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Abstract

The article analyzes the structure of production of cereals in the country, it is established that during the processing of
grain into grains a significant part of secondary material resources (flour and husk) is formed. Therefore, it is important to use husk
of cereals as raw material for biofuel production.

Different methods of producing organic solid biofuels have been analyzed, and it is shown that there are shortcomings of
finished products - briquettes and pellets obtained without the use of binders, one of which is the problem of transportation over long
distances, during which a considerable amount of compressed biofuel is destroyed due to an increase in humidity and, consequently,
a decrease in their calorific values. Fuel pellets are mainly produced without addition, while for the production of briquettes with
improved quality indicators, various additives and binders are used.

The purpose of the work is to substantiate the complex technology of the processing of the waste of grain mills into pressed
products. Object and object of research are formulated for achievement of the set goal. The object of research is the technological
process of processing of waste of cereal mills, the regimes of certain technological processes, in particular preparation of binders.
The subject of research is barley and barley husk, binders (barley glue). The use of starchy raw material - flour is suggested and
grounded as a binder. On the basis of experimental studies, it has been proved that the most effective method is to prepare a paste of

barley flour with a content of 15% CP followed by its introduction into biofuels in the amount of 5%.

The article suggests and substantiates the complex technology of processing of cereal-based waste products into pressed
products (fodder mixtures and biofuels), which includes the following technological lines: a pipeline preparation line; line of prepa-
ration for the binders; line of preparation of macro components; granulation line; briquetting line. The fuel pellets produced by this

technology will have 1.13 kg / m’, fragility up to 10%.

The scheme of the technological process of complex processing of cereal-based waste products into pressed products is
presented. The principal technological scheme for the production of a granulated feed mixture or fuel pellets of feed is a holistic
system within which the subsystems A, B, B, G1, D are interconnected. The principal technological scheme for the production of
briquetted biofuels is a holistic system within which interconnections' The subsystems A, B, B, G, E function functioning seamlessly.
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Introduction

Cereals are the second largest and most processed
product of grain crops. The distinctive features of the cere-
al production should include a variety of the raw materials
and products manufactured from it. In Ukraine, almost all
grain crops are grown from which cereals are produced.
Therefore, the prospects for the development of the cereal
market directly depend on the production and the quality
of crops, as well as the availability of grain purveyances.

According to the State statistics service of
Ukraine, in 2016 it was harvested and collected by farms
260433,5 thousand tons of wheat, 260433.5 thousand
tons, 280746.1 thousand tons of corn, 94357.1 thousand
tons of barley, and 4998.9 thousand tons of oats, buck-
wheat 1764,3 thousand tons, millet 1896,7 thousand tons
[1]. In the last ten years, on average, 352 thousand tons
of cereals per year were produced in Ukraine. Tradition-
ally, the largest shares in the production structure are
buckwheat and corn grits (26 and 18%), a little less -
wheat, peas and barley (14, 13 and 7%, respectively).

Main types of the secondary raw materials of the
grain-processing industry are cereal wastes, flour, husk,
germ and bran. Their quantity depends on the type and
perfection of the technological process at the cereal plant
(CP).

Thus, in the grain processing there are following
quantities of by-products (on average): of millet - 7.5%
of flour and 15.5% of husk; wheat - 30% of flour, from
barley - 18% of flour and pearl barley 40 % flour and 7%
husk, in the processing of buckwheat in cereals - 3.5%
flour and 20.8% husk, oats - flour 4 - 16%, and hulls- 26
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- 27%, peas - 6% husk and 6.5 — 26.5 chaff and flour
together [2]. Despite the significant amount of their pro-
duction, the level of use of these secondary raw materials
is not high enough. In general, secondary raw materials
are used for feeding purposes [3]. However, a significant
part of by-products is not used, which is associated with
a mismatch of the nutritional value and physical proper-
ties of the physiological characteristics of modern animal
breeds and poultry crosses. Therefore, the assignment of
efficient waste processing, including biofuel, is relevant.

Analysis of literary data and problem statement
Today in Ukraine, the following documents are
used as standards for solid fuels: TY «Pelletsy», Technolog-
ical regulations for the production of briquettes and fuel
pellets from sunflower husk; TY «Fuel from waste wood,
agricultural crops pelleted and briquetted»; GOST 3243-
88. Wood. Specifications; GOST 7657-84. Charcoal.
Technical conditions; GOST 23246-78 Grinded wood.
Terms and definitions; DSTY 7123:2009 Sunflower husk
Specifications; DSTY 7124:2009 Sunflower husk pressed
pelleted Technical conditions. From this list it can be seen
that these documents regulate only the primary types of
raw materials for biofuels - firewood, chopped wood, saw-
dust, straw, sunflower husk, charcoal, and there are no
recommendations for the husks of cereals [4, 5].

However, a comparison of the chemical compo-
sition of this by-product of grain processing on CP al-
lows us to conclude that it is close to the chemical com-
position, the energy value of other raw materials for the
production of solid organic biofuels (straw, sunflower
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husks, corn kernels and trunks, reeds, leaves, sawdust
etc.). Namely, the husk of cereals makes up a certain
resource potential for the production of solid organic
biofuels, but has several disadvantages: poor flowability,
low specific weight and density, as a result - poor trans-
portability, low calorific value. It is clear that the only
acceptable form of finished products is pressed (pelleted
and briquetted) [6].

The processing of organic matter into biofuels
for maximum economic returns is usually carried out
by pressing. So, when pelleting of sawdust is assumed,
on the recommendation of the company California
Pellet Mill, the optimum temperature of the granules
from 88 to 102 °C. This is explained by the fact that
the melting of lignin, which occurs at 90 °C, and the
formation of water vapor, breaks the granule, must be
ensured. Pellets, unlike ordinary wood, have a much
lower humidity of 8 - 12%. Such humidity, together
with a sufficiently high density of up to 1400 kg/m’,
makes it possible to achieve a calorific value of 14 to
23 MJ/kg. This is more than that of brown coal and
peat briquettes [7]. For the production of solid biofu-
els without the use of binding substances (BS), mainly
wood waste and plant biomass with a sufficiently high
lignin content are used [8].

Authors [9] thought that agricultural waste
(husks, husks, straw etc.) should be used for energy pur-
poses also after pelleting using the same technology as
wood waste or peat. For example, the straw is crushed by
a hammer mill and after drying is put into the pellet mill.
At a moisture content of 14—15%, straw does not require
pre-drying. In some cases, to increase the strength of the
granules used binders of natural origin (lignin, starch).

Other scientists propose a method for preparing
a multicomponent solid biofuel by briquetting [10],
which includes feeding plant waste with a moisture con-
tent of 4-12% and a fractional composition of 2—10 mm,
pressing, subsequent formation and dividing, while the
briquettes are subjected to additional heat treatment, the
formation is carried out continuously and simultaneously
with heat treatment at a temperature of 150 - 250° C,
depending on the type of raw material.

This method includes the preloading of the
crushed raw material, its weighting and final pelleting,
besides the weighting of two components of the mixture
of crushed straw and corn cobs, growing in proportions
from 1: 1 to 1: 5. This method is carried out as follows:
chopped straw is loaded into the hopper of the dispenser,
and crushed corn cobs - into the hopper of the dispenser.
Dispensers form the flows of the components of the mix-
ture, taking into account their properties, controlled by
humidity sensors and mass flow rate of straw and
crushed cobs.

The individual process streams thus formed are
sent to the bunker of the integrating storage tank of the
mixture, where accumulation and mixing of components
takes place, followed by feeding the mixture to the press
bunker, then pressing the mixture at a temperature of
150° C to form briquettes with moisture 14.5 - 15.5%,
calorific value 4400 - 4500 kcal/kg and density of 1000 -
1100 kg / m’.

Domestic scientists propose a method for manu-
facturing environmentally friendly pellets of solid fuel,
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which are made from crushed wood and other organic
raw materials by pressing into cylindrical pellets [11].

Organic raw materials used in well-known pel-
lets, except wood raw materials, are trunks of corn and
sunflower, reeds, grass, leaves of trees (in particular,
conifers), tobacco production waste, tobacco dust, tobac-
co cuts, millet stalks, cereal straw and like that

Each type of raw material through its differ-
ences in physical properties requires different efforts to
grind them, and the resulting biomass has a different
density and elasticity, which makes it difficult to keep
their fraction in a single design, even after pressing. The
pellets manufactured according to a known method have
an unstable form, and, as a result of a mechanical action
during manipulations with them, are easily destroyed.

A method of obtaining solid organic fuel from
sunflower husk [12]. At the same time, it is crushed to
particles of 2—-8 mm, treated with water or steam to bring
it to a moisture content of 11-20%, granulated or bri-
quetted to obtain a density of 8001300 kg/m’, cooled,
while reducing the humidity to 12%. Then particles less
than 3 mm are sifted out of the granules. The disad-
vantage of this method is that the grinding of husks to
particles of 2 to 6 mm does not allow to create optimal
conditions for the process of briquetting or granulation.
Processing of the crushed raw material with water and
steam to bring it to a moisture content of 11-20% is not
optimal for granulation. Conducting pelleting or bri-
quetting to obtain its own density of 800 kg/m’® is imprac-
tical because of the high cost of transportation of this
product.

So, the production technology of solid organic
biofuels in a pressed form includes a number of opera-
tions that can be divided into three main stages: prelimi-
nary preparation of raw materials; obtaining pellets or
briquettes; operations with the finished pelleted product.
The raw materials for the production of extruded biofuels
vary significantly in particle size, bulk and specific gravi-
ty, humidity, strength of particles of the material, chemi-
cal composition of raw materials. Therefore, its own
technological scheme is developed for each raw material,
which can be both simplified and complicated. Pellets are
formed without the use of additional binders: the majori-
ty of standards in various countries prohibit their use for
the manufacture of briquettes (pellets), because they con-
tain strict environmental requirements for emissions
(carbon dioxide, sulfur oxides and nitrogen, soot and
other toxic gases) during combustion, as well as the
amount of ash and its smoothness [13, 14]. However, the
German standard for biofuels DIN 51731-1996 “Testing
of solid fuels - Compressed untreated wood - Require-
ments and testing” allows for the inclusion of wallpaper
flour or grain starch as an OR in the amount of up to 2%
in the composition of solid biofuels. It is necessary to
remember about the shortcomings of briquettes and pel-
lets obtained without using OR: there is a problem of
transportation over long distances, during which a signif-
icant amount of compressed biofuel is destroyed due to
increased humidity and, consequently, its calorific prop-
erties decrease [15].

Therefore, in recent times, it is often recom-
mended to use high molecular weight plasticizers - solid
organic binders [16], which not only reduce the pressing
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pressure, but also improve the burning parameters of the
pellets.

As such binders can be used natural polymer -
lignin. It is an amorphous substance from light cream to
dark brown in color, the molecular weight of soluble
lignin is from 1 to 150 thousand, density is 1250 - 1450
kg/m’. It exhibits plastic properties at elevated pressure
and temperature, especially in the wet state. Lignins, iso-
lated in various ways, differ in composition and proper-
ties both from the product in the native form and from
each other [17]. Other authors also show that lignin, a
cheap by-product of wood processing, can be mixed with
starch and glycerin, giving more durable and elastic ma-
terials [18]. In the process of grinding lignin, very fine
particles are formed, which provide good adhesion with
starch, proteins and their derivatives with the formation
of spatial structures, which makes them attractive for use
as a binder.

Donghui Lu et al. [20] studied the effect of vari-
ous binders (rapeseed flour, coffee bean powder, bark,
lignin powder, and pine cones) on pressing briquettes
from larch and tulip wood sawdust. It is shown that when
using lignin as binder, Palin briquettes with high strength
characteristics were obtained.

Other scientists to obtain solid organic fuels
from plant materials as binders recommend using
Lignosulfonate; gelatinized starch, clays, incl. bentonite
and silicate, carboxylmethyl cellulose, flour diatomite,
salts with alginic acid, molasses, meadows. It is proposed
to grind raw materials with a moisture content of 5-20%
to particles of 0.01-15 mm, treat with water with binder
added in the amount of 0.01-10%, bring to a moisture
content of 6-20%, granulate or grind to obtain a density
of 800 - 1450 kg / m’. In press mixers, the mixture is
adjusted to a moisture content of 6-20% [20].

The authors of [21, 22] studied the effect of
starch and gumarabic on the density and calorific value
of sawdust briquettes. It was established that briquettes
with high calorific value (33.09 MJ / kg) and density
(546 kg / m3) were obtained using starch as binder.

Other authors [23] studied the use of glycerol as
a binder in pressing wheat straw and obtained briquettes
with low ash and high calorific value (17.9 - 18.7 MJ/kg)
only in the presence of sawdust of softwood. Solid or-
ganic fuel was obtained from straw as follows: straw was
crushed to particles of 2-8 mm, a sticky substance of
organic origin dissolved in water in a ratio of 1:10 —60
was added to the mixer of the granulator, treated with
water or steam to bring moisture d 9 - 17%, granules or
briquettes with obtaining their own density of 800 - 1500
kg/m®, cooled with a simultaneous decrease in humidity
to 12%, particles less than 3 mm were sifted out from the
granules.

R. B. Tabakaev and others studied the use of
rice bran as an binders when briquetting a mixture of rice
straw and sawdust [24]. The authors suggested that the
density of briquettes increases due to the formation of
crosslinking bonds between two plant polymers - lignin
and protein. At the same time, at the pressing tempera-
ture of 90 °C, the briquettes had sufficient heat of com-
bustion, but low density, which affected their strength.
Increasing the pressing temperature to 150 °C resulted in
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high-strength briquettes with a calorific value of 18 MJ /
kg.

Some authors propose to use carboxyl methyl-
cellulose in the following ratio of components, wt,%:
starch from 4 to 8 or carboxyl methylcellulose from 4 to
8, water less than 3, crushed charcoal - another, up to
100%. The use of these binders allowed to increase the
density of the fuel briquette from 500 to 900 kg / m3
[25].

Philip H. Steel, Venkata K. Penmetsa has been
proposed to use solid biofuels for the production of solid
biofuels using binders of biooil obtained by pyrolysis of
biomass or various types of lignin (kraft - lignin,
organosolvent lignin, black liquor lignin, etc.) [26]. As a
result of the research, fuel briquettes with increased hy-
drophobicity and high heat value were obtained.

Thus, the use of natural, environmentally friend-
ly binders allows you to create environmentally friendly
briquetted and granulated fuel with high energy intensity,
strength and will provide an opportunity to expand the
raw material base for its production. However, the main
disadvantage of these methods for producing solid biofu-
els is the use as a food grade OP, which can lead to an
increase in their cost.

The purpose of the study is the substantiation of
the complex technology of processing waste from cereal
production into extruded products.

The object of the research is the technological
process of processing waste from cereal plant, modes of
individual technological processes, in particular the
preparation of binders.

The subject of the research is the flour and husk
barley, a binder.

All studies were performed according to
standardized methods at the department of grain
processing technology and the department of animal feed
technology and biofuels.

The solution to the problem of efficient complex
processing of waste of cereal plant with obtaining
competitive products is associated with the use of various
technological methods of processing raw materials and
the similarity of pellet production technology and the
production technology of granulated animal feed and
vitamin grass meal [27]. After analyzing the known
methods of processing such secondary raw materials, it
was proposed to use the pressing process (granulation
and briquetting) of by-products of the cereal plant,
namely, husks (when processing into biofuel) or a
multicomponent mixture (in the production of feed
mixtures). But, the technology being developed requires
some clarification. The latter is associated with the
unsatisfactory ability of the husks of cereals to granulate.
Therefore, it is proposed to add an OR to the granules.
The choice of binder is the most important. The bender
must be easy to pelleting, good ability to mix with other
components, close to other components of the mixture,
flowability, physical and chemical stability and
compatibility with other substances of the mixture, a
satisfactory price.

Taking into account the above, to ensure the
strength of the granules, we consider it advisable to
reduce the plasticity of waste of cereal crops (husks) in
the process of pressing the binders based on flour, in
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particular barley. The ability of the binder torment is due
to the content of starch in them, which is gelatinized at
high temperatures. The characteristics of their
gelatinization determine the structure and properties of
natural starch. The thermodynamic melting parameters of
rye, wheat, and barley starch, which have a bimodal grain
size distribution, are a function of grain size and the
number of amylose walk-through chains located in
crystalline lamellae [28]. An increase in the mass fraction
of amylose and lipids in the grains leads to an increase in
melting enthalpy, which indicates a rather close
relationship between the melting characteristics of
crystalline lamellae and the rheological properties of the
starch and the possibility of establishing quantitative
patterns between these bonds.

Native starches, when used for food and
technical purposes, are usually heat treated with water.
Changes in the structure of starch grains occur in this
process, which depend on the characteristic features of
the type of starch and, accordingly, starchiness. When the
temperature of water starch suspensions increases by
more than +30° C, the hydrogen bonds of molecules in
the starch grain partially break, changing its
microstructure. In this case, there is a sharp increase in
the hydration of amylose and amylopectin, and,
consequently, the grain size increases. When the
temperature rises, part of amylose diffuses from the
amorphous part of the grains and goes into solution,
while amylopectin remains mostly in an undissolved
state. In the course of the destruction of the grains, the
destruction of the crystalline part of the grains begins, the
polysaccharides go into solution, and the process of
gelatinization occurs. During the processes of swelling
and gelatinization, changes in the viscosity of the
suspension occur, moreover, they proceed differently for
different types of starch. For example, for high-amylose
and large grains of all types of starches, these processes
proceed faster than for small ones. The lowest initial
temperature of gelatinization is in barley and rye starch,
and the highest in corn and rice. Gelatinization of
amylopectin starch (concentration 4%) is characterized
by a lower viscosity peak at a temperature of +95 ° C
than, for example, in potato. Barley as well as wheat and
corn with low amylose levels show lower gluing
temperature and higher stickiness of hot paste, swelling
intensity, granular fragility and stability during repeated
freezing than starches with a higher amylose content.
Heating the paste leads to a decrease in viscosity, but
when cooled and the next mixing, it stabilizes. The
viscosity of the paste increases due to the strong swelling
of amylopectin, which does not dissolve, while amylose
dissolves. Gelatinization mass of starch is a spatial grid
formed from branched chains of swollen amylopectin,
the cells of which are filled with amylose solution. The
temperature at which the starch paste acquires the highest
viscosity is called gelatinization temperature (for barley
it is + 60 - 80 ° C). The temperature of gelatinization of
starch is influenced by the composition of the medium:
the presence of neutral salts and alkalis reduces the
temperature of gelatinization, the presence of sugar
increases.

Gelatinization of the starch is manifested when
it is heated in water, and this ability of its starch is due to

© “3epHOBi NIpoAyKTH 1 KOMOiKOpME~, 2018

30

the presence of amylopectin in it. In the first phase of
heating, water is slowly and back absorbed by the grains
of starch, and their limited swelling occurs. The second
phase is characterized by the fact that the grains quickly
swell, increasing many times, absorbing a large amount
of moisture and quickly losing birefringence, that is, their
crystalline structure. At the same time, the viscosity of
the starch suspension is rapidly growing, and a small
amount of starch is dissolved in water. In the third phase
of swelling, which occurs at elevated temperatures, the
grains become almost shapeless sacks, from which the
most soluble part of the starch is washed out. As a rule,
large starch grains are gelatinized at a lower temperature
than fine ones [28]

The temperature of gelatinization depends
mainly on the nature of the starch, the size of the
granules, the presence of salts in the water and other
factors. Since in some starches there are granules of
different sizes, it is correct to speak not about the point of
gelatinization, but about its temperature range. The
temperature of gelatinization of wheat starch is +54 -
62°C, rye +50 - 55° C, barley +60 - 80° C, corn +65 -
75°C, potato +59 - 64° C.

When a starch slurry is heated in water at a tem-
perature of 3545 °© C, its viscosity somewhat decreases
due to a decrease in the viscosity of water, with a further
increase in temperature — it grows very slowly, at 75—85
° C it rises sharply, reaches a maximum at 90 ° C, and
more high temperatures drastically reduced. A sharp in-
crease in viscosity is caused by intense swelling and the
onset of gelatinization, mainly of large starch granules.
At 90 ° C gelatinization almost ends, the viscosity no
longer increases. Its decrease is associated with the de-
struction of the three-dimensional mesh of the paste as a
result of rising temperatures and mechanical agitation.
The maximum viscosity depends on the type of starch,
the concentration of its suspension and the rate of tem-
perature increase.

So, the process of producing paste is a complex
physico-chemical process that depends on many factors,
and above all on the size of the particles from which the
paste is brewed, and their concentration in the binder. In
order to clarify the composition, technology and modes
of binder obtaining, a number of relevant laboratory stud-
ies have been carried out [6]. For experimental studies of
the quality and composition of the binder, a barley flour
with a moisture content of 12%, which is also a short
circuit waste, was chosen as the source of starch. Due to
the cheapness and the presence of excess amounts in the
enterprise; the particle size is the passage of sieve Ne 25
(120 + 130 microns).

Their model mixtures (suspensions) with differ-
ent dry matter content (5, 10, 15% barley flour) were
compiled and their quality was investigated depending on
the composition. These model mixtures are poured with
the appropriate amount of cold water and brought to a
boil to ensure stable irreversible gelatin starch gelatiniza-
tion, that is, when the solution is proof, the correspond-
ing starch temperature range is + 60 ... 80 °C. In the ob-
tained samples of model mixtures, the viscosity is deter-
mined, which is directly proportional to the dry matter
concentration in the paste. An increase in the dry matter
concentration in the binder of more than 15% is imprac-
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tical because the viscosity increases significantly, which
is a negative phenomenon, since it will be difficult to
introduce such binder into the press through the nozzles
and evenly distribute it in the dry product.

Analysis of the results of experimental studies
indicates the feasibility of using a paste with a dry matter
content of 15% and a rational input rate of 5% OR, since
it provides the best indicators of the quality of biofuel
granules.

In order to study the rational norm of introduc-
ing splicing substances within the specified limits (up to
10%), model mixtures were also composed with the con-
tent of spicy substances 3, 5, 10% (the content of barley
meal in the binder is 15%) and is granulated under the
conditions: pressure -200 kg / m’, duration 5 minutes,
matrix temperature +80-90 °C; control experience - with-
out adding the substance. In the granules defined quality
indicators (table. 1). Analysis of the obtained data allows
us to conclude that the optimal content of pollutants in
the granules is 5%, since this indicator corresponds to the
minimum value of their fragility and the highest density.

Table 1 - Qualitative parameters of the granules during
adding binders 15 % CP (n=3)

Binders, |Length, || Diameter|| Density, | Durability,
% mm , mm kg/m3 %
3 18 19 1040 13,8
5 15 19 1130 9,3
10 19 19 990 8,0
0 13 19 450 60,5

Based on the review of literature and patent
sources, as well as a series of experimental studies, we
propose the following flow chart (Fig. 1) of an integrated
technology for processing short-circuit cereal plant’s
waste into extruded products, which includes the follow-
ing process lines: a torment preparation line; PR training
line; line for preparation of macro-components; pelleting
line; briquetting line.

The basic scheme of complex technology for
processing short-circuit waste is presented as an integral
system, within which separate subsystems A, B, C, D, G
are allocated, whose operation is aimed at obtaining the
final result of the system - the release of resource-saving
products.

Within the framework of subsystem A, the ap-
propriate raw materials (flour) and the order of opera-
tions with it are determined: purification from all types of
impurities, as well as its fractionation. The torment is
cleaned from metal-magnetic impurities on a magnetic
separator, then sieved through a sifter to fractionate the
marches and remove accidental impurities. The coarse
fraction of the purified meal is sent to the corresponding
subsystem C for the preparation of macrocomponents,
and the small fraction of the meal (passage of the sieve
No. 025) is dosed into the dispenser and sent to the sub-
system B (into the composition of binders).

In subsystems B, the raw materials (water, fine
fraction of the flour) and the order of operations with it
are determined. Water is cleared of accidental impurities,
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dosed and heated. From subsystem A, a weighted fine
fraction of the meal is fed and fed to a special apparatus.
The apparatus for brewing the paste consists of a brewing
chamber and a starch suspension preparation chamber, a
hot water tank and a dosing pump for feeding the starch
suspension into the mixer. The brewing chamber is in-
cluded in the heating shirt. A shaft passes through the
steam chamber and the starch suspension preparation
chamber. In the zone of preparation of starch suspension,
a turbine of the agitator is fixed on the shaft; the walls of
the chamber have fins preventing the formation of a fun-
nel. The camera has a device to maintain a constant level
of suspension, which automatically adjusts the ratio
looks and remains in the paste chamber.

Within subsystem C, the appropriate raw mate-
rials (husks, bran, grain wastes I, II cat.) and the proce-
dure for conducting operations with it are determined.
The subsystem is implemented by dosing in the ratio
stipulated by the corresponding recipe other types of raw
materials for the production of feed mixtures and / or
solid organic biofuels of the combined composition),
mixing them to achieve a homogeneous mass, cleaning
from all types of impurities. The technological process
on the line of preparation of a portion of
macrocomponents is as follows: husk, flour, other types
of raw materials enter operational bins, then sent to a
dosing unit, where necessary portions are solved, a mix-
er, a screening device to remove incidental impurities
and fed to a magnetic separator, where it is cleaned from
metals impurities.

Subsystem E is implemented by mixing the por-
tion of macro-components obtained on subsystem C with
prepared binder prepared on subsystem B, and its general
preparation for recycling with the aim of maximum ener-
gy saving. For this purpose, a batch technology is pro-
vided in the system of a batch of husks — flour-bran-
binder and co-grinding in special grinding equipment to a
particle size of up to 2 mm to ensure optimal pressing
conditions. The technological process on the line of
preparation of a portion of macrocomponents is as fol-
lows: the purified portion of macrocomponents is fed
into the bunker, where it is mixed with the prepared and
prepared binder suspension, then fed to the crusher, in
which the mixture is crushed to the required size, and
from there the crushed mixture is sent for pressing to the
appropriate subsystem E.

Subsystem E1 is implemented by grinding a
portion of the components prepared on subsystem C to
the required dimensions, and from there the ground mix-
ture is sent for pressing to the corresponding subsystem
F.

Subsystem D provides for the manufacture of
products prepared on subsystem G, in granular form, for
which it is intended granulation, cooling and fractiona-
tion. To do this, the mixture is prepared for granulation
through a hopper and fed into a pelleting press, granules
come out from there, which need to be cooled and there-
fore the granules pass through the countercurrent chill,
then the granules are sieved through the sieve granules
and east the granules are sent to the packaging; passage -
non-pressing pellets are returned to the above-press bun-
ker.
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Figure 1 - gohematic diagram of the integrated technology of processing waste of groats

in pelleted products

Subsystem F provides for the production of bri-
quettes, for which purpose it is envisaged briquetting,
cooling, turning and sizing for the selection of non-
standard briquettes. For this purpose, prepared on the
subsystem D, the crushed mixture enters the hopper,
which feeds the mixture into press briquettes; press bri-
quettes, briquettes go to the cooler, where they are cooled
and further into the molding device, where the briquettes
are cut to the necessary sizes, separated from the unpack-
aged mass. Ready-made briquettes of the NESTRO
standard stand for a while and form on pallets.

The basic technological scheme for the produc-
tion of granulated feed mixture or fuel pellets is an inte-
gral system in which the subsystems A, B, C, E, D are
interconnected. The basic technological scheme for the
production of briquetted biofuels is an integral system
within which it is interconnected functioning subsystems
A,B,C,F,E.

Thus, as a result of the work, a comprehensive
technology has been proposed and scientifically substan-
tiated for the processing of waste from cereal production
into pelleted products.
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YK [664.762:[631.576.4:66.068]:662.7:57]
H. B. XOPEH KU, kanp. TexH. HaYK, 1OLIEHT,
A.IL. JIATITHCBKA, kaHa. TeXH. HAyK, JOUEHT
Ooecvbka HayioHaNbHA akademis Xapuosux mexHoaoziu, m. Odeca

KOMIUVIEKCHA TEXHOJIOT'IA IIEPEPOBKHA
BIAXOAIB KPYII’'SIHOI'O BUPOBHUIITBA

Anomauin

B cmammi npoananizosano cmpyxmypy eupobuuymea kpyn 8 Yxpaini, gcmanogneno, wo npu nepepooyi sepHa
8 KpYNy YMEOPIOEMbCs 3HAUHA YACMUHA BMOPUHHUX MAMEPIATbHUX Pecypcie (MyYOK ma ay3eu), momy aKmyaibHum €
BUKOPUCMAHHS JIy32U KPYN SIHUX KYALMYP Y AKOCHI CUuposunu 0 upobruymea 6ionanuea.

Ipoananizosano pizni cnocobu upobHUYMEA MEEPO020 OPeAHIYH020 OIONAIUEA, NOKA3AHO, WO ICHYIOMb |
HeOoliKU 20mo8oi npodyKyii - bpuxemis i nenem, ompumManux 6e3 GUKOPUCAHHA 38 A3VIOYUX PEYOBUH, OOHUM 3 AKUX €
npobrema mpancnopmy8amnHs Ha 8eIuKi i0cmaui, 8 Xo0i K020 8i00Y8AcMbCs PYUHYBAHHS 3HAYHOI KLIbKOCMI Npecosa-
Hoeo Gionanusa 3a paxynok niosuwenns 6oaoGOSTi i, AK HACAIOOK, 3HUIICEHHA IX MEeNnI0MEOPHUX BGIACMUBOCHEN.
Tlanueni epanynu (neremu), 8 0CHOBHOMY, BUPOOSAIOMbCA Oe3 000A8AHHS 38 SA3YIOUUX PEUOBUH, 8 MO YaC K 015 OM-
PpUManHs OpuKemie 3 NOANUEHUMU NOKAZHUKAMU AKOCMI GUKOPUCMOBYIOMbCSL Pi3HT 000A6KU | 36 A3VI0UT PEeUOBUHU.

Memoto pobomu € 06IPYHMYSaHH KOMNIEKCHOI MeXHOI02lT nepepodKu 8i0x00ie Kpyn saHoeo upooHuymea y
npecosani npodykmu. s 00cseHeHHs nocmaeneHoi memu c@opmyibosani 00’ckm ma npeomem OO0CHiONHCEHHS.
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006’ ’ekmom  00CNIONCEHHS € MEXHONO2IUHUN npoyec nepepodKu 8i0X00i8 KPYN SHUX 3A800i8, PeNCUMU OKPEeMUX
TEXHONO2IUHUX npoYyecis, 30Kkpema nidcomosxu 368'a3yiouoi peuosunu (3P). IIpedomem O0ocniodicenus - myuxa ma ny3ed
auminna, 3P  (auminnuil  xneticmep). 3anmpononosano ma obmpynmosawno y axocmi 3P euxopucmosysamu
KPOXMANEBMICHY CUPOBUHY — MYUKY.

Ha ocnosi excnepumenmanvhux 00ciodcensb 008e0eH0, Wo HAUOLIbUL eEeKMUBHUM CHOCODOM € NPUSOMYBAH-

HA Kleticmepy 3 AUMIHHOI MYUKU 3 8MICTIOM CYXux peyosur 15 % 3 nooanvuum 1io2o 86e0eHHAM 00 cKIady bionaiusa y
Kinekocmi 5 %. YV cmammi 3anponono8ano ma O0OIPDYHMOBAHO KOMNIJIEKCHY MEXHON02o nepepobKu 6i0xooie
Kpyn’siH020 6UpOOHUYMEa y Npeco8ami npodykmu (KOpMoGi cymiwii ma 0ionanueo), siKa eKmo4ae 8 cebe HACMmYnHi
MEeXHONI02IYHT JIHIT: KIS NIO20MOBKY MYUKU, JIHis nid2omoeku 3P; niHis nid2omoexu MaKpoOKOMNOHeHmie, NiHis1 epa-
HY0GAHHS, NiHIs OpukemyganHs. Ompumani 3a Yi€l0 MexHoN02iEr naiusHi neiemu 0yoyme mamu wintbHicms 1,13
m/m3, kpuxkicme 0o 10 %. Hasedena cxema mexnonoeiunozo npoyecy KOMRIIEKCHOI nepepobku i0xo0ie Kpyn siHo2o
supobHuymea 6 npecosati npodykmu. IIpunyunosa mexmono2iuna cxema 00epICAntsi 2paHyIb08aAHOL KOPMOBOI cymiuii
abo nanusHux neirem KOMOIKOpMY NpeOCmasiae cobol YINiCHY cucmemy, 6 Medcax AKOi B63aEMON08'sa3aHo
¢ynxyionyromo niocucmemu A, b, B, I'l, /].

Knrouosi cnosa: emopunni cuposunui pecypcu, 6ionanueo, nysea, Myukd, npecy8amHs, 36 A3yI0ud peuosutd,

KpoXmans, Kieucmep, epamyau, neiemu
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USE OF BIOLOGICALLY ACTIVE SUBSTANCES OF THE
HYDROLASE CLASS IN COMPOUND FEED FOR PIGS

Abstract

The high efficiency of poultry and pigs is based on high-yielding breeds, balanced high-yielding mixed fodders and
appropriate animal holding conditions. Recently, the tendency of increasing the efficiency of the nutritional potential of mixed fodder
has become of increasing importance in order to reduce the cost of this factor in the production of livestock products.

The role of the intermediate link between animals and the nutritional potential of feed is borne by enzymes. A few years ago
the question about the use of exogenous enzyme preparations in the composition of feed was controversial. But a better
understanding of the action of industrial enzymes, as well as more successfully developed enzyme preparations have changed the
situation. Enzymes are now widely used in many countries around the world to improve the quality of feed produced on the basis of I:l

@-\'{'j_

FEED, QUALITY, TECHNOLOGY AND ANIMAL FEED

barley, wheat, wheat and barley, as well as other cereals.

Perspective is the use of enzyme preparations in ration of young pigs in fattening. In our experiments, lysozyme was used to
improve the productivity of young pigs. The experiments were carried out at "Iziumsky compound feed plant", Izium district, Kharkiv
region and at the farm "Avangard-D" Ltd., Ovidiopolsky district, Odesa region.

1t was established that feeding of young pigs of mixed fodder enriched with the enzyme preparation "Lysozyme" prevents
the growth of average daily increments, live weight of animals and reduction of feed costs per unit of products.

The lowest feed costs per unit gain of live weight were set in the experimental group, which comprised 4.2 feeds. unit. That

is less in comparison with animals of control group I by 7.0%.

The economic efficiency of raising the young from 4 to 8 months of age has shown that the addition of prezime "lysozyme"
to the diet of pigs affects the formation of basic expenses and the receipt of net profit per 1 head.
Key words: feeding, pig, productivity, premix, enzyme preparation "Lysozyme".

Formulation of the problem

In the digestive tract, animals and poultry
contain specialized hydrolytic enzymes that split various
nutrients - starch, sugars, fats and proteins, but almost no
enzymes that can digest cellulose and other
carbohydrates. Meanwhile, fiber creates walls of plant
cells, which are not completely destroyed when crushing
fodder.

Proteins and carbohydrates that are inside whole
cell membranes are not available for animal enzymes. If,
however, the enzymes that hydrolyze cellulose add to the
feed, they begin to work in the intestines together with
animal enzymes, which will provide access to valuable
nutrients that would be worse off if they were lost to the
body. In addition, grain of cereals - wheat, barley, oats,
rye - contains a large amount of soluble fiber, which is an
anti-nutrient factor. Soluble cellulose forms a high-
density gel in the intestines, resulting in a decrease in the
activity of the body's own enzymes, complications of
absorption, increasing the risk of developing pathogenic
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microbes. These negative effects can be prevented by
adding feed enzymes that destroy soluble fiber, thus
lowering the density of the contents of the intestines. It
should also be taken into account that in the early stages
of development and under stress, normal secretion of
digestive enzymes is suppressed. The deficiency of
enzyme activity can be prevented by adding feed
enzymes [1].

The proposed method of using the enzyme
preparation "Lysozyme" is based on increasing the live
weight of pigs and young pigs on fattening.

Enzyme preparations are introduced into an
organism of animals and are intensively included in
biochemical processes, accelerating the process of
decomposition of synthesis and assimilation of fodder
proteins, fats and carbohydrates into simple easily
assimilated forms and thereby increase the digestibility
of feed. As a result of intensive processes of absorption
of products of decomposition of feed in the body there is
a higher synthesis.

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



