3epHoBi npoxaykrH i kom6ikopmu, Vol.22, 1.3 (87) / 2022

A special highlight of the laboratory is a unique
collection of feed raw materials, feed additives,
biologically active substances and finished products,
which includes about 150 samples.

The management of Odesa National University
of Technology highly appreciates the contribution of
ADM LLC "Ukrelevatorprom™ to the educational process
of our students and is confident in the development of
further partnership relations in the field of training
qualified and conscientious specialists, since a large
proportion of the company's employees are graduates of
ONTU.

The department of technology of grain and
compound feed invites specialized enterprises of the
grain processing industry to cooperate.
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ASSESSMENT OF HIGH-PROTEIN QUALITY
FEED ADDITIVES FROM BY-PRODUCTS
MANUFACTURE OF SUNFLOWER OIL

Abstract

The article states that until 2022, Ukraine will occupy the first place in the world food market in the production of
sunflower, sunflower oil and export of sunflower oil. The production of sunflower has always been sufficiently profitable, and the
products of its processing competitive on the domestic and world markets. They are also an important component of food and feed
protein resources. The production of complete ration compound feed for farm animals and poultry is restrained by a shortage of
protein components, a low level of sanitary and hygienic safety of protein raw materials of animal origin. This leads to a decrease in
the efficiency of feed, their costs and, as it should be, a shortage of livestock products. Cake and meal are high-protein raw materials,
which are obtained in the amount of 1/3 of the mass of processed seeds during the production of sunflower oil. The fodder value of
sunflower cake and meal is given. Factors that negatively affect the nutritional value and availability of nutrients of sunflower meal
in the feed of farm animals and poultry were analyzed. The choice of components for the production of high-protein feed additive is
theoretically justified. The indicators of the quality of sunflower seeds and by-products of their processing, which meet the
requirements of DSTU, have been determined. On the basis of theoretical and experimental data, a structural scheme for the
production of a high-protein feed supplement based on sunflower cake and meal is proposed, which involves the preliminary
preparation of the by-products of sunflower oil production - cake and meal, with the following dosage in the amount: 75% sunflower
meal, 10% sunflower cake and 15% limestone flour. The physical properties and microbiological indicators of the quality of a high-
protein feed additive were experimentally determined, and it was determined that, compared to a loose, granular high-protein feed
additive, it has the following advantages: increased nutritional value, has a greater volumetric weight, sanitary quality, which leads to
saving space during transportation and better storage.

Key words: feed additive, sunflower meal, sunflower cake, limestone flour, quality, granulation, physical properties,
microbiological indicators, farm animals.

Introduction including strategic ones. It is known that vegetable oil is
In the agro-industrial complex of Ukraine, the a source of energy and contains a number of essential
oil and fat branch of the food industry occupies a leading nutrients, in particular unsaturated fatty acids.
place. Oilseed processing enterprises produce oil and Until 2022, Ukraine took first place in the world
fatty products for food, technical and fodder purposes, food market in terms of sunflower, sunflower oil and

20


https://doi.org/10.15673/
mailto:bogdanegoroff58@gmail.com
mailto:k_elni@ukr.net
http://www.researcherid.com/rid/D-3386-2016
mailto:turpurova.tatyana@gmail.com
http://www.researcherid.com/rid/C-3755-2017

Grain Products and Mixed Fodder’s, VVol.22, 1.3 (87) / 2022

sunflower oil exports. Sunflower production has always
been sufficiently profitable, the products of its processing
competitive on the domestic and world markets. They are
also an important component of food and feed protein
resources. [1]

During the production of sunflower oil, up to
36% of the mass of processed seeds is obtained by by-
products - cake and meal. It is known that the by-
products contain all the components of the nutritive value
of the seed, with the exception of crude fat, which is
reduced to 8-17% in the pulp and 2% in the meal. Cake
and meal are high-protein feed for animals. The high feed
value is due to the content of certain essential amino
acids, calcium and phosphorus, vitamins of group E and
group B. [2,3]

On average, sunflower cake contains: protein -
39.6%, fat - 1.6%, crude fiber - 12.3%, BER - 23.5%, ash
- 6.0%. There are slightly more essential amino acids
than in meal. Cake, like meal, is fed as part of compound
feed, feed mixes and separately. Feed conversion is 3-5
kg/kg. [2,4]

However, there are factors that negatively affect
the nutritional value and availability of nutrients of
sunflower meal in the feed of farm animals and poultry

[5]:

» increased crude fiber content of 12-18%,
which leads to swelling and retention of feed in the
intestinal tract, which can be a problem for young farm
animals and poultry;

* a large number of non-starchy polysaccharides
(up to 40%), which animals are unable to digest due to a
lack of appropriate enzymes;

« the content of chlorogenic and quinic acids, the
level of which is 1.56 and 0.48%, respectively, the
negative effect of which is manifested in the inhibition of
digestive enzymes of the gastrointestinal tract, and
accordingly affects the digestibility of protein and the
assimilation of the amino acids lysine and methionine;

* deficiency of such an important amino acid as
lysine, which requires additional inclusion of a synthetic
drug;

* low resistance to oxidation.

One of the most important problems with long-
term storage of cakes is the deterioration of quality
indicators. The cake turns rancid quickly due to the
presence of residual amounts of fatty acids, and as
humidity increases, the destruction of nutrients increases.
The critical moisture level for cake is 8-10%. The low
resistance of lipids to oxidation, especially those
containing unsaturated fatty acids, leads to the

accumulation of peroxides, hydroxy acids, ketones,
aldehydes, which have a toxic effect on the body of farm
animals and poultry.

To ensure the stability of cakes before storage,
the level of fat content is reduced. However, in recent
years, the production of sunflower cake with a higher fat
content is increasingly being practiced to ensure the
energy needs of farm animals and poultry, as well as to
avoid the additional introduction of fats during the
production of compound feed.

Along with the problem of improving cake
quality indicators, calcium imbalance is a big problem
for poultry farming, namely calcium deficiency in laying
hens during the ovulation period. All this determines the
need to include mineral raw materials in the composition
of the feed additive.

Limestone flour is characterized by low cost and
high calcium content, which is why it has gained such
popularity among other mineral raw materials. In
addition, limestone flour has adsorption properties,
allows you to increase the percentage of cake application,
reduces the cost of raw materials, which is an important
factor in the calculation of compound feed recipes for
poultry. [6]

A high-protein feed additive based on the by-
products of sunflower oil production has been developed,
which can be used for feeding farm animals and poultry.

The scheme of the technological process of the
production of a high-protein feed additive consists of the
following lines: [7]

— Line for cleaning oilseeds;

— The line of falling oilseeds;

— Line for pressing kernels of oilseeds;

— Cake and meal preparation line;

— Dosing line;

— Mixing line;

— Granulation line.

The purpose of the study

The purpose of the work is to study the quality
indicators of a high-protein feed additive from the by-
products of sunflower oil production.

Results and its discussion
Screening showed that sunflower seed
processing yields about 41% sunflower oil, 33% cake
and 26% husk. [7]
Table 1 shows the quality indicators of sunflower
seeds and the quality indicators of the by-products of its
processing - cake and meal.

Table 1 — Quality indicators of sunflower seeds and by-products of their processing
Sunflower seeds Sunflower cake Sunflower meal
Indexes research 2 research 251 research 28I
7011:2009 8096 11246-96

Humidity, no more than % 6,8 8 4.4 8,5 8,9 10
Crude protein, not less than % 14,8 - 36,2 38 34,7 39
Crude fiber, not more than % - - 17,4 20 19,2 23
Crude fat, no more than % 45,2 - 19,7 6 0,95 1
Acid number, no more than % 1,6 2,2 - - - -
Oleic acid, % 85,7 - - - - -

2 1 http://grain-feed.ontu.edu.ua
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Table 2 — Physical properties of components for the

roduction of high-protein feed additive

Table 3 — Physico-mechanical parameters of the high-

rotein feed supplement

Indexes Sunflower || Sunflower [ Limestone Indexes High-protein feed additive
meal cake flour loose granulated

Nature, kg/m® 458 1028 1416 Appearance homogene granules
Flowability, ous loose
cm/s 12,9 2,2 0,9 mass
Angle of natural Color different shades of gray
slope, degree. 37 42 45 Scent characteristic of sunflower
Mass fraction of meal and cake without
moisture, % 8,9 4.4 0,4 extraneous smell

The physical properties of the components for Mass fraction of 9.4 91
the production of a high-protein feed additive were moisture, % '
determined experimentally (Table 2). Flowability, cm/s 4.3 7,7

As a result of the obtained data, it can be Angle of natural slope, 30-
concluded that the meal is characterized by low nature degree. 48
and high flowability, a_nq the cake, due to the high fat Nature, kg/m? 446 365
content, has low flowability. -

According to the studies, the determination of L/D ratlo. - — 2.6
the coefficient of variation in the distribution of Water resistance, min. - /
limestone flour and the coefficient of variation in the Water absorption 1,05
distribution of sunflower cake showed that the most coefficient, % -
effective additive is mixed, which includes 75% Fragility, % _ 7.4

sunflower meal, 10% sunflower cake and 15% limestone
flour. [8]

On the basis of theoretical and experimental
data, a structural scheme for the production of a high-
protein feed supplement based on cake and meal is
proposed (Fig. 1), which provides for the preliminary
preparation of the by-products of sunflower oil
production - cake and meal, with the following dosing in
the amount: 75% sunflower meal, 10 % sunflower cake
and 15% limestone flour.

The dosed components of the high-protein feed
additive are mixed in a batch mixer, as a result, a loose
high-protein feed additive is obtained, which is sent for
granulation in a press-granulator. The resulting granules
are sent to a cooler for cooling to a temperature no higher
10 °C of the environment.

By analyzing the physical properties of raw
materials and finished products, it is possible to judge the
degree of their freshness and suitability for further
consumption. The finished products were evaluated
according to such physical properties as appearance,
color, smell, particle size, angle of natural slope,
moisture, flowability, nature.

The organoleptic and physical properties of the
loose and granular high-protein feed additive were
determined experimentally (Table 3).

The bulk feed additive has the following
disadvantages - it is hygroscopic and has a small
volumetric mass. During its transportation, storage and
use, self-sorting, sawing, clumping will be observed. To
eliminate these shortcomings, save and rationally use the
high-energy additive for the production of compound
feed, it is necessary to produce it in a compressed form in
the form of granules. Compared to the loose, granular
additive has the following advantages: increased
nutritional value, sanitary quality, better storage, has a
larger volumetric mass, which leads to saving space
during transportation and storage.
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All compound feed products must meet the
requirements of veterinary and sanitary standards. It is
known that microorganisms are the main reason for the
deterioration of the quality indicators of compound feed
products. In this regard, it is necessary to have a clear
idea of the microflora of the additive and to know how
the production methods and storage conditions of the
manufactured products affect it.

We determined the effect of heat treatment
(granulation) on the change in the microbiota of a high-
protein feed supplement, which was produced according
to the developed recipe [8] and improved technology [7].

In the experimental samples, the following were
determined:

- the number of mesophilic aerobic and facultative
anaerobic microorganisms (MAFAnM), CFU in 1 g of
product;

- the presence of mold fungi in 1 g of the product;

- the presence of Escherichia coli bacteria (E. coli)
in 0.1 g of the product;

- the presence of bacteria of the paratyphoid group
(salmonella), in 25 g of the product;

- presence of Pr. vulgaris in 0.1 g of the product;

- the presence of Staphylococcus aureus.

The results of research on the determination of
microbial contamination of loose and granular high-
protein feed additives are shown in Table 4.

The study of microbiological indicators of the
quality of loose and granular high-protein feed additives
was carried out using the experimental base of the
Department of Biochemistry, Microbiology and
Physiology of Nutrition of ONTU. The mass fraction of
moisture of the granulated additive was 9.2%, the amount
of MAFANM - 7*105 CFU/g, mycelial fungi - 17 CFU/g,
pathogenic forms of Salmonella and Staphylococcus
aureus were not detected.
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Fig. 1 — Functional diagram of the production of a high-protein feed supplement based on the by-products of

sunflower oil production

Table 4 — Study of microbiological indicators of the quality of a high-

protein feed supplement (n=3, P>0.95) and mycelial fungi by 70%.
High-protein feed additive || 3mimm, % | Granulation made it possible to get rid
Indexes T granulated of Proteus vulgaris, which had
3 3 contaminated the bulk feed additive.
MAFAnM (CUO/g) 1,3x10 0,710 a7 Thus, the effect of high temperature
Mycelial mushrooms, CFU/1 g 95 1/ /0 allows to ensure a significant degree of
BGKP title, g not found | not found — reduction of the microflora of the
Salmonella not found not found — additive.
Proteus vulgaris found not found 100
Staphylococcus aureus not found not found — -
Conclusions
The physical properties and microbiological

As a regulation of the quantitative and qualitative
composition of microorganisms, the norms for sunflower
meal were adopted, that is, the total number of
microorganisms should not exceed 1.5x106 CFU/g [9].

Research analysis shows that as a result of
granulation, microbial contamination of the additive
decreased by 47% according to the MAFANM indicator,
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indicators of the quality of the high-protein feed additive
show that, compared to the loose, granular high-protein
feed additive, it has the following advantages: increased
nutritional value, has a greater volumetric weight, a
smaller amount of MAFAnM and mycelial fungi, which
leads to saving space during transportation and better
storage.

http://grain-feed.ontu.edu.ua
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OILIHKA SIKOCTI BUCOKOBIJIKOBOI KOPMOBOI TOBABKH 3
MOBIYHUX MPOAYKTIB BUPOBHUIITBA COHSAIIIHUKOBOI OJIII

AHoTauis

V¥ ctarTi 3a3HaueHo, o Ykpaina 1o 2022 poky 3aiimana meplie Miclie Ha CBITOBOMY PHHKY NPOAOBOJILCTBA 34 BU-
POOHHUIITBOM COHSIITHMKA, COHSIITHMKOBOT OJIi{ Ta eKCIIOPTY COHSLIHUKOBOI Oii. BUPOOHUIITBO COHSIIHKUKY 3aBXAM OYIIO J10-
CTaTHbO PEHTA0ENBHUM, a NPOLYKTH HOro mepepoOKH KOHKYPEHTOCIPOMOXKHHMHU Ha BHYTPIIIHBOMY 1 CBITOBOMY PHHKAaX.
BoHM Takok € Ba)IJIUBOIO CKJIAJJ0BOIO MPOJIOBOJIBUMX I KOPMOBUX OLIKOBHX pecypciB. BUPOOHHIITBO MOBHOPAI[IOHHUX KOMOi-
KOPMIB JUIsl CIILCBKOTOCIIOAPCHKUX TBAPUH 1 NTHILI CTPUMYETHCS Ne(iluToM OLIKOBUX KOMIIOHEHTIB, HU3bKUM PiBHEM CaHi-
TapHOT Ta TirieHIuHOi Ge3neKku OiTKOBOI CHPOBHHU TBAPUHHOTO TOXO/KEHHS. Lle MpU3BOAUTE M0 3HMKEHHS €(EKTHBHOCTI
KOpMiB, TXHIM BUTpaTaMH Ta, SIK CIIiJ, HEIOOTPUMAHHs TBAPUHHHUILKOI MPOAYKILi. Makyxa Ta MIPOT — BUCOKOOLIKOBA CHPO-
BUHA, Ky OTPUMYIOTh B KiJIBKOCTI 1/3 Big Macu mepepoOJIeHOro HaCiHHS MpH BUPOOHHIITBI COHSAIIHUKOBOI oii. HaBemeHo
KOPMOBY I[IHHICTh COHAIIHUKOBOI MaKkyXu Ta mpoTy. IIpoaHanizoBano ¢akTopu, sKi HETATUBHO BIUIMBAIOTH HA MOXKUBHY IIiH-
HICTh Ta TOCTYIHICTH MOXXHBHUX PEYOBHH COHSIIIHUKOBOTO HIPOTY y TOIIBII CUIbCHKOTOCIIONAPCHKHUX TBAapWH Ta NTHI. Teo-
peTHYHO OOIPYHTOBAaHO BHOIp KOMIIOHEHTIB JUIsi BUPOOHHILITBA BUCOKOOLIKOBOI KOPMOBOi 100aBKU. BH3HAUYEHO MOKa3HUKH
SIKOCTI HACIHHS COHSIIHHMKA Ta MOOIYHKMX MPOAYKTIB HOro mepepoOku, 1o Bignosigawots Bumoram JICTY. Ha ocHoBi Teope-
TUYHUX Ta €KCIIEPUMEHTAIbHUX JaHUX 3alPOIIOHOBAHO CTPYKTYPHY CX€My BUPOOHHITBA BUCOKOOLIKOBOI KOPMOBOI 100aBKU
Ha OCHOBI COHSIIHUKOBOI MaKyXd Ta IIPOTY, sKa rependavac MONEpeHI0 MiATOTOBKY MOOIYHUX MPOIYKTIB BUPOOHUIITBA
COHSIIHUKOBOI 0JIif — MaKyXu Ta IIPOTiB, 3 HACTYITHUM JIO3YBaHHIM B KUIBKOCTi: 75 % COHAIMIHUKOBOrO mporty, 10 % consm-
HHUKOBOI Makyxu Ta 15 % BamHsIKkoBOT MyKkH. ExcriepuMeHTanbHO BU3HAYCHO (Pi3WYHI BIACTUBOCTI Ta MiKPOOiOJIOTIYHI MOKa3-
HUKH SKOCTI BUCOKOOIJIKOBOT KOPMOBOT I00ABKH, BH3HA4Y€HO, L0 B MOPIBHSIHHI 3 PO3CHITHOK, IPaHyJIbOBaHA BUCOKOOLIKOBA
KOpMOBa JJ0OaBKa Mae HACTYIIHI I€peBar: MiIBUIICHY MOXHUBHY LIHHICTb, Ma€ OUTbIITY 00’€MHY Macy, CaHITapHy SIKICTh, a
came KinbkicTb MADAHM Ta MiKpOMILIETiB, 110 IPU3BOAUTE JO €KOHOMII IUIOII MPH TPAaHCHIOPTYBAHHI 1 Kpamoro 30epiraH-
HSL.

Kuio4oBi ciioBa: kopMoBa 100aBKa, COHSIIHUKOBHIL HIPOT, COHSMIHMKOBA MaKyXa, BAIIHAKOBA MYKa, AKIiCTb,
rpanyJ/JiioBaHHs, ¢i3u4Hi BJacTuBocTi, Mikpo0ioIoriyHi NOKa3HMKH, ClILCHKOI0CIOAAPCHKI TBAPHHM.
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