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The result of the research is 
the development of a technology 
for the production of germinated 
flaxseed using plasma-chemically 
activated aqueous solutions. The 
object of research was flaxseed. An 
urgent technological problem is the 
intensification of the bioactivation 
process of flaxseed and its effective 
disinfection. The expediency of 
using plasma-chemically activated 
aqueous solutions as an intensifier of 
the process of flaxseed germination 
and an effective disinfectant of food 
raw materials was experimentally 
proven. It is shown that the use of 
plasma-chemical activation of process 
solutions not only accelerates flaxseed 
germination, but also contributes 
to a more active accumulation of 
biologically valuable components in 
flax raw materials. The composition of 
flaxseed as a raw material derivative 
was analyzed. Germinated flaxseed, 
which is considered a high-value 
component of food products, was 
studied separately. An increase in the 
moisture content of flaxseed during 
the soaking process by 0.7–1.7 % 
was recorded. Seedling development 
increases by 2–9 mm. The germination 
energy and capacity increase 
by 5–12 %. The biomass of germinated 
seeds increases by 39–56 %. In the 
process of germination, the content 
of proteins in flaxseed increases from 
21.88 to 23.71 %, reducing sugars 
from 2.37 to 4.02 %. The total content 
of amino acids increases from 3.64 
to 10.38 % compared to the control, 
and 10 times compared to the raw 
material. A significant accumulation 
of vitamins was noted: B1, B2, B3, B5, 
B6, B7, B9, C, E. In addition, plasma-
chemically activated solutions 
effectively disinfect germinated 
flaxseed.

The technology can be applied 
in the production of enrichment 
components of food products. The 
developed technology will receive 
special attention in the production of 
functional food products
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1. Introduction

High-quality, nutritious and chemically safe food is one 
of the main factors that ensure human health, quality and 

duration of active life. To preserve and strengthen public 
health, as well as to prevent diseases caused by unbalanced 
and poor nutrition, an active search for ingredients that can 
improve the quality of everyday food is underway.

TECHNOLOGY AND EQUIPMENT OF FOOD PRODUCTION



7

Technology and Equipment of Food Production: food technology

Flax (Linum usitatissimum) has been used as a source of 
oil for centuries. Flax raw material attracts considerable in-
terest of the general public of scientists. The studies explain 
the potential benefits of using flax and its processing prod-
ucts to improve public health, including the prevention of 
chronic non-infectious diseases [2]. Due to the high content 
of protein, α-linolenic oil, lignans and fiber, the demand for 
flaxseed and flaxseed oil as a source of food raw materials is 
increasing [3]. Flaxseed is one of the richest sources of bio-
active compounds [4].

Flax continues to occupy a leading position among 
healthy food components. Flaxseed is used in the prevention 
of cardiovascular diseases. This is due to the fact that the 
seeds are a complex source of alpha-linolenic acid, phy-
toestrogen, lignans, soluble dietary fiber, etc. [5]. Lignans 
have a diverse spectrum of biological activity. Regular con-
sumption of flaxseed can affect the concentration of total 
cholesterol. It was also proven that flaxseed has pronounced 
immunomodulatory, antioxidant and anti-inflammatory ef-
fects [5]. The protein complex of flaxseed has a balanced 
amino acid composition [6, 7]. The shell of flax seeds con-
tains a large number of polysaccharides, which are soluble 
dietary fibers. Omega-3 and lignan phytoestrogens of flax 
seeds have a positive effect on the health of a wide range of 
consumers [8]. Flaxseed is being studied as an alternative or 
supplement to medications for reducing risk factors associ-
ated with the progression of cardiovascular disease. Thus, 
alpha-linolenic acid (ALA) serves as an antihypertensive 
agent. Derivatives of enterolignans obtained from secoiso-
lariciresinol (SDH) serve as antioxidants. Accordingly, di-
etary fibers effectively reduce cholesterol levels [9]. And the 
list of potential benefits of flaxseed consumption is expand-
ing every year. An unsolved problem is to provide the food 
industry with high-value flax raw materials and products of 
its processing.

The main consumer product of oil flax, which has a con-
stant demand on the world market, is its seed [6]. Flaxseed 
and flax flour are actively used in food industries, such as 
bakery, meat, and dairy industries [6]. Flaxseed is currently 
an independent functional food product. The bioactive prop-
erties of defatted protein hydrolyzates of flaxseed make them 
suitable for use as preservatives in natural food products [10]. 
Nut and flaxseed spreads have recently been used as a substi-
tute for butter [10]. As a functional food ingredient, flax or 
flaxseed oil is added to baked goods, juices, milk and dairy 
products, cakes, dry pasta, macaroni and meat products [11]. 
However, the issue of introducing flaxseed into a wider range 
of food products is not resolved.

In addition, the priority scientific direction is to provide 
modern food production with germinated (bioactivated) 
flaxseed, which can be widely used to enrich food products 
with useful and highly nutritious substances.

Analysis of scientific and technical sources [9, 10] proves 
that in modern conditions, the production of fortified food 
products is one of the priority areas of the food processing 
industry. Making products with improved consumer proper-
ties attracts the attention of both producers and consumers 
[12]. An unsolved issue is the introduction of functional 
ingredients of plant origin into the industrial circulation, 
which will provide the body with nutrients and expand the 
range of healthy food products [12].

The task is to maximize the biochemical potential of 
flaxseed and increase its nutritional value. Thus, seed germi-

The use of germinated (bioactivated) plant raw materials 
to create healthy foods in recent years is one of the trends in 
modern food science. Food products began to be considered 
a highly effective means of maintaining physical and mental 
health and preventing many diseases. The selection of raw 
materials has a significant impact on the expansion of the 
range of healthy food products. To optimally realize the 
potential of various plant raw materials, various methods of 
process activation and regulation of biochemical transforma-
tions are widely used.

Flaxseed is a source of the main functional food ingredi-
ents and biologically active substances that can have a pos-
itive effect on the human body. Flaxseed is rich in essential 
polyunsaturated fatty acids, dietary fiber, complete proteins 
and other highly valuable components. Therefore, it is widely 
used as a functional ingredient to adjust the chemical com-
position and nutritional value of products.

A promising direction of flaxseed processing is its ger-
mination for further use in food production and directly in 
nutrition. In order to maximize the biochemical potential 
of flaxseed and increase its nutritional value, its germina-
tion or bioactivation is promising. This process allows the 
maximum accumulation of biologically active components 
in raw materials. Bioactivation is currently widely used in 
the pretreatment of plant raw materials, especially various 
seeds and grains. Technologies of bioactivation for each type 
of raw material differ in their peculiarities, process modes 
in which the accumulation of useful substances in plant 
material (grains or seeds) is intensified. Therefore, the study 
of the flaxseed bioactivation process and influencing factors 
correcting the process is a promising scientific direction.

Intensive germination is an innovative technology of pre-
paring flaxseed for consumption and production of healthy 
foods. In the modern food industry, the priority is to in-
crease the biological and nutritional value of raw materials 
by obtaining bioactivated food products and components: 
from germinated seeds of various plants, even exotic ones, 
to microgreens.

The relevance of research lies in the development of tech-
nology for obtaining germinated (bioactivated) flaxseed in 
order to provide modern food production with a functional 
ingredient. The scientific value of the technology lies in the 
creation of innovative food products based on germinated 
flaxseed, which can become a valuable component of healthy 
food. This will make it possible to expand raw material 
sources for creating functional food products, improve the 
nutritional properties of products and, accordingly, the di-
gestibility of target products.

2. Literature review and problem statement

Flaxseed and products of its processing have a number 
of useful properties, which are confirmed by scientific re-
search [1–3]. The choice of grain raw materials is of great 
importance for expanding the range of healthy food prod-
ucts. As natural ingredients, oil crops and products of their 
processing have become popular. These include flaxseed, 
which in its biochemical composition meets the requirements 
for functional products. In the world, there is an increase in 
the demand for flaxseed and an increase in the volume of its 
processing. The seeds of this crop belong to the category of 
natural functional food products [1].
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nation or bioactivation is promising. The intensive method of 
seed germination is widely used in the production of bioac-
tivated food products and components. In fact, germination 
is an enzymatic biomodification of seeds by their own pro-
teinases, which increases the availability and digestibility of 
nutrients due to their breakdown into lower molecular forms 
[6]. Despite the research and their significant results in the 
field of food biochemistry of seed germination, scientific and 
practical interest in the course of these processes remains 
high. Thus, from a practical point of view, it is important 
to determine the duration of the process in which a specific 
raw material acquires increased biological activity due to 
the accumulation of products of hydrolytic cleavage of bio-
polymers [13]. However, an unresolved issue is the forced 
adjustment of the process of transformation of substances in 
seeds during bioactivation.

During germination, the content of total protein in flaxseed 
increases. Germinated flaxseed has a significantly higher ratio 
of unsaturated fatty acids compared to saturated fatty acids 
and higher calculated values of oxidizability, in addition, an 
increased content of vitamin C is noted [14]. The high antioxi-
dant capacity of germinated flaxseed is observed [15, 16]. Also, 
during the bioactivation of flaxseed, an increase in the content 
of amino acids is noted, so germination can be used as an effec-
tive method of increasing the nutritional value of flaxseed [17]. 
Germinated flaxseed is rich in nutrients, has a wide range of 
functional properties, is promising in processing, and has scien-
tifically proven health benefits due to the presence of bioactive 
molecules, namely essential fatty acids, lignans and dietary 
fiber [18–20]. However, an important factor in bioactivation 
processes is the selection of optimal germination modes [21], 
which will ensure a directed flow of biochemical transforma-
tions. An unresolved problem is the selection of substances that 
can intensify the germination process.

There is also the problem of providing industrial produc-
tion with such important components as germinated flax-
seed. All this allows us to state that it is appropriate to study 
the development of a new intensive technology for obtaining 
germinated flaxseed, which could ensure the increased 
demand of food industry enterprises for biologically active 
components of natural plant origin [11].

From a scientific point of view, the production of ger-
minated flaxseed using an intensive and environmentally 
friendly technology is interesting. Scientific and technical 
sources [23–27] give various methods of intensifying seed 
germination. The main methods used in the intensification of 
germination are as follows: biotechnological, chemical, phys-
ical, physicochemical, complex and others [23, 25–28]. Thus, 
the most common methods to intensify germination include 
stratification of flaxseed with an H2SO4 solution. Solutions of 
metal-containing nanoparticles (calcined and uncalcined zinc 
oxide, zinc, magnesium oxide, silver, copper and iron) are used. 
The technology using metal salts (zinc acetate, magnesium sul-
fate, silver nitrate, copper sulfate, and iron (III) chloride) [22], 
gibberellic acid activation, and ultrasound treatment of soaked 
seeds are widely used. However, the issue of reducing the 
use of chemical compounds in the production of germinated 
seeds, which will allow the production of environmentally safe 
food products, remains unresolved. The reason for this may 
be factors related to the high price of effective and non-toxic 
intensifiers. In addition, an urgent issue is the disinfection 
of germinated flaxseed. For this purpose, aqueous solutions 
treated with carbon dioxide are used in classical technologies 

[28, 29], but an active search for environmentally safe disinfec-
tants continues.

An option to overcome the relevant difficulties can be 
to use plasma-chemical technologies in the food industry. 
This approach is used in the work [30], it is stated that plas-
ma-chemical technologies have recently been widely used 
in the food industry [30–32]. Special attention of scientists 
is drawn to correcting the course of processes in plant raw 
materials. However, studies of their influence on the process 
of flaxseed germination have not been carried out before.

Plasma-chemical activation of water and aqueous 
solutions allows using the properties of water without its 
chemicalization by foreign chemicals [26]. During water 
activation, processes are implemented that contribute to 
changing the reactogenic properties of aqueous solutions. 
Thus, the properties of activated water, which arise after 
plasma-chemical treatment, can be rationally used in various 
directions of innovative technologies. Water activated by 
non-equilibrium contact plasma has antiseptic and antibac-
terial properties [27]. 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 [26]. Activated water has a 
specific composition, hydrogen peroxides and superoxide 
compounds, excited particles and radicals are the most 
easily detectable. These components play an important role 
in oxidation-reduction processes, as well as accelerate the 
transport of moisture into grain material, and correct bio-
chemical transformations in malt grain [28]. Plasma-chemi-
cal activation changes the structure of water, namely, water 
clusters are actively crushed under the action of contact 
plasma. This leads to the effect of more active penetration 
of such crushed particles through the membranes and shells 
of seeds during their soaking and subsequent germination 
[26]. Clusters contain microparticles of hydrogen peroxide, 
which upon contact with raw materials are able to form ac-
tive oxygen and water, which positively affects biochemical 
transformations and activates the germination process [27].

If we compare the technology of plasma-chemical activa-
tion of water with other technologies of seed bioactivation, we 
can note its chemical safety. This is because its components 
are decomposed during seed processing and the finished prod-
uct has no foreign chemical impurities [26]. 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 conduct 
a study on the selection of a safe intensifier and, accordingly, 
modes of flaxseed germination. This will make it possible to 
improve existing technologies and obtain high-quality and 
chemically pure highly nutritious plant raw materials.

3. The aim and objectives of the study

The aim of the study is to develop a technology for the 
production of germinated flaxseed using plasma-chemically 
activated aqueous solutions. This will make it possible to 
obtain a biologically active component of food products, 
namely germinated (bioactivated) flaxseed.

To achieve the aim, the following objectives were accom-
plished:

– to examine changes in the moisture content of the ma-
terial during moisture absorption by seed (swelling);
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– to investigate visual changes in flaxseed during germi-
nation, germination energy and capacity of flaxseed;

– to study changes in the biomass of 
germinated flaxseed;

– to examine the composition of flax-
seed of different degrees of germination;

– to investigate the microbiological 
state of germinated flaxseed;

– to develop a flowchart for the pro-
duction of germinated flaxseed using 
plasma-chemically activated aqueous 
solutions.

4. Research materials and methods

4. 1. Research object and hypothesis
The object of research is flaxseed.
Plasma-chemically activated aque-

ous solutions were chosen for the re-
search. These solutions are already used 
in the technology of malting [27], but the scope of this tech-
nology for processing solutions needs to be expanded.

The main research hypothesis is obtaining a concentrate 
of biologically active substances of flaxseed by germination 
in plasma-chemically activated aqueous solutions. As an in-
tensifier of the flaxseed germination process, plasma-chemi-
cally activated aqueous solutions were used.

Plasma-chemically activated aqueous solutions were ob-
tained in the Specialized Laboratory of Plasma Processing 
of Process Solutions of Food Industries and KNP-TECH-
NOLOGY Scientific and Production Enterprise LLC (Dni-
pro, 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 Univer-
sity (Ukraine).

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

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

Activation of water for flaxseed moistening was car-
ried out using the technology of processing solutions with 
cold non-equilibrium plasma [12, 33]. For this purpose, a 
laboratory setup for plasma-chemical activation of aqueous 
solutions was used [34]. Thus, the laboratory three-arc 
plasma-chemical setup consists of a reactor, anodes, cath-
ode, reflux condenser, power source, and vacuum pump. 
For flaxseed soaking, plasma-chemically activated aqueous 
solutions were obtained, the characteristics of which are 
shown in Fig. 1. The concentration of hydrogen peroxide in 
activated water was determined by iodometry.

Thus, during the activation process from 10 to 60 min-
utes, it was possible to obtain a concentration of the active 
substance (hydrogen peroxide) in process water from 300 
to 700 mg/l. According to these peroxide concentrations, 
the following experimental groups were formed: 1 – con-
trol (ordinary tap water was used to process the samples); 
2 – plasma-chemically activated water (H2O2 concentra-
tion of 300 mg/l); 3 – plasma-chemically activated water 
(H2O2 400 mg/l); 4 – plasma-chemically activated water 
(H2O2 600 mg/l); 5 – plasma-chemically activated water 

(H2O2 650 mg/l); 6 – plasma-chemically activated water 
(H2O2 700 mg/l).

4. 2. 2. Selection of raw materials for germination and 
features of obtaining germinated flaxseed

Flaxseed (Linum usitatissimum L.) was chosen as a 
raw material for germination. The studied flaxseed had the 
following characteristics, %: proteins – 21.88±1.09; fats – 
42.89±2.14; moisture – 3.71±0.18; acid value 3.15±0.15. The 
seeds are flat, glossy, brown in color.

Germination of test flaxseed samples was carried out in 
laboratory malthouses [12]. The test samples were treated 
with activated aqueous solutions according to the standard 
scheme [12, 34, 35]. The duration of the soaking process 
was 48 hours, the water duty – 2:1 (aqueous solution: seed), 
during this time, the flaxseed was completely saturated with 
the activated process water solution.

The germination process lasts 2–7 days at a temperature 
of 17–21 °C, with periodically adding an aqueous solution 
and mixing the raw materials. Further processing of germi-
nated flaxseed depends on process needs (cooling, grinding, 
drying).

After germination, the moisture content of the material 
is 46–58 %. In order to preserve the biologically active sub-
stances that arose during the germination of raw materials, 
it is recommended to gradually increase the temperature 
regime of the drying stage. Seed drying was carried out in 
the following modes:

– up to 30 % moisture content at a temperature of up 
to 40 °C;

– up to 10 % – at temperatures from 40 to 70 °C;
– up to 6 % – at a temperature of 70–85 °C [12].
The total drying time of the material was 30–60 hours. 

Grinding of germinated seeds was carried out on a Mill-
er-350 laboratory mill [36].

4. 3. Methods of determining the parameters of sam�
ple properties

4. 3. 1. Method of studying changes in the moisture 
content of the material during moisture absorption by 
flaxseed (swelling)

In the course of research, the moisture content was 
recorded starting from the 1st day of the germination 
process. The determination was carried out by drying the 
seeds by a standard method, namely, using a drying cabi-

Fig. 1. Characteristics of plasma-chemically activated aqueous solutions for 

soaking and germination of flaxseed
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net. Control was carried out using a SuperPro automatic 
moisture meter (Manufacturer: SUPERTECH AGRO-
LINE AGROELECTRONICS, Denmark).

For the mathematical processing of the experimental 
materials and justification of the conclusions, analysis of 
variance without repetitions was used in the study, which 
determines the influence of two factors on the resulting 
characteristic [37, 38]. It was assumed that the consid-
ered factors have, respectively, M and N gradations, that 
is, sample observations are denoted as Xmn, m=1,...,M, 
n=1,...,N. Let X denote the total mean over the entire 
sample, i. e.:

Х=Σm Σn Xmn/MN.

rows
mХ  denote the mean for the gradation m of the factor 

corresponding to the data rows, i. e.:

/ .rows
m n mnХ X N= Σ     (1)

columns
nХ  – the mean for the gradation n of the factor cor-

responding to the data columns, i. e.:

/ .columns
n m mnХ X M= Σ     (2)

The variance of the resulting characteristic by the factor 
corresponding to the rows of the data table is calculated as:

2( ) / ( 1),rows
rows m mMS N X X M= ⋅∑ − −

the variance of the resulting characteristic by the factor 
compared to the columns of the data table is found by the 
formula:

2( ) / ( 1),columns
columns n nMS M X X N= ⋅∑ − −

the variance of errors not explained by the considered fac-
tors is equal to:

( )( )( )
2

–
/ –1 –1 .

–

error

rows
mn m

m n columns
n

MS

XХ
M N

Х X

⎛ ⎞−
= Σ Σ ⎜ ⎟⎜ ⎟⎝ ⎠

=

+

 

The analysis of variance consists in comparing the calcu-
lated Fisher criterion:

Frows=MSrows/MSerror or Fcolumns=MScolumns/MSerror,

with a critical value Fcrit with a significance level α and de-
grees of freedom:

df0=(M–1)(N–1), df1=M–1, df2=N–1.

If:

Frows>Fcrit(α; df1; df0) or Fcolumns>Fcrit(α; df2; df0),  (3)

then the resulting characteristic significantly depends on 
the dynamics of the corresponding factor. If the inequality 
holds:

Frows≤Fcrit(α; df1; df0) or Fcolumns≤Fcrit(α; df2; df0),

then the corresponding factor does not have a significant 
effect on the resulting characteristic.

4. 3. 2. Method of studying visual changes in flaxseed 
during germination

In the course of the research, the day of seedling appear-
ance and changes in the flax seedling length were recorded. 
The parameters were recorded in a sample of 50 seeds.

4. 3. 3. Methods of determining the germination ener�
gy and capacity of flaxseed

For research, a standard method of malt production was 
used, 6 analytical groups of 500 pieces were selected from 
flaxseed.

To forecast the quality of flaxseed germination, the ger-
mination capacity and energy were determined [12]. Control 
– flax seeds that were not subjected to any physical or chem-
ical treatment. All experiments were repeated five times.

4. 3. 4. Methods of determining the biomass of germi�
nated flaxseed

Biomass was examined by weighing the respective sam-
ples. The goal was to record the intensity of seedling devel-
opment and the increase in the mass of food raw materials 
during the germination process.

In the course of the study, hypotheses were put forward 
about the similarity of the relative response of flaxseed to 
the use of plasma-chemically activated aqueous solutions in a 
pair of seedling length and biomass indicators and in a pair of 
germination energy and capacity indicators. Testing of these 
hypotheses was carried out by the T-test for the sample mean 
with unknown variance [37, 38]. The sample elements were 
defined as differences in the values of the analyzed indicators 
Δk=Y1k–Y2k, k=1,..,K. The test statistic with the assumption 
of a zero sample mean value was calculated by the formula:

Т=Σk Δk/(K·Σk (Δk–Δ)2/(K–1))0.5.   (4)

The hypothesis of a non-zero sample mean was rejected 
on the basis of inequality:

|Т |≤Т(α; df),     (5)

where Т(α; df) is the critical value of two-tailed Student’s 
T-distribution with the level of significance α and degrees of 
freedom df=K–1.

4. 3. 5. Methods of determining the chemical compo�
sition, content of amino acids and vitamins in germinated 
flaxseed

The protein content in the seeds was determined by the 
Kjeldahl method, the fat content by the Rushkovsky meth-
od, the carbohydrate content by the liquid chromatography 
method, the fiber amount by the standard method, and re-
ducing sugars by the ferricyanide method [12].

The analysis of the amino acid content in flaxseed was car-
ried out by ion-exchange liquid column chromatography on 
a T339 automatic amino acid analyzer, manufactured in the 
Czech Republic, Prague. The vitamin composition of germi-
nated flaxseed was also determined using ion-exchange liquid 
column chromatography and other standard methods [12].

To test the hypothesis about the preservation of relative 
proportions of the biochemical and vitamin composition of 



11

Technology and Equipment of Food Production: food technology

germinated flaxseed when using plasma-chemically acti-
vated aqueous solutions, the T-test for sample means with 
different variances was applied [37, 38]. Test statistics were 
calculated by the formula:

Т=(Δ1–Δ2)/(S1/N1+S2/N2)0.5,

where N1 and N2 are the size of the first and second samples, 
consisting, respectively, of the elements Δ1i, i=1,..,N1, Δ2j, 
j=1, .., N2, Δ1 and Δ2 denote the sample means, namely:

Δ1=Σi Δ1i/N1, Δ2=Σj Δ2j/N2.

S1 and S2 denote the sample unbiased (corrected) vari-
ances, namely:

S1=Σi (Δ1i–Δ1)2/(N1–1), S2=Σj (Δ2j–Δ2)2/(N2–1).

The hypothesis about the difference in sample means was 
rejected on the basis of inequality:

|Т |≤Т(α; df),      (6)

where Т(α; df) is the critical value of two-tailed Student’s 
T-distribution with the level of significance α and degrees of 
freedom df found by the formula:

( ) ( )
( ) ( )

22

2

1/ 1 / 2–11/ 1
/ .

2 / 2 2 / 2 / 1–1

S N NS N
df

S N S N N

⎡ ⎤⎛ ⎞++⎢ ⎥⎜⎛ ⎞
⎜ ⎟
⎝ ⎠

⎟=
⎢ ⎥⎜ ⎟+ +⎝ ⎠⎣ ⎦

 

To test the hypothesis about a statistically significant in-
crease in the amino acid content in dynamics during the ger-
mination of bioactivated flaxseed, the T-test for the sample 
mean with unknown variance was applied [37, 38]. In this 
case, the test statistic (4) was compared with the critical val-
ue Т(α; df) of the right-tailed Student’s T-distribution with 
the level of significance α and degrees of freedom df=K–1. If:

Т>Т(α; df),     (7)

then the sample mean is significantly different from 0. If the 
inequality holds:

Т≤Т(α; df),       (8)

then the alternative hypothesis of a statistically significant 
non-zero sample mean is rejected.

4. 3. 4. Methods of studying the microbiological state 
of germinated flaxseed

The total microbial count (QMAFAnM) was determined 
by the classical method of inoculation on agar nutrient media 
followed by incubation of the cultures and counting of culti-
vated colonies of microorganisms [39].

5. Results of studies of process indicators of obtaining 
bioactivated flaxseed

5. 1. Study of changes in the moisture content of flax�
seed during moistening and germination

To determine the optimal concentration of hydrogen 
peroxides in plasma-chemically activated aqueous solutions, 

monitoring of changes in the moisture content of flaxseed 
during its moistening was carried out (Table 1).

Table 1

Changes in the moisture content of flaxseed during 

moistening and germination, %

Experiment
Hydrogen peroxide 
concentration, mg/l

Day

0 1 2 3 4 5

1 0 3.7 49.8 52.7 54.5 57.5 57.0

2 300 3.7 50.1 52.9 54.8 57.6 57.2

3 400 3.7 50.8 53.1 55.0 57.9 57.5

4 600 3.7 51.5 53.7 55.9 58.2 57.8

5 650 3.7 51.2 53.4 55.5 58.0 57.6

6 700 3.7 50.9 53.1 54.6 57.8 57.1

To substantiate changes in the moisture content of flaxseed 
during moistening and germination, a two-factor analysis of 
variance without repetitions performed using spreadsheet tools 
was applied to Table 1. The initial data are selected from M=6 
rows about the experiments performed and N=5 columns, cor-
responding to 1–5 days of moistening and germination. Based 
on ratios (3):

19.25=Frows>Fcrit (0.05; 5; 20)= 2.71,

1213.48=Fcolumns>Fcrit (0.05; 4; 20)= 2.87,

it was found that the hydrogen peroxide concentration 
(from 0 to 700 mg/l) and soaking duration (from 1 to 
5 days) cause the appearance of significantly different 
moisture indicators of flaxseed at a standard significance 
level of α=0.05. According to formulas (1), (2), it was found 
that the maximum average indicators 4 55.42 %rowsХ =  and 

4 57.83 %columnsХ =  correspond to experiment 4 and the 
fourth day of seed treatment, and these values had the 
smallest variations of 7.99 and 0.07, which confirms their 
greatest stability.

5. 2. Study of visual changes in flaxseed during germi�
nation, germination energy and capacity of flaxseed

The swelling rate of flaxseed can be monitored by vi-
sual observation and recording changes in the geometric 
parameters of the seeds. The results of the studies are given 
in Table 2.

Important indicators characterizing the quality of ger-
minated flaxseed and the level of bioactivation of raw ma-
terials are germination energy and capacity (Table 3). Eval-
uating these indicators, it can be argued that the samples 
with their maximum values will have the highest content of 
biologically active food components.

The hypothesis about the similarity of the relative re-
sponse of the germination energy and capacity indicators of 
bioactivated flaxseed was tested according to Fig. 2, illus-
trating changes in these indicators compared to the control 
experiment (Table 4).

Inequality (5), calculated by spreadsheet tools 
at K=5 and with a typical significance level of 0.05, 
2.14=Т≤Т(0.05; 4)=2.78, shows a similar reaction of flax-
seed in terms of germination energy and capacity when 
using plasma-chemically activated aqueous solutions, which 
is consistent with a positive close to 1 Pearson correlation 
coefficient of 0.98.
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5. 3. Study of changes in the biomass of germinated 
flaxseed

In parallel, the weight of flaxseed biomass at the end 
of the germination process was studied, the relevant data 
are shown in Table 5. This indicator allows you to predict 
the yield of the finished food component (germinated 
flaxseed).

The hypothesis about the similarity of the response of the 
seedling length (Table 2) and biomass indicators (Table 5) 
of germinated flaxseed was tested according to the data in 

Table 6, illustrating the relative changes of these indicators 
compared to the corresponding control experiment.

Table 6

Changes in the seedling length and biomass of flaxseed on 

the 5th day when using plasma-chemically activated aqueous 

solutions

Experiment Seedling length, Y1k Biomass, Y2k

2 0.25 0.40

3 0.50 0.47

4 0.75 0.56

5 0.63 0.46

6 0.38 0.42

Inequality (5), calculated by spreadsheet tools at K=5 
and with a typical significance level of 0.05:

0.61=Т≤Т(0.05; 4)=2.78,

evidences a similar response of flax seeds in terms of 
seedling length and biomass when using plasma-chem-
ically activated aqueous solutions, which is consistent 
with a positive close to 1 Pearson correlation coefficient 
of 0.92.

5. 4. Study of the composition of germinated flax�
seed

A significant stage in the research of flaxseed germi-
nation is to determine its composition. For a comprehen-
sive analysis of bioactivated seeds, samples treated with 
plasma-chemically activated solutions with a peroxide 
concentration of 600 mg/l were selected. The main com-
ponents included in their composition are listed in Table 7. 
It is important to compare the biochemical composition of 
ordinary and germinated flaxseed, which will allow us to 
more thoroughly characterize the features of the germina-
tion process from a chemical point of view.

Table 2

Visual changes in flaxseed during germination

Experiment
Hydrogen peroxide 
concentration, mg/l

Germination day, seedling length in mm

1 2 3 4 5

1 0

mucilagination and swelling 
of the polysaccharide shell, 

increase in seed size

seed swelling a sprout appeared 3 8

2 300 seed swelling a sprout appeared 5 10

3 400 a sprout appeared 5 10 12

4 600 a sprout appeared 6 12 14

5 650 a sprout appeared 5 11 13

6 700 a sprout appeared 4 9 11

Table 3

Germination energy and capacity of flaxseed when using plasma-chemically activated aqueous solutions

Experiment Water
Hydrogen peroxide 
concentration, mg/l

Germination rates, %

energy capacity

1 tap ‒ 82±1.7 88±1.3

2 activated 300 87±1.2 93±1.1

3 activated 400 92±1.9 97±1.5

4 activated 600 96±1.4 100±1.2

5 activated 650 93±1.1 99±1.4

6 activated 700 91±1.5 96±1.2

Table 4

Changes in the germination energy and capacity of flaxseed 

when using plasma-chemically activated aqueous solutions, r.p.

Experiment Germination energy, Y1k Germination capacity, Y2k

2 5 5

3 10 9

4 14 12

5 11 11

6 9 8

Table 5

Biomass of germinated flaxseed

Experiment Water
Hydrogen peroxide 
concentration, mg/l

Biomass

5th day of 
germination, 

g

relative 
change in 

biomass, %

1 (control) Tap ‒ 1.26 100

2 Activated 300 1.76 139

3 Activated 400 1.85 147

4 Activated 600 1.97 156

5 Activated 650 1.84 146

6 activated  700 1.79 142
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The hypothesis about the preservation of relative pro-
portions of the biochemical composition of flaxseed when 
using plasma-chemically activated aqueous solutions was 
verified. This was done by the T-test for sample means 
with excellent variances according to the data in Table 8, 
containing the modules of the difference between the pa-
rameters of the control and the initial raw material (Δ1i) 
and the experiment and the initial raw material (Δ2j) at 
N1=N2=7.

Table 7

Biochemical composition of flaxseed during germination, %

Indicator

Initial raw 
materials 

(non-
germinated 

flaxseed)

Control 
(flaxseed 

germinated 
without 
adding 

activator)

Experiment 
(flaxseed 

germinated using 
plasma-chemically 
activated aqueous 

solutions)

Proteins 21.88 22.65 23.71

Fats 42.89 40.72 39.91

Fiber 6.78 5.29 5.01

Hemicellulose 12.64 12.04 11.95

Reducing sugars, 
including

2.37 3.64 4.02

Monosaccharides 1.31 1.62 1.84

Disaccharides 1.06 2.02 2.18

Table 8

Changes in the biochemical composition of flaxseed when 

using plasma-chemically activated aqueous solutions, r.p.

Indicator Δ1i Δ2j

Proteins 0.77 1.83

Fats 2.17 2.98

Fiber 1.49 1.77

Hemicellulose 0.6 0.69

Reducing sugars 1.27 1.65

Monosaccharides 0.31 0.53

Disaccharides 0.96 1.12

Based on inequality (6), calculated by spreadsheet tools 
with a typical significance level of 0.05:

1.09=Т≤Т(0.05; 11)=2.20,

the relative proportions of the biochemical composition of 
the control and experimental flaxseed samples were pre-
served. This testifies to the inviolability of the natural qual-
ities observed in the initial raw materials.

A step-by-step analysis of germinated flaxseed was 
performed, namely, monitoring changes in the amino acid 
composition throughout the entire germination process of 
the studied raw material. The results of the experiments are 
given in Table 9.

Important for the human body, both essential and 
non-essential, amino acids were found in the samples. When 
using plasma-chemically activated aqueous solutions, the 
content of amino acids tended to increase steadily.

Table 9

Amino acid content in germinated flaxseed, mg/g of protein

Amino acid
Germination day

0 2 4 5 6

Control (flaxseed germinated without adding activator)

Alanine 0.25 2.48 2.50 3.08 4.05

Arginine 1.38 3.77 3.31 3.78 4.42

Asparagine 0.36 0.85 1.18 1.65 2.06

Aspartic acid 0.48 0.84 0.72 0.84 0.98

Cystine 0.05 0.12 0.26 0.28 0.34

Glycine 0.21 0.92 1.48 2.16 2.61

Glutamine 0.07 5.06 8.65 9.31 10.42

Glutamic acid 0.41 3.15 3.58 3.97 4.61

Histidine 0.14 1.22 1.41 1.87 2.11

Lysine 0.18 1.12 1.21 1.46 1.65

Leucine 0.01 1.78 1.72 2.14 2.42

Isoleucine 0.05 1.10 1.12 1.21 1.34

Methionine 0.01 0.54 0.53 0.54 0.57

Phenylalanine 0.14 1.40 1.08 1.42 1.55

Proline 0.29 1.15 2.46 3.82 4.36

Serine 0.07 1.88 1.99 3.19 3.38

Threonine 0.12 0.96 1.02 1.15 1.26

Tryptophan 0.39 0.91 1.29 1.63 1.72

Tyrosine 0.11 1.12 1.18 1.21 1.25

Valine 0.05 1.40 1.54 1.68 1.77

Total content 4.77 31.77 38.13 46.39 52.87

Experiment (seeds germinated using plasma-chemically activated 
aqueous solutions)

 Alanine 0.25 2.54 2.60 3.35 4.31

Arginine 1.38 4.05 3.42 3.86 4.58

Asparagine 0.36 1.21 1.24 1.81 2.64

Aspartic acid 0.48 1.18 0.77 0.89 1.02

Cystine 0.05 0.20 0.27 0.30 0.41

Glycine 0.21 1.14 1.52 2.24 3.02

Glutamine 0.07 6.01 8.74 9.45 10.89

Glutamic acid 0.41 3.41 3.65 4.07 4.98

Histidine 0.14 1.32 1.58 1.93 2.35

Lysin 0.18 1.16 1.29 1.59 1.77

Leucine 0.01 1.87 1.84 2.21 2.49

Isoleucine 0.05 1.18 1.16 1.29 1.39

Methionine 0.01 0.55 0.53 0.56 0.59

Phenylalanine 0.14 1.41 1.17 1.49 1.56

Proline 0.29 1.26 2.59 3.96 4.42

Serine 0.07 1.94 2.14 3.25 3.85

Threonine 0.12 1.01 1.18 1.19 1.42

Tryptophan 0.39 1.07 1.38 1.68 1.81

Tyrosine 0.11 1.14 1.19 1.23 1.29

Valine 0.05 1.42 1.67 1.74 2.08

Total content 4.77 35.07 39.84 48.08 56.86

The hypothesis about a statistically significant increase 
in the content of amino acids in flaxseed germinated using 
plasma-chemically activated aqueous solutions was tested 
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according to the data in Table 8 about 2–6 days of germi-
nation (K=4) in relation to 20 individual amino acids and 
their total content. The analyzed indicators Y1k and Y2k, 
k=1, .., K corresponded to the content of amino acids in the 
experiment and control. The critical value of the right-tailed 
Student’s T-distribution with a typical level of significance 
α=0.05 and degrees of freedom df=3 was Т(α; df)=2.35.

Hence, on the basis of inequalities (7) with the test 
statistics T of 4.62; 3.19; 3.58; 2.52; 2.56; 2.84; 3.59; 4.50; 
7.41; 6.06; 2.61; 6.18; 3.08; 4.26; 3.58 calculated by for-
mula (4), a statistically significant increase in the total 
content of amino acids was found. In particular, alanine, 
arginine, asparagine, cystine, glutamic acid, histidine, 
lysine, leucine, isoleucine, methionine, proline, threonine, 
tryptophan and tyrosine for the considered germination 
period of bioactivated flaxseed.

On the other hand, although the flaxseed of the experi-
ment showed increased indicators for aspartic acid, glycine, 
glutamine, phenylalanine, serine and valine compared to 
the control, but on the basis of inequalities (8) with the test 
statistics T of 1.64; 2.24; 2.08; 2.18; 1.90; 2.03 calculated by 
formula (4), these advantages in dynamics turned out to be 
statistically insignificant with a significance of α=0.05.

The composition of vitamins of germinated flaxseed is 
given in Table 10. Flaxseed contains a wide range of B vita-
mins, especially vitamin B1. It is an important component 
of carbohydrate metabolism in the human body. Because 
with a lack of vitamin B1, the human body is not able to fully 
absorb sugars.

The hypothesis about the preservation of the relative 
proportions of the vitamin composition of germinated 
flaxseed when using plasma-chemically activated aque-
ous solutions was tested. This was done by the T-test for 
sample means with excellent variances according to the 
data in Table 11, containing the modules of the difference 
between the parameters of the control and raw materi-
al (Δ1i) and the experiment and raw material (Δ2j) at 
N1=N2=9.

Inequality (6), calculated by spreadsheet tools with a 
typical significance level of 0.05:

0.99=Т≤Т(0.05; 15)=2.13,

confirms that the germinated flaxseed retains the vitamin com-
position in the experimental sample compared to the control.

Table 11

Changes in the vitamin composition of germinated 

flaxseed, mg r.p.

Vitamin Δ1i Δ2j

Vitamin B1 0.48 0.6

Vitamin В2 0.12 0.37

Vitamin В3 0.57 0.78

Vitamin В5 0.39 0.57

Vitamin В6 0.12 0.29

Vitamin В7 0.003 0.005

Vitamin В9 0.011 0.022

Vitamin C 0.76 0.97

Vitamin Е 0.35 0.44

5. 5. Study of MAFAnM contamination of germinated 
flaxseed

In order to investigate the contamination with MA-
FAnM, the germination of flaxseed samples was performed 
in working process solutions with a hydrogen peroxide con-
centration of 300–700 mg/l, and the microbiological state of 
germinated seed QMAFAnM was determined. The results 
obtained are shown in Table 12.

Table 12

Study of the microbiological state of germinated flaxseed

Experiment Water
Hydrogen peroxide 
concentration, mg/l

QMAFAnM, 
CFU/g

1 (control) Tap ‒ 8.2×106±1.5

2 Activated 300 5.7×104±1.7

3 Activated 400 1.9×102±1.6

4 activated 600 ‒
5 Activated 650 ‒
6 Activated 700 ‒

5. 6. Development of a flowchart for the production of 
germinated flaxseed using plasma�chemically activated 
aqueous solutions

For the future industrial implementation of the proposed 
technology, a flowchart for the production of germinated 
flaxseed using plasma-chemically activated aqueous solu-
tions was developed (Fig. 2).

Table 10

Vitamin composition of germinated flaxseed

Vitamin
Initial raw materials (non-germinated 

flaxseed)
Control sample (seeds germinated 

without adding activator)

Experimental sample (seeds germinated 
using plasma-chemically activated 

aqueous solutions)

Vitamin B1, mg % 0.64 1.12 1.24

Vitamin B2, mg % 0.24 0.36 0.61

Vitamin B3, mg % 3.21 3.78 3.99

Vitamin B5, mg % 0.58 0.97 1.15

Vitamin B6, mg % 0.68 0.80 0.97

Vitamin B7, mg % 6 9 11

Vitamin B9, mg % 112 123 134

Vitamin C, mg % 0.58 1.34 1.55

Vitamin E, mg % 0.54 0.89 0.98
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6. Discussion of the results of research on the technology 
of obtaining a biologically active component of food 

products (germinated flaxseed)

Analysis of the results of Table 1 allows us to note that 
at the initial stage of germination, the seeds swell as a result 
of intensive moisture absorption by flaxseed. On the first 
day of germination, the moisture content increased from 
3.7 to 51.5 %. Over the next four days, the moisture con-
tent stabilized and changed little. Moreover, in the samples 
treated with plasma-chemically activated solutions, the 
moisture content was higher on average by 0.7–1.7 %. The 
highest figure was recorded when using activated solutions 
with a peroxide concentration of 600 mg/l. That is, at the 
beginning of the process, there was an intensification of 
moisture transport to the seeds, which is a prerequisite for 
a more intensive process of flaxseed germination. And also 

a guarantee of intensive accumulation of biologically active 
substances in the studied food raw materials.

After examining changes in the moisture content of the 
flaxseed material, a more intense moisture transport to the 
seeds can be noted. Thus, the moisture content increases 
from 0.7 to 1.7 %, depending on the peroxide concentration 
in the solution. Moreover, the concentration of peroxides 
in the activated solution within 600 mg/l has an optimal 
effect on the seeds (Table 1). It is important to accelerate 
the diffusion of water into flaxseed at the initial stage. The 
intensity of water absorption in the first hours of soaking 
affects the entire subsequent process of germination and, 
accordingly, the course of biochemical reactions in the raw 
material. The seed shell is partially permeable and therefore 
allows only water and aqueous solutions to diffuse into the 
seed. Ions penetrate inside through the micro-cracks in the 
shell and can affect the embryo. The chaotic movement of 

Fig. 2. Flowchart for the production of germinated flaxseed using plasma-chemically activated aqueous solutions
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ions in plasma-chemically activated water allows accelerat-
ing water diffusion into flaxseed due to a more active influx 
of charged particles to the surface of the raw material [26]. 
This aspect confirms that when using activated water as a 
moistening agent, due to its specific composition, there is a 
more active transport of active moisture to the seed. That is, 
plasma-chemically activated water is rapidly diffused into 
the grain (absorbed). Therefore, the increase in the mois-
ture content of the material (Table 2) indicates the active 
transport of activated aqueous solutions to flaxseed, which 
contributes to the bioactivation processes in it [26]. It should 
be noted that in the developed technology, compared to the 
known ones [6, 40], a more intense increase in the moisture 
content of the material is observed, which confirms the 
active absorption of solutions by flaxseed. All this causes 
a redistribution between the flaxseed substances, increases 
the proportion of soluble substances and decreases the pro-
portion of insoluble substances in the seeds.

Analyzing the results of visual observation of flaxseed 
germination, at the initial stage of germination (swelling), 
the seeds intensively absorb moisture, as a result, the seeds 
begin to germinate, as shown in Table 2. Starting from the 
second day of observation, seed germination is recorded in 
samples treated with plasma-chemically activated aqueous 
solutions. If you analyze the intensity of seedling develop-
ment, it should be noted that when using plasma-chemically 
activated solutions, their length increased by 2–9 mm on the 
4th day compared to the control. Accordingly, on the fifth 
day, it increased by 2–6 mm. Therefore, the effect of inten-
sive germination is observed in all samples, the maximum 
result was obtained at a concentration of hydrogen peroxide 
in the solution of 600 mg/l.

The study of visual changes in flaxseed during ger-
mination (Table 2) confirmed the hypothesis of intensive 
germination. This became especially noticeable when mon-
itoring the length of the flax seedling. Thus, when using 
plasma-chemically activated aqueous solutions, the seed-
lings were larger by 2–9 mm. In addition, the biomass of 
flaxseed increased by 39–56 % during germination. That is, 
biochemical processes occurred efficiently enough to obtain 
high-quality food raw materials.

Analyzing the data in Table 3, it should be noted that 
there is an increased germination activity compared to the 
control. The process efficiency increases from 5 to 12 %. 
Thus, the total process duration in industrial conditions will 
be 3–5 days, as evidenced by 96 % germination on the third 
day and 100 % germination of seeds on the 5th day of the 
process. At the same time, in the control experiment (using 
tap water), the process lasts 10 days. The process of flaxseed 
germination accelerated by 2 times.

Studies of germination indicators (germination ener-
gy and capacity) of flaxseed with the proposed activator 
showed an increase in the process efficiency, the indica-
tors increased from 5 to 12 %. For 100 % seed germina-
tion, the process duration is 5 days, which is half the con-
trol process without using an activator (with tap water). 
Among the concentrations of plasma-chemically activated 
aqueous solutions studied in the work, it is advisable to 
use a solution with a concentration of 600 mg/l. It was 
this concentration that made it possible to achieve 100 % 
germination capacity of flaxseed. Comparing the action of 
plasma-chemically activated solutions with the action of 
other activators [23–27], a significant increase in germi-
nation rates should be noted, on average by 2–3 %.

Analyzing the data obtained, it should be noted that the 
biomass of germinated flaxseed exceeded the control sample 
by 39–56 %, which is evidence of the intensive course of 
germination processes in flaxseed. In the samples treated 
with plasma-chemically activated aqueous solutions, in-
creased growth of biomass was noted. Thus, samples with 
a concentration of 600 mg/l showed the maximum increase 
in the indicator, namely, the biomass of germinated flaxseed 
increased by 56 %. Therefore, as a result of flaxseed germina-
tion, 56 % more product will be obtained, which is a positive 
technological result.

The composition of germinated flaxseed was investi-
gated in the work. It was found that germinated flaxseed 
obtained using plasma-chemically activated aqueous solu-
tions has all the signs of an effective course of the germina-
tion (bioactivation) process. Namely, an increase in protein 
content from 21.88 % to 23.71 % is recorded, the content of 
reducing sugars increases from 2.37 % to 4.02 %, the concen-
tration of fiber in flaxseed decreases from 6.78 % to 5.01 %, 
and hemicellulose – from 12.64 % to 11.95 %. A decrease in 
the amount of complex carbohydrates with a simultaneous 
increase in the amount of mono- and disaccharides is ob-
served. Thus, the resulting food product will have a greater 
amount of biologically active substances in its composition 
and thereby a high nutritional value. Comparing the ob-
tained results with the results of other researchers [13], a 
more intense accumulation of proteins should be noted, on 
average by 2–3 %.

The data in Table 7 demonstrate that germinated flax-
seed obtained using plasma-chemically activated aqueous 
solutions has all the signs of an effective course of the germi-
nation (bioactivation) process. Germination is a rather com-
plex process, which changes the entire biochemical complex 
of food raw materials. At the same time, secondary formation 
of amino acids occurs, when the proteins contained in the 
endosperm are hydrolyzed to form free amino acids. In the 
future, they are used to form the embryo. In the experiments, 
an increase in protein content is recorded due to the leaching 
of non-protein substances from the seeds during soaking 
and synthesis of new proteins. The carbohydrate complex of 
flaxseed is also prone to changes during germination. Thus, 
the content of reducing sugars in it increases, and this is 
because the formation of sugars during flaxseed germination 
occurs mainly due to the hydrolytic splitting of fats under 
the action of lipase. Fatty acids and glycerol are formed from 
them, which later turn into sugars. At the stage of intensive 
germination, complex biopolymers, such as fiber and hemi-
cellulose, are decomposed under the action of enzymes into 
simpler ones that can dissolve well. As a result, the fiber 
content in flaxseed decreases.

In the study of the proposed technology, an increased 
content of amino acids was found, compared to the con-
trol sample by 3.64–10.38 % (Table 9). An increase in the 
amount of amino acids was observed: alanine, arginine, as-
paragine, aspartic acid, cystine, glycine, glutamine, glutamic 
acid, histidine, lysine, leucine, isoleucine, methionine, phe-
nylalanine, proline, serine, threonine, tryptophan, tyrosine, 
valine. These results prove the veracity of the research hy-
pothesis about the possibility of obtaining a concentrate of 
biologically active substances. This is mainly due to the use 
of an activator represented by plasma-chemically activated 
water (process solution). It contributes to the accumulation 
and accelerates the action of proteolytic enzymes in raw 
materials [26].
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Analyzing the data in Table 9, it can be stated that as a 
result of more intense flaxseed germination, amino acids are 
synthesized very actively. Thus, if we compare the results of 
the second day of germination, the total content of amino 
acids in the samples treated with plasma-chemically acti-
vated aqueous solutions increased by 10.38 % compared to 
the control. If we compare the content of amino acids with 
the original raw material, that is, flaxseed, the total content 
of amino acids increased 8 times. If we analyze the amount 
of amino acids at the final stage of germination, then, ac-
cordingly, the total amount of amino acids when using the 
proposed technology increased by 7.54 %, compared to the 
control, and was 10 times higher than in the original raw 
material. This confirms the research hypothesis about the 
possibility of obtaining a food concentrate of biologically 
active substances in the product of the germination process 
using an activator.

The composition of vitamins in germinated flaxseed 
was investigated. An increase in the content of the follow-
ing vitamins was recorded: В1, В2, В3, В5, В6, В7, В9, С, Е, 
compared to both the initial raw material (flaxseed) and 
the control sample (germinated flaxseed without activator). 
Analyzing the data in Table 10, it was found that the ex-
perimental samples have an increased content of vitamins. 
This also shows the expediency and importance of using 
germinated flaxseed in food in order to enrich the diet and 
provide it with a vitamin complex contained in bioactivated 
flaxseed.

All plant materials contain microorganisms on their 
surface, in particular, pathogenic ones. Since the process of 
flaxseed germination involves soaking and moistening seeds, 
such microflora in favorable conditions (high humidity and 
heat) is reproduced throughout the entire process. The seed 
microbiota may have undesirable effects on the finished 
product if it is not heat-treated. In this regard, it is necessary 
to determine the ways of aseptic treatment of germinated 
flaxseed in order to improve the quality. Plasma-chemically 
activated aqueous solutions are known to have a disinfecting 
effect [34]. So, it is advisable to use them in the fight against 
microbiological contamination of food raw materials.

The microbiological state of germinated flaxseed was 
studied, which confirmed the positive effect of plas-
ma-chemically activated solutions on the microbiological 
state of food raw materials. It is known that plasma-chem-
ically activated aqueous solutions can inhibit pathogenic 
microorganisms and disinfect raw materials [34, 36]. 
It was found that among solutions with different acti-
vator concentrations, solutions with a concentration of 
600 mg/l have a disinfecting effect on flaxseed. At this 
concentration, the germinated material contained no mi-
croorganisms at all.

The total microbial number for germinated flaxseed in 
plasma-chemically activated solutions of different concen-
trations was determined. The quantity of microorganisms 
was determined by counting colonies found on standard agar 
media. The standard QMAFAnM indicator for non-tradi-
tional raw materials (including flaxseed) is less than 5*104. 
It was found that the proposed disinfectant is effective in the 
developed technological process. Solutions with an activator 
concentration of 600 mg/l were found to have a disinfecting 
effect on flaxseed. At this concentration, the germinated 
material contained no microorganisms at all. Due to the 
specific composition, plasma-chemically activated aqueous 

solutions have a long-lasting disinfecting effect. Therefore, 
when the microflora re-enters during the germination pro-
cess, it dies.

For the industrial implementation of the presented tech-
nology, a flowchart for the production of germinated flaxseed 
using plasma-chemically activated aqueous solutions was 
developed (Fig. 2). In addition to the classic technological 
operations, such as seed cleaning, washing and disinfection, 
soaking, germination, drying, grinding and further process-
ing, it includes a new technological solution, namely, the in-
troduction of plasma-chemical activation of aqueous solutions 
into the process. Activated solutions are used at the stage 
of seed washing and disinfection as a disinfecting agent. In 
addition, it is advisable to use them at the stage of soaking, in 
order to accelerate the process of seed moistening, with the 
subsequent intensification of the germination process. Next, 
the 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 plas-
ma-chemical activation of aqueous solutions makes it possible 
to significantly save water resources [35].

The results of studies of the process parameters and 
changes in the composition of germinated flaxseed allow 
creating an effective processing of flaxseed raw materials to 
obtain a biologically active component of food products of 
universal purpose. The obtained product can be used with-
out heat treatment, dried or ground into flour, and used as 
a component of high-tech food products for confectionery, 
dairy, meat or fish products.

The shortcomings of the studies include the lack of data 
on changes in the lipid part of flaxseed in the process of 
germination. These data are planned to be obtained during 
the continuation of research on the technology of production 
of germinated flaxseed using plasma-chemically activated 
aqueous solutions.

The limitations of this study may be related to the pro-
vision of sufficient amounts of plasma-chemically activated 
aqueous solutions to industrial enterprises. However, this 
issue is currently being resolved, as KNP-TECHNOLOGY 
Scientific and Production Enterprise LLC is actively working 
on the project of serial production of plasma-chemical indus-
trial installations. This, in turn, will expand the prospects and 
opportunities for providing the food processing industry with 
activated process solutions.

The prospect of the research consists in the development 
of recipes for functional food products using the obtained 
biologically active ingredient (germinated flaxseed).

7. Conclusions

1. Changes in the moisture content of flaxseed in the 
process of moistening with plasma-chemically activated 
aqueous solutions were investigated. It was found that the 
moisture content increased by 0.7–1.7 %. The highest figure 
was recorded when using activated solutions with a peroxide 
concentration of 600 mg/l.

2. Visual changes in the process of flaxseed germination 
were studied, so the seedling length was recorded to increase 
by 2–9 mm. The maximum result was obtained at a concen-
tration of hydrogen peroxide in the solution of 600 mg/l. The 
indicators of flaxseed germination (germination energy and 
capacity) were analyzed, they increased by 5–12 %.
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3. The study of changes in the biomass of germinated 
flaxseed with plasma-chemically activated solutions showed 
an increase by 39–56 %.

4. The study of the chemical composition of germinated 
flaxseed using plasma-chemically activated aqueous solu-
tions revealed an increase in protein content by 1.83 % and 
reducing sugars by 1.65 %. The total content of amino acids 
increased by 3.64–10.38 %, and compared to the original 
raw material (flaxseed), by 10 times. An increased amount 
of the following vitamins was found in the germinated seeds: 
B1, B2, B3, B5, B6, B7, B9, C, E.

5. The study of the microbiological state of the materi-
al confirmed the disinfecting effect of plasma-chemically 
activated solutions in the treatment of flaxseed with an 
initial QMAFAnM index of 8.2*106. The use of a hydrogen 
peroxide concentration of 600 mg/l in the process liquid en-
sured the absence of microorganisms in the final germinated 
product.

6. A flowchart for the production of germinated flax-
seed was developed, a feature of which is the introduction 

of plasma-chemical activation of aqueous solutions into the 
technological process.
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