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Abstract

A detailed analysis of the production of granulated feed in the world and in Ukraine for the last ten years has
been presented in the article. Science and practice proved the high efficiency of granulated mixed fodder products. A
literature review was conducted. The urgency of the problem of the feed mill industry is presented, namely the question
of improving the technology of pelleting feed. The detailed analysis of technological processes of the traditional tech-
nology ofgranulated mixed fodders production with the receipt of granule grains with the description of technological
regimes of each process has been given. The main disadvantages of traditional technology of granulated feed produc-
tion have been considered and possible solutions of these problems are presented.

As the development of the feed industry is characterized by the intensification of technological processes aimed
primarily at improving sanitary quality, the methods of preliminary wet-heat preparation of mixed fodder, in particular,
the application of expansion to the granulation process, have been presented as the basis for further development of the
advanced granulation technology. The effect of heat treatment on the nutrient absorption of individual ingredients of
compound feed has been the subject of many research. In general, the wet-heat treatment of compound feed can
improve the digestibility of nutrients, including proteins, amino acids and carbohydrates.

The advantages of using expansion, the principle of the expander and the technological features of the process
have been considered. The generalization of the conducted analytical and experimental studies allowed develop the
advanced technology of granulation in the form of a blend granulated crumb, which will increase the output of finished
products.

The purpose of the work and the tasks of research were set. The aim of the work was to substantiate obvious
shortcomings in the traditional granulation technology and reduce the unit cost of electricity for the production of
granulated feed in the form of crumb. The technology for the production of granulated compound feed in the form of a
blend granulated crumb and expanded crumb have been presented in the article. The description of technological pro-
cesses and technological regimes (moisture of products, use of sieves, vapor pressure, steam consumption, duration,
etc.) has been presented too. The physical and microbiological characteristics of granulated and expanded feed, as well
as granulated grains and expanded grains are given. Has been studied the dependence of specific electricity consump-
tion for the granulation process on other factors. Has been determined the yield of finished products — mixture granu-
lated crumb and expanded crumb,

Keywords: mixed fodder industry, technology of granulation, reduce energy consumption, the physical proper-
ties, the microbiological indicators, granules, granulated crumb, expanded crumb.
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Introduction. Formulation of the problem

At the present stage of development of the
agro-industrial complex of Ukraine, the problems of
reducing the specific energy consumption in the
production of compound feed products are important, not
inferior to its quality. One of the important strategic
priorities of agricultural production is to provide the
population with high-quality, safe food. At the same
time, the requirements for the quality of compound feeds
have significantly increased. Problems finding ways or
technologies that would satisfy the reduction of specific
electricity consumption at all stages of the manufacture
of compound feed products are relevant. [1]

The process of granulation of compound feed
products, it is one of the most energy-intensive and
expendable processes along with the technological
process of grinding. The article has been reviewed the
problem of high specific electricity consumption in the
production of granulated animal compound feeds. Granu-
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lation allows you to provide stable uniformity, improve
sanitary and hygienic parameters, increase nutritional
value, increase shelf life, and improve the physical prop-
erties of the components of the compound feed.
However, despite all the advantages, the granulation lines
that exist have relatively high performance and, at the
same time, high unit costs of electricity. On the basis of
the conducted literature and patent examinations should
be said that the development of technology to improve
the granulation process will not only improve the
nutritional and sanitary quality of compound feed
products, but will also increase the productive effect of
compound feeds and reduce the specific energy
consumption. [1, 2]

In this way, it became necessary to search for a
new, effective concept of change in the structure of the
existing granulation technology of compound feeds for
its comprehensive improvement, to solve problems that
are considered.

http://grain-feed.onaft.edu.ua
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Analysis of recent
research and publications 1200

The feed industry is one 99 1032 1050 1030
of the most competitive sectors in 1000 955
the agricultural sector (Fig. 1). In " 780
2018, the world compound feeds s 800 —
production amounted to about = 591
1030 million. tons of compound § 600 537 —
feeds. One of the largest =
producers of Asian compound 400 370 —
feeds is Charoen Pokphand - a
Thai company that produces 18 200 — =
million tons of compound feeds in
different parts of East Asia. World 0

compound feeds production in
2019 reached approximately 1
billion tons.

The feed industry of
Ukraine is quite significant in the
agro-industrial complex of the country. The industry
provides livestock and food industry development.
Facility of the feed industry produce feed, feed
concentrates, protein-vitamin and protein-mineral-
vitamin supplements, premixes and whole milk replacers
and other feed products. The feed industry is quite
promising on account of the existence of a powerful raw
material base in Ukraine, but it strongly depends on the
state of animal husbandry and poultry farming in the
country. [3]

The traditional process of compound feeds
production includes the following technological
processes (fig. 2), such as cleaning the components of
grain and protein raw materials, preliminary grinding of

1980 1990 2000 2012 2015 2016 2017 2018 2019

Production year

Fig. 1 - Production of compound feeds in the world according to “Alltech” —
The Science of Animal Nutrition and Health. [4]

components, weighing and dosing, mixing the finished
mixture of components, obtaining loose compound feeds.
Loose compound feeds moistened with subsequent gran-
ulation.

In the granulator, loose compound feeds are
coming in which the mixture and nutrients, minerals,
amino acids, oils and others are mixed according to a
specific recipe. Compound feed is pushed through the
holes of the matrix of the granulator and leaves the gran-
ulator as a granulated feed - granules. After granulation,
the granules are cooled. Next, the granules can be
crushed, then by sieving to obtain granulated crumb. The
grinding products are sifted onto individual sifters to
control the amount of products. Descent from the upper

reception of components

reception mineral supplements

reception vitamins and biologically

active supplements

]

cleaning of components
from impurities

cutting of components

preparation of premixes

]

cutting of components

first mixing

] ]

the second mixing; weighing and conditioning
of the mixed feed (addition of binder matters)

granulation

small fraction
of granulated crumb

cooling and cutting of granules;
separation of granulated crumb

storaging

packaging

Fig. 2 - Structural scheme technologies for the production compound feeds with getting crumb of granules.
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sieve is sent to regrind. Passage this sieve receives a
mealy fraction, which is sent to re-granulation. Passage
upper sieve and located below sieve in the sifter get
granulated crumb. The yield of finished products ( gran-
ulated crumb) is not more than 70%. [1, 5]. After passing
through all the processing steps, the finished granulated
feed in the form of granules or granulated crumb is easily
stored or packaged in a compact form.

Among the main drawbacks of using traditional
granulation technology are the following: disintegration
of thermolabile vitamins is possible (C up to 25-30%)
and thermolabile vitamins (A up to 30% E, K up to
15%). Additional installation of a dryer for drying,
granules, additional costs for the purchase of auxiliary
equipment (for example installation of a pre-conditioner
moisturizer or expander before granulator, in order to
better pre-moisten the product), additional staff for
maintenance  equipment. Also, with traditional
granulation technology, the yield of granulated crumb is
low in percentage terms (not more than 70%), which
leads to the re-granulation of the product of the mealy
fraction, which increases the unit cost of electricity for
the process. That is, the main disadvantage is the high
unit cost of electricity for this process. The existing
domestic technological lines for granulating and
pelletizing compound feeds have a relatively high
productivity and, at the same time, a high energy
intensity for producing granulated compound feeds [6,
71.

The practical application of the pre-expanding
before granulation has established itself thanks to
positive indicators. Such technology assumes that loose
feed is initially moistened and acquires more structural
and mechanical properties. There is partial denaturation
of the protein, which entails an increase in protein
digestibility, as well as gelatinization of starch and
destruction of the pulp and lignin complexes, which
significantly increases the nutritional value and
assimilation of nutrients. Further, the compound feeds
gets into the expander. In the expander under the
influence of high pressure and temperature occur
structural and mechanical and chemical changes of the
product, partial destruction of fungal and bacterial
microflora is carried out sanitary and hygienic properties
are improved. This line was implemented in some
advanced compound feed plant. This process provides
sanitized compound feeds without destroying vitamins
and nutrients. In the product that is processed in the
expander, you can add a large amount of liquid
components (up to 15-20%), while sometimes there is a
need to dry the processed product. With this processing
of compound feed in the expander, the performance
granulator increases significantly [8].

According to the company Amandus KAHL
(Germany), the use of expanders allows you to get
compound feeds of high sanitary quality. Today, modern,
large-scale companies for the production of high-quality
technological equipment for the feed industry ("Andritz
group", Austria) let out expanders, allowing to get ex-
panded compound feed, which is ready for feeding in the
form solid expandate, without the use of a further
granulation process. This technological solution opens up
new opportunities. This was the impetus for new
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developments and research in the
granulation of compound feeds [9, 10].

Guided by this, the idea was born to create a line
of granulation, get a separate product - solid expandate,
at the same time to reduce the main load on the press
granulator. Thus it is possible to produce granulated
compound feed and expanded compound feed geting out
of them granulated crumb and expanded crumb and mix
them. So, firstly, it is necessary to prove possibility of
use expandate as a separate product, it was not previously
practiced. For this, it is necessary to carry out
physicochemical and  microbiological  indicators
expandate. Confirm, on the basis of the experiments
performed, that expandate further use will not affect the
quality in the opposite direction, and the compound feed
will be of the appropriate nutritional quality. With a
positive result, the next step will be an energy audit,
determining the energy efficiency potential through a
comparative energy audit of the basic and proposed
granulation technologies.

The purpose of the work is to develop an
improved granulation line with obtaining the
expropriation, as a separate product, in the production of
granulated compound feed in the form of crumb.

To achieve this aim, the research objectives
have been defined:

— to develop improved granulation technology
for the production of compound feeds in the form
granulated crumb and expanded crumb;

— to develop recipe according to improved
technology and determine the yield of finished products —
mixture granulated crumb and expanded crumb;

— to determine physical and microbiological
characteristics of granulated compound feed and
expandate, produced by the improved granulation
technology compound feed.

— to determine the dependence of specific
electricity consumption for the granulation process on
other factors, conduct the necessary experiments.

technology of

Research materials and methods.

Experimental studies were conducted at the
Odessa National Academy of Food Technologies.
Microbiological studies were carried out at the
Department of Biochemistry, Microbiology and Nutrition
Physiology, and the chemical and physical properties of
the products of experience at the Department of
Combined Feed Technology and Biofuels.

Results of the research and their discussion.

1. To development improve granulation
technology for the production of compound feeds in
the form granulated crumb and expanded crumb.

A number of studies were conducted at the
department of technology of animal feed and biofuel
ONAFT, and the following technological solution was
proposed. (fig. 3).

The essence of the developed technology lies in
the following operations. The developed technology pro-
duction granulated compound feed in the form of a blend
granulated crumb and expanded crumb provides: expan-
sion raw materials, separate granulation prepared raw
materials, getting granule, getting granulated crumb, get-

http://grain-feed.onaft.edu.ua
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ting expandate, getting expanded crumb and mixing
crumb getting a blend granulated crumb and expanded
crumb.

As was given in the literature review, with tradi-
tional granulation technology, all 100% of the recipe for
loose compound feed, it is moistened, expanded and
granulated to obtain only crumbs from granules. Our
advanced granulation technology differs from the tradi-
tional one, because we get a separate product, an
expandate, this reduces the load on the granulator, it is
not 100% loaded, getting expanded crumb and mixing
with granulated crumb.

The way is carried out, in the following order.
The finished loose compound feed is processed in
moisturizer, where it is heated to a temperature of
+ 50 °C to + 85 °C for 5-10 seconds and moistened
content of 18-22%. Exercise of such processing provides
compound feed thermo-plastic properties. The next stage
of processing is carried out using expander. Moisture
compound feed in expander is 16-22%, temperature of
+ 110 °C to + 120 °C. The resulting product - the
expandate has a moisture content of 13-14%, its
temperature is approximately 85-95 °C. Expandate has
the form of pieces, sizes from 20-50 mm. Part of the
expandate is cooled, crushed and sieved, to obtain
expanded crumb, and part granulated in a granulator
under standard processing conditions.

In the granulator under the influence of high
pressure and temperature occur structural-mechanical
and chemical transformations of the product, increases
the degree of absorption of animal nutrients. The

Loose
combined feed

compound feed treated with steam has a moisture content
of 15-18% and a temperature of 60-90 °C, steam
pressure, as a rule, is 0.2—-0.5 MPa, steam consumption is
50-80 kg/ton.

The granules obtained after granulation have a
temperature of 60-80 °C, they are sent to the cooling
stage. The duration of cooling is 300-900 s, depending on
the type of cooler and the size of the granules. The
temperature of the granules after cooling should not
exceed ambient temperature by more than 10 °C, and
moisture should not exceed 14.5%.

After this stage, chilled products are obtained in
the form of granulated compound feed, which are
crushed. Crush products on roller shredders, using the
following modes: the number of flute 2.0-2.8 per 1 cm of
the surface of the roller; roll gap 0.1 to 0.2 mm. Next, the
grinding products (granulated crumb and expanded
crumb) are sifted onto separate screeners to control the
amount of products. The grinding products are sent to a
separator, in which two sieves are installed: upper is
Ne30. Descent from upper sieve sent for re-grinding. The
bottom sieve in the separator set Nel0. The passage of
this sieve is received mealy fraction, which is sent to re-
granulation. The passage upper sieve and descent sieve
getting crumb. [1].

2. Recipe development according to improved
technology. Definition the yield of finished products —
mixture granulated crumb and expanded crumb.

With the help of the software package "Optima
Expert Expert", at the department "Technology of feed

and biofuels" calculated
compound feed recipe for
young broiler chickens
from 2 to 3 weeks. (table
1). On the basis of the

expauding obtained improved
+ granulation  technology,
- granulating the physical prope.rt'ies,
5 = chemical composition,
+ sanitary  quality and
] cooling of the permissible storage
cooling of the expandate periods of the studied
granules products were
+ * determined.
milling of the The prepared

milling of the expandate components, according to

granules the compiled recipe, in an

amount of 5 kg, were

}11ea_ly ! ‘ lal'ge meally large mixed together in a batch
fraction sieving of the fraction fraction sieving of the fraction mixer. All components of
granules expandate the recipe were mixed for

60...360 seconds at a

frequency of rotation of

granulated expanded the mixing unit n=1,33 c-

crumb crumb 1 Next, the prepared

I

a blend crumbs

prepared
products

Fig. 3 - Scheme of the granulation technology with using pre-expanding and

components in the mixer
were sent to the grinding

stage.  Grinding  was
carried out on a
laboratory hammer

crusher. Experimental

obtaining granulated crumb and expanded crum
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Table 2 — Characteristics the physical properties of

Table 1 - Composition compound feed recipes for young broiler percentage relative to the weight of the
chickens from 2 to 3 weeks, % sample. As a result of sieve analysis of
The | Calculation | Calculation | Wholesale | the dis.tribution of grinding products, the
Composition of content | per5kgof | pergof | pricefor1 | following results were obtained. uQJ
recipe in the recipe in recipe ton, UAH A sample of the crushed i
recipe, || order to do granules was (3,5 kg). Descent from | _j
% esEaah upper sieve amounted to 25% (875 g), it §
sent for re-grinding. The passage bottom | S
Comn 24.6 273 2730 3 400,00 sieve amounted to 13% (455 g), which is <Zl:
Wheat 15,0 0,75 750 4 000,00 sent to re-granulation. The passage upper g
Oil meal CIT 46% 0,9 0,045 45 13 800,00 || sieve and descent sieve getting | <
Sunflower meal CIT | 7,0 0,35 350 700000 || Erenulated crumb amounted to 62% (2 kg | &
40%, CK 14% 170 ). 3
2 A sample of the crushed | §
Meat flour CIT 56% 6,00 0,3 300 8 500,00 expandate was (1,5 kg). Descent from %
Fish flour CIT 69% 9,37 0,4685 468,5 23 000,00 uppe; sieve a}ng}mtec}r 1t10 33% (493 g it | O
. sent for re-grinding. The passage bottom |
Fish fat 2,0 0.1 100 1400000 | Geve amounted to 38% (570 g), which is | >
Feed yeast CI1 44% 3,00 0,15 150 6 900,00 sent to re-granulation. The passage upper '_:.
Lysine sulfate 0,44 0,022 22 41 000,00 sieve and descent sieve getting expanded §
Methionine 98,5% 0,20 0,01 10 110 000,00 | crumb amounted to 27% (405 g). As a | &
result of the application of an improved | g
Treonin 98% 0,07 0,0035 3.5 85 000,00 granulation technology, according to the H
Tryptophan 98% 0,02 0,001 1 83 750,00 | proposed method, the total yield of | %
Limestone flour 0.4 0.02 20 450,00 finished products - a blend granulated
- crumb and expanded crumb amounted to
Premix 1,0 0,05 30 30 000,00 85+4%, taking into account losses. (62%
In all 100 5 5000 granulated crumb and 27% expanded
crumb). With the traditional technology
of granulation of loose compound feed, the yield granu-

research products lated crumb is up to 70% [1].
Parameters Granulated Expanded . . . |:|
compound compound ) 3: Res.ear‘ch the physical propertles and mi-
feed feed crobiological indicators of the quality of research
(granules) (expandate) prodtucts as a result use preliminary wet-heat treat-
ment.
Moisture content, % 12.3 11.2 The physical properties granulated compound
Bulk density, kg/m” 680 460 feed and expanded compound feed, as well as granulated
Flowability, cm/s 7.7 7.4 crumb and expanded crumb, have been determined;
Angle of repose, 38 43 determined the quantitative and qualitative composition
degree of microflora during storage of finished products
Crushability, % 11 - granulated crumb and expanded crumb; all definitions
2 were carried out using standardized research methods.

[12, 13, 14] The results are presented in table 2.

In the process of preliminary expansion, the
mass fraction of moisture decreased. Granule and
expandate have satisfactory physical performance: in the
process of expansion, the angle of repose increased by
13.15%, and the flowability improved by 3.9%. The
profound structural-mechanical changes that occurred
during the process of additional expansion are indicated
by a decrease in bulk density of the feed mixture by
32.4%.

In the research products were determined: the
number of mesophilic aerobic and facultative anaerobic
microorganisms (MAFANM) the presence of paraty-
phoid bacteria (Salmonella), the number of micromycetes
(fungi and yeast) [15, 16, 17]. The results of studies of
the effect of extrusion on the microbiological indicators
of research products are given in table. 3.

The analysis of the conducted research indicates
that bulk compound feed is characterized by a significant
presence of microbes, which argues the need for heat

manufacture of samples of granules and exporters
conducted, guided by the "Rules of the organization and
conduct of the technological process of production of
feed industry" at the production press granulator and
production expander on the basis of the department of
technology of animal feed and biofuels. Ready mix (5
kg) expanded, then (3,5 kg) was granulated, cooled,
crushed and sieved. The remainder of pure expandate in
the amount (1,5 kg) was cooled and also crushed and
sieved.

To determine the yield of finished products
conducted the following studies. Separated on a set of
sieves appropriate diameter of the separator holes
according to the technology. Upper sieve with a diameter
of 3.0, bottom sieve with a diameter of 1.0. The samples
were screened on a laboratory separator for 300 seconds
manually or for 600 seconds.

Remainder on the sieve weighed on a technical
scale with an accuracy of £ 0,1 g and expressed as a

23
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Table 3 - Research of microbiological indicators of the quality of research products

as a result use

preliminary wet-heat treatment

After
granulation

Before

Parameters granulation

After
expansion

After
granulation
with
preliminary
expansion

Decrease,
%
after
granulation

Decrease,
%
after ex-
pansion

Decrease,
%
After
granulation
with pre-
liminary

expansion

MAFAnM, column

forming unit /g 18*10* 2.6%10*

2,0%10*

1.1*¥10* 86 94

88,9

Yeast, column form- Not found

ing unit /g

Mushrooms parasites
mycelial, column
forming unit /g

0.9%10? 0.4%10%

0,3*10>

0.1*¥10% 55 75

66,7

Salmonella Not found

treatment to disinfect the
product. Studies in all sam-
ples prior to granulation
showed a large amount of
the presence of yeast, Esche-
richia coli and Salmonella
bacteria. As a result of the
preliminary  expropriation
process, the sanitary proper-
ties of research products
(granules and expandate) are
significantly improved. Un-
der the influence of high
temperature, the total num-
ber of bacteria decreased by
94%, and mushrooms para-
sites mycelial by 75%, which
allows you to -effectively
store granulated crumb and
expanded crumb.

30

28

26

kWhit

24

22

Specific consumption of electricity,

20
14,5

2,50

2,00

24

1,50

15,0

22,4

\ ) J21.8 515

optimum

17,0 17,5

1,00

160 16,5 18,0 19,0

Mass fraction of moisture in compound feeds, %

Fig. 4 - The graph of the dependence of electric consumption on the

4. Decision the
dependence of specific
electricity consumption for
the granulation process on other factors.

Was held phased moistening loose compound
feed and then expansion and definitions of the extension
index followed by granulation of the samples (figure 4).

Established, that with increasing mass fraction
of moisture unit costs of electricity on granulation
process are reduced from 29.3 to 21.5 kWh / t, the
expansion index also are reduced from 3 to 1.5. De-
crease in expansion index can be explained by the for-
mation of amylose-lipid and protein-lipid complexes in
the process of expanding, which affect the dextrinization
of starch. Considering, that expansion index should be at
least 2.0 then process is considered effective when the
product is moistened to 17.0% and 17.5%. As a result of
the study, the specific cost of electricity for the
granulation process amounted to was 22.4 kW * h / t,
through a preliminary process expansion.

24

granulation process (1) and expansion index (2)

Conclusions

1) Improved technology granulating the produc-

tion compound feeds, with getting expandate as a
separate product, getting granulated crumb and expanded
crumb was developed.
2) The recipe compound feed recipes for young broiler
chickens from 2 to 3 weeks, % was made. As a result of
the application of an improved granulation technology,
according to the proposed method, the total yield of
finished products - a blend granulated crumb and ex-
panded crumb amounted to 85+4%, taking into account
losses (62% granulated crumb and 27% expanded
crumb). With the traditional technology of granulation of
loose compound feed, the yield granulated crumb is up to
70% [1].

3) The physical properties granulated compound
feed and expanded compound feed, as well as granulated
crumb and expanded crumb, have been determined. In
the process of preliminary expansion, the mass fraction




Grain Products and Mixed Fodder’s, Vol.19, 1.3 /2019

-

of moisture granulated crumb and expanded was
decreased and amounted to 11.2% That will contribute to
long-term storage of finished products. Granule and
expandate have satisfactory physical performance,
namely: angle of repose is 43 degree; flowability is 7.4
cm/s; Bulk density accounted for 460 kg/m’. Such a
decrease in bulk density is indicative of profound
structural-mechanical changes.

4) Microbiological studies have been carried
out. In products that have been researched such as granu-
lated crumb and expanded crumb, definitely: the number

microorganisms (MAFANM) accounted 1.1*10* column
forming unit /g; quantity of micromycetes (fungi and
yeast) accounted 0.1*10 column forming unit /g; the
presence of bacteria of the paratyphoid group (salmonel-
la) was not revealed.

5) Has been studied the dependence of specific
electricity consumption for the granulation process on
other factors. Determined that as a result of the study, the
specific cost of electricity for the granulation process
amounted to was 22.4 kW * h / t, through a preliminary
process expansion.

of mesophilic aerobic and facultative anaerobic
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Y emammi npedcmasneno demanvhuil ananiz eupoOHUYMEA SPAHYTLOBAHUX KOMOIKOpMIE 6 ceimi ma 8 YKpai-
HU 3a ocmaHHi decamsy pokis. Hayka i npakmuka 0o8enu 8UCOKY egheKmugHicms epanyibosanux komoikopmis. bys npo-
sedenutl o2ns0 aimepamypu. [Ipedocmasnena akmyanvHicms npooaemu KOMOIKOpMOBOT 2any3i, a came NUMAHHS HO YOO-
CKOHAIEHHIO MEXHON02IL epanyo8ants Komoikopmie. Haoano oemanvhutl ananiz mexHoi02iYHUX npoyecié mpaouyiti-
HOI mexHo02li 6UPOOHUYMBA SPAHYIbOBAHUX KOMOIKOPMIE 3 OMPUMAHHAM KPYNKU SPAHYIL 3 ONUCAHHAM MEXHOIOSITUHUX
pedrcumie KodxcHo2o npoyecy. Posensinymi OCHOBHI HeOONIKU MPAOUyiiiHOi mexHoao02ii 6UpOOHUYMEA 2PAnYIbOBAHUX
KOMOIKOPMi6 ma npeoOCmasieni MONCIUBE piulenHs 0aHux npoonem.

Tax sk po36UMOK KOMOIKOPMOBOI RPOMUCIOBOCI XAPAKMEPUZYEMbCSL IHMEHCUPDIKAYICIO MEXHONOSTYHUX NPO-
yecie, Hanpasienux, 8 nepuLy uepey, Ha nioguujenus canimapuoi axocmi. Ilpedcmasneno cnocobu nonepedHvoi 801020-
Menn080i Ni02omoexKu KoMOIKopMY, 30KpemMa 3aCmoCy8aHHs eKCNaHOY8AHHS neped NPOYecoM SPaAHYII08AHH, AK OCHOBY
0151 nOOALULOT PO3POOKU YOOCKOHAEHOT MeXHONI02TT epanyiosants. Bniug eonoco-mennosoi obpodbxu na 3aceorsa-
HICMb NOJICUBHUX PEHOBUH OKPEMUX THSPeOICHMI8 KOMOIKOpMY OYI0 npedmemom 6a2amvox 00Ci0NceHb. 3a2aioM, 80-

2 5 http://grain-feed.onaft.edu.ua
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Jl02a-mennoga 06poOKa KOMOIKOpMY 0036019€ NOKPAWUMU 3ACBOIOBAHICINb NONCUBHUX PEUOBUH, BKIIOUAIOYU OLIKU,
AMIHOKUCTIOMU § 8Y2NIe800U.

Posenanymo nepesazu suxopucmannsa came ekcnanoy8auHs, npunyun Oii ekcnanoepa ma mexHon02iuHi 0coo-
aueocmi. Y3acanvHenHs npoeedeHux aHaiimuyHux ma eKCnepuMeHmanibHux 00CHioNCcelb 00380aUN0 PO3POOUMU YOO-
CKOHAIEHY MeXHOA02TI0 2PAHYII0BAHHA Y 8UNA0I CYMIUI KDYNOK, AKA 003601UMb 30LIbUWUMU 8UNYCK 20MO80i NPOOYKYi.

Tlocmasnena mema pobomu, ma 3a60amnts 00caiodicenHb. Mema pobomu nonseana y 0OIpyHmMy8aHHi S6HUX He-
007IKI8 8 MPAOUYIUHIT MEXHONO2IT ePAHYIOB8AHHS KOMOIKOPMIS, Ma 3HUNCEHHI NUMOMUX GUMPAm eieKmpoeHepeii Ha
BUPOOHUYMBO 2PAHYTLOBAHUX KOMOIKOPpMIE Y 6uenadl Kpynku. Y cmammi npedcmasiena po3pobiena mexHoao2is eupo-
OHUYMBA 2PAHYTLOBAHUX KOMOIKOPMIG Y USIAOL CYMIWI KPYNKU epanyi ma Kpynku excnanoamy. Ilpedcmasnenui onuc
MEXHON02IYHUX NPOYeCi6 ma MexHON02IUHI pexcumu (60102icmb NpOOYKmMie, 6UKOPUCMAHHS CUM, MUCK RAPU, BUMPAU
napu, mpuganicmes ma iHwe). Busnaueno memoou 00CniodHcenHs i3uyHUX 1ACMUBOCmel, ma MiKpoOION02IHHUX NOKA-
BHUKIB 2DAHYIbOBAHO20 MA EKCNAHO0BAHO20 KOMOIKOPMY, A MAKONC 2PAHYIbOBAHOI KPYIKU MA KPYNKU eKCHAHOAmY.
byna susnauena 3anesxcnicmos numomux sumpam ereKmpoeHepeii Ha npoyec Spanyno8ania i inwux gakmopis.byno
BUBHAYUEHO BUXIO 20M0B0I NPOOYKYIT — CyMiuli KPYNOK: 2PAHYIb08AHOI KPYNKU Ma KPYAKU eKChAHOamy 3d YOOCKOHAe-
HOI0 MEeXHONO02IEIO.

Knrouosi cnosa: kombixopmosa npomuciogicms, mexHoa02is SPAHYIO8AHHA, NUMOMI 8UMPAMU eleKmpoenep-
2ii, Qizuuni enacmusocmi, MiKpoOioN02TUHI NOKAZHUKU, 2PAHYIU, PAHYIbOBAHA KDYNKA, eKCHAHO08AHA KPYNKA.
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