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but its production is growing not only in Asia, but also 
in Europe [1]. Buckwheat (Fagopyrum esculentum), a 
highly nutritious pseudocereal rich in biologically active 
compounds, is mainly cultivated in Central and Eastern 
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The result of the conducted research 
is the development of a technology for 
the production of buckwheat groats 
using plasma-chemically activated 
aqueous solutions. The research object 
was buckwheat grain. An urgent 
technological problem is the preservation 
of biologically valuable components 
of buckwheat during technological 
operations and optimization of the 
existing technology for the production 
of buckwheat groats. The expediency 
of using plasma-chemically activated 
aqueous solutions as an intensifier 
of the technological process of 
production of buckwheat groats and an 
effective groats disinfectant has been 
experimentally proven. It is shown that 
the use of plasma-chemical activation of 
technological solutions allows reducing 
the temperature and accelerating the 
course of hydrothermal treatment of 
buckwheat grain. The composition of 
buckwheat grain as a raw material was 
analyzed. The obtained buckwheat 
groats were studied separately. A 
reduction in tempering time from 6–10 
to 2 h and a decrease in the optimal 
moistening temperature from 60 to 40 °C 
were recorded. This allows preserving 
a number of biologically important 
components in buckwheat grain. The 
groats yield increases from 68 to 74 %, 
i. e. by 1.9–6.0 %. The preservation of 
the maximum number of amino acids 
is observed, namely, 7.7 % more than 
in the control. That is, only 2 % is lost 
during technological processing, instead 
of 9.7 % in the control sample. The 
vitamin composition also remains stable 
and almost does not decrease in terms 
of B1, B2, B3, B4, B5, B6, K, E, PP, P. In 
addition, plasma-chemically activated 
solutions qualitatively disinfect grain 
raw materials during processing, which 
has a positive effect on further storage of 
buckwheat groats.

The technology can be applied in 
the industrial production of high-quality 
buckwheat groats. The developed 
technology will receive special attention 
in the production of ecologically clean 
cereal products that are not contaminated 
with pathogenic microflora
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1. Introduction

Buckwheat is a food crop with a global production of 
1.9 million tons. Asia has the largest acreage of buckwheat, 
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Europe [2]. It should be noted that there is a positive trend 
towards increased production and industrial processing of 
buckwheat for food purposes in America and some African 
countries. The top 5 buckwheat producers include Russia, 
China, Ukraine, France and Poland. In particular, China 
and Russia account for 64 % of the total world production 
of buckwheat and its processing products [1, 3]. The high 
demand for healthy food has increased the global demand for 
buckwheat and its processing products, namely, buckwheat 
groats. Buckwheat is consumed in the form of flour, groats, 
noodles.

The world grain market is dominated by ordinary 
buckwheat, but the production and processing of Tatar 
buckwheat are developing. Modern technologies for 
hulling and grinding buckwheat grain are being developed. 
Buckwheat and its processing products are becoming more 
accessible to consumers, and the production of buckwheat 
products and beverages in the industry is growing rapidly 
around the world [3].

The choice of buckwheat dishes in the world gastronomy 
is becoming more and more noticeable. Buckwheat holidays, 
buckwheat goodies days, buckwheat cuisine weeks, 
buckwheat cooking competitions are held. Healthy eating 
trends contribute to the growing popularity of buckwheat 
and buckwheat groats in everyday use. Gluten-, sugar- 
and lactose-free products, such as buckwheat groats, are 
becoming a food hit [4].

Since the problem of useful and healthy food is currently 
global, highly nutritious buckwheat groats can find wide use 
among different segments of the population. Moreover, they 
can be used for people of different ages and with different 
physical activity. In addition, it is appropriate to include 
buckwheat groats in the diet of people with chronic diseases.

A promising direction for the cereal industry is the 
development of progressive innovative technologies for 
the production of various buckwheat groats. Cereal grain 
processing products occupy a leading place in the diet of 
modern people. They are suppliers of complex carbohydrates, 
proteins, vitamins, macro- and microelements and other 
valuable substances to the human body [5]. Buckwheat 
has great potential as a food ingredient, especially for the 
functional food industry [6]. Buckwheat groats contain 
high-nutritional protein, dietary fiber, resistant starch, 
rutin, D-chiroinosit, vitamins and minerals.

Buckwheat and cereals from it are traditional foods that 
are widely used all over the world. Buckwheat grain contains 
nutritious components in high quantities and can become 
the basis for creating a whole range of functional food 
products [7]. Buckwheat processing products are a source of 
protein, vitamins B (B1, B2, B3), P, PP, E [8]. Various parts of 
the buckwheat plant, including seeds (grain), contain rutin, 
from which vitamin R is obtained. The buckwheat kernel has 
a high content of elements such as potassium, magnesium, 
phosphorus, iron, copper, and iodine. Buckwheat grain is a 
carrier of essential amino acids. In this respect buckwheat 
is inferior only to products of animal origin based on meat 
and milk. Which in modern social realities are economically 
inaccessible to consumers and less profitable for production 
for food enterprises [9].

Buckwheat is traditionally processed into buckwheat 
groats, an extremely important and useful food product [10]. 
The yield of groats during buckwheat processing ranges from 
62 % or more, depending on the specifics of the technology, but 
it is possible to achieve a yield of 70–72 % by implementing 

modern, innovative grain processing technologies. The 
maximum groats yield in buckwheat grain is 74–76 %, 
depending on its quality, so the technological prospect 
is to obtain a higher groats yield [10]. There are many 
different technologies for producing buckwheat groats, each 
of them has disadvantages and advantages, but the search for 
innovative technological solutions continues.

Improvement of the technological process of buckwheat 
groats production is designed to preserve the nutritional 
value of the finished product as much as possible. The 
selection of rational modes of hydrothermal treatment of 
buckwheat grain allows preserving its valuable nutritional 
properties. In hydrothermal treatment, grain moistening 
and tempering operations are widely used. These operations 
are used in the hydrothermal treatment of grain of various 
crops, but it is in buckwheat production that they have found 
wide application.

The study of the features of the buckwheat grain 
moistening process arouses the interest of a wide range of 
researchers, processors and representatives of the scientific 
and technological community. The study of moisture 
distribution in buckwheat grain during moistening is of 
increased interest.

Hydrothermal treatment includes a number of operations 
that improve the consumer qualities of buckwheat groats. 
These include taste and nutritional qualities, namely, 
appearance, increased stability during storage. In the process 
of hydrothermal treatment, deep biochemical changes also 
occur, which causes not only changes in the chemical 
composition, but also in the structural and mechanical 
properties of the grain.

A promising direction is the development of an innovative 
technology for the production of buckwheat groats. In 
order to improve hydrothermal treatment, it is rational to 
introduce progressive treatment modes and wetting agents.

2. Literature review and problem statement

Currently, the population’s needs for new food products, 
characterized by ecological purity and health-improving 
properties, are growing [11]. One of these products is 
buckwheat groats obtained from buckwheat grain. When 
growing buckwheat, chemical fertilizers are not used, which 
makes it environmentally friendly [12]. Due to the valuable 
composition of buckwheat grain, a wide range of products 
containing this cereal appeared on the market. Processes 
used during buckwheat processing can cause changes 
in valuable components, which affects their nutritional 
properties [13]. Buckwheat groats are a good source of 
bioactive components [14, 15].

They are good for health due to the content of ree-
sistant starch, mineral elements, proteins, phenolic sub-
stances, flavonoids. These substances prevent a number of 
chronic human diseases, including hypertension, obesity, 
cardiovascular diseases, and gallstone formation [16, 17].

The most important process affecting the quality of 
the product obtained during processing buckwheat into 
groats is hulling – the separation of films (outer shells) from 
grain [18]. There are differences in the chemical composition 
of buckwheat groats obtained by different hulling techu-
nologies, based on hulling raw or pre-processed grain [19]. 
Hulling of hydrothermally treated grain is one of the tradi-
tional methods of buckwheat processing in Europe and some 
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parts of China and Japan [20]. During the hydrothermal 
treatment of buckwheat grain, part of the rutin turns into 
quercetin, a product of rutin breakdown [21]. Hydrothermal 
treatment with appropriate modes can increase the level of 
rutin in buckwheat groats [22]. Hydrothermal treatment 
processes significantly decrease the content of phenolic 
compounds, especially those that consumed the largest 
volumes of water [23]. An unresolved problem is to optimize 
the regulation of grain moisture and treatment temperature 
in order to preserve the biological value of the product.

Hydrothermal treatment can also have a positive effect on 
the finished product. The effect of hydrothermal treatment 
on the antioxidant potential of buckwheat products was 
noted. This is due to the formation of new antioxidants 
during the Maillard reaction after hydrothermal treatment 
of cereal grains [24, 25]. However, during hydrothermal 
treatment, a certain interaction between polyphenols and 
proteins occurs, which further reduces protein digestion [26]. 
Therefore, the optimization of the course of biochemical 
transformations during technological processing remains an 
unresolved problem.

Hydrothermal treatment of buckwheat grain is a 
mandatory technological operation in the production of 
instant buckwheat groats. Hydrothermal treatment can 
include additional operations, such as enzymolysis, ultrasonic 
treatment, microwave treatment, or steam explosion [27]. 
Hydrothermal treatment aims to create optimal conditions 
for separating rough shells from the kernel. As a rule, the 
production of buckwheat groats at cereal factories includes 
the following stages: heating, steaming, drying and cooling 
of grain. Disadvantages of the technological process lead 
to the loss of buckwheat kernels and biologically valuable 
grain components. Therefore, improving the technological 
process by moistening buckwheat grain before steaming will 
have a positive effect on preserving the kernel integrity after 
hulling.

Hydrothermal treatment of buckwheat grain is aimed at 
improving the indicators of hulling, grinding and nutritional 
properties of groats. The effect of two hydrothermal 
processes, namely steaming and soaking in boiling water 
of different durations, on buckwheat properties has already 
been evaluated [28]. An unresolved issue is that high 
temperatures in the process of hydrothermal treatment 
negatively affect the amino acid and vitamin composition 
of the product. To preserve the high content of amino acids, 
it is desirable to minimize exposure to high temperatures. 
Therefore, the selection of low-temperature hydrothermal 
treatment modes remains an unresolved issue.

The physico-chemical and textural properties of 
buckwheat starch can vary during moisture and heat 
treatment [29]. The influence of hydrothermal treatment on 
the components of buckwheat grain continues to be actively 
studied. Heat treatment with moisture reduces the swelling 
ability, solubility and oil absorption capacity of buckwheat 
starch. It also increases its water absorption capacity [30]. 
The selection of optimal modes can improve the thermal 
stability of buckwheat starch [31]. The preservation of the 
basic qualities of buckwheat grain components remains an 
unresolved issue.

The process of preparing buckwheat grain and improving 
its quality before processing occurs by thoroughly cleaning 
the grain material from foreign impurities followed by 
hydrothermal treatment. As a result of such processing, 
complex physico-chemical processes occur in the grain, 

which cause changes in the technological properties of grain 
raw materials and create optimal conditions for processing 
buckwheat grain into a finished food product.

As a rule, classic hydrothermal treatment consists 
of the following stages: heating of grain raw materials, 
moistening, tempering, steaming, drying and cooling. Thus, 
hydrothermal treatment allows changing the technological 
properties of raw materials by reducing the strength of 
buckwheat grain shells and increasing the strength of the 
kernel. Also, such processing helps to increase the utilization 
rate of buckwheat kernels and can improve the consumer 
properties and nutritional value of the finished product. The 
long duration of the steaming process remains an unsolved 
problem, which leads to a decrease in the protein content 
in the finished product [32]. Increased hydrophobicity of 
prolamins and glutelins is observed during heat and moisture 
treatment with a low heating temperature and short heat 
treatment time for raw materials with a high protein content. 
Therefore, reducing the time of this technological operation 
will improve the quality of buckwheat groats by preserving 
the high-protein composition [33].

In the process of hydrothermal treatment, the use of 
microwave radiation treatment is proposed [34]. The finished 
product demonstrated high water absorption capacity and 
improved ability to form stable emulsions. However, the 
problem of preserving the biological value of cereal products 
remains unresolved.

An important technological aspect is to obtain the 
maximum groats yield and reduce waste. Buckwheat waste 
is rich in bioactive components such as antioxidants and 
saccharides [35].

An option to overcome the relevant difficulties can be to 
use plasma-chemical technologies in the food industry. This 
is the approach used in [36], so plasma-chemical technologies 
have recently had various uses in the food industry. They are 
used for wastewater treatment in food production [37], in 
the production of microgreens and highly nutritious cereal 
seedlings [38]. They are also used as antiseptic agents in 
the food industry, for example, in the form of antiseptic 
ice when storing meat and fish [39]. Special attention of 
scientists is drawn to the study of the effect of plasma-
chemical activation on the course of processes in various 
plant materials. However, studies of their impact on the 
technological process of buckwheat groats production have 
not been carried out before.

Plasma-chemical activation of water and aqueous 
solutions allows using a number of properties of water 
without its chemicalization by foreign chemicals [40]. During 
water activation, processes are implemented that contribute 
to changing the reactogenic properties of aqueous solutions. 
Thus, the properties of activated water that arise after plasma-
chemical treatment can be rationally used in various areas of 
innovative food technologies. Water and aqueous solutions 
activated under the action of non-equilibrium contact plasma 
have antiseptic and antibacterial properties [41]. Plasma-
chemically activated water is a cluster structure and can 
exhibit new properties that were little studied before, but are 
of considerable interest from a practical point of view [42]. 
Activated water has a specific composition, the most easily 
detectable are hydrogen peroxides and peroxide compounds, 
excited particles and radicals. These components play an 
important role in oxidation-reduction processes, and also 
accelerate the transport of moisture into grain material, 
correct biochemical transformations in grains of various 
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cultures [43]. Plasma-chemical activation partially changes 
the structure of water. Water clusters are actively crushed 
under the action of cold contact plasma. This leads to the 
effect of more active transport of such crushed particles 
through the membranes and shells of grain during its 
soaking and further processing [43]. The clusters contain 
microparticles of hydrogen peroxide, which when in contact 
with food raw materials are able to form active oxygen 
and water [44]. This, accordingly, can correct biochemical 
transformations in grain during technological processing.

If we compare the technology of plasma-chemical 
activation of water with other grain processing technologies, 
we can note its chemical safety. This can be explained 
by the fact that its active components are decomposed 
during technological processing and the finished product 
does not contain any foreign chemical impurities [43]. The 
shortcomings of the technology include the lack of large-
scale industrial use of plasma-chemically activated aqueous 
solutions.

All this allows us to state that it is appropriate to carry 
out research on the use of activated aqueous solutions in the 
process of hydrothermal treatment of buckwheat grain. This 
will make it possible to improve the existing technologies 
for the production of highly valuable buckwheat groats and 
obtain a high-quality and chemically pure, highly nutritious 
food product. Therefore, it is promising to conduct a study 
on the selection of processing modes and the use of plasl-
ma-chemically activated aqueous solutions in the process 
of hydrothermal treatment of buckwheat grain, which can 
improve the process of buckwheat processing into highly 
nutritious cereal products. In the future, this will allow us 
to improve the existing technologies of processing grain into 
cereals and obtain high-quality and chemically pure, highly 
nutritious cereal products.

3. The aim and objectives of the study

The aim of the study is to develop a technology for the 
production of buckwheat groats using plasma-chemically 
activated aqueous solutions. This will make it possible to 
optimize the technological process of buckwheat groats 
production and improve the nutritional qualities of the 
finished product.

To achieve the aim, the following objectives must be 
accomplished:

– to study changes in the moisture content of buckwheat 
grain during moistening and tempering;

– to investigate the yield of buckwheat groats;
– to investigate the amino acid and vitamin composition 

of buckwheat groats;
– to investigate the microbiological parameters of 

buckwheat groats;
– to develop a flowsheet for the production of buckwheat 

groats using plasma-chemically activated aqueous solutions.

4. Research materials and methods

4. 1. Research object and hypothesis
The research object is buckwheat grain.
Plasma-chemically activated aqueous solutions were 

chosen for the research. These solutions are already used 
in various food technologies [39–41], but it is promising 

to expand the scope of this innovative technology for 
processing technological solutions.

The main hypothesis of the research is the improvement 
of the hydrothermal treatment of buckwheat grain and the 
increase of the yield of buckwheat groats using plasma-
chemically activated aqueous solutions. Plasma-chemically 
activated aqueous solutions were used as an intensifier of 
the technological process of moistening and tempering of 
buckwheat grain.

Plasma-chemically activated aqueous solutions were 
obtained in the Specialized Laboratory of Plasma Processing 
of Process Solutions of Food Industries of the Dnipro State 
Agrarian and Economic University and KNP-TECHNOLOGY 
Research and Production Enterprise LLC (Dnipro, Ukraine). 
The research was carried out on the basis of the research and 
production laboratory for determining the quality of grain and 
grain products, Department of Food Technologies, Dnipro 
State Agrarian and Economic University (Ukraine).

4. 2. Researched materials and equipment used in the 
experiment

4. 2. 1. Preparation of plasma-chemically activated 
aqueous solutions

Activation of water for the hydrothermal treatment of 
buckwheat, namely, for the moistening process, was carried 
out using the technology of plasma-chemical activation of 
aqueous solutions [41, 44]. For this purpose, a laboratory 
setup for plasma-chemical activation of aqueous solutions 
was used [40]. The laboratory analog of an industrial 
installation is a three-arc plasma-chemical installation and 
consists of a reactor, anodes, cathode, reflux condenser, power 
source, and vacuum pump. Plasma-chemically activated 
aqueous solutions were produced to moisten buckwheat 
grain, the characteristics of which are shown in Table 1. The 
concentration of hydrogen peroxide in activated water was 
determined by iodometry.

Table 1

Characteristics of water activated by contact  
non-equilibrium plasma

Experiment Water
Activation 
time, min.

Concentration of 
hydrogen peroxide, mg/l

1 (control) Tap ‒ ‒
2 Activated 5 100

3 Activated 7 200

4 Activated 10 300

5 Activated 20 400

6 Activated 25 500

7 Activated 30 600

8 Activated 60 700

The duration of the activation process ranged from 
5 to 60 minutes, accordingly solutions were obtained in 
which the concentration of the active substance (hydrogen 
peroxide) in the process water varied from 100 to 700 mg/l. 
Longer activation time does not give the desired effect due 
to increased energy consumption and slower accumulation 
of the active component. According to the indicated 
peroxide concentrations, the following research groups 
were formed:

1 – control (ordinary mains water was used for sample 
processing);
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2 – plasma-chemically activated water (H2O2 concen-
tration 100 mg/l);

3 – plasma-chemically activated water (H2O2 200 mg/l);
4 – plasma-chemically activated water (H2O2 300 mg/l);
5 – plasma-chemically activated water (H2O2 400 mg/l);
6 – plasma-chemically activated water (H2O2 500 mg/l);
7 – plasma-chemically activated water (H2O2 600 mg/l);
8 – plasma-chemically activated water (H2O2 700 mg/l).

4. 2. 2. Selection of raw materials for the production 
of buckwheat groats and features of hydrothermal 
treatment of buckwheat grain

Buckwheat grain was chosen as the raw material for the 
production of buckwheat groats. The studied grain had the 
characteristics shown in Table 2.

Table 2

Physico-chemical indicators of buckwheat grain

Indicator Mass fraction, %

Moisture content 12.0±1.02

Protein 13.2±0.89

Carbohydrates 58.4±2.84

Dietary fiber 12.3±1.15

Fats 1.9±0.09

Ash content 2.1±0.11

The technological process is carried out as follows: 
hydrothermal treatment includes grain heating, moistening 
with plasma-chemically activated aqueous solutions up 
to 18–22 %, steaming, low-temperature drying, high-
temperature drying, cooling. Intensive moistening was 
carried out by mixing the grain with sprayed activated 
solutions, which were fed into the auger under pressure using 
nozzles. So, a screw mixer and a tempering hopper were 
used, the tempering time was 5–15 min., which ensured the 
required moistening level of grain raw materials.

The grain cleaned of foreign impurities enters the heating 
hopper, then into the moistening auger, to which plasma-
chemically activated aqueous solutions from the industrial 
activation plant are fed by nozzles. The peroxide content in 
the activated aqueous solutions is 100–700 mg/l. As a result 
of contact of buckwheat grain with activated solutions and 
uniform mixing, active absorption of the activated solution 
by buckwheat grain occurs. For uniform moistening of 
the grain material, it is sent to the tempering hopper. The 
moisture content before steaming is 18–22 %, the optimum 
is 20 %. The grain with this moisture content was sent to 
the steamer, after which it was dried in two stages in a low-
temperature dryer, then in a high-temperature dryer and 
sent for processing. After hydrothermal treatment, the grain 
was sent for sorting. A feature of buckwheat processing is 
its separation into six size fractions before hulling. Next, the 
grain was sent to hulling, so under the action of the working 
bodies of hulling machines in the gap between the roller and 
decks, buckwheat grain undergoes complex deformation, as a 
result of which shells are separated from kernels.

4. 3. Methods of determining the properties of samples 
4. 3. 1. Method of determining the moisture content of 

buckwheat grain during moistening and tempering
In the course of the research, the moisture content was 

recorded every hour, during 10 hours of the tempering 

process. Determination was carried out by drying buckwheat 
grain by a standard method, namely, using a drying cabinet. 
The control was carried out using a SuperPro automatic 
moisture meter (Manufacturer: SUPERTECH AGROLINE 
AGROELECTRONICS, Denmark).

Econometric modeling with regression-correlation 
analysis was used in the study to analyze the relationships 
between explained dependent variables and explanatory 
independent factors [45].

Classic linear econometric regression models from N 
factors Xi, i=1...N, have the following form:

Y=A0+A1×X1+…AN×XN,

where the numerical coefficients A0, A1, ..., AN are calculat-
ed by the least squares method based on sample actual data 
from M observations.

The ability of the model to explain changes in Y due to 
changes in factors Xi, i=1...N, is estimated by the coefficient 
of determination R2, which should be as close as possible 
to 1. The reliability of the predictive regression conclusions 
is checked by the Fisher’s test, which, if the condition is met:

R2/(1–R2)×df2/df1>F(α, df1, df2),

confirms the conclusion about the statistical significance 
of the model with a given level of significance α, degrees 
of freedom df1=N and df2=M–N–1 and the corresponding 
critical value of the Fisher’s test F(α, df1, df2). Factor 
analysis involves the application of the two-tailed Student’s 
test, which, if the condition is met:

|Ai/si|=|T(Xi)|>T(α, df),

confirms the conclusion about the statistical significance of the 
factor Хі with a standard error si of the coefficient Ai, given 
level of significance α, degree of freedom df=M–N–1 and the 
corresponding critical value of the Student’s test T(α, df).

In order to quantitatively analyze the dynamics of 
experimental indicators, the index transformation of sample 
data of the experiment and control (Ci) with the initial raw 
material as a base (Bi) was applied. The calculation formula 
for indices Ii based on a sample of N observations had the 
following form:

Ii=Сi/Вi, i=1...N. 

Comparison of the experimental and control indices was 
carried out using descriptive statistical indicators of the 
average index Imean, minimum index Imin, maximum index 
Imax, and range of variation DI [45], where:

Imean=Si=1…NIi/N, 

Imin=mini=1…NIi, 

Imax=maxi=1…NIi, 

DI=Imax–Imin.

Therefore, the analysis of dependencies between 
explained dependent variables and explanatory independent 
factors in the study was carried out by means of econometric 
modeling with regression-correlation analysis.
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4. 3. 2. Methods of studying the yield of buckwheat 
groats

The resulting product consists of groats and crushed grain. 
Groats are buckwheat kernels, freed from shells, not ground, 
which do not pass through a 1.6×20 mm sieve. Crushed grain 
is the particles of kernels split during processing, which pass 
through a metal woven sieve No. 08. When assessing the 
quality of buckwheat varieties, preference is given to those 
with large, even grain.

The shells are separated by short-term clamping and 
shearing. This process is carried out in an LVS-1 roller deck 
device with a sickle-shaped working area and a regular gap 
between the roller and the deck. The size of the working 
gap depends on the grain size of the processed fraction and 
should be 0.1 mm smaller than the hole diameter of the sieve, 
by screening through which the processed grain fraction was 
obtained. Hulling is carried out by fraction, starting with 
the largest one. Hulling products from the working area fall 
into the guide oscillating tray, on which they are self-sorted, 
as a result of which films and flour are concentrated mainly 
in the upper layer. In a layered state, the products enter the 
expansion chamber, where, under the action of an upward 
air current, the chaff and flour are sucked out and sent to 
the sedimentation chamber, and the kernels and unhulled 
grains fall into the collector. The effectiveness of buckwheat 
hulling on LVS-1 varies widely depending on fraction size. 
After hulling, the weight consists of a mixture of hulled 
and unhulled grains, so processing is carried out with 
an intermediate selection of kernels. Unhulled buckwheat 
grains are selected from the groats and smaller hulling 
products by sorting on sieves with holes 0.2–0.3 mm smaller 
than the diameter of the sieve holes that characterize the size 
of this fraction. At the same time, the unhulled grains are 
tailings, and the groats and crushed grain are outsiftings. 
Hulled kernels are separated after each pass of the fraction 
through the roller deck machine, and unhulled kernels are 
sent for reprocessing; to hull each fraction, it is necessary to 
make from 3 to 15 passes. In each fraction, a few unhulled 
grains are allowed to remain, which are joined to the next 
fraction for hulling. After hulling the smallest fraction of 
the weight, unprocessed rudiac remains (feed waste), the 
amount of which should not exceed 1 %.

4. 3. 3. Methods of determining the amino acid and 
vitamin composition of buckwheat groats

The analysis of the amino acid content in buckwheat 
groats was carried out by ion-exchange liquid column 
chromatography on a T339 automatic amino acid analyzer, 
manufactured in the Czech Republic, Prague.

The vitamin composition of germinated flax seeds 
was also determined using ion-exchange liquid column 
chromatography and other standard methods [11].

4. 3. 4. Methods of determining the microbiological 
indicators of buckwheat

The total microbial count (QMAFAnM) was determined 
by the classical method of inoculation on agarized nutrient 
media, followed by incubation of the cultures and counting 
of cultivated microbial colonies. The microbiological 
indicators of buckwheat were determined by standard 
methods according to DSTU 8446:2015 Food products. 
Methods of determining the number of mesophilic aerobic 
and facultative anaerobic microorganisms.

5. Results of studies of indicators of the technological 
process of buckwheat groats production

5. 1. Study of changes in the moisture content of 
buckwheat grain during moistening and tempering

To optimize the hydrothermal treatment of buckwheat 
grain before steaming, it was moistened with plasma-
chemically activated aqueous solutions with a peroxide 
concentration of 100–700 mg/l. In the future, this will 
allow increasing the mass fraction of buckwheat groats at 
the optimal level of increasing labor and energy costs and 
maintaining the minimum product cost.

The influence of the degree of moistening of buckwheat 
grain with activated aqueous solutions on further 
technological characteristics was studied. Buckwheat grain 
had an initial moisture content of 12 %, and was moistened 
to a moisture content of 20 % or more. The results are given 
in Table 3.

Analyzing the results shown in Table 3, it should be 
noted that the study of the effect of activated solutions 
on tempering time was carried out under the established 
modes. Namely, the water temperature ranged from 10 to 
60 °C (with a corresponding step of 10 °C), the tempering 
time varied from 2 to 10 h. Thus, the buckwheat grain 
reached the desired moisture level in the control sample at 
a temperature of 60 °C after 6 hours. When using plasma-
chemically activated aqueous solutions, a similar result 
was obtained at a temperature of 20 °C. If we consider a 
temperature of 40 °C, then the desired moisture level was 
achieved in 2 hours, which will significantly speed up the 
technological process. If necessary, the temperature can be 
lowered to 30 °C, but the process will last 4 hours. Therefore, 
the optimal temperature of the tempering process using 
plasma-chemically activated aqueous solutions should be 
considered exactly 40 °C.

As described in the research methodology, econometric 
modeling [45] based on sample data in Table 3 made it 
possible to obtain a linear three-factor (N=3) regression. 
With the explained dependent variable Y relative to the 
moisture content of buckwheat grain when moistened and 
tempered, %, and explanatory independent variables:

X1 – the temperature of the plasma-chemically activated 
aqueous solution, °C,

X2 – the concentration of hydrogen peroxide in the 
buckwheat grain moistening solution, mg/l,

X3 – tempering time, h.
The calculations carried out using the MS Excel 

spreadsheet processor tools on a data set of M=240 
observations given in Table 3 resulted in a regression of the 
form:

Y=12.661+0.073X1+0.005X2+0.426X3.    (1)

With the coefficient of determination R2=0.976, it 
can explain 97.6 % of changes in the values. Namely, the 
moisture content of buckwheat grain due to changes in the 
temperature of the plasma-chemically activated aqueous 
solution, the concentration of hydrogen peroxide in it during 
buckwheat grain moistening, and tempering time. At the level 
of significance α=0.01 and degrees of freedom df1=N=3 and 
df2=M–N–1=240–3–1=236, the Fisher’s test condition is met:

R2/(1–R2)×df2/df1=3225.740>3.866=F(α, df1, df2).



65

Technology and Equipment of Food Production: food technology

Table 3

Buckwheat grain moisture content during moistening  
and tempering, %

Experiment
Tempering time, h

0 2 4 6 8 10
t=10 °C

1 (control) 12.0 13.7 14.9 15.8 16.7 17.1
2 12.0 14.3 15.6 16.3 17.1 18.4
3 12.0 14.9 16.1 17.4 18.3 19.0
4 12.0 15.0 16.5 17.6 18.9 19.5
5 12.0 15.3 16.9 18.1 19.2 20.1
6 12.0 16.1 17.3 18.6 19.4 20.5
7 12.0 16.9 17.6 18.9 19.7 21.0
8 12.0 17.4 18.2 19.1 20.1 21.9

t=20 °C
1 (control) 12.0 14.8 15.5 16.3 17.4 18.2

2 12.0 15.6 16.1 17.5 18.3 19.3
3 12.0 15.8 17.2 18.1 19.1 20.1
4 12.0 16.9 17.6 18.7 19.8 20.4
5 12.0 17.0 17.8 19.3 20.1 21.2
6 12.0 17.5 18.7 19.2 20.5 21.5
7 12.0 18.1 18.9 19.6 20.8 21.9
8 12.0 19.0 19.4 20.3 21.3 22.0

t=30 °C
1 (control) 12.0 15.1 16.4 17.2 18.3 18.8

2 12.0 16.2 17.3 18.1 19.4 19.9
3 12.0 16.7 17.8 18.4 19.5 20.7
4 12.0 17.3 18.1 18.9 20.1 20.9
5 12.0 18.1 18.7 19.8 20.6 21.5
6 12.0 18.4 19.3 20.1 20.9 21.6
7 12.0 19.1 20.1 20.7 21.2 21.9
8 12.0 19.5 20.3 21.4 22.1 23.2

t=40 °C
1 (control) 12.0 15.8 16.9 17.5 19.1 19.7

2 12.0 17.5 17.9 18.8 19.5 20.4
3 12.0 17.9 18.5 18.8 20.3 20.9
4 12.0 18.5 18.9 19.9 20.6 21.3
5 12.0 18.9 19.4 20.2 21.0 21.6
6 12.0 19.3 20.0 20.3 21.1 21.8
7 12.0 19.8 20.5 21.3 21.8 22.4
8 12.0 20.1* 20.6 21.8 22.4 23.5

t=50 °C
1 (control) 12.0 16.9 17.7 18.6 20.0 20.2

2 12.0 17.8 18.3 19.5 20.4 20.7
3 12.0 18.3 19.5 19.8 20.6 21.8
4 12.0 19.6 19.9 20.5 21.2 21.9
5 12.0 19.9 20.2 20.8 21.3 22.4
6 12.0 20.4 21.1 21.6 22.5 22.8
7 12.0 20.7 21.3 21.8 22.7 23.1
8 12.0 20.9 21.4 22.5 23.2 23.8

t=60 °C
1 (control) 12.0 17.8 19.3 20.1* 20.0 20.2

2 12.0 18.5 19.3 20.2 21.1 21.9
3 12.0 19.1 19.9 20.7 21.3 22.5
4 12.0 19.9 20.3 21.1 21.9 22.8
5 12.0 20.2 21.1 21.6 22.4 23.9
6 12.0 20.8 21.6 22.3 22.9 24.0
7 12.0 21.2 21.8 22.6 23.5 24.2
8 12.0 21.8 22.5 22.9 23.7 24.8

Note: * – samples tested for amino acid content

Thus, model (1) provides a prediction accuracy of more 
than 99 %.

The moisture content of buckwheat grain undergoes 
co-directional changes with changes in the values of model 
factors (1). Namely, the positive regression coefficients (1) 
report that:

– an increase/decrease in the temperature of the plasma-
chemically activated aqueous solution by 1 °C results in an 
increase/decrease in the moisture content of buckwheat 
grain by 0.073 p.p. (or 0.73 % in response to temperature 
changes by a step of 10 °C);

– an increase/decrease in hydrogen peroxide 
concentration in the moistening solution by 1 mg/l leads 
to an increase/decrease in the moisture content of the 
processed buckwheat grain. So, by 0.005 p.p., or 0.5 % in 
response to changes in hydrogen peroxide concentration by 
a step of 100 mg/l;

– an increase/decrease in moistening time by 1 hour 
results in an increase/decrease in the moisture content of 
buckwheat grain by 0.426 p.p.

All these coefficients have a reliability of more than 99 %, 
because they meet the conditions of the Student’s test at 
the level of significance α=0.01 and degree of freedom  
df = M–N–1=240–3–1=236, namely:

|T(X1)|=58.361>2.597=T(α, df),

|T(X2)|=55.861>2.597=T(α, df),

|T(X3)|=56.131>2.597=T(α, df). 

The conducted statistical analysis allowed us to prove 
that model (1) can be applied in determining the optimal 
technological parameters of moistening buckwheat grain 
with activated aqueous solutions. For example, if there are 
certain requirements for the temperature regime and the 
speed of reaching the target moisture content. Namely, 
according to formula (1), it is calculated that in 1 hour it is 
possible to reach a maximum moisture content of buckwheat 
grain of 20 % at a temperature of 60 °C. Accordingly, 
the minimum possible hydrogen peroxide concentration 
of 480.17 mg/l in the solution or at a hydrogen peroxide 
concentration of 700 mg/l with the minimum possible 
temperature of 44.32 °C.

5. 2. Study of the yield of buckwheat groats
The effectiveness of the proposed hydrothermal 

treatment technology was evaluated based on the mass 
fraction of whole kernels after hulling (Table 4). For the 
study, samples that underwent tempering at a temperature 
of 40 °C were taken.

Analyzing the results shown in Table 4, it can be 
concluded that the proposed technology will increase the 
mass fraction of whole kernels by 1.9–6 % compared to the 
classical technology (control). This is due to the use of plasma-
chemically activated aqueous solutions for moistening 
buckwheat grain. Activated solutions qualitatively change 
the technological properties of grain material, namely, they 
weaken the bond between the shell and the kernel, which 
contributes to better hulling of buckwheat grain.

According to the research methodology, econometric 
modeling was carried out [45] based on sample data 
from Table 4. To determine the effect of the explanatory 
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independent variable X in relation to the concentration 
of hydrogen peroxide in the buckwheat grain moistening 
solution, mg/l, on the 3 explanatory dependent variables 
about product yield, namely:

Y1 – groats, %,
Y2 – crushed grain, %,
Y3 – feed flour, %.

Table 4

Yield of buckwheat groats when using plasma-chemically 
activated aqueous solutions, %

Experiment Water
Concentration 

of hydrogen 
peroxide, mg/l

Product yield, %

groats
crushed 

grain
feed 
flour

1 (control) Tap ‒ 68.0 0.8 1.2

2 Activated 100 69.9 0.7 1.0

3 Activated 200 70.1 0.7 0.9

4 Activated 300 70.3 0.6 0.7

5 Activated 400 71.1 0.5 0.5

6 Activated 500 72.5 0.4 0.4

7 Activated 600 73.2 0.3 0.1

8 Activated 700 74.0 0.2 0.1

The calculations carried out using the MS Excel 
spreadsheet tools on a data set of M=8 observations 
presented in Table 4 made it possible to obtain regressions 
of the form:

Y1=68.367+0.0079X,    (2)

Y2=0.825–0.0009X,     (3)

Y3=1.917–0.0017X.    (4)

Regression graphs are shown in Fig. 1. The 
coefficients of determination R2 of regressions (2)–
(4) are 0.959, 0.980, 0.984, respectively. They indicate 
that the hydrogen peroxide concentration in plasma-
chemically activated aqueous solutions for moistening 
buckwheat grain determines 95.9 %, 98 % and 98.4 % 
of the yield of groats, crushed grain and feed flour. 
Econometric models (2)–(4) have a prediction reliability 
of more than 99 % under the conditions of the Fisher’s test 
at the significance level α=0.01 and degrees of freedom 
df1=N=1 and df2=M–N–1=8–1–1=6 according to:

F(Y1)=139.050>13.745=F(α, df1, df2),

F(Y2)=288>13.745=F(α, df1, df2),

F(Y3)=369.191>13.745=F(α, df1, df2).

All slope coefficients in models (2)–(4) have a reliability 
of more than 99 %, because they fulfill the conditions of the 
Student’s test at the level of significance α=0.01 and degree 
of freedom df=M–N–1=8–1–1= 6, namely:

|T(Y1)|=11.792>3.707=T(α, df),

|T(Y2)|=16.971>3.707=T(α, df),

|T(Y3)|=19.214>3.707=T(α, df). 

Therefore, the positive slope coefficient of the 
regression (2) indicates that an increase/decrease in 
hydrogen peroxide concentration in the buckwheat grain 
moistening solution by 1 mg/l also increases/decreases 
the groats yield by 0.0079 p.p. or 0.79 % in response to 
changes in the hydrogen peroxide concentration by a step 
of 100 mg/l. However, according to the negative slope 
coefficients of regressions (3) and (4), an increase/decrease 
in hydrogen peroxide concentration in the buckwheat grain 
moistening solution by 1 mg/l reduces/increases the yield of 
crushed grain and feed flour, respectively, by 0.0009 p.p. and 
0.0017 p.p. (or –0.09 % and –0.17 % in response to changes 
in hydrogen peroxide concentration by a step of 100 mg/l).

 

y = 0.0079x + 68.367
R² = 0.9586

67
68
69
70
71
72
73
74
75

0 200 400 600 800

Pr
od

uc
t y

ie
ld

,%

Concentration of hydrogen peroxide, mg/l
 

y = -0.0009x + 0.825
R² = 0.9796

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

0 200 400 600 800

Pr
od

uc
t y

ie
ld

,%

Concentration of hydrogen peroxide, mg/l
 

y = -0.0017x + 1.1917
R² = 0.984

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 200 400 600 800

Pr
od

uc
t y

ie
ld

,%

Concentration of hydrogen peroxide, mg/l
 

а

b

c 

Fig. 1. Graphs of econometric models (1)–(3):  
a – groats; b – crushed grain; c – feed flour
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5. 3. Study of the amino acid and vitamin composition 
of buckwheat groats

The results of studies of the amino acid composition are 
shown in Table 5. Experiments were conducted for samples 
that reached a moisture content of 20 % in the shortest 
possible time, both in the control and in the experiment.

Table 5

Amino acid content in buckwheat, % of total protein

Amino acid

Indicator, % of total protein

buckwheat 
grain

control 
(buckwheat 

groats)

experiment 
(buckwheat groats)

Lysine 5.0 4.5 4.9

Histidine 3.8 3.2 3.6

Arginine 10.3 8.4 10.2

Aspartic acid 9.0 8.7 9.0

Threonine 3.2 3.0 3.1

Serin 4.7 4.1 4.5

Glutamic acid 19.6 19.1 19.4

Proline 6.1 4.1 5.9

Glycine 5.8 5.5 5.7

Alanine 4.1 3.9 4.0

Valine 4.0 3.4 3.9

Methionine 1.2 1.0 1.1

Isoleucine 2.6 2.1 2.4

Leucine 5.2 4.8 5.1

Tyrosine 3.1 2.7 3.0

Phenylalanine 3.6 3.1 3.5

Total content 91.3 81.6 89.3

Table 5 shows the results of analyzing the content of 
individual amino acids in the studied samples. Special 
attention should be paid to the experiment with buckwheat 
groats obtained using plasma-chemically activated aqueous 
solutions. In the experimental sample, the total amino acid 
content is 7.7 % higher than in the control. Compared to the 
basic amount of amino acids in buckwheat grain, only 2 % 
was lost during processing, which allows us to talk about the 
preservation of the original beneficial properties of highly 
valuable raw materials.

According to the research methodology, for the 
quantitative analysis of the dynamics of amino acid content, 
according to Table 5, the indices I1 of the decrease in the 
amino acid content C1 in the control (buckwheat groats) 
relative to the base B in buckwheat grain, as well as the 
indices I2 of the change in the amino acids content C2 in the 
experiment (buckwheat groats) relative to the same base B in 
buckwheat grain, were calculated, i.e.:

I1=C1/B, I2=C2/B. 

Table 6 contains clear evidence that buckwheat groats in 
the experiment by all indicators lose less amino acids than 
the control and are more attractive in terms of nutritional 
qualities.

An important stage of research on the quality 
of buckwheat groats is the analysis of changes in the 
vitamin composition. In the process of classic hydrothermal 
treatment, the vitamin content in buckwheat groats is 
reduced as a result of temperature. Studies of groats during 
the research are given in Table 7.

Table 6

Index dynamics of amino acids in buckwheat groats

Index Control Experiment

average Imean 0.877 0.968

minimum Imin 0.672 0.917

maximum Imax 0.974 1.000

range of variation DI 0.302 0.083

Table 7

Vitamin content in buckwheat groats, mg/100 g of product

Vitamin

Initial raw 
material 

(buckwheat 
grain)

Control 
sample 

(standard 
hydrothermal 

treatment)

Experimental sample 
(hydrothermal 

treatment using plas-
ma-chemically activated 

aqueous solutions)
Vitamin В1 0.41 0.21 0.39
Vitamin В2 0.19 0.10 0.18
Vitamin В3 6.01 2.75 5.93
Vitamin В4 53.90 26.7 52.8
Vitamin В5 0.45 0.21 0.43
Vitamin В6 0.30 0.18 0.28
Vitamin K 0.007 0.004 0.006
Vitamin Е 5.81 3.31 5.77

Vitamin РР 4.22 2.15 4.01
Vitamin Р 36.1 21.3 34.2

Analyzing the data in Table 7, it should be noted that the 
amount of vitamins in the experimental material was greater 
than in the control. According to the research methodology, 
for the quantitative analysis of the dynamics of vitamin 
content, according to Table 7, the indices I1 of the reduction 
in the vitamin content C1 in the control sample after standard 
hydrothermal treatment relative to the base B in the initial 
raw material of buckwheat grain were calculated. As well 
as the indices I2 of the change in the vitamin content C2 in 
the experimental sample after hydrothermal treatment using 
plasma-chemically activated aqueous solutions relative to the 
same base B in the initial raw material in buckwheat grain, i. e.:

I1=C1/B, I2=C2/B. 

Table 8 contains clear evidence that buckwheat groats 
in the experiment by all indicators lose less vitamins than 
the control, which indicates the advantage of hydrothermal 
treatment technology using plasma-chemically activated 
aqueous solutions.

Table 8

Index dynamics of vitamins in buckwheat groats

Index Control Experiment

average Imean 0.523 0.950

minimum Imin 0.458 0.857

maximum Imax 0.600 0.993

range of variation DI 0.142 0.136

Analyzing the results shown in Tables 7, 8, it should be 
noted that with standard hydrothermal treatment, significant 
vitamin losses are observed. When using activated aqueous 
solutions as a moistening agent, the tempering temperature 
decreases and, as a result, we see a fairly high level of vitamin 
preservation in buckwheat groats.
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5. 4. Study of the 
microbiological indicators 
of buckwheat groats

To determine the storage 
duration of buckwheat groats 
produced using plasma-
chemically activated aqueous 
solutions, microbiological 
studies were conducted. The 
results are given in Table 9.

Table 9 shows the 
results of a microbiological 
study of buckwheat groats. 
It should be noted that no pathogenic microflora was 
detected in the experimental samples immediately 
after production. However, during storage and partial 
contamination of the product with microorganisms, there 
is still a significant decrease in the amount of microflora 
when using plasma-chemically activated aqueous  
solutions.

5. 5. Development of a flowsheet for the production of 
germinated flax seeds using plasma-chemically activated 
aqueous solutions

For the future industrial implementation of the proposed 
technology, a flowsheet for the production of buckwheat 
groats using plasma-chemically activated aqueous solutions 
has been developed (Fig. 2).

Table 9

Changes in the microbiological parameters of buckwheat groats during storage ((n=5, p≥0.95)

Groups of microorganisms Sample
Storage period, months

0 2 4 6 8 10 12

QMAFAnM, thousand CFU/g
Control 2.4 2.7 2.2 1.9 1.6 1.5 1.4

Experiment 0.00 0.00 0.01 0.01 0.01 0.01 0.01

Fungi, thousand CFU/g
Control 1.1 1.7 1.8 2.1 2.4 2.5 2.6

Experiment 0.00 0.01 0.01 0.01 0.01 0.01 0.01

Escherichia coli bacteria (E. coli), in 0.1 g 
of the product

Control 0.00 0.04 0.10 0.11 0.14 0.12 0.12

Experiment Not found

PLASMOCHEMICAL 
ACTIVATION OF 

WATER  

BUCKWHEAT 
GRAIN 

Cleaning 
buckwheat grains from impurities Impurities 

Activated aqueous 
solutions 

Grain heating up to 20 °C 

Moistening of buckwheat grain 
(hydro module 2:1) 

Activator of 
hydration and 
disinfectant of 

grain raw 
materials 

Spent 
activated 
aqueous 
solutions 

Preparation for reactivation 
(settlement and filtering of spent 

activated solutions) 

Tempering of buckwheat grain 
(duration 2–10 hours, up to 20 % 

moisture content) 

Steaming of tempered buckwheat grain  
(2–6 min., 0.25–0.55 MPa) Steam 

Low-temperature drying 
(15–25 min, 70 °C) 

High-temperature drying 
(40–60 min., 130 °C) 
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Air conditioning Exhausted air 

HYDROTHERMAL PROCESSING OF BUCKWHEAT GRAIN 

Buckwheat grain hulling 
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husk, crushed 
kernel, flour 

BUCKWHEAT GROATS 

Fig. 2. Flowsheet for the production of buckwheat groats using plasma-chemically activated aqueous solutions
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The flowsheet for the production of buckwheat groats 
using plasma-chemically activated aqueous solutions shown 
in Fig. 2 gives a comprehensive idea of the course of the 
technological process taking into account the proposed 
innovative component. 

6. Discussion of the results of the study of buckwheat 
groats production technology

The analysis of the obtained results (Table 3) allows us to 
note that plasma-chemically activated aqueous solutions have 
a significant effect on tempering time. Thus, the buckwheat 
grain reached the desired moisture level in the control 
sample at a temperature of 60 °C after 6 hours. When using 
plasma-chemically activated aqueous solutions, a similar 
result was obtained in 6 hours at a temperature of 20 °C. 
If we consider a temperature of 40 °C, the desired moisture 
level was achieved in 2 hours, which will significantly speed 
up the technological process. If necessary, the temperature 
can be lowered to 30 °C, but the process will last 4 hours. 
Therefore, the optimal temperature of the tempering process 
using plasma-chemically activated aqueous solutions should 
be considered exactly 40 °C.

The rapid saturation of buckwheat grain with moisture 
is explained by the fact that plasma-chemically activated 
aqueous solutions can actively diffuse into the grain. The 
chaotic movement of ions in plasma-chemically activated 
water makes it possible to accelerate the diffusion of water 
into the flaxseed due to a more active influx of charged 
particles to the surface of the raw material [43, 44]. This is 
explained by the small-cluster structure of activated water, 
which seeps well into the pores and microcracks of the grain. 
Thus, buckwheat grain has a capillary-porous structure, and 
as a result of hydrothermal treatment involving activated 
aqueous solutions, the kernel surface, i.e. the seed coat, is 
subject to the greatest changes. With such processing, the 
grain gains moisture and increases in its linear dimensions 
and volume, which leads to deformation of the kernel and 
changes on its surface. It should be noted that preliminary 
high-quality moistening of buckwheat grain with plasma-
chemically activated aqueous solutions can increase the 
mass fraction of whole kernels and the total yield of the 
finished product. Thus, when grains are moistened, the 
kernel surface and the shell can be deformed, especially if the 
moistening process is very intense. It is desirable to increase 
the integrity of the buckwheat kernel when using activated 
moistening solutions, which is associated with a weakening 
of the bond between the shell and the kernel.

Moisture content significantly affects the structural, 
mechanical and technological properties of grain. An increase 
in the moisture content of the buckwheat kernel leads to a 
decrease in hardness and an increase in plastic deformation, 
which the kernel can undergo before destruction, including 
during grain hulling. Therefore, for intensive moistening 
of buckwheat grain, plasma-chemically activated aqueous 
solutions were used, which can intensify the process of 
moisture transport to the grain material.

After examining the yield of buckwheat grain (Table 4), 
it can be concluded that the proposed technology will 
increase the mass fraction of whole kernels by 1.9–6 % 
compared to the classical technology (control). So, activated 
solutions qualitatively change the technological properties 
of the grain material, namely, they weaken the bond between 

the shell and the kernel. During moistening buckwheat 
grain, intensive movement of moisture to the grain was 
observed. This leads to the swelling of proteins and a 
decrease in the number of cavities between starch grains. 
As a result, the porous and loose structure of buckwheat 
endosperm becomes denser and increases in size. This leads 
to the deformation of the surface microstructure of both the 
kernel and shells. Deformation of the surfaces leads to the 
occurrence of internal stress, due to the difference between 
the expansion of the kernel and shell of buckwheat grain, 
as well as to a weakening of the bond between them. This 
makes the hulling process more efficient, contributing to 
the qualitative separation of the shell from the kernel. At the 
same time, the intensification of moistening using activated 
solutions only strengthens this effect.

Buckwheat grain proteins are sensitive to high-
temperature processing, as they contain a significant part 
of the water-salt fraction. Therefore, with an increase in the 
temperature of the technological process, a general decrease 
in the amino acid content can be observed due to protein 
denaturation. When heated, the protein macromolecule 
usually loses its native state. Hydrothermal treatment 
of buckwheat grain, namely the high temperature of the 
process, can destroy amino acids, which reduces the amount 
of amino acids in buckwheat groats. Analyzing the amino 
acid composition, it should be noted that the number of 
amino acids in the experimental samples increases. As a 
rule, the reason for the decrease in the amino acid content 
as a result of hydrothermal treatment is the formation of 
non-hydrolyzable complexes with other compounds, for 
example, melanoidins. Since the total process temperature 
is reduced, it is logical to maximize the preservation of the 
amount of amino acids in samples where the temperature of 
hydrothermal treatment was lower. So, in the experimental 
sample, the total content of amino acids is 7.7 % higher than 
in the control. Compared to the basic amount of amino acids 
in buckwheat grain, only 2 % was lost during processing, 
against 9.7 % in the control, which suggests preserving 
the original beneficial properties of highly valuable raw 
materials. Comparing the obtained results with the results 
of other researchers [7], it should be noted that the original 
amino acid composition of the raw material is significantly 
preserved, which is a positive technological result.

The analysis of the vitamin composition of buckwheat 
groats (Table 7) showed that the amount of B vitamins in 
the experimental material was 35–54 % higher than in the 
control. The content of vitamin K changed insignificantly. 
There was 43 % more vitamin E in the experimental samples 
than in the control and 46 % more vitamin PP. A significant 
preservation of rutin was noted, it is more in the experimental 
samples by 38 %. Comparing the obtained results with the 
results of other researchers [7, 16], the expected preservation 
of the vitamin composition when using lower temperatures 
of hydrothermal treatment should be noted.

All grains, including buckwheat, contain microorganisms 
on their surface, in particular, pathogenic ones. It is known 
that plasma-chemically activated aqueous solutions have a 
disinfecting effect [37–40]. Therefore, it is advisable to use 
them in the fight against microbiological contamination of 
food raw materials.

The microbiological state of buckwheat groats was 
studied. Analyzing the data in Table 9, it should be noted 
that immediately after the production of buckwheat groats, 
no pathogenic microflora was detected in them. However, 
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during storage and partial contamination of the product 
with microorganisms, there is still a significant decrease 
in the amount of microflora when using plasma-chemically 
activated aqueous solutions. It should be noted that a 
decrease in the amount of mesophilic microflora during 
12 months of storage occurs due to the death of bacteria of the 
genus Pseudomonas herbicola, as well as lactic acid bacteria. 
Buckwheat groats obtained using plasma-chemically 
activated aqueous solutions contained a minimum amount of 
microorganisms, which did not change during the long-term 
storage of groats. Thus, the value of QMAFAnM was kept at 
the level of 0.01 thousand CFU/g.

The presence of mold microflora, which has a 
significant impact on the quality of food products, was 
also investigated [46, 47]. The amount of mold, including 
representatives of the genera Candidas, Penicillium, 
Aspergillus, was not detected immediately after production, 
but insemination occurred during storage. However, it should 
be noted that the amount of mold remained unchanged 
throughout storage, which indicates a stable microbiological 
state of the product.

After storing the product for 12 months, the amount of 
mold in groats obtained using plasma-chemically activated 
aqueous solutions is minimum. Accordingly, it was 260 times 
smaller than the control, which indicates the prospects of 
using plasma-chemically activated aqueous solutions for 
the disinfection of raw materials and further stability of the 
product.

It was found that the optimal disinfecting effect for 
buckwheat grain is shown by solutions with an activator 
concentration of 700 mg/l. At this concentration, buckwheat 
groats contained almost no microorganisms. Due to their 
specific composition, plasma-chemically activated aqueous 
solutions have a long-lasting disinfecting effect.

For the industrial implementation of the presented 
technology, a flowsheet for the production of buckwheat groats 
using plasma-chemically activated aqueous solutions has 
been developed (Fig. 2). In addition to classic technological 
operations, it includes moistening of buckwheat grain with 
plasma-chemically activated aqueous solutions. Activated 
solutions are used at the stage of hydrothermal treatment 
of buckwheat and do not require significant changes in 
improving the production line of buckwheat groats. Spent 
activated aqueous solutions are settled, filtered and sent for 
repeated plasma-chemical activation. Such a closed cycle of 
water use when applying the technology of plasma-chemical 
activation of aqueous solutions can significantly save water 
resources [37].

The results of studies of the technological process 
parameters and changes in the composition of buckwheat 
groats allow improving the existing technologies for the 
production of buckwheat groats.

The shortcomings of the research include the lack of 
data on changes in the content of albumins and globulins, 
as well as fatty acids in buckwheat groats. These data are 
planned to be obtained in the continuation of research on the 
technology of buckwheat groats production using plasma-
chemically activated aqueous solutions.

The limitations of this study can be related to providing 
sufficient quantities of plasma-chemically activated aqueous 
solutions to industrial enterprises. However, now this issue 
is being resolved, as KNP-TECHNOLOGY Research 
and Production Enterprise LLC is actively working on 
the implementation of the project for mass production of 

plasma-chemical industrial installations. And this, in turn, 
will expand the prospects and opportunities for providing 
the food processing industry with activated technological 
solutions.

The prospect of the research consists in the development 
of technologies for the production of other types of cereals.

7. Conclusions

1. Changes in the moisture content of buckwheat grain 
during moistening and tempering using plasma-chemically 
activated aqueous solutions were studied. It was found that 
the optimum temperature of the tempering process using 
plasma-chemically activated aqueous solutions should be 
considered precisely 40 °C, for 2 hours, with a peroxide 
concentration of 700 mg/l.

2. The yield of buckwheat groats was studied, so using 
activated solutions (peroxide concentration of 700 mg/l) will 
increase the mass fraction of whole kernels by a maximum of 
6 % compared to the classical technology.

3. The study of the amino acid composition of buckwheat 
groats showed that the total content of amino acids is 
7.7 % higher than the control, losses during hydrothermal 
treatment amounted to only 2 %, against 9.7 % in the 
control. The vitamin composition of buckwheat groats was 
studied. The vitamin composition also remains stable and 
almost does not decrease in terms of В1, В2, В3, В4, В5, В6, 
K, Е, РР, Р, compared to buckwheat grain. Compared to the 
control, it is 35–54 % higher.

4. Studies of the microbiological indicators of buckwheat 
groats showed that immediately after the production of 
buckwheat groats, no pathogenic microflora was detected 
in them. During storage, the amount of microflora changed 
insignificantly and was associated with its entry into the 
product from the external environment.

5. A flowsheet for the production of buckwheat groats 
has been developed, the feature of which is the introduction 
of plasma-chemical activation of aqueous solutions into the 
technological process.
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