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Hagedeno pesyavmamu docaioxcenv wo0o
00TpYHMYEanHs 00UiTLHOCMI 30azaments 3epHo-
601 cuposuHU Y CKAA0L KOMOIKOPMIE HeKoHOuuil-
HOW0 sA€un010 Macor. Pozpooaeno mexmonoziv-
HUtl Cnocié 6UKOPUCMANNA HEKOHOUUTUHUX SAE€UD
8 20016J1i CLIbCbK020CNO0APCHKOT NMUUT WITLAXOM
eupoOHUYMEa excmpyooeanoi Kopmosoi 006ae-
Ku. Busueno enaue npouecy excmpyoyeanms
Ha NOKA3HUKU AKOCMI Ma NOHCUBHOT UTHHOCTMI
excmpyodoeanoi xKopmoeoi dobasxku, yoocko-
HaleHa NPUHUUNOBA MEXHON0IMHA CXeMa il
eupooHuymea

Knouosi caosa: excmpydoseana Kopmo-
6a 0dobaska, mexnonozia 30azauenns 3epHo6oi
CUpOBUHU, HEKOHOUUTIHT KYPAYI AU

=, u |

IIpueedenvt pesyavmamor uccaedosanuil
no o6ocnosanuio yenecoodpasnocmu odozaue-
HUSL 3¢PHOBOZ0 CbIPLA 8 COCMABE KOMOUKOPMOB
HexonOuuuonnol auunoi maccoi. Paspaboman
MexXHOJI02UMeCKUll CnOCO6 UCNOTIb308aAHUSL He-
KOHOUUUOHHBIX AUY, 8 KOPMIIEHUU CENbCKOX03SM -
CMBEHHOU NMuubl nymem nPou3eo0cmea IKc-
mpyouposannoii xopmogoii dovasxu. Hszyueno
8aUsIHUE NPOUECCAa IKCMPYOUPOBAHUsL HA NOKA-
3amenu Kavecmea u NUMAMENbHOU UEHHOCMU
aKcmpyouposannol Kopmogoii dobaesxu, ycogep-
WEHCMB06aAHA NPUHUUNUATIBHAS MEXHOJI02U1e-
cKasi cxema ee npou3soocmea

Kntouesvie cnosa: sxcmpyouposannas xKop-
Mosas dobaska, mexnonozus obozawenus 3ep-
H0B020 Cblpvsi, HEKOHOUUUOHHbLE KYPUHbLE AUUA
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1. Introduction

In all developed countries, the feed mill industry is the
most important branch of the economy, as livestock rearing
cannot develop intensively without the use of the feed. Along
with the increase in the volume of production of feed products,
their quality is constantly improving and the assortment is ex-
panding. The modern stage of the development of the feed mill
industry is characterized by intensification of technological
processes, aimed primarily at improving the quality of the final
product, creating a highly productive and highly effective ma-
chines and technologies, providing scientific-technical progress
in the field of [1—3]. The experience of development of the world
agriculture in the sector of poultry breeding suggests that this
industry is efficient and sustainable. It is also known that poul-
try breeding is a waste-free industry, the products of which are
used not only in the food industry, but also in medicine (embry-
os of poultry eggs are used in the production of children’s vac-
cines), consumer industry (feather garments, pillows, mattress-
es, shoes, wrist watch straps), agronomy (composts from bird
droppings are used to support the content of humus in soil),
livestock breeding (production of fodder additives from dried
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worms — wormiculture) [4]. The peculiarities of digestion and a
high genetic potential of productivity of farm poultry imply the
need for using high-quality readily assimilable combined fodder
with a high content of protein to feed it.

At the same time, the nutritious value of raw materials
for feed production, primarily of grain components, has sig-
nificantly deteriorated. Thus, because of the decrease in soil
fertility, the intense and sometimes the suboptimal crop ro-
tation, violations of agrotechnology and insufficient organic
and mineral fertilization, the contents of crude protein in the
grain of wheat and corn decreased by 1...2 absolute per cent,
which complicates balancing the feed [1, 5-7]. This problem
can be solved by enriching grain raw materials with animal
proteins, which are easily assimilated; however, their use leads
to an increase in the cost of feed. In addition, the resolution of
the EUN 2002/32 and No. 1831/2003 prohibited the use of
by-products of processing of animal raw material, fish, shellfish
and marine animals in the composition of feed [8, 9].

At present, scientists and practitioners around the world
are looking for the possibility of applying the new feed
means, which will lead to reduction in the cost of feed and
livestock production.




2. Literature review and problem statement

Grain cereals fodders, whole and ground, are the basis
of the poultry feeding birds as a source of energy and the
group B vitamins. In the ration of poultry, cereals account
for 60...75 % depending on the form and the age [10, 11].
Corn, wheat, millet, sorghum, oats, barley, rye and triticale
are used in poultry feeding. However, the effective use of
grains of such crops as rye and triticale by poultry is limited
due to the presence of anti-nutritious substances and special
features of their chemical composition [12, 13].

Corn is the most valuable feed for young poultry, espe-
cially broilers. It has good technological properties, is ground
to the grainy structure and makes the feed look attractive.
Organic substances of corn are digested by 86..93 %. Corn
contains 69..75% of carbohydrates, 4..4,2 % of fat and
has metabolic energy of 1.382 m]J, i.e., higher than other
kinds of grains (except soy, canola and flax), however it
has less protein (8...10 %). In addition, the protein of corn
has a small amount of such essential amino acids as ly-
sine (0,27...0,29 %), methionine+cystine (0,28 %) and tryp-
tophan (0,06 %). In this regard, the introduction of corn to
the composition of the feed requires an additional amount of
synthetic preparations of amino acids. The corn grain con-
tains only 2,2 % of cellulose, which makes it possible to feed
it even to young poultry from the first days of life [14, 15].

Yellow sorts of corn contain zeaxanthin and cryptox-
anthin that promote the pigmentation of eggs yolks and
subcutaneous fat of broilers. With adding 20 % of grain of
yellow corn to the feed for laying hens, the eggs with bright
colored yolks and with an increased content of vitamin A
are obtained in 5 days’ time [10]. It should be noted that
after 6 months of the storage of corn, the level of non-starch
polysaccharides in its composition increases dramatically,
the content of the metabolic energy decreases and so does
digestibility [16].

The special attention of the world’s researchers is paid to
exploring the potential of the fodder base, as well as finding
new fodders and additives that provide a valuable nutrition
of poultry. For the last 5 years, the non-traditional feed
has become more widely used in order to reduce the cost of
production and to use the traditional feed more rationally.
Among the various directions of the elimination of deficit
of protein feed, it is promising to use non-traditional feeds,
including the wastes of poultry farming (substandard meat,
feather, egg shells). Eggs and poultry are the main products
of poultry breeding. In 2011, the industrial production of
eggs in the world accounted for 1,1 trillion pcs., and every
year this figure is growing. The world’s ten largest coun-
tries make up 65 % of the production. The giants of the egg
production are 2 countries — the United States and China,
the role of other countries in the global production of eggs
is relatively small. However, from 2010, Ukraine is among
the leaders in the eggs production, the volume of which
approaches 1 million tons per year [17]. However, due to
deterioration of the conditions of the technological produc-
tion process, up to 10 % of the obtained eggs are considered
substandard [18].

In the process of storing, especially under inappropriate
conditions, during the transportation and for a variety of
other reasons (for example, incorrect handling), some defects
appear in eggs. The eggs that have drawbacks are referred to
substandard food, or to technical waste depending on the
type of defect and an extent of its development [19-21]. As

a result, the above-mentioned products are often disposed of
by poultry farms, which is economically impractical. The
plans based on the concept of the development of poultry
farming [18, 22] include the extension of the assortment
of poultry products by deep processing and the full use of
manufactured products with the minimization of wastes
and substandard products, especially by the method of
utilization.

The introduction of technology of eggs processing allows
poultry farms to increase economic efficiency due to the
following factors:

—reduction of economic losses from seasonal fluctua-
tions in demand;

— possibility of using substandard eggs (nonmarket egg,
eggs with a slash, etc.);

— increase in the storage life of products;

— geographical expansion of the market of a company’s
products.

The efficient deep processing of eggs at poultry farms
requires modernization of production, introduction of modern
technologies and high-yielding crosses [23]. The essence of
producing melange is the pasteurization of the egg mass, and
the essence of producing egg powder is drying the egg mass.
However, these technologies are very energy consuming and
require the use of expensive equipment, which prevents using
these technologies everywhere. Poultry farms that do not
have their own melange production line face the problem of
selling substandard eggs daily, and therefore suffer losses and
lose valuable protein raw materials (Table 1) [21, 24, 25].

Table 1

Chemical composition of egg mass without shell of
substandard eggs

Indicators Content

Mass fraction: moisture, % 74,00
crude protein, % 12,70
crude fat, % 11,50
AES, % 0,70

vitamin A, mkg % 250,00
valine, % 0,86
isoleucine, % 0,67
leucine, % 1,13
lysine, % 0,91
metionine + cystine, % 0,65
threonine, % 0,56
tryptophan,% 0,17
phenylalanine,% 0,68

While enriching the grains with animal proteins, they
are used in dry or liquid state.

The method of enriching the grain with animal proteins
in liquid state causes certain technological difficulties. Due
to the difference in physical properties of the grain and the
liquid component, and the need for their even distribution in
a mixture, the mixing process is getting more complicated.
In addition, the liquid components, pathogenic microflora
develops much faster, and the storage and transportation
of such components require special packaging and stable en-
vironmental conditions. In this regard, the most wide spread
way of enriching grain is the introduction of the by-products



of processing agricultural products of animal origin in a dry
condition (fish flour, meat, meat-bone, feather, blood) to the
grain raw material [26].

Despite the possibility of introduction and even distri-
bution of dry feed flour of different types, this method has
certain technological difficulties, such as:

— because of high concentration of protein and other
nutrients, the sanitary quality of feed flour significantly
worsens with storing;

— with high content of crude fat, the friability of feed
flour worsens. In addition, with its storage, the fodder fats
are oxidized rapidly, especially at the increased ambient
temperature;

— while drying the by-products of processing agricultur-
al production of animal origin, there may be a possible de-
crease in bioavailability of crude protein and other nutrients
and biologically active substances, and even the destruction
of thermolabial vitamins, amino acids, etc. In addition, exac-
erbating the energy crisis led to a significant rise in energy
prices, which makes the process of drying the feed with high
mass fraction of moisture unprofitable.

In this regard, there is a need to use energy-saving tech-
nological ways of enriching grain raw material as the main
component of the feed, with animal proteins.

3. The aim and the tasks of the study

The conducted studies set the aim to increase the feed
value of the grain raw materials due to its processing in an
extruder in the mixture with substandard chicken eggs.

To achieve the set goal, it was necessary to solve the
following tasks:

— to choose the sources of raw materials for the produc-
tion of extruded feed additive (EFA) for farm poultry;

—to develop a technological way of producing the EFA
and to substantiate the rational parameters;

— to define the parameters of quality and nutritional val-
ue of the feed additive before and after the extrusion;

—to improve the fundamental technological scheme of
the EFA production;

— to define biological efficiency of the EFA for farm poul-
try, manufactured by the improved technology.

4. Materials and methods of studying the modes of
production and the quality indicators of
the extruded feed additives

The experimental research was carried out according to
the standard methods using the set of laboratory and tech-
nological equipment [27].

For the analysis, the average samples of raw materials
and of the finished products were selected according to
ISO 6497:2002 “Feed for animals. Sample selection”.

In the process of conducting the experiments, a range of
common and standard methods was used for determining
physical-chemical and functional indicators of feed raw ma-
terials (corn, egg masses without shell, extruded corn) and
the EFA, as well as microbiological indicators of the EFA,
which together ensured the fulfillment of the assigned tasks
and are given in Table 2.

Table 2
Indicators and methods of research used when conducting experiments
Indicators Principle, essence and specificity of the method ISO Ll;(e)iitclére
Technological parameters
Mass fraction of moisture, % Drying a weighed portion to the constant mass at (130+2) °C ISO 6496:1999 [28]
Volume mass, kg/m? Using one-liter purka - [29]
Module of size, mm Sifting a weighed portion of the producjt through a set of sieves with holes of 3 [29]
different diameters
e The ratio of the measured volume of material that passed through the hole of a
Friability, cm/s certain diameter to the time of flowing - (29]
The angled(;fglrl:;lral slope, With the equipment of R. L. Zenkov by free-flowing from a funnel - [29]
Index of expansion The ratio of the diameter of the extrudate to the diameter of the matrix hole - [29]
Heterogeneity coefficient Colorimetric method - [29]
Chemical and biochemical indicators
Crude protein, % By the Kjeldahl method 1SO 5983-1:2005|  [30]
Crude fat, % The method based on fat extraction by petroleum ether ISO 6492:1999 [30]
Crude fiber, % Processing a weighed portion of the tested prqduc,‘. with a mixture of concen- 1SO 6865:2000 30]
trated nitric and acetic acids
Crude ash, % Burning a weighed portion with further frying of mineral remnant at 500...600 °C | ISO 5984:2002 | [28, 30]
Water soluble The method is based on the ability of reducing sugars to reduce the alkaline B [30]
carbohydrates, % solution of copper oxide to protoxide
Starch, % Polarmetric method 1SO 6493:2000 [28]
Phosphorus, % Spectrometric method 1SO 6491:1998 [30]
Calcium, % Titrometric method 1SO 6490-1:1985|  [30]
Folic acid, mg Colorimetric method - [28]
Vitamin By, mg Fluorescent method - [28]
Vitamin By, mg Fluorescent method - [28]
Tocopherine, mg Colorimetric method - [28]
Digestibility of protein Splitting a weighed portion of product with the mass of 1g in the thermostat by _ 30]
(in vitro) enzymes at the temperature of 37 °C with subsequent drying to constant weight




The study of the microflora of the finished products is an
important stage of its production, since the development of
microorganisms can cause not only the deterioration of the
product quality, but also do harm to the health of animals. The
development of microflora in feed production runs much more
intensively than in grain, due to the presence of the significant
amount of nutrients and biologically active substances, which
create a favorable environment for the life of fungi and bacteria.

Changes in the quantitative and qualitative composition of
microflora during the storage of the EFA were estimated by the
following microbiological indicators:

— the total number of mesofilic aerobic bacteria and option-
al-anaerobic microorganisms, CFU in 1 g of the product;

— the presence of moulds, CFU in 1 g of the product;

— the presence of pathogenic microorganisms of Salmonella
genus, in 25 g of product;

— the presence and the titre of the bacteria of the group of
Escherichia coli (coli form) in 0,1 g of the product.

The determination was carried out by the method of plant-
ing on a dense environment: general semination (beef-extract
agar), the bacteria of paratyphoid group (salmonella) and
entero-pathogenic strains of Escherichia coli on the Endo en-
vironment [7, 31].

The resulting food additive for farm poultry with
10,7 % mass fraction of moisture was stored in plastic bags
for 3 months under uncontrolled conditions (at room tem-
perature and uncontrolled humidity). In the process of stor-
ing, the studies were conducted on a monthly basis.

The overall nutritional value of the EFA for farm poultry
and the efficiency of its use were determined by using a bio-
logical assessment that is characterized by the final result of
feeding, i.e. valuable productive action — the constant body
mass (an gain in the body mass), appearance and satisfactory
state of health. The biological experiment was conducted on
laboratory animals. To conduct the experiment, on the basis of
the vivarium of the laboratory of Biochemistry of the Institute
of Dentistry of AMS of Ukraine, there were formed three test-
ed groups of white laboratory rats Wister, males, aged 45 days,
with 7 animals per each group.

5. Results of the study of the method of enriching grain
raw materials with proteins of animal origin

To substantiate the composition of the feed additive, the
chemical composition of the tested corn was determined
(Table 3). The analysis of the results indicates that the sam-
ple is different by its nutritional value from the literature
sources [25]. Thus, the decrease in the mass fractions of
crude protein, anitrogenous extractive substances (AES)
and amino acids was observed.

For enrichment of the chemical composition of corn
grain, it was proposed to produce the feed additive by mix-
ing and extruding the crushed corn grain and the egg mass
of substandard eggs without shell with minimum electricity
consumption for the extruding process.

To support the choice of grain crops in the composition of
the feed additives for research, five crops were selected: shelled
barley, oats, corn and wheat. Before extruding, the tested sam-
ples were ground to the size of 3 mm particles and moistened
to the mass fraction of moisture of 16 %, which provided satis-
factory conditions for the extrusion process and the volumetric
expansion of products. During the extrusion process of grain
crops, the electricity consumption was fixed (Fig. 1).

As it can be seen in Fig. 1, the electricity consumption
maintaining the technological process of extruding corn
grain is by 10.2 % less than for extruding wheat, by 14.3 %
less compared with the shelled oats and by 24.4 % less com-
pared with shelled barley.

Table 3
Chemical composition of corn grain
Corn grain
Indicators of chemical -
composition Jiterature data [25] experimental data
S iterature data
(n=3,P>0,95)
Mass fr.actlon,/): 14,00 11,00
moisture
crude protein 10,30 8,37
crude fat 4,90 4,10
AES 67,50 70,50
starch 62,90 65,70
valine 0,42 0,38
isoleucine 0,31 0,28
leucine 1,28 0,91
phenylalanine 0,46 0,37
alanine 0,79 0,63
glutamine acid 1,78 1,51
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Fig. 1. Electricity consumption for the process of extruding
grain crops

The results of the research on determining the effective-
ness of mixing ground corn and the egg mass without shell
in various ratios are shown in Fig. 2.
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Fig. 2. Dependency of coefficient of variation on the duration
of mixing with different ratios of components of mixture
(cground corn grain: egg mass without shell)



The analysis of the results of the study indicates that the
minimum coefficient of variation 7,5 % is observed in sample
No. 1 at 180 s of mixing, in sample No. 2 it is 8.7 % at 240 s
of mixing, in sample No. 3 it is 9.2 % at 300 s and in sample
No. 4 itis 11 % at 360 s.

For the substantiation of the optimum ratio of ground
corn grain and the egg mass without shell in the preceding
mix, the studies have been conducted, the results of which
are presented in Fig. 3.
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Fig. 3. Dependency of coefficient of variation on duration of
mixing in frame mixers at different ratios of components of
preceding mixture (crushed corn grain: egg mass without shell)

The analysis of the results of research (Fig. 3) showed
that with increasing the mass fraction of egg masses without
shell in the preceding mixture, the time of mixing increases
considerably, which leads to an increase in electricity con-
sumption. The coefficient of variation with the increase in
the concentrations of egg mass without shell in the previous
mixture decreases from 9,7 % to 6,7 %, however, in this
case, the physical properties worsen which could complicate
further production and the problem of even distribution of
liquid raw material in a mixture appears once again.

Similar to the one-stage mixing, the studies of the ef-
fectiveness of the two-stage process of mixing have been
conducted (Fig. 4).
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Fig. 4. Dependency of coefficient of variation on duration of
mixing at different ratios of components of mixtures
(ground corn grain: egg mass without shell) at two-stage mixing

As can be seen in Fig. 4, while using two-stage mixing,
its duration significantly shortens, and the coefficient of

variation decreases. In samples No. 3 and No. 4 it was above
the permissible 3 % norm, due to the low efficiency of dis-
tribution of a large quantity (15...20 %) of egg mass without
shell in the ground corn. In samples No. 1 and No. 2, the
coefficient of variation was within the norm.

To determine the optimum ratio of the components in
the composition of the feed additive, five samples were pro-
duced of the feed additive containing ground corn and 10 %,
12,5 %, 15 %, 17,5 % and 20 % of egg mass without shell,
respectively. The efficiency of the extrusion process was
determined by the extension index, electricity consumption
and technological properties of feed additives (Fig. 5, 6).
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Fig. 5. Changes of content of mass fraction of
moisture during processing depending on the amount of
egg mass in the mixture

As can be seen in Fig. 5, with the increase in mass frac-
tion of the egg mass without shell in the mixture, the mass
fraction of moisture increases.
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Fig. 6. Dependency of electricity consumption (1) and
expansion index of extrudate (2) on the mass fraction of
moisture in the EFA

An increase in the mass fraction of moisture in the tested
samples (Fig. 6) leads to the decrease in specific electricity
consumption during the extrusion from 17 to 13 kWxh/t
and to the decrease in the index of expansion from 2,1
to 1[31, 32]. For extruded products, the characteristic index
of expansion is not less than 2 [33, 34].

The process of extruding a mixture of ground corn
grain and egg masses without shell was conducted at the
press-extruder EZ-150, on which the matrix with a hole of
10 mm diameter was installed. In the process of extruding,
we kept records of the pressure in the working zone of the
extruder, the power consumption of the motor, the product
temperature at the outlet of the extruder, which accounted



for 2..3 MPa, 4.0..4.5 kW, 110...120 °C, respectively. The
duration of the process was 60...120 s.

As a result of the research, it was defined that with
the introduction of 10 % of egg mass without shell into the
composition of the feed additive, the extrusion process takes
place with minimum energy consumption and the quality
indicators of the feed additive are the best.

On the basis of experimental research,
the method of enriching ground corn grain
with proteins of substandard eggs [30] was
proposed, which can be implemented with us-
ing the following scheme of the technological
process (Fig. 7).

The technological scheme is based on the
variant of construction of the technological
process with formation of the preceding mix-
ture of components. The implementation of
the accepted variant of design of the techno-
logical process of producing the EFA for farm
poultry involves the following technical lines
that include such operations:

— cleaning from impurities of the grain
component;

— grinding the grain component;

— controlling the size of the ground product;

— batching grain raw material;

— cleaning the egg mass of substandard
eggs from the remains of the shell;

— homogenization of the egg mass;

— batching the egg mass;

— mixing the egg mass and corn grit to ob-
tain the preceding mixture;

— mixing the preceding mixture and
corn grit;

— treatment of the mixture of components
in the extruder;

— cooling and grinding the extruded feed
additive to the required size.

The developed technology implies the
feed of grain corn for cleaning from im-
purities to A1-BZO sculperator (1) and
A1-BIS-12 sieve-air separator (2), in which
two sieve frames are installed: the upper
frame — lattice blade (PR) No. 100... 160, the
lower one — PR No. 10...14. Cleaning from § 0
metal magnetic impurities is conducted in a
stream in the P-100 magnetic separator (3).

Corn grain

Wastes

is sent to the bunker-mixer (11) through the pre-filter
(10), in which a grid filter of rough cleaning with holes
@3...4 mm is installed, to get homogeneous mass. To en-
sure continuous operation of the line in case of contami-
nation of one of the filters, it is proposed to establish two
coarse cleaning filters.
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The cleaned corn grains are fed to
the over-crusher bunkers (4), crushed in
A1-DM2R-22 hammer crusher (5), in which
a sieve with holes of @3 mm is set. The
ground product, for the size control, is sent
to the A1-SMC-10 sifter (6), where the
sieves PR No. 30 and No. 20 are installed.
Pass of the sieve No. 30 is sent to repeated
grinding, pass of the sieve PR No. 20 is used
for the production of feed for other species

and age groups of farm animals and poultry.

Fig. 7. Fundamental technological scheme of the EFA production:
1 — scalperator A1-BZ0, 2 — sieve air separator A1-BIS-12,

3 — magnetic separator P—100, 4 — bunker, 5 — hammer crusher A1-DM2R-22,
6 — sifter A1-SMC-10, 7 — weight batcher D-50-RCC, 8 — container with egg
mass without shell, 9 — pump, 10 — filter of coarse cleaning,

11 — bunker-mixer, 12 — bunker on tenzometers, 13 —changeover valve,
14 — frame mixer; 15 — blade mixer SP—500, 16 — transporter TSC-25,

17 — magnetic separator U1-BMZ, 18 — press extruder E—500,

19 — cooling column B6-DHA-II, 20 — roll crusher, 21 — valve

The homogeneous egg mass is sent for batching to the bun-
ker on tenzometers (12) and to the frame mixer (14). To obtain

Corn grit (pass of the sieve PR No.30 and pass of
the sieve PR No. 20) is sent for batching to AD-50-RCC
one-component batcher (7).

The egg mass without shell of substandard chicken
eggs is fed to the production facility in a plastic container
(8). With the help of the pump (9) and the valve (21), it

the pre-mixture components, a weighed portion of corn meal
is sent to the frame mixer (14) through the changeover valve
(13). The mixing is conducted for 180 s at the frequency of
rotation of the working body of the mixer of n=1 s, and with
the 1:1 proportion of corn meal and egg mass without shell for
even distribution of liquid raw material in the mixture.



The resulting preceding mixture is sent to the SP-500
mixer of periodic action with the blade mixing device
(15), to which, through the changeover valve (13), the
remained portion of corn grit arrives. The mixing is con-

Table 5

Chemical composition of extruded corn and
feed additive before and after extrusion
(in terms of dry substance) (n=3, P> 0,95)

ductgd for 120..180 s at the frequeﬁcy of rotation of the et Feed additive | Feed additive 1 Extruded
working body of the mixer n=1,33 s°l. naieators before extrusion | after extrusion corn

Highly homggeneous feed additive is fed to the E-500 Mass fraction of
extruder (18) with the use of the CSC-25 transporter (16) dry substances, % 82,90 87,20 88,30
through the U1-BMZ magnetic separator (17). crude protein 12,90 12,50 9.25

. Hot extrudate is cooled by means of t.he B6-DHA-II ver- crude fat 7.60 7.50 450
tical cooler (19) to the temperature, which does not exceed water-soluble
the ambient temperature by more than 10 °C. The extrudate carbohydrates 3,90 23,70 25,50
is crushed on the roller crusher (20). The resulting EFA is
. . Starch 66,40 48,60 53,90
sent for packaging or for the production of feed.

In accordance with the developed method of the produc- crude cellulose 2,20 2,10 225
tion of EFA for farm poultry, the samples were produced, in crude ash 1,90 1,85 1,60
Which the physical properties: (Table 4), chemica'll composi- calcium, mg % 53,00 54,00 38,00
tion (Table 5) and the quantitative and qualitative compo- .
sition of microflora (Table 6) before and after the extrusion phosphorus, mg % 348,00 340,00 302,00
were defined. Mass fraction of

vitamins:
Table 4 By, mg % 0,37 0,35 0,37
Influence of extrusion on physical properties of By, mg % 0,26 0,25 0,11
feed additive (n=3, P>0,95) Bc, mg % 0,20 0,11 0,11
Feed additive E (tocopherine), 945 115 160
Indicators before After b mkg % ' ' '
processing | processing changes D, mkg % 0,79 0,40
Mass fraction of moisture, % 171 12,8 -251 A, mkg % 83,90 50,30
N —
Angle of natural slope, degree 35,0 38,0 8,6 Dlgestéll?lllg}/ of 6170 85.50 80.60
Friability, cm /s 8,6 4,6 —46,0 protein, 7%
Volume mass, kg/m? 625,0 480,0 -23,2
Size module, mm 18 11 7389 When comparing chemical composition of the EFA and
Degree of starch of the extruded corn (Table 5), it was noted that the content
dextrinization, % 0 58,0 58,0 of crude protein, crude fat, crude ash, calcium and phospho-
Index of extrudate expansion 21 rus in the EFA compared with extruded corn is higher by
Electricity 351 %, 66,7 %, 15,6 %, 42 %, 126 %, respectively. However,
consumption, KWt /h 17,0 by the content of starch, water-soluble carbohydrates and

The analysis of the data listed in Table 4 indicates that in
the process of extrusion of the feed additive, the mass frac-
tion of moisture decreases by 25,1 %, the angle of slope in-
creases by 8.6 %, friability decreases by 46 % and the volume
mass decreases by 23.2 %. With extrusion of the mixture
of ground corn and egg mass without shell of sub-standard
eggs, the degree of dextrinization of starch makes up 58 %
while the recommended value is not lower than 55 %.

The main component of plant raw materials, which af-
fects conditions of processing and quality of the extrudate is
starch. In the process of extrusion, the amount of water-sol-
uble carbohydrates (sugars) increased by 6 times, and the
starch decreases by 26.8 %. In the process of extrusion of
starch-containing raw materials, proteins are simultaneously
influenced by a whole range of factors which causes their par-
tial denaturation. The content of crude fat, crude cellulose and
ash changes insignificantly. However, the conversion of these
elements in the process of hydrothermomechanical treatment,
probably, is not crucial in the changes of physical and chem-
ical properties of the main components. As can be seen from
Table 5, the content of macroelements and vitamins does not
change significantly, but the amount of fat-soluble vitamins
decreases by 40...55 %. Vitamins A, C, E are the most labile
in this case, and vitamins B are the most stable.

raw cellulose, the extruded feed additive is inferior to the
extruded corn, as the content of the above mentioned com-
ponents is 9,8 %, 7,1 %, 6,7 % lower, respectively. The digest-
ibility of protein in extruded feed additive is 6.1 % higher
in comparison with extruded corn. In addition, due to the
introduction of egg mass without shell of substandard eggs
to the composition of the feed additive, the content of fat-sol-
uble vitamins A and D is 50,30 mkg % and 0,40 mkg %,
respectively.

To evaluate the quantitative and qualitative compo-
sition of microorganisms, the standards for feed were ac-
cepted, i. e., the total number of microorganisms must not
exceed 5x10° CFU/g.

The results of studying the change in the sanitary con-
dition of the feed additive during processing and storing,
given in Fig. 8, show that in the mixtures of ground corn and
the egg mass without shell, the general bacterial semination
is within the norm. A small amount of moulds and yeasts
were also detected in this sample. By their morphological
features, the detected moulds belong to the fungi of the ge-
nus Mucor, which due to their continuous cover complicate
recording, because they grow faster than fungi of the genus
Aspergillus and Penicillium.

Thermal treatment contributes to improving sanitary
quality of feed products. After it, the number of microor-
ganisms in the feed additive for farm poultry decreased



by almost 200 times, and the amount of moulds of the ge-
nus Mucor decreased to 10 CFU/g. During the storage of
the extruded feed additive for 3 months, the total bacterial
semination decreased from 1340 CFU/g to 200 CFU/g, the
moulds and yeast were not detected (in ten-time breeding).
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Fig. 8. Change in composition of microflora of feed additive
for farm poultry during processing and storing for 3 months
under uncontrolled conditions

Biological assessment of the efficiency of the improved
technology of the EFA production was conducted on labo-
ratory animals. Within 14 days, the laboratory animals in
experimental groups were fed with the rations having the
following composition (by the content of dry substances):

— the 1% group received standard fully-rationed feed, bal-
anced according to the physiological needs of animals (100 %),

— the 2" group (control) received 75 % of standard ful-
ly-rationed feed and 25 % of ground extruded corn;

— the 3'd group (experimental) received 75 % of standard
fully-rationed feed and 25 % of the EFA for farm poultry.

The productive effect of using feed with the EFA was
estimated by the gain in the body weight and by the feed
conversion (Fig. 9, 10) [31, 35].
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Fig. 9. Changes in average body mass of laboratory animals

During the experiment, the following changes occurred. A
daily average gain in mass of lab rats in the 15¢ group account-
ed for 1,20 g/day, and the average value in the 2° (control)
group accounted for 1,14 g/day, which is 5,0 % less than in
the 15 group. A daily average gain in the mass of lab rats in
the 3" (experimental) group accounted for 1,43 g/day, which
is 19,2 % higher than in the 15t group and 25.4 % higher than
in the 2" (control) group.

The feed consumption per unit of gain in live weight of
lab rats in the 2" (control) group were 5,3 % higher than in
the 15 group, and in the 3" (experimental) group the feed

conversion was 16.1 % lower than in the 15 group and 20.3 %
lower than in the 2" (control) group.
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Fig. 10. Relative gain in body mass and feed consumption
per 1 g of gain in live weight of laboratory animals

6. Discussion of the results of study of the process of
extrusion of the mixture of grain raw materials and the
egg mass of substandard chicken eggs

It should be noted that the preliminary crushing of corn
grain has a positive effect on the technological extrusion
process by reducing the electricity consumption (Fig. 1).
In this case, the dense shell of grain is destroyed and the
availability of the effects of an increased temperature and
pressure on its internal layers increases. However, it is nec-
essary to prevent the over—crushing of grain and formation
of a large number of mealy fractions, which is quickly pasted
and transfers into a viscous flowing state just in the com-
pression zone of the extruder. The result is caking of grain
and deterioration of organoleptic and physical properties of
the extrudate [33, 34].

To get a high quality product at the output of the ex-
truder, it is necessary to achieve maximum homogeneity of
the original mixture of the component (corn and egg masses
without shell). These components significantly differ in
physical properties and aggregate state and, as a result, tech-
nological difficulties occur. Therefore, it is necessary to ex-
perimentally determine the modes of the technological pro-
cess of mixing, in other words, to set the maximally possible
mass fraction of the egg mass without shell of substandard
eggs in the mixture, the type of a mixer and the necessary
duration of mixing, which can provide the necessary degree
of homogeneity of the mixture.

According to the world’s scientists and practitioners, to
obtain high-quality homogeneous mixtures of feed and pre-
mixes, considering technological characteristics of mixtures
and the results of experimental research, the use of mixers
with the blade mixing device is the most effective [2, 36, 37].

It is a common knowledge that the process of mixing is
considered efficient if the coefficient of heterogeneity does
not exceed 3 % [36, 37]. On the basis of the received data
(Fig. 2), the technological process of mixing was not effec-
tive. With the increase in the mass fraction of the egg mass
without shell in the mixture, the homogeneity of samples sig-
nificantly decreased and the duration of mixing increased.
In addition, due to the difference in the physical properties,



the egg mass and the ground corn grain made up a mixture
that was lumped and contained conglomerates.

The conducted studies of the effectiveness of mixing
the components (Fig. 3, 4) indicate that in order to achieve
even distribution of liquid raw material in the mixture, it is
expedient to use two-stage mixing, namely, producing the
preceding mixture of crushed corn and egg masses without
shell of substandard chicken eggs. For making the preceding
mixture, it is expedient for mixing substances of high vis-
cosity to use frame mixers, which are used in the processes
where the stagnation of peripheral layers is not allowed. As
aresult, there was established the expedience of the produc-
tion of preceding mixture of ground corn grain and egg mass
without shell in the 1:1 ratio in a frame mixer at the mixing
duration of 180 s.

Making the preceding mixture with the amount of egg
mass without shell of less than 50 % in the mix is impractical
because the electricity consumption for mixing wet mixtures
will increase in frame mixtures, because they are intended
for mixing liquid raw materials. It is appropriate to mix wet
mixtures in mixers with the blade mixing devices, the re-
search into mixing capacities of which was presented above.

The problem was to determine the maximally possible
mass fraction of egg mass without shell in the mixture with
crushed corn under optimum conditions of conducting tech-
nological mixing process. After the study had been conduct-
ed, it was established that to obtain the high-quality homo-
geneous crushed corn, maximally enriched with egg protein,
it is necessary to carry out two-stage mixing:

1) obtaining the preceding mixture of components in the
1:1 ratio in a frame mixer for 180 s;

2) main mixing of the preceding mixture of components
and the part of the ground corn, which remained in the
batcher with the blade mixing device within 120...180 s with
maximum introduction of 10 % egg mass.

Analyzing the dependency of electricity consumption on
the mass fraction of moisture in the experimental samples
(Fig. 6), it was found that with the introduction of more
than 10 % egg mass without shell to the original mixture,
electricity consumption decreases. In this case, the process
of formation of the product, but not extrusion is observed,
due to high mass fraction of moisture of the resulting mix-
ture, and as a result, getting the finished product of high
humidity. The introduction of less than 10 % of the egg mass
without shell to the composition of the resulting mixture is
impractical as the mass fraction of moisture decreases and
the process of extrusion becomes complicated. Baking of the
product and a decrease in its volume expansion may be ob-
served. On the other hand, it was necessary to get extruded
feed additive enriched with protein of animal origin with its
maximally possible content.

On the basis of the conducted studies [26], there was de-
veloped a technological way of producing extruded feed ad-
ditives by enriching crushed corn grain with the egg mass of
substandard eggs without shell. The resulting feed additive
may be used as independent feed on farms for feeding farm
animals and poultry, or as a component of the feed in the
amount of 15...25 %. The use of the egg mass of substandard
eggs in the composition of the feed additive allows using the
wastes of poultry breeding efficiently.

Extrusion technology allows changing quantitatively
and qualitatively the structure, composition and the feed
value of the finished product. The least resilient components
of raw materials in the process of extrusion are starch, pro-

tein and vitamins. The process of extrusion is accompanied
by 3,1 % loss of crude protein (Tables 4, 5) because of partial
denaturation of protein and its splitting to amino acids. The
violation of order of internal structure of a protein molecule
is observed. In this case, nitrogen transfers into gas state
(deamination reaction) and reacts with polysaccharides
with formation of sparingly soluble compounds, which are
not possible to determine by the method of Kjeldahl. As in
the process of extrusion, protein-carbohydrate complexes
are formed, it affects the degree of dextrinization of starch
and the expansion index of the extrudate. During extrusive
processing of starchy materials, at the moment of decompres-
sion, the total content of starch decreases due to splitting of
molecules of amylose and amylopectin; simultaneously, the
number of oligosaccharides and dextrines increases. It im-
plies an increase in the content of water-soluble substances
and, respectively, feed value of the product due to its better
assimilation.

The study of sanitary quality of feed additives for farm
poultry (Fig. 8) indicate that after the extrusion and during
the process of storing under uncontrolled conditions for
3 months, the level of semination decreases dramatically. An
insignificant accumulation of microorganisms in the process
of storing is connected with both low humidity of the sam-
ples and with the comprehensive effect of high temperatures
and pressure during processing in the extruder. During the
extrusion, complete inactivation of e.coli, protea, salmonella,
staphylococcus occurs, the 98,8..99,8 % decrease in total
bacterial semination and 88,7...89,6 % decrease in the tox-
icity degree, The EFA must be stored in dry, well-ventilated
premises, preventing its moistening and packing. In this
case, it is possible to ensure consistent quality indicators
and satisfactory sanitary condition of the product, which
can be used for feeding farm poultry throughout all period
of storage.

The obtained results of biological assessment indicate
high biological efficiency of using the EFA in feeding labo-
ratory animals in comparison with extruded corn, and the
possibility of using it in the composition of feed for young
farm poultry.

In the future, it would be expedient to study the use of a
whole substandard chicken egg for enriching grain raw ma-
terials not only with animal proteins, but also with calcium.

7. Conclusions

1. The composition of raw materials for the production
of extruded feed additive, which includes crushed corn
grain and egg mass of substandard eggs without shell was
substantiated. It was found that the optimum amount of
egg mass without shell in a mixture with ground corn grain
is 10 % under condition of the minimum specific electricity
consumption for production and the best quality indicators
of the extruded feed additive.

2. There was proposed a technological way of enriching
grain raw materials with the protein of animal origin by mix-
ing crushed corn and egg mass of substandard eggs without
shell with the subsequent extrusion of a highly homogeneous
mixture of components. There was established the expedi-
ence of using a two-stage mixing to achieve even distribution
of the liquid egg mass without shell in a mixture with ground
corn grain, namely, the preceding mixture of components
in the ratio of 1:1 in a frame mixer for 180 s and mixing the



preceding mixture with a part of the remained corn grit in
the batcher with a blade mixing device for 120...180 s. The
coefficient of variation of the obtained mixture is 2,7 %. The
rational parameters of technological process of extrusion of
the feed additive were recommended: pressure in the work-
ing zone of the extruder is 2..3 MPa, consuming power of
the electromotor is 4.0... 4.5 kW, product temperature at the
output of the extruder is 110....120 °C, duration of the extru-
sion process of the feed additive is 60...120 s, diameter of the
outlet of the matrix is 10 mm.

3. The influence of the extrusion process on the physical
properties, chemical composition and sanitary quality of the
EFA was determined. In the extrusion process, the 3,1 % loss
of crude protein content was observed, the starch decreases

by 26,8 %, in this case, the content of water— soluble carbo-
hydrates increased by 6 times. During storage of the extrud-
ed feed additive for 3 months, the total bacterial semination
decreases by 7 times.

4. The fundamental technological scheme of the EFA pro-
duction was improved. Thanks to using the EFA, such valu-
able and easily assimilable product as the egg mass of substan-
dard eggs is used for feeding poultry and is not wasted. The
additive can be used in the composition of feed in the amount
of 15...25 % either by independent households or on farms.

5. Biological evaluation of feeding EFA indicates that
daily average gain of live body mass of laboratory animals
increases by 25.4 %, and the fodder conversion decreases by
20.3 % in comparison with the control group.
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