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Abstract

The results of studies of the quality of food and non-food grain of wheat from the southern regions of Ukraine in
2016 harvest are presented. The indicators of the quality of wheat grain were determined, the uniformity of their distribution
in different classes of wheat was assessed, the content of protein fractions of the gluten complex and the molecular weights of
individual protein structures were determined. It was found that the studied 13 samples of wheat grain had the following
quality indicators: moisture content 9.4 ... 13.5%, bulk density 731 ... 814 g/l, protein content 10.1 ... 13.2%, gluten content
16.4 ... 25.6%, gluten quality 50 ... 110 units of the IDK device, falling number 311 ... 493 s, grain admixture 1.2 ... 10.5%,
grains damaged by a wheat bug, 0.1 ... 10.1%. It was noted that the bulk density of all samples of wheat of 2 ... 6 classes
exceeded the standard values in each class. In terms of protein content, 2 from 3 samples of class 5 wheat and 1 from 2
samples of 6 class exceeded the standard value of class 3 wheat (211.0%). The same was observed for these samples and for
the gluten content (>18%,). Almost all grain samples, except for 2 samples of the 5th class and 2 samples of the 6th class, met
the requirements of wheat of the 2nd class (45 ... 100 units device VDK). The falling number of all samples was high and
significantly exceeded the normalized value (180 s), even for class 2 wheat. It was found that the uniformity of the distribution
of individual quality indicators in different classes of wheat grain by the coefficient of variation is not the same. Such
indicators of grain quality as moisture content, bulk density and protein content in different samples of the south of Ukraine in
2016 harvest fluctuated weakly (V<I10%,), in terms of the amount of gluten and the falling number fluctuations were average
(10% <V<20%). Fluctuations in the content of grain impurities and grains damaged by the wheat bug are big (V>20%). For
the last indicator, fluctuations relative to the average are very large and exceed 120 %. This indicates that in different areas
where wheat was grown, the infestation by the wheat bug was very different. It was shown that regardless of the total amount
of protein determined by the Infratec FOSS express analyzer, four protein fractions of the gluten complex (albumins,
globulins, gliadins and glutenins) are present in all grain classes, and the molecular weights of the protein structures of the
main fractions are within small limits, which are in kDa - for albumins and globulins 20...30, gliadins 27.. 100 and glutenins
30...35. It was noted that in the varietal wheat "Chernobrova" albumins and globulins have a slightly higher molecular weight
(30...40 kDa) than in non-varietal wheat.

Key words: grain and wheat classes, indicators of wheat quality, proteins of the gluten complex, gel electrophoresis,
fractional composition of proteins, molecular weights of protein structures.

Formulation of the problem

Since ancient times, grain farming has been the
basis of agricultural production, and the level of its
development is one of the main indicators of the
country's economic development, which directly affects
the material well-being of the population. Wheat takes
the leading place among grain crops, the main food
product of which is bread - people consume daily. The
quality of wheat grain processing products depends on
many factors like the quality of the harvested crop, its
post-harvest ripening, processing, reliable storage, and,
of course, the technology of its processing.

The stability of the quality of wheat grain is one
of the most difficult and least predictable indicators,
because quality indicators (protein content, content and
quality of gluten, a-amylase activity by falling number)
can fluctuate and change depending on the variety,
conditions and region of cultivation, storage conditions
etc... However, the main role in determining the class and
quality of grain belongs to proteins, the content and
quality of which depend on many factors. It is the content

of the mass fraction of protein that underlies the
classification of wheat grains in many countries of the
world.

The protein content of food is usually
determined by the amount of nitrogen using the Kjeldahl
method. It (since 1983) has been repeatedly modified
using various catalysts and mineralization conditions. On
the basis of this method, automatic analyzers "Kjelfos"
were created. The Kjeldahl method has certain
drawbacks, but it remains unified and is included in
DSTU. Its essence lies in the mineralization of the
product and the determination of the nitrogen content in
it. A factor of 6.25 is used to convert the amount of
nitrogen to the protein content. It is accepted because
most proteins contain 16% nitrogen (100 / 6.25 = 16).
But it is more correct to use coefficients corresponding to
the actual protein content: for wheat, rye, barley, oats,
and sunflower — 5.7; for soybeans — 5.8; for corn and
meat — 6.25; for milk - 6.38. There are other, rather
expensive, methods, such as the Dumas method, neutron
activation with phenolate hypochloride, on the device
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«Technikon». The principle of the Dumas method is the
decomposition of an organic compound in an atmosphere
of carbon dioxide into a gaseous state, followed by
measurement of the volume of nitrogen [1, 2].

The method of infrared spectroscopy, which is
based on the absorption of light with a certain
wavelength by proteins and measuring the intensity of its
reflection in express analysis devices, has become
widespread for determining the protein content, in
particular, the method of NIR spectrometry - the method
of infrared spectrometry in the near range [1, 3].

Recently, a deeper study of not only the protein
content, but also the components of wheat protein have
become important, because post-harvest ripening of
wheat grain and its storage conditions cause changes in
the ratio of individual fractions of proteins and its
structure. To characterize protein substances, data on the
amino acid composition is most often used, which makes
it possible to assess the nutritional value of proteins. In
various technological processes of grain processing, the
solubility of proteins and their rheological properties,
caused by changes in the molecular weights of proteins
and their individual fractions, change significantly. With
a change in the protein structure, the genetic properties of
varieties also change, and accordingly, the yield and
quality of the grown crop change [4].

It is known that cereal proteins are unevenly
distributed between the anatomical parts of the grain.
Wheat proteins consist of four main groups depending on
their ability to dissolve in water - albumins, globulins,
gliadins and glutenins. A significant amount of protein is
contained in the endosperm (65...75%) and much less —
in the aleurone layer (up to 15.5%) and the embryo (up to
22%). Embryo and aleurone layer proteins are
represented mainly by albumins and globulins, which
perform a catalytic function during grain germination
(enzymes), and endosperm proteins - by albumins,
globulins, prolamines and glutelins [4, 5].

Gliadins and glutenins belong to the class of
storage or gluten proteins. The content of albumins and
globulins is 15...20%, gliadins — 40...50%, glutenins —
35...40% of the total protein content [6].

About 80...85% of the total protein content in
grain is gluten proteins. Gliadin affects such important
dough qualities as viscosity and extensibility, glutenins-
elasticity and firmness [7].

In addition to gluten, wheat proteins include two
more proteins-albumin  (15..20%) and globulins
(15...20%), which are responsible for enzymatic activity.

One of the most accurate methods for studying
the structure of a protein is its fractionation into
constituent fractions using electrophoresis. This method
is unique in a certain way, since it makes it possible not
only to decompose the protein into its constituent parts,
but also to investigate the molecular weight of each
separately taken protein fraction [8].

Electrophoresis is an electrokinetic phenomenon
of displacement of particles of a dispersed phase or
protein solutions in a liquid medium under the action of
an external electric field. With the help of this
phenomenon, it is possible to separate proteins into
fractions that differ in their molecular weight under the
action of an electric current.

Gel electrophoresis is an analytical chemistry
and molecular biology technique for separating different
kinds of molecules. The mixture of molecules is passed
through a gel, which is a molecular sieve that allows
small molecules to pass more easily than large ones. The
driving force is set by the electric field, so the molecules
must be charged [8].

Electrophoresis of proteins in polyacrylamide
gel is based on the unequal electrophoretic mobility of
individual protein fractions in accordance with their
electrophoretic mobility (a function of the length of the
polypeptide unit or molecular weight, as well as the
confinement of the protein molecule, post-translational
modifications, and other factors).

In the literature, there are significant
fluctuations in grain quality indicators depending on the
harvest year, the region of -cultivation, agro-

technological, climatic and many other factors [9-12].
Therefore, a further in-depth study of the quality of
wheat grain, an assessment of the possibility of forming
batches of different target purposes from it, will make it
possible to better assess the grain potential of various
regions of our country and find ways of its rational use.

The purpose and objectives of the study

The aim of the work was to determine the
quality indicators of wheat grain from the southern
regions of Ukraine, to determine the content of protein,
its protein by solubility fractions and their molecular
weights in grain of different classes.

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

— to determine the indicators of the quality of
wheat grain from the southern regions of Ukraine;

— to assess the uniformity of the distribution of
individual quality indicators in different classes of wheat
grain;

— to determine the content and molecular
weights of each of the protein fractions of wheat gluten
of different classes.

Materials and methods of research

The studies used grain samples of food and non-
food wheat of the harvest of 2016, selected at 13 grain-
processing enterprises in the southern regions of Ukraine,
of which 2 classes — 4 samples, 3 classes — 4 samples, 5
classes — 3 samples and 6 classes — 2 samples. Among
the grains of wheat of the 2nd class, one sample of the
variety "Chernobrova" (No. 4) was used.

In the initial samples of wheat grain, such
quality indicators were determined as moisture content,
bulk density, protein content, quantity and quality of
gluten, falling number, grain impurities and grains
damaged by a wheat bug.

Moisture and protein content were determined
by infrared spectroscopy on a FOSS Infratec instrument
(DSTU 4117: 2007); the content of gluten and its quality
manually (GOST 13586.1-68) falling number by the
standard Perten-Hagberg method on the Perten Falling
Number device (DSTU ISO 3093: 2009), bulk density by
volumetric weight method on a liter purka with a falling
weight (GOST 10840-2017, IDT) the content of grain
impurities and the content of grains damaged by the
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wheat bug, by the visual method (GOST 30483-97,
GOST 3768: 2010).

Statistical characteristics of quality indicators -
arithmetic mean, standard deviation, coefficient of
variation and correlation coefficient were determined in
MS Excel using known expressions [13-15]:
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where Q — the arithmetic mean of the j-th quality

indicator of wheat grain;
O, ; — j-th indicator of the quality of the i-th grain

sample
n —number of grain samples;
§;— standard (mean) deviation of the j-th grain

quality indicator;

V';— coefficient of variation of the j-th grain quality

indicator;
R — correlation coefficient between j-th and k-th

indicators of grain quality;
Q-, ; — the arithmetic mean of the j-th quality

indicator of the i-th sample of wheat grain;
O, — the arithmetic mean of the k-th quality

indicator of the i-th sample of wheat grain.

Isolation and study of the fractional composition
of proteins of the gluten complex in 13 samples of wheat
grain was carried out under conditions of a relative air
humidity of 60..75% and an air temperature of
20..22°C. To isolate 4 fractions of gluten complex
proteins (albumins, globulins, gliadins, glutenins, and
insoluble proteins of the sediment), wheat grain samples
were ground in an LZM-2 mill with a 0.5MT sieve.

Isolation of protein fractions of wheat grain
proteins was carried out by the method proposed by the
American researcher T. Osborne [5].

The first combined protein fraction, albumins +
globulins, was isolated by protein extraction with NaCl
in a phosphate buffer (pH = 7.0) for at least 12 hours at a
temperature of t = 4°C, followed by centrifugation for t
=15 min. at a temperature of t<8°C with a rotational
speed ® = 4000 min"'. For the final separation of
albumins and globulins, the precipitate was washed 5
times with a 10-fold volume of cooled extractant (NaCl
in phosphate buffer).

To obtain the second fraction of proteins, the
precipitate was poured with cooled distilled water and
centrifuged at a temperature of t<8°C for T = 10 min.
with rotation frequency ® = 4000 min™'. A 2-fold volume
of 65% ethanol was added to the precipitate. The samples
were extracted for 3 hours at room temperature with
occasional stirring. After extraction, centrifugation was
carried out at room temperature T = 15 min. with a
rotational speed ®=4000 min™'. The supernatant contains
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the necessary fraction, gliadin.

To isolate the third fraction, glutenins, the
following operations were performed. After the isolation
of gliadins, a 3-fold volume of 0.05N NaOH was added
to the sediment and extraction was performed for T = 30
min. at t<8°C with rotation frequency ®=4000 min™.
After centrifugation, 0.1 N acetic acid was added to the
formed precipitate and centrifuged again. The resulting
sediment contained the protein fraction, glutenin,
necessary for further research.

The extracts of 4 protein fractions obtained in
this way were used for separation by electrophoresis into
structures separate by molecular weights.

Preparation of samples for entering into
electrophoretic chambers consisted in bringing the
concentration of protein samples (mini-samples) to
concentrations C = 1 mol/l and adding a dye - silver
oxide. Protein concentration was measured using the
Warburg method on a spectrophotometer. To determine
the amount of protein, the absorbance of the solution was
measured at 260 nm and 280 nm. Measurements at 260
nm made it possible to calculate the protein concentration
in the sample. The 260 nm/280 nm ratio made it possible
to draw conclusions about the purity of the protein
preparation.

For electrophoresis, a vertical electrophoretic
chamber was assembled. At the bottom of the chamber,
solution No. 1 was poured to ensure its tightness along
the lower edge. On top of the solution Nol was poured
solution No. 2 — a separating polyacrylamide gel, and,
then, the third layer — a concentrating gel — solution No.
3.

Composition of solutions:

No. 1 - 30% acrylamide + ammonium
pyrosulfate + TEMED (tetramethylethylenediamine)

No. 2 — tris buffer + acrylamide + ammonium
pyrosulfate + TEMED;

No. 3 — buffer + 30% acrylamide + 10%
ammonium pyrosulfate + TEMED.

After entering the gels into the electrophoretic
chamber, a "comb" is inserted and remains in the
chamber for 48 hours, until the gels completely solidify.
Further, prepared protein samples and markers were
introduced into each of the obtained cells after the
"comb" to identify separated protein structures with
different molecular weights. The electrophoretic
separation process takes place during 12:00 at a current
strength of I = 100 mA, after which the obtained gel
electrophoretic patterns are developed and illuminated
and analyzed.

Research results

At the first stage of research, using the described
methods, the main indicators of the quality of wheat
grain samples selected for research were determined,
their classes were determined. The results obtained,
grouped by class and sorted within the classes in
ascending protein, are shown in table. 1. The same table
shows the following statistical characteristics of quality
indicators as arithmetic mean (arithmetical mean),
Standard or mean deviation (st. deviation. Sj) and
coefficient of variation (coef. var. V) [13-15].

As it can be noticed, the moisture content of all
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wheat samples was in the range of 9.4...13.5 %, that is,
did not exceed the standard values of 14.0%.

The bulk density was 731...814 g/l with an
arithmetic mean of 772 g/l, which exceeds the value of
750 g/l normalized for class 2 wheat.

The protein content in the studied samples was
in the range of 10.1 ... 13.2 %. Naturally, less protein was
contained in the samples of class 6 wheat (non-food), and
most of all - in samples of class 2 wheat, especially in the
sample of wheat of the "Chernobrova" variety (No. 4).
According to the arithmetic mean of the protein content
in all studied samples (11.9 %), wheat can be attributed
to this indicator to the 3rd class (> 11.0 %).

The gluten content ranged from 16.4 % to
25.6 %. It can be noted that according to this indicator,
two samples of 9 and 10 wheat of the 5th class and the
sample of 13 wheat of the 6th class met the requirements
of wheat of the 2nd class (> 23 %).

The quality of gluten, determined in
conventional units of the IDK device, in almost all
samples, except for 9 and 11 (5th class) and 13 (6th
class), met the requirements of class 2 wheat (45...100
units of the VDK device).

The falling number of all samples (harvest
2016) was high (311...493 s) and significantly exceeded
the normalized value (180 s) even for class 2 wheat.

The content of grain impurities was in the range
— 1.2...10.5 %. For individual classes, the normalized
values of the content of grain impurities are (no more):
for the 2nd and 3rd classes 8 %, for the 5th class 12 %,
for the 6th class 15 %. As can be seen, all samples
corresponded to the normalized boundaries in terms of
the grain impurity content.

The content of grains damaged by the wheat bug
varied within wide limits from 0.1 % to 10.1 %. There
were no specimens that were not affected by the wheat
bug. The indicator is not class-forming.

At the second stage of the research, the values of
the coefficients of variation were calculated and the
uniformity of the distribution of individual indicators of
the quality of wheat grain in the studied 13 samples from
different enterprises in the south of Ukraine was
assessed. The analysis of the obtained results, using the
conditional gradations recommended in [14], showed that
such indicators of grain quality as moisture, bulk density
and protein content in different samples of southern
Ukraine fluctuate weakly (V < 10 %), fluctuations of the
amount of gluten and the falling number are average
(10% < V < 20%), while fluctuations in the content of
grain impurities and grains damaged by the wheat bug
are big (V > 20 %). For the latter indicator, the
fluctuations relative to the average are very big and
exceed 120 %. This indicates that in different areas
where wheat was grown, the infestation by the wheat bug
was very different.

It should also be noted that there is an average
correlation between the content of gluten and protein in

Number of grain sample
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Figure 1 — Dependence of the content of protein
and gluten and its quality on the class of wheat in the 13
studied samples

Table 1 - Main indicators of the quality of wheat samples selected for research

GREEN, PROCESSING GRAIN: TECHNOLOGY AND QUALITY

Sample number Class || Moistu|[ Bulk |[[ Protein Gluten Falling Grain Grain,
re density, |[ content, ) . number, s || impurities, | damaged by
conten g/l % cor})tent, qughty, s % wheat bug,
t, % % device VDK, %

1 2 10,9 773 12,7 24,0 50 420 7,6 1,3

2 2 12 [ 781 12,9 24,1 80 459 5.6 2,0

3 2 11,3 802 12,9 25,6 75 426 4,6 0,5

4 2 9.4 795 13,2 25,4 70 365 1,2 0,1

5 3 12,1 783 11,3 20,4 75 493 4,4 1,9

6 3 124 [ 774 11,6 20,4 75 456 43 0,8

7 3 12,6 758 11,7 18,2 100 417 6,9 1,5

3 3 114 [ 779 12,3 232 80 484 73 1,1

9 5 11,4 [ 814 10,8 20,2 110 311 32 38

10 5 13,2 733 12,1 22,4 95 357 8,0 1,7

11 5 13,5 || 734 12,4 16,4 110 403 10,5 10,1

12 6 12,6 731 10,1 19,0 100 372 5,5 0,5

13 6 | 12,1 | 780 11,2 23,0 105 354 6,6* 2.6
Arithmetic mean. ©; 11,8 772 11,9 21,7 87 409 5,3 2,1
Standard deviation S; 1,1 26 0,9 2,8 18 55 2,4 2,6
Coefficient of variation V, % 9,1 3,4 7,7 13,1 21 13 45,8 1204

Notes: * In the grain impurity of sample 13 there was 7% barley.
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Figure 2 - Gel electropherograms of wheat protein
fractions of different classes (M — markers)

the studied samples of wheat grain — the correlation
coefficient between them is 0.59 [15]. A visual view of
the dependence of the protein and gluten content and its
quality on the class of wheat in the studied 13 wheat
samples from the southern regions of Ukraine, harvest
2016, are shown in Figure 1.

At the last stage of the research, the proteins of
the gluten complex — albumins, globulins, gliadins,
glutenins — were investigated in more details. According
to the Osborne method described above, fractionation of
proteins was carried out in 13 samples of wheat grain
selected  for  research. The  obtained  gel
electrophoregrams are shown in Figure 2. On the first of
them (Figure 2-a) on the left it can be seen the labels of
the marker M separated by molecular weights (value in
kDa: 14, 25, 40, 50, 70, 100, 120 and 160). Further, it
can be seen that the labels of individual structures of 13
protein samples, albumins+globulins, were separated by
electrophoresis (according to the number of wheat
samples of different classes).

On the second electropherogram (Fig. 2-b), one
can see sequentially from left to right, the labels of the M
marker and the labels of individual structures of 13
gliadin protein samples (according to the number of
wheat samples of different classes) are divided by

Wheat class’

molecular weights. The following shows, in the same
sequence, the M marker and individual structures of 13
glutenin protein samples.

The analysis of the gel electrophoregrams
showed the following.

Proteins with molecular weights of 20 kDa, 27
kDa, 29 kDa, 30 kDa are clearly distinguished in the
combined fractions of albumins and globulins in all
samples. In particular, it is observed that in the sample
of varietal wheat "Chernobrova" (No. 4), albumins and
globulins have a higher molecular weight than in non-
varietal wheat, namely, they fluctuate within the range
of 30..40 kDa. In addition, high-molecular-weight
proteins with a molecular weight of 70 kDa are present
in varietal wheat. And since albumins and globulins
affect enzymatic activity, based on the data obtained, it
can be concluded that the quality of albumin and
globulin proteins affects varietal resistance, that is, the
invariability of the qualitative composition of wheat
during storage.

In the studied samples of wheat grain, a
significantly larger amount of the gliadin fraction is
observed in comparison with other protein fractions.
Thus, the bulk of proteins fall within the ranges of
28...40 kDa and 50...70 kDa, and the molecular weight
of gliadins ranges from 27...100 kDa.

The fraction of glutenins is more clearly
appeared in the range of 30 ... 35 kDa.

Regardless of the total amount of protein
determined by the Infratec FOSS express analyzer, it
can be concluded that four protein fractions of the
gluten complex are present in all grain classes, and the
molecular weights of the protein fractions vary within
small limits.

Thus, using gel electrophoresis, it was possible
to reveal the presence of certain fractions of proteins, as
well as to determine the molecular weights of their
individual structures.

Conclusions

1. Wheat grain from the southern regions of
Ukraine in 2016 had the following quality indicators:
moisture content 9.4 ... 13.5%, bulk density 731 ... 814
g/l, protein content 10.1...13.2%, gluten content
16.4...25.6%, gluten quality 50...110 units of the IDK
device, falling number 311...493 s, grain admixture
1.2...10.5%, grains damaged by a wheat bug |,
0.1...10.1%. It can be noted that the bulk density of all
samples of wheat of 2...6 classes exceeded the standard
values in each class. In terms of protein content, 2 from 3
samples of class 5 wheat and 1 from 2 samples of 6 class
exceeded the standard value of class 3 wheat (>11.0%).
The same was observed for these samples and for the
gluten content (>18%). Almost all grain samples, except
for 2 samples of the 5th class and 2 samples of the 6th
class, met the requirements of wheat of the 2nd class
(45...100 units VDK device). The falling number of all
samples was high and significantly exceeded the
normalized value (180 s), even for class 2 wheat.

2. It was found that the uniformity of the
distribution of individual quality indicators in different
classes of wheat grain by the coefficient of variation is
not the same. Such indicators of grain quality as moisture
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content, bulk density and protein content in different
samples of the south of Ukraine in 2016 harvest
fluctuated weakly (V<10%), in terms of the amount of
gluten and the falling number fluctuations were average
(10% <V<20%). Fluctuations in the content of grain
impurities and grains damaged by the wheat bug are big
(V>20%). For the final indicator, the fluctuations relative
to the average are very large and exceed 120%. This
indicates that in different areas where wheat was grown,
the infestation by the wheat bug was very different.

FOSS express analyzer, four protein fractions of the
gluten complex (albumins, globulins, gliadins and
glutenins) are present in all grain classes, and the
molecular weights of the protein structures of the main
fractions are within small limits, which are in kDa — for
albumins and globulins 20...30, gliadins 27...100 and
glutenins 30...35. It is noted that in the varietal wheat
"Chernobrova" albumins and globulins have a slightly
higher molecular weight (30...40 kDa) than in non-
varietal wheat.

3. It has been shown that regardless of the total
amount of protein content determined by the Infratec
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JOCJIKEHHS TOKA3SHUKIB SIKOCTI TA ®PAKIIIHOTO CKJIAZLY
BLJIKA 3EPHA NINEHULI NIBAEHHUX PETTOHIB YKPATHU

Anomauin

Haseoeno pezynomamu docniosxcenv axocmi npo0osoibu020 ma Henpooo8oIbY020 3ePHA NULCHUYT 3 NIBOCHHUX
pecionie Yrpainu 2016 poxy epoowcaro. Buznaueno nokasHuku skOCmi 3epHA RULEHUYI, NPOBEOCHO OYIHKY 0OHOPIOHOC-
miix po3nooiny y pi3HUX K1acax nuleHuyl, GU3HAYEHO 6MIcm OLIKOGUX GPaxyill KIeuKOGUHHO20 KOMNIEKCY mMa MOJeK)-
JAPHI Macu oKpemux Oiikosux cmpykmyp.Bcmanoeneno, wo docniodiceni 13 3pasxie 3epna nuieHuyi Maiu maxi nokas-
Huxu axocmi: eonocicmv 9,4...13,5 %, namypa 731...814 2/n, emicm 6inxa 10,1...13,2 %, emicm xnetikogunu 16,4...
25,6 %, axicmo xaevxogunu 50...110 oounuys npunady B/[K, uwucno nadinusa 311...493 ¢, 3epnosa oomiwxa 1,2...
10,5 %, 3epna, nowikooxceni knonom-vepenawxoro, 0,1...10,1 %. Biomiueno, wo namypa y écix 3paskax nuwenuyi 2...6
K1ACi8 nepesuyy8ana HOpMAamueHi 3HaveHHs y KoxcHomy kiaci. 3a emicmom o6inka 2 i3 3-x 3paskie nuwienuyi 5 kiacy ma
1 i3 2-x 3paskie 6 K1acy nepesuuyy8anu HopmamueHe sHavenna nuenuyi 3 kracy (= 11,0 %). Le s cnocmepizanocs 0
yux gice 3paskis i 0as emicmy kiaetkogunu (> 18 %). Ilpaxmuuno 6ci 3pasxku 3epHa, kpim 2-x 3paskie -eo knacy ma 2-x

9 http://grain-feed.onaft.edu.ua
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3paskie 6-20 kaacy, 3a0080abHsIU uMozcam nuenuyi 2 kaacy (45...100 o0. npun. BAK). Yucio nadinna eécix 3paskie
0Y10 8UCOKUM MA 3HAYHO Nepesuysano Hopmosane 3uayenns (180 c), nagimo s nuenuyi 2 kiacy.Becmanoeieno, wo
0OHOPIOHICMb PO3NOOINTY OKPEMUX NOKAZHUKIG AKOCMI Y PIZHUX KIACAX 3epHa nuleHuyi 3a Koepiyicnmom sapiayii neoo-
Haxosa. Taxi noxazuuxu AKOCmMi 3epHa K 607102iCMb, HAMYPA Ma eMicm OiLIKa y pisHux 3paskax nigous Yrpainu 2016
POKY 8podcato koausanucs ciabo (V< 10 %), 3a Kinbkicmio KietikosuHu ma 4ucio nadiHHA KOIUBAHHs OYau cepeOHimu
(10 % <V <20 %). Konusannsa src emicmy 3epHO80I OOMIUKU A 3epeH, NOUWKOOHCEHUX KIONOM 4ependauikoro, € Clillb-
numu (V> 20 %). s ocmanb020 NOKA3HUKA KOJUBAHHS BIOHOCHO CEPEOHbO20 3HAUEHHS € 0YJice GeUKUMU I nepesu-
wyrome 120 %. Lle ceiouumv npo me, wo Ha pisHUX NIOWAX, 0 BUPOWYBANU NUUEHUYIO, YPANCEHICMb KIONOM-
uepenawkoro Oyna Oyace pisnoio.llokazano, wo He3anedxicHo 6i0 3a2anvbHoi Kinbkocmi OUIKa, 6usHaueHoi excnpec-
ananizamopom Infratec FOSS, womupu 6inkosi ¢ppaxyii Kietuko8uHHO20 KOMNAEKCY (AnbOyMiHU, 2100YNinY, 2niadiHy ma
2NIOMEHIHU) RPUCYMHT Y 6CIX KIACAX 3EPHA, A MONEKYIAPHI MACU OIIKOBUX CIMPYKIMYD OCHOGHUX (PPAKYitli 3HAXOOAMbCSA Y
HeGeNuKUx medcax, sKi ckraoaroms y klla — ons anvoyminie i enobyninie 20...30, eniadunie 27...100 ma entomeninie
30...35. Biomiueno wo y copmosii nuenuyi « 4opnooposa» arvOyminu i enoOyiinu Maioms 0ewjo ULy MOAEKYIAPHY
macy (30...40 klla), Hisic y necopmogiti nuienuyi.

Knwowuosi cnosa: 3epno, knacu nuieHuyi, nOKA3HUKY AKocmi nuenuyi, 6iiku, 2env-eiekmpogopes, ppaxyiinui
CKAA0 OINKI8, MOAEKYIAPHI MACU.
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