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TUDY OF PROPERTIES OF WHEAT GRAI
PROCESSED BY ELECTROMAGNETIC FIELD FOR
DIFFERENT PURPOSES USE

The results of studies of the influence of the electromagnetic field (EMF) and the duration of wheat grain storage of varieties
Guzel, Arista, Obrana and Shestopalivka on their technological and seed quality properties are presented. Grain processing was carried out
by EMF with frequencies of 10...30 Hz with a magnetic induction of 10 mT for 6 minutes. It is shown that the processing of wheat grain with
EMEF increased the content of raw gluten by 1.0...3.2% for the Gyuzel variety and by 1.0...2.6% for the Obrana variety. For variety Arista,
the content of crude gluten increased by 1.0% only when treated with EMF at a frequency of 16 Hz, and at other frequencies it decreased
within the error. For these varieties of wheat, EMF treatment with a frequency of 16 Hz increases the amount of crude gluten, depending on
the variety, by 1.0...3.2%, which increases the class of grain. However, grain processing with a frequency of 16 Hz reduces the quality of
gluten in the Guzel and Arista varieties, and it passes from the Ist to the 2nd quality group. When storing wheat grain treated with EMF for
about 8 months, the sedimentation index, which comprehensively characterizes the strength of flour, increases by 3 ml (by 4.6%) compared
to the control only at a frequency of 16 Hz at a storage temperature of 9 °C and a relative humidity of 82%, and after storage for almost 14
months, it grows by 2 ml (by 3.1%). An increase in the sedimentation index by 6...9 ml (by 10.7...16.1%) was noted when processing grain
with EMF frequencies of 10...30 Hz during storage for about 14 months at a temperature of 9 °C and a relative humidity of 33%. Under
other storage conditions and EMF processing frequencies, the sedimentation index may not change or decrease to 13 ml (up to 20.0%),
which indicates a deterioration in the quality of gluten. Studies of the falling number (FN) of wheat samples of varieties Guzel, Arista,
Obrana and Shestopalivka showed that their EMF treatment changes the FN indicator only within acceptable deviations. The exception was
a grain sample of the Shestopalivka variety treated with EMF at a frequency of 30 Hz. After its storage for 12.8 months at a temperature of
23 °C and a relative humidity of 35%, the FN index decreased by 52 seconds compared to the control. In samples of wheat varieties Guzel
and Arista with a low initial after EMF treatment, germination decreased by 1.06...1.71 times compared with the control. In the wheat
variety Obrana with an initial germination of 80% EMF treatment increased the germination rates. The greatest effect was obtained by
processing grain with an EMF frequency of 10 Hz, at which the germination increased by 14%, reaching 94%. An increase in the EMF
frequency to 16, 24, and 30 Hz led to an increase in germination by 9, 8, and 4%, respectively.The vitreousness of the wheat of the
Shestopalivka variety treated with EMF after its storage for 9...13 months in 58% of the samples decreased by 1...17% compared to the
control, and only in 29% of the samples it increased by 1...8%. However, 67% of all vitreous changes are below the margin of error. A
steady decrease in grain vitreousness by 2...12% at a frequency of 10...30 Hz was noted, which persisted for about 12.5 months at a relative
humidity of 33% and a temperature in the range of 9...23 °C. Significant increase in vitreousness was observed only in grain treated at a
frequency of 16 Hz, after storage for 9.2 months at a relative humidity of 35% and a temperature of 23 °C.

Key words: wheat grain, electromagnetic field, magnetic induction, grain processing, grain properties, grain storage.

Formulation of the problem properties of grain gluten can be influenced by an
Wheat grain, one of the most common crops, is electromagnetic field (EMF). Although the properties of
a raw material for the production of many food products. EMF have long been used in various industries, only in

Post-harvest processing of wheat grain, its storage and recent decades has there been a trend towards an increase

subsequent targeted processing are based on the use of in its use for agricultural purposes.

certain technological properties and quality indicators. Scientists from different countries have
It is known that the quality of the grain is conducted many studies of the effect on grain quality by

formed during the ripening process, but it does not irradiation with EMF of ultrahigh frequency (microwave

remain constant and changes during post-harvest range) [3-6]. Researchers [6] found that under direct

processing and subsequent storage under various exposure to EMF of ultrahigh frequency (UHF) on seeds
conditions. Many different factors can influence the of spring wheat with low quality indicators, their change
change in grain quality [1]. is observed, depending on the time of exposure to EMF

The quality of wheat grain is determined by a on seeds. The variability in protein content is on average
number of indicators given in the regulatory higher than in the amount of gluten. It was found that the

documentation. Among these indicators there are class- treatment of seeds with an EMF with a frequency of 2.45
forming ones that determine the class of wheat grain. GHz with a power of 1200 W for 5 sec. leads to a
These include indicators of the quantity and quality of significant improvement in quality control indicators.
gluten, which are important for grain processing, falling The average indicators of the quality of wheat grain (the
number (FN), vitreousness, and others. protein content and crude gluten content) undergo

It is known from the literature [2] that the significant changes towards improvement with
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microwave exposure for 5 second, within 10 s second, on
average, leads to a decrease in quality indicators.

Given that the determination of such an
important indicator as gluten is rather cumbersome and
has certain problems with reproducibility of results, it
would be advisable to use a highly productive and
reliable sedimentation method to assess the quality of
EMF-treated grain. It was developed and proposed by
domestic scientists [7] for an indirect assessment of the
strength of wheat flour (grain). The method is based on
preliminary autolysis of wheat in acetic acid solution and
subsequent sedimentation with sodium dodecyl sulfate
(SDS). Sedimentation volume (ml) has a very high
correlation with the key quality indicator, dough strength,
and does not correlate with total protein content.

One of the main indicators of the quality of
wheat grain can be attributed to grain vitreousness. But
for grains for various purposes (cereals, pasta, bakery
products), this indicator is not equivalent. Vitreousness is
an external sign of grain quality, reflecting the structure
of the internal tissues of the grain. Powdery endosperm is
characterized by a weak bond between starch grains and
protein. In the vitreous endosperm, this bond is very
strong. The total vitreousness indicator does not give a
complete picture of which fraction in terms of grain
vitreousness prevails in the batch — vitreous, partially
vitreous or farinaceous. That is, you can evaluate the
quality of a batch of grain, but you cannot manage it [8].
At the same time, there is no information in scientific
sources about the possible effect of EMF on the vitreous
index.

In recent years, interest has increased in the use
of extremely low frequency (ELF) EMF for the
processing of agricultural products, in particular grain,
which has a number of advantages. It is close to the
geomagnetic field of the Earth, which makes it safer, has
less energy consumption, does not lead to heating, etc.
Researchers explain the effect of ELF EMF on biological
objects by the participation of enzymes as primary
receptors that respond to EMF [9]. Taking this into
account, it would be appropriate to study the effect of
ELF EMF on such an indicator of wheat quality as the
falling number (FN), because its changes are caused by
the activity of a-amylase, an amylolytic enzyme that is
activated during grain germination and affects grain
germination.

In pre-sowing preparation of seeds, an effective
way to increase the germination of plants is the use of
low-frequency electromagnetic fields. Researchers have
shown that the use of low-frequency EMF on seeds
increases the germination energy and laboratory
germination of treated seeds of peas, barley and spring
wheat by 2...4%. The use of seeds treated in this way
increased the yield of spring wheat in relation to the
control by 0.25 t/ha (8.4%) [10].

There are also known studies of the effect of
EMF on the grain quality and food products produced
from them. Ukrainian scientists studied the effect of
water-thermal  treatment and the duration of
electromagnetic treatment on the quality of flattened
whole grain cereals from Emer wheat [11]. They showed
that when using optimal grain processing parameters
(moisturizing by 1.0% and irradiating the grain with

-

EMF for 80...100 s), it provides an output of high-quality
whole grain rolled cereals of 91.7...92.3% with a culinary
rating of 7.3 points.

There are publications of specialists indicating
the possibility of extending the shelf life of grain through
a combination of various physical methods using EMF
processing [12]. The literature describes the method and
modes of pre-sowing treatment of grain of different
crops, which allows not only to increase their
germination and productivity of the production line, but
also to extend the shelf life of grain. To do this, seeds
before sowing are treated with a constant magnetic field
and at the same time with EMF, phase-modulated ELF
(extremely low frequencies) waves for 40...60 minutes, at
a field strength of 120...1400 A/m. The authors also
proposed a method for extending the shelf life of grain
seeds under the influence of low-frequency EMF [13].
However, one should keep in mind some problems that
arise when studying the effect of EMF on biological
objects, which are also grain, as indicated by separate
publications of scientists [14, 15].

The review of scientific sources shows that
information on the processing of grain by an
electromagnetic field (EMF) is quite contradictory.
Various authors suggest the use of processing by electric
and magnetic fields in a fairly wide range of parameters.
The impact on grain crops of weak low-intensity fields
(non-thermal) in order to improve the quality of grain
during storage has not yet been studied enough. This
motivated us to carry out our experimental studies.

The aim of the work was to establish the effect
of EMF on the technological and seed properties of
wheat grain, which will allow correcting individual
indicators of grain quality and improving the efficiency
of its storage and use.

Research objectives. Determination of the
influence of the frequency, intensity and duration of
wheat grain processing with EMF of an extremely low
frequency range on the technological indicators of grain
quality (gluten content and quality, falling number,
vitreousness, ostentatious sedimentation, fatty acid
composition, germination) as well as their changes
during storage.

Materials and methods of research.

Experimental studies were carried out on wheat
grain varieties Guzel, Arista, Obrana 2019 harvest and
variety Shestopalovka 2020 harvest grown in the Odessa
region.

Wheat grain samples were treated with EMF of
an extremely low frequency range, with different
magnetic induction and duration of processing and
storage, and a number of indicators of its quality were
determined — gluten content and its quality, vitreousness,
falling number, sedimentation index, fatty acid
composition and germination.

Processing grain EMF ELF. The processing of
wheat grain was carried out on an experimental stand,
consisting of a cylindrical polymer tube (grain container),
a solenoid coil, a GZ-112/1 electromagnetic oscillation
generator, and a low-frequency power amplifier. The
output signal of the generator was set in the form of a
sinusoid and controlled with an S1-78 oscilloscope.

http://grain-feed.onaft.edu.ua
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The studies were carried out using ELF
(extremely low frequencies) frequencies of 10, 16, 24,
and 30 Hz. The magnetic induction of grain processing
was constant and equal to 10 mT. The required value of
EMF frequencies in the range of their extremely low
values was set on the generator of electromagnetic
oscillations GZ-112/1.

The required value of the current strength in the
experimental stand to provide the indicated magnetic
induction was 1 A. To do this, before the start of each
experiment on grain processing, the required value of the
current strength controlled by a universal (combined)
digital voltmeter B7-38 was set with the power regulator
of the LF amplifier.

The duration of grain processing was T = 6 min,
which was justified on the basis of the results of
preliminary studies of the effect of EMF ELF.

The determination of the quality indicators of
processed and unprocessed (control) grain was carried
out immediately after processing with EMF, as well as
after different storage periods (almost up to 14 months).

Grain storage under controlled conditions. To
store grain under controlled conditions in desiccators, a
given temperature and relative air humidity were
maintained, simulating the conditions of grain storage at
different times of the year. The required temperatures (9
and 23 °C) were provided in a thermostat and a
refrigerator and controlled by thermometers TU 25-
1102.043-83 TC-4 Mk 0-100 °C with a scale division
value of 1 °C.

To create certain relative air humidity, about
1...2 dm3 of sulfuric acid solution of the required density
was poured into the desiccators, which provided the
required values of relative air humidity (33%, 35%,
82.0% and 82.5%). At the same time, to ensure more
accurate results, the concentration of sulfuric acid
solutions in desiccators was prepared taking into account
the dependence of its density on temperature. The density
of sulfuric acid and its solutions was controlled using a
set of hydrometers.

Method for determining the quantity and quality
of gluten (GOST 13586.1-68 Grain. Methods for
determining the quantity and quality of gluten in wheat).

To determine the amount of gluten, the ground
grain is thoroughly mixed and a sample weighing 25 g or
more is isolated in such a way as to ensure the yield of
raw gluten weighing at least 4 g. The meal is placed in a
porcelain mortar or cup and filled with water. The
volume of water for kneading dough with a sample
weight of 25 g is 14 cm3. After that, the dough is
kneaded.

The dough formed into a ball is placed in a bowl
and covered with glass (or a second cup) for 20 minutes.
After that, the gluten is washed under a weak stream of
tap water over a thick silk or nylon sieve, slightly
kneading the dough by fingers. At first, washing is
carried out carefully, not allowing pieces of dough to
come off together with starch and shells, after removing
starch and shells — more vigorously. Accidentally torn off
pieces of gluten are collected and connected to the total
mass of gluten.

Having finished washing the gluten, it is
squeezed between the palms, which are wiped dry with a
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towel from time to time. The pressed gluten is weighed,
washed again for 2...3 minutes. Press again and weigh.
Laundering of gluten is considered complete by the
difference in mass between two weighings of not more
than 0.1 g. The raw gluten is expressed in mass fractions,
as a percentage of a sample of crushed grain.

For kneading the dough, washing and
determining the quality of gluten, ordinary tap water is
used, the temperature of which must meet the
requirements of 18 + 2 °C.

The quality of gluten is understood as the
accumulation of its physical strengths: tension, elasticity,
viscosity, the ability to maintain physical properties over
time. The spring values of gluten were determined in the
same scale units of the VDK-7 device (gluten
deformation was calculated).

A piece weighing 4 g is separated from the
washed gluten (kneaded 3...4 times with fingers), after
which a ball is formed and placed for 15 minutes in a
bowl with water, the temperature of which must meet the
requirements of 18 + 2 °C. If the gluten after washing is a
spongy, lightly torn mass and does not form a ball, then it
is assigned to group 2 without determining the quality on
the device.

After 15 minutes of soaking in water, the gluten
ball is placed in the center of the table of the VDK-7
device and the button for switching on the time relay
"Start" is pressed. The punch falls freely on the gluten
and compresses it. On the display panel of the device, a
number is indicated that characterizes the magnitude of
the elasticity of the studied gluten standard in
conventional units of the device scale.

Permissible discrepancy for the amount of
gluten is £2.0% and for the quality of gluten is £5 arb.
units device.

The falling number was determined in
accordance ~ with  GOST  30498-97  “Cereals.
Determination of the falling number, based on the rapid
gelatinization of an aqueous suspension of flour in a
boiling water bath, followed by measurement of the
degree of liquefaction of the starch gel under the action
of a-amylase. The falling number was determined on a
PChP-7 instrument (OOO “Analyt pribor”). The falling
number is the time in seconds it takes for the viscometer
stirrer to mix and free falling a certain distance in hot
slurry of diluted flour and water. Permissible deviation is
+10% of the arithmetic mean.

Determination of vitreousness of wheat grain,
reflecting the structure of the internal tissues of the grain,
was determined according to GOST 10987-76. "Corn.
Methods for determining vitreousness” with the
introduction of a diaphanoscope. The essence of the
method is to illuminate 100 whole grains with a stream
of light from the side of the groove and count the number
of grains that are well translucent, partially and not
translucent at all.

Determination of the sedimentation index. The
sedimentation index is an indirect method for assessing
the strength of wheat flour (grain). The method is based
on preliminary autolysis of wheat in acetic acid solution
and subsequent sedimentation with sodium dodecyl
sulfate (SDS).

For research, wheat grain is crushed in a mill
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and thoroughly mixed. Next, a sample weighing 3.2 g
(two parallels) is poured into a polymer cup, poured into
10 ml of a 2% solution of acetic acid and stirred. The
glass is covered with a lid and placed in a water bath
(t =30 °C) for 30 minutes. After that, the cup is removed
from the bath, 10 ml of a 4% solution of acetic acid,
tinted with methylene blue indicator, is added with a
dispenser. The mixture is shaken and poured into the
cylinder up to the 50 ml mark, marking 2 minutes. Next,
the cylinder is closed with a lid, placed in an automatic
device for mixing "Kvant-1", rotating 5 times. After
rotation, 5 minutes are noted and 100 ml of 2% SDS
solution is added to the cylinder to the mark. The
cylinder is closed with a lid and rotated again in the
device 3 times for 5 minutes. Then measurements are
taken. Unit of measurement is ml [7].

Definition of germination. The seed properties
of the grain were characterized by the indicator of
laboratory germination, determined by DSTU 4138 2002
“Seeds of agricultural crops. Methods for determining
quality. The essence of the method was to germinate
wheat grain under optimal conditions for 8 days. Filter
paper was used as a substrate, the germination
temperature in the thermostat was stable and amounted to
20 + 2 °C, the analysis conditions were in the dark, and
the counting was carried out on the 8th day. Permissible
deviations of the germination of wheat grain in
individual samples from the average value were within
the limits provided for by DSTU 4138 2002.

Results and discussion

The quantity and quality of raw gluten in wheat
grains are one of the important indicators of quality in
Ukraine and other post-Soviet countries. The study of the
effect of processing wheat grain with EMF was carried
out at the first stage of experimental studies. Wheat grain
of varieties Guzel, Arista were processed on 11/21/2019
with the characteristics (frequency, magnetic induction
and treatment duration) of EMF ELF taken in the studies,
and the Obrana variety was processed on 12/04/2019
with the same characteristics. The determination of the
quantity and quality of raw gluten was carried out
according to the above GOST 13586.1-68. The results
obtained are presented in Table 1.

From the given data it can be seen that the
processing of wheat grain with EMF with a frequency of
10..30 Hz increased the content of raw gluten by
1.0...3.2% for the Gyuzel variety and by 1.0...2.6% for
the Obrana variety. For variety Arista, the content of raw
gluten increased by 1.0% only when processing EMF
with a frequency of 16 Hz, while at other frequencies, on
the contrary, it decreased by 0.2...0.6%, which is within
the experimental error.

Thus, EMF grain processing leads to an increase

in the amount of gluten in all varieties only at a
frequency of 16 Hz, and it is the largest — by 1.0...3.2%,
depending on the variety. This means that the quality of
the grain in terms of the amount of gluten is improved.

If a batch of wheat after EMF treatment is
intended for export, then it is clear that this is beneficial,
since the amount of gluten increases after EMF
treatment. This means that if all other class-determining
quality indicators are within the limits of the contract,
then the class of the processed batch of wheat will
increase and, accordingly, its price will be higher.

However, when processing grain with EMF with
the indicated frequency, the quality of gluten in the two
varieties Guzel and Arista decreases. From the results of
the experiments it can be seen that the quality indicators
of gluten of untreated wheat (control) of these varieties
were within the 1st group (45...16 Hz, the quality of their
gluten deteriorated and moved to the 2nd quality group
(20...40 units VDK). Such a result is unacceptable for
wheat for food purposes, in particular, for processing
grain into flour, since the gluten of the grain will have a
degraded quality and, accordingly, the grain will have a
lower price.

Compared to the gluten deformation index
(IDK, unit VDK), a sedimentation index (swelling)
provides faster, more accurate and more objective
information about the quality of gluten. It is a complex
indicator by which the “strength” of grain (flour) is
judged [7].

To assess changes in the quality of gluten in
terms of sedimentation, wheat grain of the Shestopalivka
variety with a moisture content of 12.4% was treated on
September 22, 2020 with an EMF with frequencies of
10.. 30 Hz, magnetic induction of 10 mT. The processing
time was 6 minutes. The treated grain and control
samples were stored for 8.37...13.77 months under
controlled conditions at temperatures of 9 and 23 °C and
relative air humidity of 33...35% and 82.0%. The results
of the change in the sedimentation index during the
storage of samples under various indicated conditions
depending on the frequencies of the EMF are shown in
Figs. 1.

It can be seen from the data obtained (Fig. 1-a)
that when storing grain for about 8 months in the best
autumn-winter conditions for storage (temperature
9 °C,relative humidity 33%) with an increase in the
frequency of EMF compared to the control (without
processing grains) the sedimentation index gradually
decreases. The largest decrease (by 6 ml or 9.2%) was
noted for a grain sample treated with a frequency of
30Hz.

In the samples stored at the same temperature,
but at an air humidity of 82%, at all frequencies except
16 Hz, the sedimentation index decreased by 7...13 ml

Table 1 — Effect of wheat EMF treatment on the content and quality of raw gluten

Crude gluten content,% Gluten quality, units VDK
Wheat - :
e Control Processing frequency, Hz Control Processing frequency, Hz
oo 10 16 24 30 one 10 16 24 30
Guzel 22.7 23.7 25.9 25.0 24.2 45.0 50.2 39.4 35.6 56.0
Arista 19.8 19.3 20.8 19.6 19.2 48.9 58.2 38.3 54.0 49.8
Obrana 23.9 25.2 26.5 24.9 25.3 48.2 69.3 54.2 54.3 72.0
41 http://grain-feed.onaft.edu.ua
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Fig. 1 — Dependence of the sedimentation index of treated and untreated (control) wheat on the

frequency of EMF and grain storage conditions

(10.1...20.0%), of which the largest decrease was the
frequency of 10 Hz. At a treatment frequency of 16 Hz,
there was a slight increase in the sedimentation index by
3 ml (4.6%).

When storing grain in summer conditions at a
temperature of 23 °C and a relative humidity of 35%,
there was a decrease by 5 ml of the sedimentation index
in the control sample. Practically at the same level (1...3
ml) the sedimentation indices of the samples treated at
the EMF frequency of 10..30 Hz remained — the
decrease was 0...3 ml.

A somewhat different situation was observed
after storage of processed grain under controlled
conditions in the autumn-winter period for almost 14
months (Fig. 1-b). At a temperature of 9 °C and a relative
humidity of 33%, the gluten of the grain treated at all
EMF frequencies increased its quality ("strength")
relative to the control, which was reflected in the increase
in the sedimentation index by 6...9 ml (by 10.7...16.1% ).

At the same temperature, but at a relative
humidity of 82%, the values of the sedimentation index
slightly fluctuated relative to the control from a decrease
by 2...4 ml (by 3.1...6.2%) at a frequency of 10, 24, and
30 Hz to an increase by 2 ml. at a frequency of 16 Hz
(3.1%).

Storage in summer conditions (temperature
23 °C, relative humidity 35%) during grain processing at
all EMF frequencies, the sedimentation indicators
practically did not differ from the control — they were
less than it by 1...3 ml (by 1.8...5.4%), which close to
acceptable errors.

It should be noted that at the end of storage of
wheat grain at a temperature of 23 °C and a relative
humidity of 82.5%, the samples deteriorated (moldy),
which did not allow determining the sedimentation
number.

Thus, the processing of wheat grain with EMF
with a frequency of 16 Hz during its storage within
8...14 months increases the sedimentation rate by
4.6...3.1%, respectively,  which indicates an
improvement in the quality of gluten.

Considering the effect of EMF on grain intended
for baking purposes, it is important to take into account
one more quality indicator — the falling number (FN). It
is a measure of a-amylase activity and is widely used to
characterize the baking properties of flour. The state of

© “3epHOBi NpoayKTH 1 KOMOiIKOpME™~, 2021
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emergency makes it possible to judge the state of starch
in grain and flour and the activity of enzymes (amylases)
that break down starch. In dry grain and flour, amylases
are in an inactive state. In the presence of water,
amylases are activated and begin to break down starch
into more conventional molecules.

Experimental studies to establish the effect of
ELF EMF on FN were carried out on wheat grain of the
Guzel, Arista, Obrana 2019 harvest varieties and the
Shestopalivka 2020 harvest variety. Grain processing
lasting 6 min was carried out at EMF frequencies of 10,
16, 24 and 30 Hz — varieties Guzel, Arista on November
21, 2019, and variety Obrana on December 4, 2019. The
values of the FN indicators determined in each wheat
variety Guzel, Arista processed according to the above
modes are given in Table 2.

According to GOST 30498-97, the deviation of
the FN values from the average results should not exceed
10%, that is, for the obtained results, the FN should be
within 29.5...47.8 s.

Considering that all the obtained changes in the
FN of grain relative to the control is in modulus within
1...23 s, that is, within acceptable limits, we can conclude
that there is no effect of EMF grain treatment on the FN
indicator for wheat varieties Guzel, Arista, Obrana 2019
harvest .

In further studies, the changes in FN were
determined in samples of wheat grain of the
Shestopalivka variety treated at different frequencies
after their storage under controlled conditions simulating
different seasons. Untreated grain (control) was stored
under the same conditions for comparison.

The processed grain was stored in the air tem-
perature range of 9 and 23 °C and its relative humidity of
33 and 82.5%, simulating the conditions of active
ventilation and grain storage at different times of the
year.

The processing of grain samples was carried out
on September 22, 2020 and placed for storage in
prepared desiccators. To ensure the ambient temperatures
accepted for research, two desiccators, in which a relative
air humidity of 33% and 82% was created, were placed
in a refrigerator with a temperature of 9 °C, the second
two, in which a relative air humidity of 35% and 82.5%
was created in a thermostat at a temperature of 23 °C.
Each desiccator was loaded with weighing bottles of
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grain about 5 g. The experiments were carried out in 2
parallels.

Grain processing modes, storage conditions and
the obtained results of determining the FN are given in
Table 3. Comparing, as in previous studies, the FN for
other varieties of wheat, it can be seen that the range of
changes in the FN indicators, which will indicate their
significance, when storing processed grain for 6...7
months is 39.2...44.7 s, and when stored for about 13
months is within 42.3...49.5 s. From the Table 3 it can be
seen from the data that significant changes in FN
appeared only in wheat grain of the Shestopalivka variety
treated with an EMF frequency of 30 Hz, which persisted
for 12.8 months at a temperature of 23 °C and a relative
humidity of 35%. At the same time, the FN indicator
decreased by 52 s, which may indicate some activation of
the a-amylase enzyme. The rest of the changes in the FN
relative to the control were within the acceptable limits
of the accuracy of their determination.

The activity of the grain enzymatic system, as
well as the falling number, is also related to the quality of
seed grain, which is characterized by the germination
rate. Wheat grain of varieties Guzel, Arista were

processed on 11/21/2019 with the characteristics
(frequency, magnetic induction and treatment duration)
of ELF EMF taken in the studies, and the Obrana variety
was processed on 12/04/2019 with the same
characteristics. After storage of the treated and control
samples of wheat grain (cultivars Guzel, Arista after 11.1
months, selected after 12.2 months), the laboratory
germination of the studied wheat varieties was
determined using the method described above (DSTU
4138 2002). The data obtained are presented in Table 4.
From the above results of determining the germination of
grain, it can be seen that the untreated samples of wheat
varieties Guzel and Arista had a very low germination
(36 and 26%, respectively). They also reacted negatively
to EMF treatment at all studied frequencies — the
germination decreased by 1.06...1.71 times compared to
the control. This indicates the low quality of such grain
as seed material and the impossibility of improving it
through EMF treatment.

Wheat of the same variety Obrana showed itself
much better, both in the control sample and in the
samples treated with EMF of different frequencies. From
the results of the studies, it can be seen that EMF

Table 2 — Indicators of FN of treated EMF and untreated wheat grains of different varieties
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Table 3 - Change in the falling number (FN) of treated and untreated grain (control) of wheat after
storage under controlled conditions

Storage conditions Duration of || Control, EMF frequencies, Hz
storage, months s 10 || 16 [ 24 | 30 [ 10 16 | 24 | 30
Storage 6-7 months
At the beginning 0 337 Falling number, sec Changes in FN regarding control, s
t=9 °C, ¢=33 % 7.3 411 397 || 412 | 408 | 406 —-14 1 =3 =5
t=9 °C, ¢=82 % 6.1 392 391 || 418 | 406 | 412 -1 26 14 20
t=23 °C, 0=35 % 7.1 447 435 || 417 || 423 | 450 —-12 =30 —24 3
t=23 °C, 9=82.5 % The grain has spoiled
Storage for about 13 months

At the beginning 0 337 Falling number, sec Changes in FN regarding control, s
t=9 °C, ¢=33 % 13.2 433 440 || 449 | 441 | 445 7 16 8 12
t=9 °C, ¢=82 % 13.1 423 449 || 441 | 437 | 432 26 18 14 9
t=23 °C, 0=35 % 12.8 495 502 || 470 || 470 | 443 7 25 25 =52
t=23 °C, 0=82.5 % The grain has spoiled

Table 4 — Germination rates of treated EMF and untreated wheat grain of different varieties

Grain germination, % Changes in grain germination relative to control, %
\\ZEZ?; Control Processing frequency, Hz Processing frequency, Hz
10 16 24 30 10 16 24 30
Guzel 36 34 28 15 21 -2 —8 —21 —15
Arista 26 16 14 11 17 -10 —12 -15 -9
Obrana 80 94 89 88 84 14 9 8 4
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Falling number (NC), s Changes in the FN of grain in relation to control, s
\\]Zﬁzg Control Processing frequency, Hz Processing frequency, Hz
10 16 24 30 10 16 24 30
Guzel 295 314 318 313 313 19 23 18 18
Arista 280 284 274 281 284 4 —6 1 4
Obrana 298 || 478 | 495 | a%2 | 497 20 3 6 0 []
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processing has benefited and the germination scores have
improved. It can be seen that the processing of grain with
the lowest frequency of EMF — 10 Hz, at which the
germination increased by 14%, gave the greatest effect.
Increasing the EMF frequency to 16, 24, and 30 Hz also
led to an increase in germination, but with a lesser effect
— the germination increased by 9, 8, and 4%,
respectively. We also note that the greatest changes in
germination occurred at the lowest frequency of EMF
processing (10 Hz) — the germination increased from
80% to 94%. It can be expected that the future wheat
crop will also increase.

In the wheat samples of the Shestopalivka
variety, treated with EMF on September 22, 2020 and
stored under the controlled conditions described above,
in addition to the FN indicator, another indicator,
important for grain processing, grain vitreousness was
determined using a diaphanoscope. The obtained results
of determining the vitreousness according to GOST
10987-76 depending on the frequencies of EMF

processing and the shelf life of Shestopalivka grain are
given in Table 5.

It can be seen from the obtained data that the
vitreousness of the EMF-treated and untreated wheat
grain after its storage in 14 out of 24 samples decreased
in absolute value compared to the control by 1...17% and
only in 7 samples increased by 1...8%. Considering that
the permissible discrepancies in vitreousness between the
results of the initial and repeated or control
determinations according to GOST 10987-76 should be
no more than 5% (relative), then we can conclude that
EMF processing of grain with a frequency of 10...16 Hz
and after grain storage for 6...13 months is extremely
insignificant. One can only note a steady decrease in
grain vitreousness at all studied frequencies (10...30 Hz),
which persisted for almost 13 months at a temperature of
9°C and a relative humidity of 33%. A significant
increase in vitreousness was noted only in the grain
treated at a frequency of 16 Hz, after its storage for 9.2
months at a relative humidity of 35% and a temperature
of 23 °C.

Table 5 — Change in the total vitreousness of treated and untreated grains (control) of wheat after

storage under different controlled conditions

Duration of Control, EMF frequencies, Hz
Storage conditions storage, months ScC 10 “ 18 “ 24 “ 30 “ 10 " 16 " 24 " 30
Storage for 9 months
Vitreousness, % Changes in control,%
t=9 °C, ¢=33 % 9.6 66 61 68 65 67 =5 2 -1 1
t=9 °C, ¢=82 % 9.4 79 62 80 75 74 -17 1 —4 -5
t=23 °C, =35 % 9.2 53 53 61 47 55 0 8 -6 2
t=23 °C, ¢0=82.5 % The grain has spoiled
Storage for 12-13 months
Vitreousness, % Changes in control,%
t=9 °C, 0=33 % 12.8 52 44 45 40 42 -8 =7 -12 -10
t=9 °C, 0=82 % 12.8 52 54 55 50 52 2 3 -2 0
t=23 °C, ¢=35% 12.4 51 49 49 48 49 -2 2 =3 -2
t=23 °C, 9=82.5 % The grain has spoiled

Conclusions

1. It is shown that the processing of wheat grain
with EMF with a frequency of 10...30 Hz increased the
content of raw gluten by 1.0..3.2% for the Gyuzel
variety and by 1.0...2.6% for the Obrana variety. For
variety Arista, the content of crude gluten increased by
1.0% only when treated with EMF at a frequency of 16
Hz, while at other frequencies, on the contrary, a slight
decrease was noted within the experimental error. For all
studied 3 varieties of wheat, EMF treatment at a
frequency of 16 Hz makes it possible to increase the
amount of crude fiber, depending on the variety, by
1.0...3.2%, which increases the class of grain and is
positive for export batches of wheat grain. However,
EMF grain treatment with a frequency of 16 Hz reduces
the quality of gluten in the Guzel and Arista varieties — it
passes from the 1st (good) to the 2nd (satisfactory strong)
quality group, which is unacceptable for baking wheat.

2. Evaluation of the quality of wheat gluten of
the Shestopalivka variety according to the complex
indicator of sedimentation showed that when stored for
about 8 months at a temperature of 9 °C of the processed

EMF at a frequency of 10...30 Hz, the sedimentation
indicator decreases by 2...6 ml compared to the control
33% and 7...13 ml at 82% humidity. The exceptions are
a frequency of 16 Hz and a relative humidity of 82%, at
which the sedimentation index increases by 3%. When
storing grain at a temperature of 23 °C and a relative
humidity of 35%, the sedimentation index of the control
sample decreases by 5 ml, and in relation to it in the
treated samples it decreases by 0...3 ml.

After storing the treated grain for almost 14
months at a temperature of 9 °C and a relative humidity
of 33%, the sedimentation index increased by 6..9 ml
(by 10.7...16.1%), which indicates an improvement in the
quality of gluten at all studied EMF frequencies. At the
same temperature and relative humidity of 82%, the
sedimentation index decreased by 2..4 ml (by
3.1...6.2%), except for the frequency of 16 Hz, when it
increased by 2 ml (3.1%). When storing grain at a
temperature of 23°C and a relative humidity of 35%, the
sedimentation indica tors were equal to the control,
except for the frequencies of 10 and 24 Hz, at which they
decreased by 1...3 ml (by 1.8...5.4%), respectively.
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3. Studies of the falling numbers (FN) of
samples of wheat varieties Guzel, Arista, Obrana and
Shestopalivka showed that their EMF treatment at a
frequency of 10...30 Hz, a magnetic induction of 10 mT
and a duration of 6 min changes the FN indicator
upwards or downwards only within the limits of
permissible deviations. The exception was a grain sample
of the Shestopalivka variety treated with EMF at a
frequency of 30 Hz. After its storage for 12.8 months at a
temperature of 230C and a relative humidity of 35%, the
FN index decreased by 52 seconds compared to the
control, which may indicate some activation of the a-
amylase enzyme.

4. It was shown that samples of wheat varieties
Guzel and Arista with very low germination (36 and
26%, respectively) reacted negatively to EMF treatment
at EMF frequencies of 10...30 Hz — their germination
decreased by 1.06...1.71 times compared to the control,
which indicates the impossibility of its increase during
the treatment with EMF. In wheat variety Obrana with an

initial germination of 80%, EMF treatment increased the
germination rates. The greatest effect was given by the
treatment of grain with the lowest EMF frequency — 10
Hz, at which the germination increased by 14%, reaching
94%. An increase in the EMF frequency to 16, 24, and
30 Hz also led to an increase in germination, but with a
lesser effect: the increase was 9, 8, and 4%, respectively.

5. It has been established that the vitreousness of
the treated EMF at frequencies of 10...30 Hz of wheat
grain of the Shestopalivka variety after its storage for
9..13 months in 58% of the samples decreased in
absolute value compared to the control by 1...17% and
only in 29% of the samples slightly increased by 1...8%.
However, 67% of all vitreous changes are below the
margin of error. A steady decrease in grain vitreousness
by 2...12% at a frequency of 10...30 Hz was also noted,
which persisted for about 12.5 months at a relative
humidity of 33% and a temperature within 9...23 °C of
grain after storage for 9.2 months at relative humidity
35% and a temperature of 23 °C.
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JOCJII)KEHHS BJACTUBOCTEM 3EPHA IIIEHUIII PI3HOI'O
MNPU3HAYEHHS, OBPOBJEHOI EJJEKTPOMATHITHUM IOJIEM

Anomauis

Haseoeno pezyivmamu 0ocriosicens enaugy erekmpomaciimuozo nona (EMII) ma mpusanocmi 36epiecants 3epHa nuenuyi
copmig ['to3env, Apicma, Obpana ma [llecmonanieka Ha ix mexHono2iuni ma Hacinuesi enacmusocmi. OOpoOIeHHA 3epHA NPOBOOUNU
EMII 3a wacmom 10...30 'y 3 macnimnoro indyxyicto 10 mThn mpusanicmio 6 xs. Ilokaszano, wo obpobra 3epna nwenuyi EMII 36i-
mvwuna emicm cupoi kneiikosunu na 1,0...3,2 % ona copmy Tozens ma na 1,0...2,6 % oas copmy Obpana. [ns copmy Apicma emicm
cupoi kreikosunu 36invuuecs na 1,0 % nuwe 3a 0o6pooxu EMII 3 wacmomoro 16 I'y, a 3a inwux wacmom iOMiueHO 3MEHUUBCS Me-
orcax noxubku. /[nsa exazanux copmis nuenuyi oopooxa EMIT ywacmomoro 16 'y 36inbuye Kinokicms cupoi KIEUKOSUHU 3ANENHCHO 610
copmy na 1,0...3,2 %, wo niosuwye knacnicmo 3epna. Oounak obpobnenns sepna 3 yacmomoro 16 1y snudicye Axicmo K1etKoGUHU Y
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copmax I'ozenv ma Apicma i éona nepexodums 3 1-woi 0o 2-2oi epynu axocmi. Ilpu 36epicanni 6ausvko 8 micsayis 06pobieHo2o
EIIM 3epna nwenuyi nokasHuk ceoumenmayii, Akuii KOMIIEKCHO XapaKmepusye cuiy Gopoutna, 3p0cmae NopieHaHo 3 KOHMPOLeM Ha
3 ma (na 4,6 %) nuwe 3a wacmomu 16 'y npu memnepamypi soepicanns 9 °C i gionocHiti éonozocmi 82 %, a nicis 36epieannsa maii-
orce 14 micayis — 6in 3pocmace na 2 ma (na 3,1 %). 3pocmanus noxasnuxa ceoumenmayii na 6...9 mn (na 10,7...16,1 %) iomiueno 3a
00pooxu sepna 3 wacmomamu EMII 10...30 I'y npu 36epicanns 6ina 14 micayie 3a memnepamypu 9 °C ma i0HocHOi on02ocmi
33 %. 3a inwux ymoe 36epicanna ma wacmom oopodku EMII nokaznux ceoumenmayii modice He 3MiHIo8amucs abo 3MeHULy8amucs
00 13 mn (00 20,0 %), wo 6yoe ceiouumu npo nozipuwienns akocmi knetikogunu. Jocaioicenns yucia nadinna (411) spasxie nuenuyi
copmig I'osens, Apicma, Obpana ma Illecmonaniexa noxasanu, wjo ix oopodaenuss EMII smintoe noxasnux 911 nuwe 6 medxcax npu-
nycmuMux 8i0Xunensb. Buknouenns cxkiae 3pasox zepua copmy Illecmonanisxa obpobrenuit EMIT 3 yacmomoro 30 I'y. Ilicas iioco
sbepiecanns npomsicom 12,8 micsayie 3a memnepamypu 23 °C ma 6ionocnoi eonococmi 35 % noxasnux Y9I nopisusno 3 konmpoaem
smenwuecs na 52 c. 'Y spasxie nmuenuyi copmie I'tozeny ma Apicma 3 nuzvbkoio nouamkoeoio nicis obpobnenns EMII cxoacicme
nopignano 3 konmponem suuzunace y 1,06...1,71 pazie. ¥ nwenuyi copmy Obpana 3 nouamxogoio cxoodicicmio 80 % obpobdnenns
EMII 36invwuno nokasuuku cxoscocmi. Hailbinowuil epexkm 0ano 0bpobnenns 3epua 3 wacmomoro EMII 10 Iy, 3a axoi cxoxcicmo
spocna na 14 %, oocazuysuu 94 %. 36invwenna vacmomu EMII oo 16, 24 ma 30 'y npusseno 0o 3pocmanis cxodcocmi 8ionogiono
na 9, 8 ma 4 %. Cxnosuonicms obpodaenoco EMII 3epua nwenuyi copmy Lllecmonaniexa nicas tiozo 36epicanns enpooosoic 9...13
micayie y 58 % 3paskie smenwunace nopisuano 3 konmponem Ha 1...17 % i nuwe y 29 % 3paskis 30invwunace na 1...8 %. Oonax
67 % ceped 6Cix 3MiH CKIOBUOHOCII MeHUle NPUNYCImUMuX noxubok. Biomiveno cmiiike sHudicenns cknoguonocmi 3epua va 2...12 %
3a yacmom 10...30 I'y, wo 36epicanoce 6ausvko 12,5 micayie 3a eionocnoi éonococmi 33 % ma memnepamypu 6 mexcax 9...23 °C
3uauume spocmanns cknosuoHocmi giomivene auue y obpobnenozo sa yacmomu 16 I'y 3epua, nicaa tioeo 36epicanns 9,2 micayi 3a
8ionocHoi eonozcocmi 35 % ma memnepamypu 23 °C.

Kiro4oBi cjioBa: 3epHO nueHuni, 00podka eJ1eKTPOMArHITHHM 10JIeM, BJIACTUBOCTI, IOKA3HUKHU SAKOCTI, 30epiraHus
3epHa.
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