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Abstract. The paper presents the results of studies of how the 

electromagnetic field (EMF) of extremely low frequencies (ELF), magnetic 

induction of the EMF, and the duration of processing and storage affect the 

quality characteristics of wheat grain of the cultivar Shestopalivka harvested 

in the Odesa Region in 2018, 2019, and 2020. Treatment of grain with the 

EMF of the frequencies 20 and 30 Hz and with magnetic induction of 5 and 

10 mT for 2–20 min reduces the germination capacity of wheat, as compared 

with the control, by 1–12%. As an exception, in several experiments, the 

germination capacity increased. The biggest increase (by 14%) was observed 

when the duration of treatment was 12 minutes, the frequency 30 Hz, and the 

magnetic induction 5 mT. Treatment of grain for 6 min with the EMF at the 

frequencies 10–28 Hz and with magnetic induction showed that at 10, 18–24 

Hz, the germination capacity increased by 1–5%, but after 15 days, at the 

frequency 12–26 Hz, the germination power increased by 1–9%. A month 

later, with the frequency 18, 20, and 28 Hz, the germination power exceeded 

the control by only 2–7%, and after 10 months of storage, only the 

experiment with the frequency of treatment 24 Hz was at the control level. 

With all other frequencies, there was a significant decrease in grain 

germination. It has been established that treating grain 15 days prior to 

sowing at 14–22 Hz increases the germination capacity by 7–9%, and it 

reaches the values 92–94%. In the grain treated with the EMF at 10–30 Hz 

and stored for 14 months at the controlled air temperature 9–23°C and the 

relative humidity 33–82.5%, the protein content on a dry basis did not change 

compared with the control (16.5%). Storage of grain treated for 6 minutes 

with an EMF at 10–30 Hz, the magnetic induction being 10 mT, allows 

increasing the gluten content by 1.07–1.21 times, as compared with the 

control. The biggest increase in the amount of gluten is achieved at the 

frequency 16 Hz. Even under unfavourable conditions, at the temperature 

23°C and relative air humidity 82.5%, the gluten quality goes up by 27.65 

conditional units of the device VDK (1.49 times) and becomes as high as the 

gluten quality of grain that was preserved under far better conditions, at 9°C 

and the humidity 33 %. When grain is EMF-treated for 6 min at 10–30 Hz, 

with the magnetic induction being 10 mT, under different storage conditions, 

this most often affects the content of stearic and gondoic acids. The biggest 

changes in them were noted during storage at 9°C and the relative air 

humidity 82%: gondoic acid increased by 12.5–18.7%, and stearic acid 

decreased by 15.5–25.0%. Under any other conditions of EMF treatment and 

storage of wheat grain, changes in fatty acids are within the allowable error. 
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Introduction. Formulation of the problem 
 

The properties of the electromagnetic field (EMF) 

have long been used in various technologies and 

economic activity. Almost as early as the first EMF 

generators appeared, the study of its effect on 

biological objects began. It is known that such 

characteristics as the frequency (or a related parameter, 

the wavelength), dose, and duration of irradiation 

determine how effectively the EMF acts on living 

organisms, in particular, on cereal crops. By now, it 

has been studied quite fully how they are affected by 

the EMF of significant intensity that causes certain 

thermal effects in biosystems [1,2]. 

http://creativecommons.org/licenses/by/4.0
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In recent decades, a significantly increased interest 

has been aroused by the problem of how to use the 

EMF for agricultural purposes, in particular, for the 

processing of grain and seeds of various crops. The 

high sensitivity of seeds of agricultural crops and 

plants to changes in the geomagnetic field and the 

impact of the artificial EMF on them is indisputable, 

since it is confirmed by many studies [3,4]. 

Scientists from China, Iran, India, Morocco, and 

Brazil made a large and in-depth review of articles 

published in 1976–2020 and devoted to the use of the 

EMF. This review shows that in recent decades, more 

and more attention has been paid to studying and 

applying the EMF in agriculture, in particular, in 

presowing treatment of grain, with different types of 

magnetic fields (MF) used. The authors concluded that 

a better understanding of the correlation between the 

MF and a plant’s response can revolutionise crop 

production by making it possible to increase resistance 

to diseases and stress conditions. Also, a good 

knowledge of the benefits of using nutrients and water 

will lead to an increase in crop yields [5]. 

However, information on treating grain with an 

electromagnetic field (EMF) is rather contradictory. 

Various authors suggest quite a range of parameters of 

electric and magnetic fields to be used for this 

treatment. So far, it has not been studied enough how 

crops are affected by weak, low-intensity fields (of a 

non-thermal nature). This motivated us to carry out our 

experimental studies. 
 

Analysis of recent research and publications 
 

Most publications devoted to using the EMF in 

agriculture focus on how to improve the seeding 

properties of grain of different crops, thus increasing 

yields and raising the efficiency of using the seed 

stock. The studies also consider the effect of the EMF 

on biochemical processes during grain germination and 

on activation of the germinating ability of seeds of 

different crops [6]. In the last decade, interest has 

increased in works related to treating agricultural raw 

materials with low-frequency EMF, in particular, in the 

extremely low frequency range (ELF) – from 3 to 30 

Hz, the effect of which is so far understudied [7]. 

The use of low-frequency electromagnetic fields 

in presowing preparation of seeds is an effective 

technique to increase the germination capacity and 

productivity of plants. It was established that a low-

frequency EMF used on seeds increased the 

germination energy and laboratory germination of 

treated seeds of peas, barley, and spring wheat by 2–

4%. The field germination capacity of treated pea seeds 

exceeded the control by 6%, that of barley by 5%, and 

that of spring wheat by 4%. The increase in the yield of 

peas, compared with the control, was 0.22 t/ha (8.5%), 

in that of barley 0.27 t/ha (9.7%), in that of spring 

wheat 0.25 t/ha (8.4%) [6]. 

The paper by Indian scientists describes the 

results of experiments to study the effect of low-power 

microwave radiation on the germination and growth 

rate of various seeds, including wheat. The bioeffects 

of low-power microwaves (of non-thermal intensity) 

modulated by a square wave with the frequency 1 kHz 

were studied. During the irradiation of the seed 

samples, such microwave parameters as frequency, 

power, energy flux density, and exposure time were 

varied to study their effect on germination. It was 

found that the effects of various treatments stimulated 

the germination and growth of plant seedlings, 

especially with intensive and prolonged treatment, 

while increasing the frequency and energy flux density 

reduced seed germination and seedling vigour. The 

effect also depended on the nature of the seeds [8]. 

Studies of the influence of the magnetic field on 

the seeds and yield of barley, wheat, and oats, carried 

out in the south of Alberta (Canada), showed that it did 

not affect the yield of oats, but increased the yield of 

barley in most experiments with winter and spring 

wheat. The treatment time, strength of the magnetic 

field, and type of the equipment used had no 

significant impact on the plant growth and grain yields 

of the studied crops [9]. 

The Pakistani scientists studied how magnetising 

seeds and water stimulated the germination of wheat 

seeds with low moisture content and growth vigour 

(45%). It was concluded that wheat seeds with low 

vigour could be stimulated with magnetised water [10]. 

The researchers [11] show that treating seeds of 

cultivated plants with a low-frequency EMF leads to a 

15–40% increase in their yield. The authors developed 

a technological construction for processing seeds in a 

combine harvester. Laboratory analysis of the quality 

of grain processed in the combine and 3 months after 

threshing showed that the suggested technology 

increased the germination capacity of seeds by 6–20%. 

The optimal parameters for EMF processing were the 

frequency 16 Hz and the magnetic induction 6 mT. 

The publications describe different modes of EMF 

processing of grain. Thus, the Iranian researchers 

studied the effect of pulsed treatment of wet and dry 

seeds of canola and maize with a low-frequency EMF 

(15 min treatment, 15 min pause). The magnetic 

induction of the EMF ranged 1 to 7 mT, in increments 

of 2 mT, and the maximum intensity was 10 mT for 1 

to 4 hours, in increments of 1 hour. All results showed 

that the wet and dry seeds treated responded differently 

to the EMF as biotic stress. Applying an EMF with the 

intensity 10 mT to treat wet seeds caused a decrease in 

the growth and weight of both fresh and dry canola 

biomass, while the same treatment of maize caused an 

increase in the weight of fresh and dry biomass [12]. 

There are a number of hypotheses that can 

explain the mechanism of EMF action on 

physicochemical and biological systems, as well as 

changes in their properties and individual quality 

indicators. However, the scientific literature most often 

discusses hypotheses based on resonance phenomena 

of different nature [13]. 



Технологія і безпека продуктів харчування / Technology and safety of food products 

 

 

Харчова наука і технологія / Food science and technology 73 Volume 16 Issue 1/ 2022 
 

An example is a review article by scientists from 

Serbia and Romania, which provides literature data on 

the classification of EMF and the results of 

experiments indicating an increase in the yield and 

protein content. Based on the RIES method (resonant 

impulse electromagnetic stimulation) developed at the 

Faculty of Agriculture of the University of Novi Sad, 

the researchers came to conclusions about how an ELF 

EMF affected different types of crops [14]. 

According to the studies conducted at the Joint 

Institute for Nuclear Research (Dubna), the biological 

effects of a magnetic field are determined not by the 

absolute value of its strength, but by the change in the 

latter in space and time [15]. 

The mechanism of action and the reasons for the 

change in the quality of MF-treated wheat grain were 

investigated by the scientists [16] in their two-year 

study of wheat seeds of the variety Zorya. In the 

experiments, the grain was treated with an alternating 

magnetic field, with the frequency 30–33 Hz, the 

strength 30 mT, and a shape close to sinusoidal. It was 

shown that short-term treatment with a low-frequency 

magnetic field led to an increase in the germination 

capacity and germination rate of seeds. As established 

by the researchers, the high sensitivity of wheat seeds 

to a low-frequency magnetic field is due to a change in 

the pH and the release of proteins that more quickly 

bring seeds out of dormancy, stimulate the 

development of recovery processes in them, and 

restore the barrier function of membranes, thus 

increasing the germination capacity of old seeds. 

Protein changes are discussed in the paper by a 

group of Chinese scientists [17]. They considered the 

effect of electric fields and EMF on the protein 

structure and concluded that these factors could cause 

conformational changes in protein and thus affect the 

functional properties of proteins for the food industry. 

In the researchers’ opinion, active research in this 

direction should be continued. 

Another publication, too, is focused on the 

change in the chemical composition that results from 

treating wheat grain. The results obtained by Polish 

scientists in studying the effect of EMF on seeds and 

seedlings showed that it was still impossible to draw 

unambiguous conclusions about its effect. Seeds are an 

extremely complex system, and biological processes in 

them run in parallel and can react differently not only 

to the EMF, but also to environmental parameters. The 

researchers showed not only an increased effect of the 

EMF on the yield of wheat, but also changes in its 

chemical composition (a higher content of gluten and 

starch) [18]. 

An increase in minerals and protein is described 

in the article by Indian scientists. The researchers 

studied five cultivars of the mung bean after three 

different treatments with the sinusoidal magnetic field 

(SMF) of extremely low EMF frequency. Portions of 

fresh mung bean seeds were exposed to the EMF for 5 

hours a day during 15 days. Untreated seeds served as 

controls. In the experiments, the mineral substances 

and protein content were determined. The seedlings 

showed an 8.3% increase in protein when treated at 10 

Hz and a 7.2% increase at 50 Hz, compared with the 

corresponding controls [19]. 

A method and modes of presowing treatment of 

grain of different crops were suggested, allowing not 

only increasing its germination power and the 

productivity of the production line, but also extending 

the storability of grain. To this end, before sowing, 

seeds were treated for 40–60 min with a constant 

magnetic field and simultaneously with an EMF, with 

phase-modulated ELF waves, the field strength being 

120–1400 A/m. besides, a method was suggested for 

prolonging the storage period of agricultural raw 

materials, including grain seeds, under the influence of 

a low-frequency electromagnetic field (LF EMF) [20]. 

Domestic scientists, too, study the effect of the 

EMF on grain quality. A group of Ukrainian scientists 

[21] studied how water-thermal treatment and the 

duration of electromagnetic irradiation affected the 

yield and quality of rolled wholegrain groats from 

emmer wheat. A significant effect of electromagnetic 

radiation on the grain yield was established. The use of 

optimal grain treatment parameters (moistening by 

1.0%, EMF irradiation for 80–100 seconds) results in 

as high a yield of high-quality rolled wholegrain groats 

as 91.7–92.3%, with the culinary score 7.3 points. 

Thus, a review of the literature has shown that 

EMF treatment is widely used in the presowing 

treatment of grain of different crops and allows 

heightening the germination capacity of the grain 

treated and, accordingly, increasing grain production. 

There are data on possible changes in certain 

technological parameters of the quality of treated grain 

(protein, gluten, nutritional value of grain processing 

products, storability).  

Of all the existing methods and modes of EMF 

grain treatment, in recent years, the focus has mainly 

been on the use of its extremely low frequency range, 

which has a number of advantages: it is close to that of 

the geomagnetic field of the Earth, and is thus safer, it 

consumes less power, grain treated in this frequency 

range is not heated, etc. 

Along with this, it has been shown that there are a 

number of unresolved problematic issues. They are 

related to clarifying the mechanisms of the action of 

the EMF on grain, improving its quality and storability, 

and determining the possibilities for further application 

of modern electrophysical methods of grain processing. 

All this confirms that research on the effect of the EMF 

on the quality of wheat grain is important for the 

country’s grain industry and so should be continued. 

The purpose of the work is to find out the 

regular patterns in the effects that the EMF of 

extremely low frequency has on the main qualities of 

wheat grain intended for sowing and food purposes, 

which will improve its quality and the efficiency of its 

storage and use. 
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Research objectives. To achieve the purpose of 

the work, the following research objectives were set: 

1) to determine how frequency, magnetic 

induction, and duration of treating grain with the EMF 

of an extremely low frequency range affect the main 

characteristics of wheat grain quality (germination 

capacity, protein content, quantity and quality of 

gluten, fatty acid composition); 

2) to investigate changes in the main parameters 

of wheat grain quality in the course of EMF treatment 

and storage. 
 

Research materials and methods  
 

The experimental studies were carried out on 

wheat grain of the cultivar Shestopalivka grown in the 

Odesa Region and harvested in 2018, 2019, and 2020. 

Wheat grain samples were treated with the EMF of 

an extremely low frequency range, with different 

magnetic induction and duration of processing and 

storage, to determine a number of its quality 

parameters: germination capacity, content and quality 

of protein and gluten, fatty acid composition. 

EMF treatment of grain at ELF. The wheat grain was 

treated on a test installation. It consisted of a cylindrical 

polymer tube (grain container), a solenoid coil, an GZ-

112/1, and a low-frequency power amplifier. The output 

signal of the oscillator was set in the form of a sinusoid 

and controlled with an oscilloscope S1-78. 

The studies were carried out in the range of 

extremely low frequencies of the EMF varied within 

the limits ν=10–30 Hz, the values of which were set 

with the electromagnetic oscillator GZ-112/1. 

The magnetic induction (B) of the EMF during 

grain treatment was constant and equal to 5 mT and 10 

mT. The current intensity in the test installation 

required to provide this magnetic induction was 0.5 A 

or 1 A respectively. To this end, before each 

experiment on grain treatment, the required current 

intensity was adjusted by means of the low-frequency 

amplifier and then controlled with a universal 

(combined) digital voltmeter B7-38. 

The duration of EMF treatment of grain in the 

experiments varied within τ=2–20 min. The quality 

parameters of treated and untreated (control) grain were 

determined immediately after EMF treatment, and then 

after storage under different conditions for up to 15 

months. 

Storage of grain under controlled conditions. To 

store grain under controlled conditions, a given 

temperature and relative air humidity were maintained 

in desiccators, simulating the conditions of grain 

storage at different times of the year. The required 

temperature was set in a thermostat and a refrigerator 

and controlled with thermometers TU 25-1102.043-83 

TC-4 Mk 0-100°C with 1°C divisions. 

To create a certain relative air humidity, about 1–2 

dm
3
 of sulphuric acid solution of the required density 

was poured into the desiccators, which provided the 

above values of relative air humidity (33%, 35%, 

82.0%, and 82.5%). For more accurate results, the 

concentration of sulphuric acid solutions in desiccators 

was prepared taking into account the dependence of its 

density on the temperature [22]. The density of 

sulphuric acid and its solutions was controlled using a 

set of hydrometers. 

Determination of the seeding properties of wheat 

grain. The seeding properties of the grain were 

characterised by the parameter of laboratory 

germination capacity determined according to DSTU 

(State Standard of Ukraine) 4138-2002 ―Seeds of 

agricultural crops. Methods for determining quality.‖ 

The method consisted in germinating wheat grain 

under optimal conditions for 8 days. Filter paper was 

used as a substrate, the germination temperature in the 

thermostat was stable, equal to 20±2°C, the analysis 

was carried out in the dark, and the counting was 

performed on the 8
th

 day. Permissible deviations of the 

germination ability from the average value in 

individual samples were within the limits provided for 

by DSTU 4138-2002. 

The crude protein content was determined by the 

standard Kjeldahl method with a nitrogen analyser 

Kjeltec™ 8400 (FOSS Analytical AB, Sweden). The 

principle of the method is as follows. Nitrogen of the 

organic compound of grain, when heated with 

concentrated sulphuric acid in the presence of 

catalysts, is converted into ammonium sulphate. 

Ammonia is displaced from it with a concentrated 

alkali and is distilled off into the receiver with a certain 

volume of titratable acid. After displacement of 

ammonia ends, the amount of acid remaining in the 

receiver is measured, from which the amount of 

ammonia in the sample and, consequently, the amount 

of bound nitrogen in the object tested are calculated. 

Method of determining the quantity and quality 

of gluten (GOST (State Standard) 13586.1-68 ―Grain. 

Methods of determining the quantity and quality of 

gluten in wheat‖). ISO 21415-1:2006, IDT 

To determine the quantity of gluten, the ground 

grain (meal) 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 

covered with water. To knead dough from a 25 g 

sample, 14 cm
3
 of water is required. After that, dough 

is kneaded. 

The ball-shaped dough is placed in a cup and 

covered with glass (or another cup) for 20 minutes. 

After that, the gluten is washed out under a weak flow 

of tap water over a dense silk or nylon sieve, while 

slightly stirring the dough with fingers. At first, 

washing is carried out carefully, not allowing pieces of 

dough to come off together with starch and hulls, and 

more vigorously after starch and hulls are removed. 

Pieces of gluten that have torn off by accident are 

collected and added to the total gluten mass. 

Having finished washing out the gluten, it is dried 

by squeezing between the palms, which are from time 
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to time wiped dry with a towel. The squeezed gluten is 

weighed and washed again for 2–3 minutes. Then, 

again, it is dried by squeezing and weighed. Washing 

of gluten is considered complete if the difference in its 

weight after two weighings is not more than 0.1 g. Raw 

gluten is expressed in mass fractions, as a percentage 

of the weighed sample of crushed grain (meal). 

To knead the dough, wash out gluten and 

determine its quality, ordinary tap water is used, the 

temperature of which should be 18±2ºС. 

The quality of gluten is understood as a complex 

of its physical properties: extensibility, elasticity, 

viscosity, ability to retain physical properties over 

time. The elastic properties of gluten were determined 

in the conditional units of the scale of the instrument 

VDK-3 M (gluten deformation meter). 

A 4 g piece is separated from the washed gluten, 

kneaded 3–4 times with fingers, shaped into a ball, and 

placed for 15 minutes into a container with water, the 

temperature of which must be 18±2 °С. If the gluten 

after washing is a spongy mass easily torn apart and 

does not form a ball, then it is classified as belonging 

to group 2 without determining the quality with the 

device. 

After 15 minutes of soaking in water, the gluten 

ball is placed in the centre of the table of the VDK-3M, 

and the Start button is pressed to switch on the time 

relay. The punch falls freely on the gluten and 

compresses it. On the display panel of the device, a 

number appears indicating the value of the elasticity of 

the gluten sample under study in the conventional units 

of the scale of the device. 

Permissible discrepancy for the gluten quantity 

is ± 2.0% and for the quality of gluten ±5 VDK units. 

The fatty acid composition of the wheat grain 

treated with the ELF EMF was determined by gas 

chromatography. The samples were prepared according 

to the guidelines in ISO 12966–2:2011 ―Animal and 

vegetable fats and oils – Gas chromatography of fatty 

acid methyl esters – Part 2: Preparation of methyl ester 

of fatty acids.‖ 

For analysis, a 1.0 g sample taken from grain 

ground in a laboratory mill LMT-2 is placed into a 

glass test-tube, covered with 10 ml of isooctane (2,2,4-

trimethylpentane) poured in, closed with a stopper, and 

vigorously stirred for 1 min. Next, 2 ml of the extract is 

taken and transferred to a glass test-tube with the 

addition of 100 μl of 0.2 mol/l potassium methoxide 

solution. The solution is vigorously stirred for 1 min. 

Then it is allowed to stand for about 2 minutes, after 

which 2 ml of sodium chloride solution (40 g of NaCl 

in 100 ml of distilled water) are added, and the mixture 

is lightly stirred. After settling the solution, the upper 

organic layer is taken with a pipette, transferred to a 

test-tube, and about 1 g of sodium bisulphate is added, 

while the mixture is stirred. Then, using a pipette, part 

of the liquid (about 0.5 ml) is transferred into a vial, 

which is closed with a cap. The liquid is then examined 

on a gas-liquid chromatograph Agilent 7890 A 

according to ISO 12966–4 First edition 2015–06–01 

―Animal and vegetable fats and oils – Gas 

chromatography of fatty acid methyl esters – Part 4: 

Determination by capillary gas chromatography.‖ 
 

Results of the research and their discussion  
 

Study of the effect of treating wheat grain with 

the ELF EMF on its seeding properties.  
In the first two series of experiments conducted, 

respectively, on 11 March 2019 (series 1) and 26 March 

2019 (series 2), we studied how the germination capacity 

of wheat grain of the cultivar Shestopalivka (harvested 

in 2018) depended on the characteristics of the EMF (the 

magnetic induction B and the frequency of the EMF) and 

the duration of the treatment of grain τ. 

The moisture content of the grain in the 

experiments was 12.1%. In series 1, the magnetic 

induction B was taken at the level 10 mT, the EMF 

frequency was 20 and 30 Hz, the treatment duration τ 

varied from 2 minutes to 10 minutes, in increments of 

2 minutes.  

In series 2, the wheat grain was EMF-treated at 

the same frequencies (20 and 30 Hz), but at the 

magnetic induction B 2 times as low, 5 mT. Besides, 

experiments were added with the treatment durations 

12 and 20 minutes, but as only a limited number of 

samples could be placed in the thermostats for grain 

germination, 8 minutes’ treatment of a grain sample 

was excluded. 

In all treated wheat samples and in the control one 

(not treated), the germination power of the grain was 

determined by the method described above. Based on 

the results obtained, histograms were constructed 

(Fig. 1), which give a clear view of the changes in the 

germination capacity of the grain depending on the 

EMF treatment modes. 

As can be seen from the histograms, the 

germination capacity of the EMF-treated wheat grain 

depends on all the considered factors of an operational 

mode: duration of the EMF treatment, its magnetic 

induction, and frequency. 

Treatment of grain with the EMF with the 

magnetic induction 10 mT (Fig. 1a) and the frequency 

20 Hz for 2–10 minutes in all experiments reduced its 

germination ability, as compared with the control 

(untreated grain), by 3–25% (in absolute value). But 

after EMF-treating the grain at 30 Hz, the nature of the 

impact on the germination ability is different. When 

the grain was treated for 2, 8, and 10 minutes, the 

germination capacity increased by 2–12% compared 

with the control.  
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a) series 1 – magnetic induction B = 10 mT b) series 2 – magnetic induction B=5 mT 

Fig. 1. Comparative results of the germination capacity of the wheat grain Shestopalivka harvested in 2018, 

depending on the duration of treating the grain with the EMF at various magnetic induction and frequency 

And only with the duration of treatment within  

4–6 min, a slight decrease in the germination capacity 

was observed (by 1–5%). That is, treatment of grain 

with the EMF frequency 30 Hz for 2, 8, and 10 minutes 

at the magnetic induction 10 mT leads to an increase in 

its germination capacity, as compared with the control 

(grain not treated with the EMF). 

Treatment of the grain with an EMF at a lower 

magnetic induction, which was 5 mT (Fig. 1b), gave a 

smoother pattern of fluctuations in the germination 

power, as compared with the control. EMF treatment at 

the frequency 20 Hz and the magnetic induction 5 mT 

for 2–20 min slightly changed the germination power 

of the grain: its variances, as to the control (75%), were 

–4–+1%, which lies within the permissible errors.  

At the EMF frequency 30 Hz, the germination capacity 

only increased with the treatment duration 12 minutes 

and reached 96% (in the control sample, it was 82%). 

With another treatment duration, the germination 

capacity of the grain sample was lower than that of the 

control by 4–12%. 

To study how different periods of storage of EMF-

treated grain tell on its germination, the following two 

series of experiments were conducted: on 7 October 

2019 (series 3) and on 8 November 2019 (series 4). 

Wheat grain was treated with the EMF  

for 6 min at the magnetic induction 10 mT, and the 

frequency varied from 10 to 30 Hz, in increments  

of 2 Hz. 

In series 3, the wheat grain was treated with the 

EMF, its germination capacity was determined 

immediately after treatment and checked again 15 days 

after the treatment. In series 4, the grain was EMF-

treated according to the same modes as in series 3, but 

its germination power was determined after a 

significantly longer storage period, one month and then 

10 months after the treatment. To compare the changes 

in the grain germination capacity, it was also 

determined in the control (untreated) samples at the 

same time. The obtained results of determining the 

germination capacities of the wheat grain are shown in 

Fig. 2. The letter С indicates the value of the 

germination ability of the control sample. 
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Fig. 2. Changes in the germination capacity of treated wheat grain depending on the frequency  

of the EMF and the duration of grain storage  
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From these histograms (Fig. 2a), it can be seen that in 

the grain treated with the EMF at 10 Hz and 18–24 Hz, 

the germination ability, which was determined 

immediately after the treatment, exceeded that of the 

control samples by 1–5%. However, as early as 15 days 

after the treatment, the germination capacity, as compared 

with the control, increased significantly (up to 9%) at 

almost all studied frequencies in the range 12–26 Hz. The 

exceptions were the frequency 10 Hz, where the 

germination capacity did not change, and the frequencies 

28 and 30 Hz, where it slightly decreased (by 1–5%). That 

is, by EMF-treating wheat grain 15 days before sowing at 

14–22 Hz, it is possible to increase its germination 

capacity by 7–9% and reach the values 92–94%. 

The results of the second series of experiments 

(Fig. 2b) have shown that after a month’s storage of the 

EMF-treated wheat grain, its germinating capacity 

decreased by 2–22% at some frequencies, as compared 

with the control (85%), but nevertheless, at 18, 20, 28, 

and 30 Hz, it exceeded the control by 2–7%. The 

biggest increase in the germination power (by 7%, up 

to 92%) was achieved at the EMF frequency 20 Hz, 

and the biggest loss of the germination power (by 22%, 

up to 63%) was observed at 22 Hz. However, after 10 

months’ storage of the treated wheat grain, the 

germination capacity of the control (non-treated) 

sample decreased from 85% to 71%. But when the 

treatment frequency was 24 Hz, the germination 

capacity of grain did not change and remained at the 

level 85%. 

Thus, by treating the grain with the EMF with the 

frequency 20 Hz, both after 15 days and after a month, 

it is possible to increase the germination ability of 

wheat by 9–7% compared with the control and reach 

the values, respectively, 94–92%. 

Effect of EMF treatment of wheat on the protein 

content. The wheat grain of the cultivar Shestopalivka 

harvested in 2020, with the moisture content 11.8%, 

was treated on 22 September 2020 for 6 min at the 

magnetic induction 10 mT and the EMF frequencies 

10, 16, 24, and 30 Hz. Samples of the treated and 

untreated (control) grain were stored at the controlled 

temperature and relative humidity. The protein content 

in the wheat grain samples put up for storage was 

determined in the period from 7 November 2021 to 23 

December 2021, that is, after 13.7–15.2 months of 

storage. The crude protein content on a dry basis was 

determined by the standard Kjeldahl method described 

above with a device Kjeltec (manufactured by FOSS). 

The results obtained are presented in Table 1. 

As the results of the experimental studies have 

shown, in the grain samples treated with the ELF EMF 

at 10–30 Hz and then stored for 13.7–15.2 months 

under controlled conditions of various temperatures 

and relative humidity, the protein content on a dry 

basis (compared with the control) did not change. 

The quantity and quality of raw gluten in the 

wheat grain are important indicators of its quality in 

Ukraine and other post-Soviet countries. The effect of 

EMF treatment of wheat grain was studied at the next 

stage of the experimental research. Wheat grain of the 

cultivar Shestopalivka harvested in 2020 was treated 

on 22 September 2020, as in the previous series of 

studies, under the same characteristics of the ELF EMF 

(frequencies, magnetic induction, and duration of 

processing) stored for the same time under the same 

controlled storage conditions. The quantity and quality 

of raw gluten were determined according to the above-

mentioned GOST 13586.1-68. The results obtained are 

presented in Table 2. 
 

Table 1 – Protein content (on a dry weight basis) in the control and the EMF-treated wheat grain samples after storage 

under controlled conditions for 13.7–15.2 months 

Storage conditions Control 
EMF frequency, Hz 

10 16 24 30 

t, °С φ, % Crude protein content, % 

9 33 16.5 16.5 16.5 16.4 16.3 

9 82 16.5 16.2 16.5 16.5 16.5 

23 35 16.4 16.2 16.3 16.5 16.5 

23 82.5 16.6 16.5 16.6 16.6 16.6 
 

Table 2 – Quantity and quality of gluten in the EMF-treated wheat grain after its storage under controlled 

conditions for 15 months 

Storage 

conditions Control EMF frequency, Hz 

t, °С φ, % 10 16 24 30 10 16 24 30 

 

Gluten content, % Changes, as compared with the control, % 

9 33 38.9 37.8 38.3 39.9 38.4 –2.78 –1.54 2.57 –1.13 

9 82 38.4 37.9 38.2 38.3 37.8 –1.15 –0.52 –0.10 –1.36 

23 35 40.0 39.2 39.8 39.6 38.9 –1.90 –0.30 –0.80 –2.70 

23 82.5 28.0 30.4 33.8 32.3 30.1 8.57 20.71 15.36 7.50 

 

Gluten quality, units VDK Changes, as compared with the control, % 

9 33 112 124 116 117 110 9.88 3.56 4.09 –2.36 

9 82 116 118 113 118 112 1.63 –2.66 1.72 –3.78 

23 35 108 99 110 105 112 –8.40 1.48 –3.00 3.32 

23 82.5 77 88 115 115 90 14.29 49.35 49.35 16.88 
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From these data, it can be seen that the quantity and 

quality of gluten of the EMF-treated and untreated 

(control) grain vary depending on the frequency of the 

EMF and, to a greater extent, on the grain storage 

conditions. Unfavourable storage conditions – elevated 

temperature (23°C) and high relative humidity of the air 

(82–82.5%) – have an especially big effect on the quantity 

and quality of gluten of both treated and untreated grain. 

Processing of the obtained data by the method of 

least squares has made it possible to visualise the effect of 

the temperature and relative air humidity on the changes 

in the quantity and quality of gluten of the untreated 

wheat grain (control), which are shown in Fig. 3. 

Fig. 3 clearly shows that the temperature and 

relative humidity of the air have an ambiguous effect 

on the change in the gluten content. Thus, due to the 

low relative humidity (35%), with an increase in the air 

temperature from 9°C to 23°C, the gluten content 

practically does not change. But when grain is stored at 

high relative air humidity (82.5%), the same increase 

in the temperature leads to a significant decrease in the 

amount of gluten (almost by 10%, from 38.4% to 

28.0%). 

If we consider the effect of relative humidity on 

the change in the gluten content, it can be seen that at 

low storage temperatures (9°C), an increase in the 

relative humidity from 35% to 82% practically does 

not change the gluten content. However, when grain is 

stored at 23°C, an increase in the relative air humidity 

from 35% to 82.5% leads to a sharp decrease in the 

gluten content – from 40.0% to 28.0% (by 1.43 times). 

A similar effect produced by the storage conditions 

of untreated wheat grain is also observed in relation to 

changes in the quality of gluten. This effect is visualised 

in Fig. 3b. With a simultaneous increase in the 

temperature and relative humidity, the quality of gluten 

rapidly decreases. At the relative air humidity 82.5%, an 

increase in the storage temperature from 9°C to 23°C 

leads to a deterioration in the quality of gluten from 116 to 

77 VDK units (by 1.51 times). When grain is stored at 

9°C, an increase in the relative air humidity from 33% to 

82% practically does not change the quality of gluten: it 

remains within 112–116 VDK units, that is, within the 

permissible error of its determination. 

The frequency of the EMF during the treatment of 

wheat grain also affects the quantity and quality of 

grain stored under controlled conditions, as can be seen 

from Fig. 4. 
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Fig 3. Effect of the temperature and relative air humidity on the changes in the quantity and quality of 

gluten of the untreated wheat grain (control) after storage for 14 months under controlled conditions  
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An analysis of the histograms (Fig. 4) shows that the 

greatest decrease in the amount of gluten, in comparison 

with the control, occurred after storage of the EMF-

treated wheat grain at the temperature 23°C and relative 

humidity 82.5%. However, storage of the grain EMF-

treated at the frequencies 10–30 Hz under these 

conditions allowed increasing the gluten content, as 

compared with the control (28.0%), by 2.1–5.8%, or by 

1.07–1.21 times. The greatest positive effect on the 

increase in gluten (from 28.0% to 33.8%) was obtained 

when the grain was treated with an EMF with the 

frequency 16 Hz, and a slightly smaller effect (from 

28.0% to 32.3%) resulted from treating the grain at 24 Hz. 

A similar effect on the gluten quality of the EMF-

treated grain was observed after the treated grain was 

stored under the same unfavourable conditions (at the 

temperature 23°C and relative humidity 82.5%). When 

treating the grain at the EMF frequencies 16 Hz and 24 

Hz, the gluten quality index was higher than in the control 

by 27.65 VDK units (by 1.49 times) This was practically 

at the level of the quality indicators of grain stored under 

much better conditions – 9°C and the humidity 33%. 

At the last stage of the experimental studies, it was 

studied how EMF-treatment at ELF affected the fatty acid 

composition of wheat grain of the cultivar Shestopalivka 

harvested in 2020. 

The treatment was carried out on the above-

described test installation with the following EMF 

parameters: the magnetic induction in all experiments was 

10 mT, the treatment time was 6 min, and the treatment 

frequencies were 10, 16, 24, and 30 Hz. 

The grain was treated with the ELF EMF on 22 

September 2020 (series 5). In the treated and untreated 

(control) wheat samples, gas chromatography was used to 

determine 6 essential fatty acids corresponding to the 

chemical composition of wheat grain [23], in particular, 

saturated (palmitic, stearic), monounsaturated (oleic, 

gondoic), and polyunsaturated (linolenic, α-linolenic). 

The determination of these fatty acids was carried out in 

stages: for the conditions of t=23°C, φ=35%, τ=12.47 

months (01/10/2021); for the conditions t=9°С, φ=33%, 

τ=12.90 months (17/10/2021); for the conditions t=9°C, 

φ=82%, τ=13.00 months (14/10/2021); for the conditions 

t=23°C, φ=82.5%, τ=13.00 months. (17/12/2021). 

The grain storage conditions and the results of the 

chromatographic analysis to determine the fatty acid 

composition of the untreated (control) samples of wheat 

grain are summarised in Table 3.  

From these data, it can be seen that in the untreated 

wheat grain stored under various controlled conditions for 

12.47–15.00 months, the content of individual fatty acids 

remained practically unchanged. Residues that remained 

unidentified when determining fatty acids in the control 

samples and in the EMF-treated ones (at 10–30 Hz) were 

in the range 0.1–0.8%. 

To visualise the effect of treating grain with the 

EMF at the frequencies 10–30 Hz, the relative deviations 

(rel. dev., %) of the fatty acid content have been 

determined in comparison with the control, and based on 

them, the corresponding histograms have been 

constructed for each variant of the storage 

conditions (Fig. 5). 

It can be seen that the contents of fatty acids detected 

in the EMF-treated wheat samples differ to a different 

extent, and individual fatty acids can both decrease and 

increase, compared with the untreated grain (control). It 

can also be seen that changes in the content of individual 

fatty acids depend not only on the frequency of the EMF, 

but also on the conditions and duration of grain storage. 

Analysis of the histograms has shown that after 

12.47 months of storing the EMF-treated grain under 

warm and dry conditions (t=23°C, φ=36%), its fatty acid 

composition, compared with the control (untreated grain), 

changed in varying degrees (Fig. 5a). Only the relative 

content of gondoic acid increased slightly during EMF 

treatment with the frequency 16 and  

24 Hz (by 3.6% and 6.2% respectively). The content of 

stearic acid decreased to somewhat bigger extent: at the 

frequency 10, 16, 24, and 30 Hz, respectively, by 8.3, 4.9, 

14.6, and 11.9%. 

The treated grain stored for 12.90 months under cool 

and dry conditions (t=9°C, φ=33%) showed an increase in 

the same gondoic acid. At the frequencies 16, 24, and 30 

Hz, its relative content increased, respectively, by 10.55.3 

and 13.2%, and at the same frequencies, the content of 

stearic acid decreased by 5.7, 8.5, and 11.3%. 

The greatest changes in fatty acids in comparison 

with the control occurred during storage of the treated 

grain for 13 months under cool but humid conditions 

(t=9°C, φ=82%). Again, changes occurred in stearic and 

gondoic acids after treatment at all EMF frequencies 

under study. Thus, the relative increase in gondoic acid, 

corresponding to the increase in frequencies, was 12.5, 

13.5, 13.5, and 18.7%, while stearic acid decreased by 

16.7, 25.0, 25.0, and 15.5%. 

Table 3 – Fatty acid composition of the wheat grain not treated with the EMF (control) after different 

periods of storage under controlled conditions (p=0.05; n=3) 

Storage conditions 
Fatty acid composition of wheat not treated with the EMF (control), % 

Saturated Monounsaturated Polyunsaturated 

t, 

°С 

φ, 

% 

τ, 

months 

Palmitic  

C16:0 

Stearic  

C18:0 

Oleic 

C18:1n9c 

cis-11-Eicosenoic 

С20:1 (Gondoic) 

Linoleic 

C18:2n6c 

α-Linolenic 

C18:3n3 

23 35 12.47 16.64 1.44 17.13 1.11 58.06 5.62 

9 33 12.90 16.82 1.41 17.09 1.14 57.81 5.73 

9 82 13.00 16.70 1.68 17.04 0.96 58.01 5.62 

23 82.5 15.00 16.93 1.49 17.75 0.89 57.84 5.11 
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а) τ=12,47 months, t=23°C, φ=35% b) τ=12,90 months, t=9°C, φ=33% 
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c) τ=13,00 months, t=9°C, φ=82% d) τ=15,00 months, t=23°C, φ=82,5% 

Fig. 5. Relative deviations of the fatty acid content in the wheat grain EMF-treated at different frequencies 

and in the control, depending on the EMF frequency, terms (τ) and conditions (t, φ) of storage 

Finally, in the last variant of storage of treated 

grain (15 months under unfavourable warm and humid 

conditions at t=23°C, φ=82.5%), one can note no 

growth in the fatty acid content, but only its decrease. 

When treated at the EMF frequency 10 Hz, compared 

with the control, stearic acid decreased by 4.7%, 

gondoic acid by 4.5% and α-linolenic acid by 9.0%. At 

16 Hz, stearic acid decreased by 6.7% and α-linolenic 

by 6.3%. At 24 Hz, stearic decreased by 8.7%, oleic by 

3.3%, gondoic by 14.7%, and α-linolenic by 8.0%. At 

the frequency 30 Hz, stearic acid decreased by 5.4%, 

gondoic acid by 7.9%, and α-linolenic acid by 7.4%. 

Thus, it can be concluded that, under various 

storage conditions, EMF treatment of grain most often 

affects the content of stearic and gondoic acids. The 

greatest changes were noted during storage at the 

temperature 9°C and the relative air humidity 82% at 

all frequencies within the range 10–30 Hz. At the same 

time, a steady increase in valuable monounsaturated 

gondoic acid was noted (by 12.5–18.7%), as well as a 

steady decrease in saturated stearic acid (by 15.5–

25.0%). Under all other studied conditions of EMF 

treatment and storage of wheat grain, the changes in 

fatty acids are within the allowable errors. 
 

Conclusion  
 

1. It has been shown that EMF treatment of grain 

with the frequencies 20 and 30 Hz and magnetic 

induction 5 and 10 mT for 2–20 min reduces the 

germination capacity of wheat, as compared with the 

control, by 1–12%. As an exception, in several 

experiments, the germination capacity increased, and 

the biggest increase (by 14%) was at the treatment 

duration 12 minutes, the frequency 30 Hz, and the 

magnetic induction 5 mT. 

2. Treatment of grain with the EMF with the 

frequencies 10–28 Hz and magnetic induction for 6 

min increases the germination capacity at the 

frequencies 10, 18–24 Hz by 1–5%, but after 15 days, 

at the frequency 12–26 Hz, the germination power 

increases by 1–9%. After a month, the germination 

capacity becomes higher than in the control by only 2–

7% at 18, 20, and 28 Hz, and after 10 months of 

storage, only the experiment with the treatment 

frequency 24 Hz reached the control level. At all other 

frequencies, there is a significant decrease in the grain 

germination capacity. It has also been established that 

treating grain at 14–22 Hz 15 days prior to sowing 

increases the germination ability by 7–9% making it as 

high as 92–94%. 

3. It has been shown that in the grain treated with 

the EMF at 10–30 Hz and stored for 14 months at the 

controlled air temperature 9–23°C and relative 

humidity 33–82.5%, the protein content on a dry 

weight basis, compared with the control (16.4–16.6%), 

does not change. 

4. It has been established that the storage of grain 

EMF-treated for 6 min at the frequency 10–30 Hz and 

magnetic induction 10 mT allows increasing the gluten 

content by 1.07–1.21 times, compared with the control. 

The biggest increase in gluten is achieved at 16 Hz. At 

the same frequency, the quality of gluten after grain 

storage increases, compared with the control. Even 

under unfavourable conditions (at the temperature 

23°C and relative humidity 82.5%), the quality of 

gluten improves by 27.65 conventional units of the 

device VDK (by 1.49 times), reaching the gluten 

quality level of the grain preserved under much better 

conditions – the temperature 9°C and the 

humidity 33%. 

5. It has been shown that EMF treatment of grain 

at the frequency 10–30 Hz and magnetic induction 10 

mT for 6 min under different storage conditions most 

often affects the content of stearic and gondoic acids. 
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The biggest changes in their contents at all the 

frequencies considered were noted during storage at 

the temperature 9°C and the relative air humidity 82%: 

valuable monounsaturated gondoic acid increased by 

12.5–18.7%, and saturated stearic acid decreased by 

15.5–25.0%. Under all other studied conditions of 

EMF treatment and storage of wheat grain, the changes 

in fatty acids are within the allowable errors. 
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Анотація. Наведено результати досліджень впливу електромагнітного поля (ЕМП) вкрай низьких частот (ВНЧ), 

магнітної індукції ЕМП та тривалості обробки та зберігання зерна пшениці сорту Шестопалівка 2018, 2019 та 2020 

років урожаю, вирощених в Одеській обл. на показники його якості. Обробка зерна ЕМП з частотами 20 і 30 Гцта 

магнітною індукцією 5 і 10 мТл протягом 2–20 хв. знижує схожість пшениці порівняно з контролем на 1–12%. Як 

виключення, у кількох дослідах схожість зросла і найбільше (на 14%) за тривалості 12 хв., частоти 30 Гц, та магнітної 

індукції 5 мТл. Обробка зерна ЕМП з частотами 10–28 Гц і магнітною індукцією протягом 6 хв. показала підвищення 

схожості за частот 10, 18–24 Гц на 1–5%, однак уже через 15 діб за частот 12–26 Гц схожість зросла на 1–9%. Через 

місяць схожість перевищувала контроль лише на 2–7% за частот 18, 20 та 28 Гц, а через 10 місяців зберігання на рівні 

контролю був лише дослід з частотою обробки 24 Гц. За всіх інших частот відбулося значне зниження схожості зерна. 

Встановлено, що обробка зерна за частоти 14–22 Гц за 15 діб до сівби підвищує схожість на 7–9%, досягаючи значень 

92–94%.У обробленого ЕМП за частот 10–30 Гц зерна, що зберігалось 14 місяців за контрольованих температури 

повітря 9–23°С та відносної вологості 33–82,5%, вміст білка на суху масу порівняно з контролем (16,5%) не змінився. 

Зберігання зерна, обробленого впродовж 6 хв. ЕМП з частотою 10–30 Гц та магнітною індукцією 10 мТл дозволяє 

збільшити вміст клейковини порівняно з контролем в 1,07–1,21 рази. Найбільше зростання кількості клейковини 

досягається за частоти 16 Гц. Навіть за несприятливих температури 23°С та відносної вологості повітря 82,5% якість 

клейковини зростає на 27,65 ум. од. приладу ВДК (в 1,49 рази), досягаючи рівня якості клейковини зерна що 

зберігалась за значно кращих умов – температури 9°С та вологості 33%. Обробка зерна ЕМП за частот 10–30 Гц і 

магнітної індукції 10 мТл впродовж 6 хв. за різних умов зберігання найчастіше впливає на вміст стеаринової та 

гондоїнової кислот. Їх найбільші зміни відмічено при зберіганні за температури 9°С і відносної вологості повітря 82% 

– гондоїнова кислота зростає на 12,5–18,7%, а стеаринова зменшується на 15,5–25,0%. За всіх інших умов обробки 

ЕМП та зберігання зерна пшениці зміни жирних кислот знаходяться у межах припустимих похибок. 

Ключові слова: зерно пшениці, електромагнітне поле, вкрай низькі частоти, магнітна індукція, обробка зерна, 

зберігання зерна, показники якості зерна. 

 

 


