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GRANULOMETRIC PARAMETERS OF COMBINED FEED

Abstract

The recommended storage methodologies require further refinement, as the amount of losses
of individual components in feed mixtures is not economically justified. In this regard, it is important
to study the interrelated processes of mixing and storage. The task is to establish the patterns of
changes in the quality of compound feed while ensuring the minimum total cost. In this context, it is
important to scientifically substantiate the influence of the level of homogeneity of the mixture on the
results of storing bulk feed, which is a significant engineering and technological challenge. The
scientific novelty of the research lies in the following: patterns of changes in the quality indicators of
compound feed with different compositions, physical properties, and homogeneity coefficients during
storage have been established; a key indicator for assessing the homogeneity of feed mixtures has been
determined. Principles for forming homogeneous mixtures have been developed depending on the
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properties of the components, technological parameters of mixing, and composition of raw materials,
depending on the design features of the grinding machines used. In addition, important aspects of
compound feed production are the development of diets that ensure maximum efficiency of animal
feeding using grinding machines of various designs. The particle size when using equipment for
grinding feed components significantly affects.

Keywords: compound feed, grinding, size, mixing, evaluation.

Introduction. Mixed feeds are specialized mixtures formed from various
components, such as cereal crops, protein sources, and vitamin and mineral
supplements. Such diets are formulated taking into account the physiological
characteristics of the organism and the age-specific features of animals of a particular
species. The main requirement for ensuring high-quality compound feed is the uniform
distribution of nutrients in each portion intended for consumption, which guarantees that
the animals' needs for essential components are optimally met. The main direction of
development of the compound feed industry is to solve pressing problems related to the
improvement of production technologies and equipment. The priorities are to increase
the efficiency of raw material use, improve product quality, expand the range of ready-
made feed mixtures, and ensure long-term storage of products. Further growth in
livestock productivity is based on the use of balanced feed rations that take into account
the content of nutrients, vitamins, minerals, trace elements, fatty acids, as well as
additional components such as antibiotics, antioxidants, and biologically active
substances. Compliance of such diets with modern zootechnical requirements is a
priority task for the industry. With regard to grain grinding, numerous studies have
confirmed improved nutrient absorption and overall efficiency of livestock technologies
when using fine grinding compared to coarser particle sizes. It is recommended to aim
for an average particle size in the range of 600—700 um, particularly for grain crops such
as corn, barley, or sorghum. When processing wheat, it is important to exercise caution,
especially when its content in feed is high. With this in mind, the optimal choice in pig
farming is to maintain an average particle size between 600 and 700 um. For better feed
digestibility, it is necessary to carefully determine and adjust the grinding parameters.
Although fine grinding can improve particle quality, typical mistakes such as incomplete
grinding of already floury raw materials, such as soybeans, should be avoided. At first
glance, such grinding may seem sufficient, but it turns out to be unacceptable. For
example, the graph shows the particle size distribution curve of excessively coarse
soybean meal. Analysis of feed grain size allows the size of its constituent particles to
be assessed, which is closely related to the degree of grinding of the raw material. In the
production of pig feed, grain crops are the main source of energy. Therefore, it is
necessary to take into account not only their nutritional properties, but also the
processing methods to which they are subjected. Even a properly balanced diet can lose
its effectiveness due to insufficient attention to production technologies [1, 2].

Problem statement, analysis of current research. The problem of raw material
preparation, namely the degree of grinding by machines of various designs to the optimal
particle size for mixing components in order to achieve high-quality mixing, is relevant
for solution.
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Insufficient grinding of individual components, whether insufficient or
excessive, negatively affects the technological properties of the mixture. This leads to
increased energy costs and reduced efficiency of nutrient absorption. To objectively
determine the quality of mixing in the production of compound feed, the coefficient of
variation is actively used, which makes it possible to quantitatively assess the degree of
homogeneity of the mixture. Studies [3, 4, 5] indicate the importance of the process of
grinding and reducing the size of feed particles using hammer or roller mills, which
perform a number of key tasks:

1) increasing the contact area with digestive secretions, improving the digestibility of
proteins and other nutrients, since smaller particles have a larger surface area for
interaction with digestive enzymes;

2) improving feed efficiency;

3) ensuring greater homogeneity of the feed mixture, which simplifies the work of
personnel.

However, grinding feed too finely can result in economic losses for the farm. The
negative aspects of excessively fine grinding include:

1) more frequent occurrence of stomach ulcers; As is known, when the average particle
size reaches 4-500 um or less, this creates favorable conditions for the development of
stomach ulcers in pigs: fine flour increases the mechanical mixing of stomach contents,
causing prolonged contact of the material with the low pH of the esophageal part (pars
eosophagea). The second correlation is the acceleration of gastric emptying caused by
fine grinding: this contributes to the rise of bile acids to the mucous membrane of the
esophageal section, where they cause erosive processes;

2) a decrease in the volume of feed consumed;

3) increased dust levels, leading to impaired respiratory health in both humans and
animals. Fine dust, particularly <24 pm in size (respirable fraction), irritates the mucous
membrane of the tracheobronchial tree, causing functional and structural disorders of
the epithelium -it loses its ability to effectively cleanse itself with cilia and produces
€XCess mucus.

In addition, these particles serve as the main route for infectious agents to penetrate
deeper into the respiratory system, acting as an organic carrier that protects pathogens.
The concentration of dust in the external environment is about 0.1 mg/m3: in piggeries,
it varies from 1 to 10 mg/m3, which is 10-100 times higher [1 ,3, 5, 6]. This is
influenced by stocking density, ambient temperature, relative humidity, ventilation
intensity, as well as the composition and methods of feed preparation and distribution;
4) increase in feed production costs.

In conclusion, it is important to consider the size of the pellets, which should not be too
small, especially when it comes to the problem of salmonellosis. This disease remains
one of the main zoonotic diseases. A well-designed diet can significantly contribute to
the control of this infection, while reducing the need for medication. Scientific studies,
whether conducted in the laboratory or during analysis of disease prevalence, show a
clear link between larger feed particle sizes and a reduction in the incidence and spread
of salmonellosis in pig farms [2, 4, 8, 11]. However, the question of the effectiveness of
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production processes remains open, as larger feed particles can lead to reduced
productivity, particularly in terms of animal weight gain and feed conversion [3, 7, 9].
The recommended average particle size of pig feed should range from 500 to 800
micrometers and gradually increase as the animals age. At the same time, the proportion
of very fine fractions (less than 150 micrometers) should be limited to a maximum of
2.5% (7,9, 11].

Purpose of the study: The grinding level determines the particle size of the
feed base after mechanical processing. It is assessed by the average particle size and
their numerical representation in different size groups. The grinding process is a
mandatory stage in the preparation of raw materials, as it ensures better absorption of
vital elements and promotes uniform mixing of components. At the same time, it is
important to determine the optimal particle sizes that guarantee effective mixing, taking
into account their tendency to stratify.

Presentation of the main material. The main goal of preparing complete feed
for use in the manufacture of piglet feed is to achieve maximum uniformity of the final
product. The geometric parameters and physical characteristics of the particles play a
key role in ensuring the effective movement of the constituent elements in the mixing
equipment. Components with similar sizes and physical properties are much easier to
distribute evenly throughout the mixture. If there are significant differences in particle
size, stratification may occur, with denser or larger fractions accumulating in certain
areas. This negatively affects the quality of the finished feed and leads to an uneven
supply of nutrients to the animals. Optimizing the grinding process of feed components
significantly contributes to increasing the efficiency of compound feed production. It
reduces energy costs, shortens the time required for mixing, and ensures the desired level
of homogeneity of the final product.

Table 1
Indicators of the effectiveness of mixing ingredients of compound feed using a
hammer-type grinding machine with a particle size of 0.6-1 mm and a moisture
content of 12-14.5%

Time required to mix Coefticient of Segregation index depending
No., item feed components variation (Vc¢), % on size difference
(T).s
1 0 40 0,01
2 50 25 0.05
3 100 14 0.11
4 150 9 0,14
5 200 7 0,15
6 250 6 0,17
7 300 8 0,40
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Fig. 1. Dynamics of the formation of a mixture of feed components using a hammer-
type grinding machine, particle size 0.6-1 mm).

Table 2
Indicators of the effectiveness of mixing ingredients of compound feed using a
hammer-type grinding machine with a particle size of 0.5 mm and a moisture
content of 12-14.5%.

Time required to mix Coefficient of variation Segregation index
No., item feed components (Ve), % depending on size
(t),s difference
1 0 40 0,01
2 50 24 0.03
3 100 13 0.10
4 150 8 0,12
5 200 7 0,13
6 250 5 0,16
7 300 7 0,39
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Fig. 2. Dynamics of the formation of a mixture of feed components using a hammer-
type grinding machine, particle size 0.5 mm.

Table 3

Indicators of the effectiveness of mixing feed ingredients using a roller-type
grinding machine with a particle size of 0.6-1 mm and feed moisture content of 12-

14.5%.
Time required to mix Coefficient of variation Segregation index
No., item feed components (Ve), % depending on size
(t),s difference

1 0 40 0,01

2 50 23 0.05

3 100 13 0.11

4 150 8 0,14

5 200 6 0,15

6 250 5 0,17

7 300 7 0,40
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Fig. 3. Dynamics of the formation of a mixture of feed components using a roller-
type grinding machine, particle size 0.6-1 mm.

Table 4

Indicators of the effectiveness of mixing ingredients of compound feed using a
roller-type grinding machine with a particle size of 0.5 mm and a moisture content

of 12-14.5%.

Time required to mix | Coefficient of variation Segregation index
No., item feed components (Ve), % depending on size
(t),s difference
1 0 40 0,01
2 50 22 0.02
3 100 11 0.09
4 150 5 0,10
5 200 4 0,11
6 250 3 0,15
7 300 5 0,35
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Fig.4. Dynamics of the formation of a mixture of feed components using a roller-
type grinding machine, particle size 0.5 mm.

Conclusions and prospects for further research. During the operation of a roller mill,
under similar technical parameters compared to a hammer mill, there is an improvement
in the segregation coefficient and coefficient of variation. Roller mills provide more
uniform grinding while retaining a larger proportion of 0.5 mm particles, while hammer
mills produce a significant proportion of fine dust.

The simulation results indicate that an increase in particle size difference significantly

slows down the process of achieving mixture homogeneity. The study revealed a linear
dependence of the segregation index on the increase in particle size dispersion, which
indicates an increased risk of material stratification during transportation. The authors
consider the need for research on different feed recipes to be a promising area of
research.
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I'PAHYJIOMETPUYHI IAPAMETPU KOMBIKOPMY

Anomauin

Pexomenoosani memooonozii 30epicanns nompebyoms HOOANLULIO2O YMOUHEHHS, OCKIIbKU
BeIUYUHA 6MPAam OKpeMux KOMNOHEHMI8 )V KOPMOBUX CYMIUAX eKOHOMIYHO HeOOCMAmMHbO
006IpyHmosana. Y 36's3ky 3 yum axmyanbHuM € 00CTIOHCEeHHS 83AEMONOB A3AHUX NPOYECi8 3MIULY8AHHSL
ma 30epicanHs. 3A80aHHAM € BCMAHOBIEHHS 3AKOHOMIPDHOCMEN 3MiH SAKOCMI KOMOIKOpMIE npu
3abe3neyeHHi MIHIMATIbHOI 3a2anbHOi  éapmocmi. Y KOHmMeKcmi yYbo2o 8aANCIUBO HAYKOBO
00TPYHMY8amu 6NIUE PIBHS 0OHOPIOHOCMI CYMIWI HA pe3yTbmamu 30epeiceHts CUNYYUxX KOpmis, uo
CMAHOBUMb 3HAYHY [HICEHEePHO-MeXHON02iuHY 3a0ayy. Haykoea Hosuzna 0ocniodceHv nonseae y
HACMYNHOMY. BCMAHOBIEHO 3AKOHOMIPHOCMI 3MIHU SAKICHUX NOKA3HUKIE KOMOIKOpMi6 i3 pi3HUM
CKAAOOM, (DI3UYHUMU B1ACMUBOCIAMU MA KoeDiyicHmom O0O0HOpIOHOCmI ni0 uac 30epieanHs;
BUBHAYEHO KIIHOYOBUL NOKA3HUK OJIs1 OYIHIOBAHHS OOHOPIOHOCMI cyMmiwti Kopmie. Po3pobneno npunyunu
GopmyeanHs O00HOPIOHUX cyMiulell 3AleNHCHO 6I0 G1aCMUBocmell KOMHOHEHMI8, MeXHOI02IUHUX
napamempie 3MIUYBAHHA MdA CKIAOY CUPOBUHU, 3ANEHCHO B8i0 KOHCMPYKMUBHUX 0COOIUBOCMEl
BUKOPUCTNOBYEMUX NOOPIOHIOBANbHUX MawuH. Kpim moeo, eaxciueumu acnekmamu 8UpoOHUYmaed
KOMOIKOpMI6 € po3poONeHHs payioHis, sKI 3a0e3neuyiomv MaAKCUMAIbHY epexmusHicmsy 200i6i
MBAPUH 3 BUKOPUCAHHAM MAWuH NOOPIOHEeHHs pI3HUX KoHcmpykyiu. Posmip uacmunox, npu
BUKOPUCMAHHI 0ONAOHAHHSA OJ151 NOOPIOHEHHS KOMNOHEHMI8 KOMOIKOPMI8 3HAUHOW MIPOIO BNIUBAE HA
3AC80108AHICMb NONCUSHUX PEHOBUH MA epeKMUBHICMb MPABIEeHHA. SMEHUEHH PO3MIPY YACTUHOK
30IIbULYE NIOWY NOBEPXHI KOPMY, OOCMYNHY OJisi Oii (hepMeHmie mpasHoi cucmemu, wo Cnpuse
KpPaujomy 3ac80EHHIO OLIKI6 I NOJNCUBHUX enemenmis. L]e 0cobauso akmyanbHo 015 OLIK080T CupouHU,
MAaxoi K wpom coi, COHAWHUKY ma pinaxy, 0e 00CAi0HCeHH 0eMOHCMPYIOMb NIOBUWEHHS 3AC80EHHSL
AMIHOKUCTIOM 1 eHepeii 3a805Ku pemenvHiuomy noopionennto. Haomipne noopibnenHs modice
CHpUYUHUMU 301TbUIEHHS KNEUKOCT KOPMY, W0, Y C8010 Uepay, 3HUNCYE 00OPOBLIbHE CNONCUBAHHS IICT
meapunamu. Y mou xce uac, 3anaomo Opionuii nomen (meHwe 500 MKmM) Modce 3HAUHO NIOBUWUMU
4aACMomy GUHUKHEHHS ULIYHKOBUX 8UPA30K, 0COOIUBO ) NOPOCIM [ OOPOCIUX CBUHOMAMOK.

Knrouosi cnosa: kombikopm, noopiOHenHs:, po3Mip, 3MIULYBAHHS, OYIHKA.
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