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STUDY OF THE EFFECT OF 
ELECTROMAGNETIC FIELD AND 
RADIATION ON THE INTENSIFICATION 
OF BREWING PROCESSES

The object of research is the enzymatic preparations Termamil and San-Super, malt and yeast. One of the most 
problematic places is that the action of the magnetic field and radiation can both stimulate the amylase activity 
of barley malt and cause its deactivation.

During the study, a certain number of electrophysical factors were used, namely: laser radiation, which was 
carried out using a helium-neon laser, ultraviolet radiation – using a nitrogen gas laser, X-rays, a constant uniform 
magnetic field, ultrasound.

Results have been obtained that confirm the positive effect of the magnetic field on the activation of the 
amyloletic activity of concentrated preparations. A study was also conducted in accordance with the effect of 
electromagnetic waves on the activation of enzymes in barley and wheat malt, which showed a positive effect. 
This is ensured by the fact that in the course of the study, thanks to experiments, the best duration of irradiation 
with electromagnetic waves and different types of radiation for enzyme preparations, malt and yeast was found. 
These methods have a number of features. This is the availability of the appropriate equipment and knowledge of 
the individual types of rays, magnetic fields and electromagnetic waves, and their potential effects on enzymes, 
as well as control of the exposure time and magnetic field load.

Due to the action of electromagnetic waves and radiation, for a certain amount of time, it is possible to obtain 
an increased activity of enzymatic preparations. Compared to the fermentative preparations Termamil and San-
Super, malt and yeast, which are not susceptible to the load of magnetic fields, electromagnetic waves and various 
types of radiation, the fermentative preparations Termamil and San-Super, malt and yeast, which were susceptible 
to the action of electromagnetic waves, as well as radiation show increased activity of action. At the same time, 
these preparations reduce the amount of costs and increase the yield of finished products, which will serve as  
a positive aspect for the economic sphere of the enterprise.

Keywords: electromagnetic irradiation, biological environment, enzyme preparations Termamil and San-Super, 
amylolytic activity.

Vasilij Sidor, 
Svitlana Usatiuk, 
Olena Tyshchenko, 
Iryna Baranovska

1.  Introduction

The superiority of the influence of physical factors 
for the intensification of technological processes for the 
manufacture of food is considered ecological cleanliness 
and ease of use, in addition, the likelihood of non-contact 
influence on the biological environment during exposure 
to biochemical, chemical and enzymatic reactions. At the 
same time, under the influence of physical factors, various 
reactions often occur to food products, which positively 
fight back on technological processes. However, this effect 
has the ability to be both stimulating and inhibitory. As 
a result of the influence of the physiological factor on 
the technological process in biological media, they can 
be suppressed or stimulated  [1–3].

The likelihood of using physical factors, such as an 
electromagnetic field, ultrasound (US), X-ray, laser, visible 
and ultraviolet (UV) wavelengths, UV rays, microwave (mi-
crowave) radiation for a stimulating effect on the biologi-
cal environment has been studied by many researchers in 
their works, for example, in  [4,  5].

Therefore, it is relevant to study the effect of elec-
tromagnetic fields and different types of radiation on the 
activation of concentrated enzyme preparations Termamil 
and San-Super, malt and yeast. Since, in the long term, 
this will lead to an increase in the output of finished 
products, reduce the costs of enterprises, and also im-
prove the quality of finished products for which enzyme 
preparations are used. For example, in the beer industry, 
where barley malt, wheat malt and malt blends are used. 
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And the increased activity of yeast will be used in the 
bakery industry  [6,  7].

Thus, the object of research is the enzymatic prepara-
tions Termamil and San-Super, malt and yeast.

The aim of research is to determine effective modes of 
exposure to the entire spectrum of electromagnetic fields 
and radiation in the direction of stimulating the enzymatic 
activity of malt and enzyme preparations Termamil and 
San-Super and yeast.

2.  Methods of research

The following electrophysical factors were used for 
research:

–	 laser radiation using a helium-neon laser with λ = 633 nm. 
At a power of 1 mW, the treatments were performed in 
the interval from 10 to 120 s. Optimal, the best indica-
tors were obtained when the samples were irradiated  
for 30  s;
–	 ultraviolet radiation using a nitrogen gas laser at 
λ = 3.378 ⋅10–7  m from 30  s to 15  min (5–8  min);
–	 X-ray radiation at λ = 1.542⋅10–10  m from 30  s to 
5 min (2  min);
–	 constant uniform magnetic field with a strength of 
20.0–80.0  kA/m from 1 to 25  min;
–	 microwave radiation with a power of 0–3  kW at 
a frequency of 1800–2450  MHz from 5  s to 30  min 
(3–5  min);
–	 ultrasound with a frequency of 44  Hz from 
5  min to 15  min.

3.  Research results and discussion

Based on the results of studies of the effect of 
a constant magnetic field on the amylolytic acti
vity of the enzyme substances Termamil and San-
Super for the intensification of the processes of 
dissolution, dextrinization and saccharification of 
starch of grain raw materials, it was found that 
the activation of the amylolytic activity of con-
centrated enzyme substances by a magnetic field 
has a positive effect. Studies have established that 
at a constant magnetic field strength of 75  kA/m 
and an exposure duration of 5 minutes for the con-
centrated enzyme Termamil, its activity increases 
by 10.4  %. With the same processing criteria for 
the concentrated San-Super enzyme preparation, its 
activity increased by 14.6  % in comparison with 
the control.

In addition, the effect of these factors on the 
activity of enzymes in barley malt for beer pro-
duction was studied. Studies have established that 
the optimal voltage of a constant magnetic field 
to stimulate barley malt amylases is 75  kA/m, 
with duration of 4–5  minutes. According to the 
research results, the content of maltose in the wort 
as a product of starch hydrolysis under the influence 
of β-amylases – the maximum values are reached 
after 4  minutes of irradiation. The maltose content 
in the wort was determined by the Wiltstatter-
Schudel method (aldose oxidation). The results are 
shown in Fig.  1  [8].

Consequently, treatment with physiological factors 
makes it possible to achieve the maximum transfer of 

starch hydrolysis products into solution at the lowest malt 
consumption and without the use of concentrated enzyme 
substances  [9, 10].

In addition, studies of the effect of electromagnetic 
waves on the activation of enzymes in barley and wheat 
malt have been carried out. The objects of study are aque-
ous solutions of crushed grain products (mash) prepared 
by 4 methods:

1)  pure malt (malt);
2)  with the addition of unmalted raw materials – bar-

ley  (malt + barley flour);
3)  malt + wheat flour;
4)  malt + corn grits.
The radiation source is X-rays at λ = 1.542⋅10–10  m 

duration from 30  s to 10  min. The results of the experi-
ments are shown in Fig.  2.

According to Fig. 2, it can be concluded that irradiation 
for 2  minutes is sufficient to activate the enzymes of the 
malt and the mixture of malt and unmalted substances.

A necessary factor in the intensification of many tech-
nological, including biotechnological, processes is consi
dered to be electromagnetic waves – waves that affect the 
growth, reproduction and fermentation energy of yeast-like 
fungi [11]. In the course of the study, the time dependence 
of the effect of X-ray radiation on the characteristics of the 
dependence of the degree of activation of the cell struc-
tures of the yeast culture of Saccharomyces cerevisiae was 
investigated and determined, which is shown in Table  1.
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Table 1

Influence of ultraviolet radiation on the activity of Saccharomyces cerevisiae

Sample
Irradiation  

duration, min
Average number of Saccharomyces 
cerevisiae colonies, CFU⋅105/cm3

Control sample 0 92

X-ray irradiation

5 185

10 92

15 87

20 64

The object of research was also the yeast Saccharomyces 
cerevisiae of the Saflager W-34/70 race, which was grown 
on a solid nutrient medium wort agar at a temperature 
of 28  °C for 24  hours. For irradiation, ultraviolet radia-
tion was used with a nitrogen gas laser at a wavelength 
of λ = 3.378⋅10–7  m for 30  s to 15  min.

The results of the study of processed yeast demonstrate 
that the electromagnetic effect brings about the formation 
of significant changes in yeast cells.

As a result of irradiation of yeast with a nitrogen laser, 
the morphological and physiological state of cells changes, 
accelerates the process of reproduction and significantly 
activates their enzymatic work, which increases zymase 
activity  [12,  13].

Thus, to stimulate the biochemical processes of brewing 
during the course of chemical, biochemical and enzymatic 
reactions, it is recommended to use:

–	 ultraviolet radiation using a nitrogen gas laser at 
λ = 3.378⋅10–7  m in the range from 5 to 8  min;
–	 X-rays at λ = 1.542⋅10–10  m for 2  min;
–	 constant uniform magnetic field with a strength of 
80.0  kA/m for 5  minutes.

4.  Conclusions

In the course of the study, it was found that the effect 
of a constant magnetic field on the amylolytic activity of  
the enzyme preparations Termamil and San-Super has a posi-
tive effect, namely, increasing their activity using a  5-min-
ute constant magnetic field voltage. A similar study was 
also carried out on the effect of a constant magnetic field 
on the components of barley and wheat malt. The result 
of the study shows that treatment with physical factors 
gives the maximum solution of starch hydrolysis products, 
both malt and other grain products. At the same time, 
the amount of malt consumption is reduced and the use 
of concentrated enzyme preparations is excluded.

Studies of the influence of electromagnetic waves on 
the activation of enzymes in barley and wheat malt have 
been carried out. X-rays were used for the radiation source 
with different duration of influence. Ultimately, research 
has shown that the activation of enzymes in malt and malt 
mixtures occurs as early as the 2nd minute of irradiation.

Electromagnetic waves were also involved in the study 
of determining the activation of cellular structures of the 
yeast culture Saccharomyces cerevisiae. The results of the 
study demonstrate that electromagnetic exposure leads 
to significant changes in yeast cells. The yeast was also 
irradiated with a nitrogen laser. This led to an accelera-
tion of the multiplication process, and also activated the 
enzymatic activity of the yeast.

The research results will be useful to a large num-
ber of entrepreneurs who in some way come into contact 
with the use of enzyme preparations for the production 
of their products.

These process enhancers and accelerators are used in  
a wide variety of food industries. And the results of this study 
demonstrate that their activity can be cleaned by using an 
electromagnetic field and various radiations, with the correct 
duration of exposure to enzyme preparations, malt and yeast.
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