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Sunflower meal (75%), sunflower cake (10%)
and limestone flour (15%) were used as raw materials for
the production of a high-protein feed supplement. [7-8]

The proposed method of producing a high-
protein feed additive from the by-products of sunflower
oil production can be implemented using the following
scheme of the technological process (Fig. 5).

The technological scheme is based on the option
of building a technological process with the formation of
a preliminary mixture of components. In accordance with
the proposed scheme of the technological process of the
production of high-protein feed additive (Fig. 5), the fol-
lowing technological lines are provided:

- Line for cleaning oilseeds;

The line of falling oilseeds;

Line for pressing kernels of oilseeds;
Cake and meal preparation line;
Mineral raw material preparation line;
Dosing line;

Mixing line;

Granulation line.

The line for cleaning oilseeds. Sunflower seeds
that are sent for processing into production are a mixture
consisting of seeds of the main crop and various impuri-
ties (organic, mineral, metallomagnetic). The cleaning of
seeds from impurities is based on the difference in the
physical, aerodynamic properties of oilseeds and accom-
panying impurities. Cleaning of seeds from organic im-
purities is carried out by sifting clogged seeds through
sieves with different sizes of holes, cleaning of metallo-
magnetic impurities is carried out on a magnetic separa-
tor, light impurities are separated by air flow in a pneu-
matic channel.

Sunflower seeds from the warehouse with the
help of a noria (2) are fed to the magnetic separator (3),
where the seeds are cleaned of metallomagnetic impuri-
ties. From the magnetic separator (3), the seed passes
through the operational hopper (4) into the sieve-air sepa-
rator (5), where it is cleaned of impurities through 2 lev-
els of sieves: the exit from the upper sieve PR No. 100-
160 or SD No. 8-14 is large garbage impurities; passage
of the lower sieve PR No. 10-14 or SD No. 085 - small
garbage impurities. Coarse and fine impurities are sent to
the waste hopper, and metallomagnetic impurities are
collected in the box of metallomagnetic impurities. The
sunflower seeds, which have been cleaned in the separa-
tor (5), are fed to the distribution conveyor (1) with the
help of a noria (2) to separate the seed coat (husk).

Falling line of oilseeds. In order to increase the
oiliness of oil raw materials, improve the quality of oil,
reduce oil losses in production, prevent the wear and tear
of working organs of machines and increase their effi-
ciency, it is advisable to carry out a preliminary separa-
tion of shells (husks) from the core. For this purpose, the
process of collapsing oilseeds is used, with subsequent
division into fractions on the cotyledons, for collapsing,
the impact method is used. Due to the variety of seeds,
the method of multiple blows in the seed bag is used to
obtain a seed bag. Rushanka is a mixture of unbroken
seeds (colic), clean seeds (kernel), undamaged seeds (ne-
dorush), husk, oil dust, and crushed seeds (sichka).

With the help of a conveyor (1), the sunflower
seeds are fed to the seed hoppers (6), where the seeds
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collapse to obtain a mixture of hoppers. The dust enters
the seed cilia (7), which have three rows of sieves: the
upper row — @ of holes 6/7.0 mm, the middle row — @ of
holes 4.5/5.0 mm, the lower row — @ of holes 3 mm. Be-
fore entering the main sieve frame, the fraction of small
kernel parts is separated on two parallel sieves with a
hole size of 3 mm, which ensures less contact of the husk
with the kernel particles and, as a result, a decrease in the
degree of oiliness of the husk. The aspiration chamber
receives 5 fractions, which pass through the shutter of its
channel, are blown with air, and are taken from the work-
shop by a fan. As a result, light components are removed:
husk, oil dust, empty seeds. The husk, as the lightest
fraction of the rusanka, is collected in the most distant
pockets, and the mixture of husk, chaff, and empty seeds
is deposited in the next pocket. By the exit from the shut-
ters of the aspiration chamber, the scum and core fall,
which are sent to the corresponding pockets. Separated
products in the seed pods (7) are sent to the appropriate
conveyors: the waste through the conveyor (1) falls on
the noria (2) for re-falling into the seed pods (6); husk
through conveyors (1) is sent to the husk warehouse; the
pass through the conveyor (1) enters the noria (2) for re-
winding in the seed cilia (7); the core is sent to the press-
ing line through conveyors (1). During the crushing pro-
cess, the following products are obtained: core - 55%,
husk - 15%, undergrowth - 20%, rind - 10%.

Line for pressing the core of oilseeds. The core
cleaned of metallomagnetic impurities in the magnetic
separator (3) is fed to rolling machines (8), where the
cellular structure of the material is destroyed. The gap
between the rollers is regulated by changing the pressure
in the pneumatic system. The crushed core (mint) goes to
the roaster (9), where it undergoes wet-heat treatment
due to the supply of dead steam with a pressure of up to 8
kgf/cm3. Wet-heat treatment of mint is carried out in
order to reduce the forces of connection between oil and
mint, to inactivate enzymes. If necessary, to regulate hu-
midity, it is possible to supply water to 1 tank, as well as
hot steam to other tanks. From the roasters, the pulp en-
ters the feeder of the press (10), and from it directly into
the press (11), where the oil is squeezed out. The pressed
material with the remaining oil (cake) with a moisture
content of 4-7% leaves the press and enters the conveyor
(1), and then it is sent to the extraction or to the cake and
meal preparation line for the production of high-protein
feed additive.

The released vapors during pressing are re-
moved with the help of a fan in a cyclone and then re-
leased into the atmosphere. The condensate formed in the
vats of the roasting plant enters the condensate tank, from
which the condensate is then pumped to the boiler room
by a pump. In the press, the oil is pressed under pressure,
which enters the screw conveyor (1), which supplies the
pressed oil for extraction.

Cake and meal preparation line. After pressing
(1), the resulting cake with a moisture content of 4-7% is
sent to the cake crusher (12) using a conveyor (1). The
crushed cake from the bread crusher (12) is fed into the
magnetic separator (3) for the separation of metallomag-
netic impurities and is sent to the screening machine (13),
in which one sieve PR No. 2 is installed. additional
grinding. The crushed cake is combined through the pas-
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Fig. 5. Basic technological scheme for the production of high-protein feed additive from the by-products of sunflower oil production
1 — conveyor; 2 — noria; 3 — magnetic separator; 4 — operational bunker; 5 — sieve-air separator; 6 — seed pod; 7 — seminal cilium; 8 — rolling machines;
9 —roaster; 10 — press feeder; 11 — press; 12 — bread breaker; 13 — sieving machine; 14 — hammer crusher; 15 — over dosing hoppers;
16 — multi-component weighing dispenser; 17 — mixer; 18 — air conditioner; 19 — press granulator; 20 — cooling column; 21 — grinding machine; 22 - sieving machine.
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sage of the sieving machine (13) and fed into the over-
dosing hoppers (15) with the help of a noria (1).

The toasted meal, not granulated, after the ex-
traction department is fed to the screening machine (13),
if necessary, it is crushed in a hammer crusher (14) and
sent to the overdosing hoppers (15).

Mineral raw material preparation line. Lime-
stone flour is crushed using a crushing machine (21) and
fed to the overdosing hoppers (15) using a noria (2) and a
conveyor (1).

Dosage line. The prepared cake, meal, and lime-
stone flour from the overdosing hoppers (15) is sent to
the multi-component weighing doser (16). The dosed
components according to the recipe are fed to the mixing
line using a conveyor (1) and a noria (2).

Mixing line. The mixing line is designed for the
production of additives in loose form from pre-prepared
components according to the recipe. Mixing takes place
with the help of a batch mixer (17).

Granulation line. The granulation line is de-
signed for obtaining granulated additives. The bulk high-
protein additive is fed to the magnetic separator (3) for
the separation of metallomagnetic impurities using a no-
ria (2) and is fed to the long-term conditioner (18), where

it is subjected to wet-heat treatment. The processed prod-
uct is fed into the press granulator (19) and heated to a
temperature of +100 - 110 °C, after which it is given the
shape of cylindrical granules (diameter of granules 6 - 10
mm, length of granules 10-26 mm).

From the press-granulator, the granulated prod-
uct is fed into the cooler (20) to cool the granules to a
temperature no more than 10 °C higher than the ambient
temperature and is dried to a humidity of 9-11% by pass-
ing air through it. The cooled granulated product is fed to
the screening machine (22) using a noria (1) to control
the size. The passage of the sieve PR No. 10 is directed
by the noria (1) for repeated granulation, and the finished
granules are directed to the warehouse of finished prod-
ucts.

Conclusions

The developed technology for the production of
high-protein feed additive from the by-products of sun-
flower oil production can be implemented at an existing
oil processing enterprise that has a pressing and extrac-
tion shop, with the installation of additional equipment
for the preparation of raw materials and obtaining a ho-
mogeneous mixture with subsequent granulation.
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PO3POBKA TEXHOJIOT'II BAPOBHUIITBA BUCOKOBLIKOBOI
KOPMOBOI JTOBABKH 3 HOBIYHUX MMPOJYKTIB BUPOGHUIITBA
COHSIIHUKOBOI OJIIi

Anomauin

OuiifHO-)XKMPOBa MPOMUCIIOBICT, YKpaiHH — OJTHA 3 HAWOUTBII MOTYXXHHUX Tajdy3ed Xap4yoBOi MPOMHUCIOBOCTI,
PO3BHUTOK SKOI Mae OCOOJMBE 3HAYCHHS JUIS OIIIHKH MPOIOBONBYOI Oe3rekn Kpainu. CKpUHIHT MOKa3aB, Mo YKpaiHa
3aliMae NiAUPYOYi MO3HUIIIT HAa CBITOBOMY PHHKY 3 BUPOOHHUIITBA COHSIIIHUKY Ta COHSITHUKOBOT OJIil, @ TAKOXK EKCIIOPTY
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COHSIIHHUKOBOI omii. HaBeneHo HalOLIBIIMX yKpalHCBKUX IMiJIPHEMCTB-BUPOOHUKIB HepadiHoBaHOI Ta padiHOBaHOI
COHSITHUKOBOI OJTii .

[IpencraBnena CTpyKTypHa cXeMa OTPUMaHHs MOOIYHHUX IPOAYKTIB, sSIKi yTBOPIOIOTHCS TPH INepepoOI oiii-
HHUX KYJBTYp, IO MalOTh JJOCHTh BUCOKY KOPMOBY LIHHICTh 1 BUKOPHCTOBYIOTHCS y TOMIBII CLIBCHKOTOCIIONapCHKHUX
TBapuH i ntuni. OXapakTepu30BaHO BU3HAYaNbHI ()aKTOpH, IO BIUIMBAIOTH Ha OOCAT YTBOPEHHS MOOIYHHUX MPOIYKTIB
BHPOOHUIITBA POCIIMHHOT OJii.

3anponoHOBaHO BUPOOHUIITBO BUCOKOOITKOBOT KOPMOBOT JJOOABKH Ha OCHOBI IIPOTY COHSIITHUKOBOTO, MaKyXH
COHSIIIHUKOBOT Ta MiHEpaJIbHOT CUPOBUHH.

Po3pobieHo cxeMy TeXHOJOTIYHOTO MPOIIeCy BUPOOHUIITBA BUCOKOOITKOBOT KOPMOBOI T00aBKH, siKa repeada-
Ya€ HACTYITHI TEXHOJIOTIYHI JIHII: JIHIS OYNCTKA HACIHHS OJIHHUX KYJbTYp; JiHisA OOpYIICHHS HACiHHS OJNIHHUX KYJb-
Typ; JiHISA MPECYBAHHA sAApa HACIHHS OJIHHHUX KYyJBTYp; JIiHIS MIATOTOBKM MaKyXH Ta IIPOTIB; JiHIS MATOTOBKU MiHe-
pasbHOT CUPOBUHM; JIiHIS IO3YBaHHS; JiHisl 3MIIIYBaHHS; JIiHISI TPaHyIOBaHHS.

BupoOHHITBO 3amponoHOBaHOI BUCOKOOIIKOBOT KOPMOBOI JJOOABKH B IpaHyJIbOBAaHOMY BHIJISII MOXe OyTH
3MIMCHEHO Ha JII0YOMY OJIIHHO-TIepepOOHOMY MiJNPHUEMCTBI B IIEXy TPaHYJIIOBaHHs LIPOTY, IO JACTh MOXIIHBICTH
e(heKTHBHO BUKOPUCTOBYBATH IOOIYHI MPOAYKTH BUPOOHUIITBA COHSLIHUKOBOI OJIii.

KuouoBi ciioBa: kopmMoBa 100aBKa, COHSIMIHUKOBA 0J1isl, MaKyXa, IPOT, BAIHAKOBA MYKa, TEXHOJIOTis,
CiJIbCBKOrocnoAapchbKi TBAPHHU.
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