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The object of the study is
the production of corn malt.
The problem of developing
an innovative technology for
the production of high-quali-
ty and universal corn malt is
being solved.

The rationality of using
plasma-chemically activat-
ed solutions as an intensifi-
er of corn grain malting, as
well as a disinfectant agent
in the implementation of the
technological process and
obtaining corn malt, has been
experimentally proven. It has
been established that the use
of plasma-chemically activat-
ed aqueous solutions allows
stimulating the process of
soaking and germination of
corn. The germination energy
increased by 2-12%, the ger-
mination capacity by 2-9%.
The moisture content of corn
grain reached 42% 2.5 times
faster. Monitoring of enzymat-
ic activity showed a dynam-
ic increase in the number of
amylolytic enzymes by 2.8-
3.4 times. The number of pro-
teolytic enzymes increased
from 19 units/g on the first day
of germination and reached a
maximum of 256 units/g on
the fifth day. The total num-
ber of amino acids increased
by 9.5%. An increase in the
content of vitamins A, D, E,
B; Cwas observed, the number
of which increased by 14-25%.
Technological characteristics
of malt showed an increase in
extractability by 5.7%, saccha-
rification time decreased to
15 minutes, acidity decreased
by 0.3 units, and the content
of amine nitrogen increased
by 52.7 mg/100 g. Stable disin-
fectant properties of solutions
in relation to corn malt were
noted. The results indicate the
production of high-quality
corn malt.

The presented technolo-
gy can be used in the pro-
duction of high-quality glu-
ten-free corn malts. In
addition, germinated corn
has functional properties and
can become a valuable com-
ponent in the production of
dietary gluten-free products.

The result of the study is
the development of a technol-
ogy for the production of corn
malt using plasma-chemical-
ly activated aqueous solutions
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1. Introduction

are forced to expand the range of their products and look

Beer consumption is growing dynamically all over the
world. In the fight for the consumer market, beer producers

for ways to reduce costs. Therefore, the search for a new
raw material base and the use of innovative approaches
to improve the quality of grain raw materials and finished




beer is currently relevant. Corn is considered as a new raw
material base.

Corn grain has a high starch content, and in recent years
it has served as a promising raw material for the fermentation
industry. Corn occupies a special place in brewing technol-
ogy. In order to save barley malt, it is often replaced with
unmalted materials, the most common are corn flour and
corn grits. Corn has only begun to be widely used in the form
of malt in recent years, so the features of its malting have not
yet been studied and investigated in sufficient depth. An im-
portant technological aspect in corn malting is the develop-
ment of new technological techniques that can affect product
quality and reduce its cost. The environmental friendliness
of food products is currently coming to the fore. The main
technological concept is currently the safety of raw materials
and the use of environmentally friendly technologies.

Malt is the main raw material for brewing, it is a source of
extractive substances and hydrolytic enzymes, namely amy-
lolytic and proteolytic. Corn malt is a promising raw material
that can not only expand the range of beer, but also become
an enriching component of many functional food products.

The technology of industrial production of corn malt
includes soaking, germination of cleaned and sorted corn
grain and drying of freshly germinated malt. The most im-
portant and responsible stage is the germination process, the
purpose of which is to accumulate the maximum amount of
active enzymes and dissolve the endosperm of the grain. The
basic directions of improving the technology of obtaining
corn malt are to accelerate the malting process and reduce
losses during germination. In order to intensify the process
and reduce losses of valuable grain components, as well as
improve the quality of malt, various methods and techniques
are used in the industry. However, the search for new techno-
logical solutions is actively being implemented by scientists,
it is important to find technological solutions that will allow
obtaining a high-quality, environmentally friendly and inex-
pensive product of universal purpose.

Industrial production of corn malt is currently based on
the implementation of modern innovative approaches to the
germination of grain raw materials, which are considered
promising for the development of the malting industry.
Technologies using universal germination stimulants and
intensifiers are becoming especially widespread, capable of
increasing the efficiency of malting, reducing the duration of
the technological process and improving the quality charac-
teristics of corn malt.

In this regard, scientific study aimed at improving the
processes of corn malt production is of important practical
and scientific importance. The relevance of this area is con-
firmed by the need to develop new technological solutions,
in particular, corn malt production technology using plas-
ma-chemically activated aqueous solutions. The scientific
and practical value of such technology lies in creating an
innovative method for producing gluten-free corn malt with
improved technological and biochemical parameters, as well
as introducing environmentally friendly solutions into the
field of malt production.

2. Literature review and problem statement

In the work [1], corn is considered as a promising food
raw material. Thus, corn (Zea mays L.) is one of the leading
grain crops in the world and occupies an important place in

the nutrition of the population. Of greatest interest to the food
industry and dietetics are varieties of corn with a high content
of amylose, protein and lipids, which are characterized by high
nutritional and functional value [1]. Corn of numerous variet-
ies has been widely used in the nutrition of the population in
different countries of the world for a long time [2]. It is shown
that the chemical composition of corn grain, as well as the mo-
lecular structure of its main components — starch, non-starch
polysaccharides, proteins and fats — have been studied in detail
and are associated with the physical properties of the product.
As well as the level of bioavailability of nutrients and the phys-
iological effect on the human body [1]. Particular attention is
paid to corn flour and starch with a high content of amylose.
Because their use affects postprandial glycemic and insulin
responses, increases insulin sensitivity, appetite regulation
and satiety, lipid metabolism processes and obesity prevention.
In addition, such products have a positive effect on the condi-
tion of the large intestine and contribute to better absorption
of minerals by the human body [1]. Corn is a good source of
polyamines, i.e. different types of available corn products can
be used to provide an amine profile according to specific nutri-
tional needs [3]. However, issues related to the expansion of its
use in the production of gluten-free fermented beverages remain
unresolved. This may be due to difficulties associated with the
lack of sufficient corn malt.

Corn is widely used in traditional Mexican fermented
beverages [4], but there is no widespread use of this raw
material in the world. A new approach to creating beer
products is being developed among scientists, beer producers
and consumers, which involves expanding the range of tra-
ditional brewing raw materials, and corn is the undisputed
leader among such raw materials [5]. However, the problem
of high-quality technological preparation of grain material
for widespread use in the food industry remains unresolved.
The reason for this may be the lack of clear requirements
for the finished product and insufficient study of the tech-
nological process. The results of the studies presented show
that malt from corn grain is a priority raw material for the
food industry due to its high technological, nutritional and
functional value. Corn malt is obtained by germinating corn
grain with subsequent drying, as a result of which basic
enzymatic processes are activated in the grain and, accord-
ingly, significant changes in the biochemical composition
occur [6]. It has been shown that the nutritional value of corn
malt is due to the high content of proteins, carbohydrates,
B vitamins, minerals and biologically active substances [7].
During the malting process, some of the complex substances
are converted into simpler and more easily digestible forms,
which increases the availability of nutritional components
at the biological level and improves their digestibility by the
human body [8]. Sprouting reduces the content of phytates
and increases the bioavailability of minerals, i.e. makes corn
grain more useful from a nutritional point of view [9]. The
complex use of germination and extrusion contributes to an
increase in the content of soluble dietary fiber, as well as such
essential amino acids as lysine, methionine and tryptophan,
while the amount of insoluble dietary fiber decreased [10].
However, issues related to the industrial adaptation of corn
malting technology to large-scale production conditions re-
main unresolved. The reason for this may be the lack of ratio-
nal solutions for the introduction of new technological lines.
An option for overcoming these difficulties may be to develop
malt technology that will be available for implementation at
existing malting industry enterprises.



It has been shown that corn malt plays an important role
in the technology of beverage and fermented food production.
Due to the presence of amylolytic and proteolytic enzymes,
it is able to realize the saccharification of starch, the break-
down of proteins into amino acids, and accordingly form the
taste, aroma and color of fermented beverages [11]. However,
the unsolved problem remains the maximum increase in
enzymatic activity during malting, which would allow the
maximum breakdown of complex substances of corn grain
into simpler ones. And this, in turn, allowed to increase the
extractivity of corn malt. The reason for this may be the lack
of a clear understanding of the features of biochemical trans-
formations in corn grain during germination. An option for
overcoming the relevant difficulties may be the selection of
stimulants that can activate enzymatic activity in corn grain.

Currently, the prevalence of celiac disease and gluten sen-
sitivity has increased, which has led to an increase in demand
for gluten-free products, such as beer. However, traditional
beer contains gluten, which makes it unsafe for people with
such diseases [11]. The results of the studies presented show
that corn malt is widely used in the production of gluten-free
beer, kvass, fermented beverages and other fermentation
products [12]. Corn malt is of undeniable value for the devel-
opment of innovative recipes for gluten-free food products.
Thus, the simplest option for the production of gluten-free
beer is the use of alternative gluten-free cereals. Since corn
does not naturally contain gluten, it is rational to use prod-
ucts based on it in the diet of people with celiac disease and
people following a gluten-free diet, and especially when
creating gluten-free beer [13]. All these aspects expand the
possibilities of using corn malt in the production of function-
al and specialized food products [14]. In addition to its nutri-
tional and technological value, corn malt also has economic
advantages. Corn is an affordable and widespread grain crop,
which makes the production of such malt economically fea-
sible. Its use is a priority area for the development of the craft
brewing industry, the production of functional beverages, as
well as innovative gluten-free food products [15]. However,
issues related to the provision of corn malt to producers
remain unresolved. The reason for this may be objective dif-
ficulties associated with the lack of sustainable production of
this raw material. An option for overcoming these difficulties
may be the development of a universal and economically via-
ble technology that would interest producers.

Corn malt is a universal component of gluten-free food
products. The results of the studies presented show that corn
malt has already found wide application in the production
of functional products. An important technological aspect is
the production of gluten-free bread. For this purpose, both
corn flour and corn malt are used [16]. Also, such raw mate-
rials are increasingly used for the production of gluten-free
cookies [17]. It should also be noted its use in the production
of gluten-free pasta [18]. Thus, it is possible to obtain kom-
bucha without adding additional sugar by using sprouted
corn as a component of tea drinks produced by the fermen-
tation of malt grain extract [19]. The range of products that
include corn malt is becoming increasingly wider. Ensuring
the production of a sufficient amount of high-quality and
environmentally friendly corn malt remains an unresolved
problem. The reason for this may be the limited production
of gluten-free food products. However, there is a pronounced
dynamics of increasing the production of gluten-free prod-
ucts, and this will require significant volumes of gluten-free
grain raw materials in the future.

The technology of corn malt production has not yet be-
come widespread, neither in the scientific community nor
among malting industry enterprises. An option for overcom-
ing the relevant difficulties may be the industrial production
of corn malt, which will provide brewers with accessible and
high-quality raw materials. Currently, special attention is
paid to the microbiological purity of raw materials and fin-
ished fermentation beverages [20]. However, the production
of corn malts under aseptic conditions and without the use
of chemical antiseptics remains an unresolved problem. All
this gives reason to argue that it is advisable to conduct study
devoted to the search for environmentally friendly antiseptics
for the malting process.

Corn grain malting is usually carried out using various
chemical preparations as an intensifying agent. However,
manufacturers have increasingly begun to use innovative
germination enhancers in combination with classical tech-
nology. Thus, in order to develop environmentally safe and
sustainable nanotechnologies in the food industry, a sim-
ple, economically accessible and environmentally friendly
method was proposed. Namely, the production of iron oxide
nanoparticles using Moringa oleifera leaves and chitosan as
a complex intensifier of the corn germination process [21].
The effect of UV-B radiation and CaCl, on increasing the
content of carotenoids in germinated corn grains and on the
malting process itself [22]. In addition, scientific work is be-
ing conducted to select optimal corn malting modes, which
will optimize the process and obtain high-quality malt [23].
An option for overcoming the relevant difficulties may be the
search for innovative technological solutions that will im-
prove existing technologies. But the issues related to the cre-
ation and implementation of innovative and environmentally
friendly technology for the industrial production of universal
corn malt remain unresolved. The reason for this may be the
difficulties associated with the significant chemicalization of
the malting industry.

An industrially promising option for overcoming tech-
nological difficulties may be the use of plasma-chemically
activated aqueous solutions in the process of corn malting.
This new approach is presented in [24], i.e. modern techno-
logical methods of plasma-chemical treatment of aqueous
solutions in the processing industry have found quite wide
application. Plasma-chemical treatment of technological
solutions is already actively used for wastewater treatment
of food enterprises [24], as well as during the production
of edible sprouts from grain and seed material of various
types of agricultural crops [25]. Plasma-chemical meth-
ods are used in the processes of moistening grain raw
materials during the production of cereal products [26].
However, the greatest interest of scientists is focused on
studying the influence of plasma-chemical activation on
the peculiarities of the malting process of various crops,
including non-traditional ones. This approach was used
in [27], which considers the influence of plasma-chemical
activation on the germination of sea buckthorn seeds.
The feasibility of using plasma-chemical activation in the
production of various malts is scientifically substantiated,
as this technology has already found its application in
the production of buckwheat malt [28], oat malt [29], flax
malt [30] and lentil malt [31]. However, the study of the
influence of plasma-chemical treatment of technological
solutions on the process of malting corn grain and obtain-
ing germinated grain raw materials has not been previously
investigated.



All this gives grounds to argue that it is advisable to con-
duct a study devoted to the development of innovative corn
malt technology. Therefore, it can be considered promising
to conduct a study on the use of plasma-chemically activated
aqueous solutions in the technology of corn grain malting for
various areas of practical use.

3. The aim and objectives of the study

The aim of the study is to develop an innovative technol-
ogy for malting corn grain using plasma-chemically activated
aqueous solutions. The implementation of the conducted study
will make it possible to intensify the technological process of
corn grain germination and significantly expand the range of
high-quality gluten-free grain raw materials for the production
of fermentation beverages and functional food products.

To achieve this aim, it is advisable to solve the following
objectives:

- to investigate the germination and moisture indicators
of corn grain during the germination process;

- to investigate the dynamics of amylolytic and proteolyt-
ic activity of corn malt, analyze the amino acid composition
and vitamin content;

- to investigate the quality indicators of corn malt;

- to investigate the microbiological indicators of corn malt;

- to develop a technological scheme for the production
of corn malt using plasma-chemically activated aqueous
solutions.

4. Materials and methods

4.1. The object and hypothesis of the study

The object of the study is the production of corn malt.
Plasma-chemically activated aqueous solutions were chosen
as an intensifying agent for the germination process.

The working hypothesis of the presented studies is to
increase the efficiency of corn grain germination and modify
the composition of corn malt by enriching it with bioactive
components under the action of plasma-chemically activated
aqueous solutions.

The assumptions made are that the active components of
the plasma-chemically activated solution are evenly distrib-
uted in the volume of the liquid and interact equally with the
corn grain.

The simplifications made are that the composition and
properties of plasma-chemically activated aqueous solutions
are considered stable during their use.

At all stages of the technological process, aqueous solu-
tions treated with cold plasma were used as an agent for
moistening and disinfecting the grain material.

Activation of technological solutions was carried out on
the basis of the Specialized Laboratory for Plasma Treatment
of Technological Solutions of Food Production of the Dnipro
State Agrarian and Economic University and in the produc-
tion conditions of LLC “Scientific and Production Enterprise
“KNP-TECHNOLOGY”, Dnipro, Ukraine. Basic study was
carried out in the conditions of the scientific and production
laboratory for determining the quality of grain and grain
products and the educational laboratory of food biotechnolo-
gy, Department of Food Technologies, Dnipro State Agrarian
and Economic University, Ukraine.

4. 2. Materials and equipment used in the experi-
ments

4.2.1. Plasma-chemical treatment of technological
aqueous solutions

Plasma-chemical treatment of aqueous solutions for
the implementation of the technological process of malt-
ing corn grain was carried out using a special technology
for treating tap water in a plasma-chemical reactor [24].
Special equipment was used for the experiments, namely,
a laboratory-type plasma-chemical installation, which is
an indisputable analogue of an industrial installation for
plasma-chemical treatment of water and aqueous solu-
tions [24, 25]. The laboratory equipment is represented by
a three-arc plasma-chemical installation and consists of a
reactor, anodes, cathode, reflux condenser, power source,
vacuum pump [24].

For the germination of corn grain, plasma-chemically ac-
tivated technological solutions with the following parameters
were prepared:

1) control (main water);

2) activated water, treatment time 10 min., H,O, concen-
tration 300 mg/1;

3) activated water, treatment time 15 min., H,0, concen-
tration 350 mg/1;

4) activated water, treatment time 20 min., H,O, concen-
tration 400 mg/1;

5) activated water, treatment time 25 min., H,O, concen-
tration 450 mg/1;

6) activated water, treatment time 30 min., H,O, concen-
tration 600 mg/1;

7) activated water, treatment time 40 min., H,O, concen-
tration 650 mg/1;

8) activated water, treatment time 60 min., H,O, concen-
tration 700 mg/1;

9) activated water, treatment time 80 min., H,O, concen-
tration 750 mg/1.

The hydrogen peroxide content in activated water was
determined by iodometric analysis, and was additionally
controlled using an express method.

In accordance with the specified modes, water activation
was carried out on a laboratory experimental installation.
The water treatment time was regulated accordingly within
the range from 10 to 80 minutes. In activated solutions, the
concentration of H,O, ranged from 300 to 750 mg/1.

4. 2. 2. Selection of raw materials for the production
of corn malt and features of soaking and germination
of corn grain

The basic raw material for the production of corn malt
was corn grain. The grain malting process was implement-
ed according to classical technology using laboratory box-
type malting machines. At the initial stage, the corn was
cleaned of foreign impurities, washed and disinfected with
activated aqueous solutions. Corn grain was moistened
by soaking using an air-water method at a temperature
of 16-18°C until a humidity of 42-48% was reached. Ac-
cordingly, the hydromodule of the technological process
was 4:1. The soaking duration ranged from 30 to 80 hours
until the corn reached the optimum grain moisture level
for germination. The corn was germinated for 3-5 days
at a constant temperature of 18-20°C, stirred 2 times a
day. Drying of corn malt was carried out at a temperature
of 20-65°C for 22-24 hours to a humidity of 5-6%.



4.3.Methods for determining the indicators and
properties of samples

4.3.1. Methodology for analyzing germination indi-
cators and changes in corn grain moisture during the
malting process

Energy and germination capacity are among the main
technological indicators of corn grain used in the production
of various types of malt. The determination of these indica-
tors was carried out according to generally accepted methods.

The moisture content of corn grain was measured every
10 hours during the soaking and germination of corn using
activated aqueous solutions. When soaking the grain mate-
rial, the classic air-water method was used. Humidity moni-
toring was carried out by drying samples of grain material by
the standard method using a drying cabinet and the experi-
ment was duplicated using a grain moisture meter without
grinding Wile-55 (Finland).

4.3.2. Methods for studying the dynamics of en-
zymatic activity of corn malt, analysis of amino acid
composition and vitamin content

The amylolytic activity of freshly germinated corn malt
was determined by a colorimetric method adapted based on
the provisions of DSTU 8453:2015 “Enzyme preparations.
Methods for determining amylolytic activity”. The activity
of amylolytic enzymes was determined by the ability of en-
zymes to break down soluble starch to dextrins, which was
recorded accordingly using iodine. The amount of enzyme
that catalyzes the hydrolysis of 1 g of starch under standard
conditions (temperature 30°C, pH 4.7-4.9) was taken as a
unit of activity.

The proteolytic activity of corn malt was determined by
the modified Anson method according to DSTU 8452:2015,
which was adapted to the specifics of the raw material un-
der study. Considering the high density of corn endosperm
and the specific fractional composition of its proteins, the
standard method was modified: additional stages of fine
grinding of malt were introduced, and the temperature of
enzyme extraction was increased to 55-60°C to ensure their
maximum transition into solution and complete inactivation
of associated inhibitors.

The content of amino acids in corn malt was determined
by ion-exchange liquid column chromatography using an au-
tomatic amino acid analyzer T339 (Prague, Czech Republic).

The quantitative determination of vitamin A was car-
ried out by the Carr-Price method using antimony trichlo-
ride (SbCl;). The content of vitamin D was determined by a
colorimetric method based on its interaction with antimony
trichloride. For the determination of vitamin E, a colorimet-
ric method for the determination of tocopherols using nitric
acid was used. The content of vitamin B; was determined
by a fluorimetric method based on the release of bound
forms of thiamine by acid and enzymatic hydrolysis. The
method of reversed-phase high-performance liquid chroma-
tography (HPLC) with UV detection was used to determine
vitamin C.

4.3.3.Methods of the study of qualitative indica-
tors of corn malt

The determination of technological indicators of corn
malt was carried out in accordance with standard methods.
Extractivity characterizes the amount of soluble substances
that pass into the wort during mashing (determined by the
standard congress method). The saccharification time was

determined by the reaction with iodine and it shows the rate
of starch cleavage. Acidity (pH) was determined by the po-
tentiometric method to assess the active acidity of the wort.
The content of amine nitrogen was determined by titrimetric
methods, since it characterizes the provision of the wort with
compounds necessary for yeast nutrition. Detailed methods
of performing the analyses and the corresponding calculation
formulas are given in the profile standard DSTU 4282:2018
“Barley malt for brewing. General technical conditions”.

4.3. 4. Methods for determining microbiological in-
dicators of corn malt

During microbiological studies, the total microbial
count (KMAFAnM) was determined. The assessment of
microbiological indicators of corn malt was carried out using
generally accepted methods in accordance with the require-
ments of DSTU 8446:2015 “Food products. Methods for de-
termining the number of mesophilic aerobic and facultative
anaerobic microorganisms”.

4.3.5. Methods of mathematical processing of ex-
perimental data

The methodological basis of the data processing was the
methods of correlation-regression and variance analysis. In
particular, the methods of constructing linear and quadratic
regressions with checking their adequacy and assessing elas-
ticity were applied; one-factor and two-factor ANOVA meth-
od without repetitions for comparing mean values in groups
based on the Fisher criterion; Student’s statistical criterion for
establishing the reliability of differences between two related
samples [32-34]. The selected mathematical apparatus made
it possible to quantitatively substantiate the conclusions of
the study.

To substantiate the dependences of germination energy
and germination ability of corn grain on the activation time
and concentration of H,0,, polynomial regressions of the
form

Y:A0+A1'X+A2'X2. (1)

Their numerical coefficients Ay, A;, and A, were found
by the least squares method on the sample data of the re-
gressand Y; and the regressor X;, i = 1, ..., I. The adequacy
of the created regressions was assessed by the coefficient of
determination R?. The obtained mathematical approximation
allowed to calculate the smoothed maximum value of the
effective characteristic Y.y, Which is achieved at X = Xjay,
namely

Xmax=-A1/ Q- A)), Y, =A+AX, +AX2 . ()

For the mathematical processing of data on the amy-
lolytic and proteolytic activity of corn malt, a two-factor
analysis of variance without repetitions was used, which
was applied alternately to the experiment and control. It
was assumed that the considered temperature and time
factors had, respectively, M and N gradations, from where
the sample observations were denoted as Uy,,, m =1 ,.., M,
n=1, ..., N. The average values over the entire sample, along
the rows with gradations of the first factor and along the col-
umns with gradations of the second factor were calculated
by the following formulas:



Ut,=y . U,/N, m=1.M,

v2,=3 U, /M n=1.N. )

Testing the influence of the gradations of the first factor
consisted in comparing the calculated value of F1

. (5) Y e
2m=1,,..,M Zn—l,.,.,N (Umn - Ulm - Uz" + U)

with critical value F(a; M - 1; (N - 1)(M - 1)) with significance
level a and degrees of freedom M - 1 and (N - 1)(M - 1).

Testing the influence of the gradations of the second fac-
tor consisted in comparing the calculated value of F2

p @

F2= M(M-1)3, N(UT,I—E)Z

- S ®)
S SV =01, -U2,+0)

with critical value F(a; N - 1; (N - 1)(M - 1)) with significance
level a and degrees of freedom N - 1 and (N - 1)(M - 1).
If the inequality was true

F1>F(; M-1;(N-1)(M - 1)),
or
F2>F;,N-1;(N-1)(M - 1)), (6)

then the resulting feature significantly depended on the dy-
namics of the corresponding factor. If the inequality was true

F1<Fla;M-1;(N-1)(M-1))
or
F2<Fl;N-1;(N- DM - 1)), @)

then the corresponding factor did not have a significant im-
pact on the resulting trait.

To analyze the amino acid composition of germinated
corn grain, a comparison of the deviation of the test samples
from the control for essential and non-essential amino acids
was carried out. First, the sample data were cleaned of outli-
ers using the IQR method of the interquartile range. Namely,
values that were outside the standard range were eliminated
from further consideration

[Q1 - 1,5%(Q3 - QD); Q3 + 1,5x(Q3 - Q1)], ®

where Q1 and Q3 denoted the first and third quartiles of the
sample data.

Then, a one-way analysis of variance was applied to the
two sample groups Vyj, j =1, .., J1 and V5;, j = 1, ..., J2. The
overall mean and individual means in each sample group
were calculated using the following formulas:

Vli= 2,‘:1'.“,1 Vi /‘H’

11

V2= Zj:l,“.,n V2j 1J2.

Testing the similarity of changes in the composition of
essential and non-essential amino acids of germinated corn
grain involved comparing the calculated F value

(JL(E—?)Z +2.(V2-v) ]~(11+12—2)
2121*“"“ (V” _E)Z * 21':1,..4,12 (VZJ _E)Z

with critical value F(a; 1;J1 + J2 - 2) with significance level a
and degrees of freedom 1 and J1 + J2 - 2. Then the inequality

F= ©)

F>F(a; 1;J1 +J2-2), 10)
disproved the hypothesis of insignificant differences between
the averages of the compared sample groups. Implementation
of inequality

F<F(;1;J1+J2-2), an
refuted the hypothesis of significant differences between the
means of the compared sample groups.

Mathematical analysis of the dynamics of the vitamin
composition of corn malt in the control (with sample data
X1, 5 =1, ..., S) and the experiment (with sample data X2,
s=1, ..., S) was carried out using the paired T-test. The cal-
culated value T, was determined by the formula

T=X12-/S(5-1) /\/szl,___,s(ﬁ—(?ﬂs —x2)). (2

where X12=%  (X1,-X2)/S.

The critical value for a two-sided test with significance
level @ and degrees of freedom S - 1 is denoted as T(a; S - 1).
Then the inequality

|T| > T(a; S - 1), (13)

rejected the hypothesis of insignificant differences in pair-
wise compared samples. Fulfillment of the inequality

IT| < T(a; S - 1), (14

refuted the hypothesis of significant differences in pairwise
compared samples.

To compare the effects of plasma-chemically activated
aqueous solutions on the contamination of corn malt with fun-
gal microflora, linear regressions of the form were constructed

Y=B,+B; - X. (15)

Their numerical coefficients By and B; were found by the
least squares method on the sample data of the regressand Y;
and the regressor X;,j = 1, ..., J. The adequacy of the created re-
gressions was assessed by the coefficient of determination R2.

The average values of the regressand and the regressor
are denoted as X =2j:1,.,.,JXj and Yzzjzlijj. The de-
pendencies formalized by equation (15) allowed to calculate
the elasticity coefficients E by the formula

E=B,-X/Y. (16)

The values of the elasticity coefficients reflected the per-
centage change in the contamination rate in the case of a 1%
increase in the H,0, concentration.
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terials. That is, corn grain should germinate by
100%, which will allow synchronizing biochemi-
cal processes in the grain material and obtaining
uniformly germinated corn malt.

Table 1
Technological indicators of the suitability of corn grain for malting

Concentration of H,0,, mg/1

Fig. 2. Graph of the dependence of the ability of corn grain to

germinate on the concentration of H,0,

The smoothed maxima, respectively, were 96.28%
for 59.44 min. activation and 98.67% at 601.29 mg/1

solution concentration. This is generally consistent
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improved. A steady dynamics of increasing energy and germi-
nation ability when using plasma-chemically activated aqueous
solutions has been noted. Germination energy increased by 12%,
and germination ability by 9%.

Mathematical processing of the data in Table 1 based on
regression-correlation analysis by formulas (1), (2) revealed
reliable (at the level of 98.8% and 95.6%) dependences of germi-
nation energy on activation time and germination ability on the
concentration of H,0,, as illustrated in Fig. 1, 2 and in Table 2.

The rate of moisture absorption by corn grain depends on
the time of contact with the aqueous solution and its chem-
ical nature. So, below is a study of the process of moisture
saturation of corn grain when using activated aqueous solu-
tions (Table 3). For clarity of interpretation of the results of
the measurements, they are displayed in Table 3 in the form

of a heat map with color gradation from minimum
values (red) to maximum values (green).
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The results of monitoring the moisture content of corn
grain are given in Table 3. It showed that the technological
optimum of corn grain moisture content was achieved after
30 hours of soaking. So this is 2.5 times faster than when us-
ing the classical technology of corn malting. So the expected
result is that on the third day of germination the germination
energy reaches 96%, and on the fifth day the corn grain ger-
minates by 100%.

5.2.Study of the dynamics of enzymatic activity
of corn malt, analysis of amino acid composition and
vitamin content

The enzymatic activity of corn malt has a significant im-
pact on the formation of the quality of the finished product,
namely, it contributes to the acceleration of the accumulation
of enzyme systems from the germinating grain. The result of
this process is a deeper hydrolysis of starch and nitrogenous
compounds. So for corn malt the level of activity of hydrolytic
enzymes is important. Amylolytic enzymes implement the
process of splitting starch into sugars, proteolytic enzymes
are responsible for the process of splitting proteins into ami-
no acids. Monitoring of the amylolytic activity of corn malt is
given in Table 4.

Table 4
Amylolytic activity of corn malt, units /g
Time, day
T,°C | Experimental samples
1 2 3 4 5
1s control 65 145 | 192 | 215 | 243
research 92 158 | 223 | 236 | 255
20 control 87 164 | 249 | 270 | 288
research 102 | 181 | 289 | 299 | 326
25 control 91 178 | 242 | 314 | 334
research 108 | 201 | 261 | 328 | 364
20 control 98 159 | 163 | 195 | 228
research 112 | 170 | 188 | 209 | 258

Analysis of the amylolytic activity of enzymes in corn
malt showed an increase in the indicator throughout the
malting process, so the increase in this indicator ranged
from 108 units/g on the first day of germination and reached
a maximum of 364 units/g on the fifth day, i.e. the indicator
increased by 2.8-3.4 times.

The method of two-factor analysis of variance without
repetitions allowed to identify the following features of the
amylolytic activity of corn malt. According to formulas (4)-(7),
calculations were carried out for the experimental sample
of Table 3 at M = 4 temperature gradations and N = 5 germi-
nation time gradations. Based on inequalities with a standard
level of statistical significance a = 0.05

F1 =7.45 > 3.49 = F(0.05; 3; 12),
and

F2 =34.22 > 3.26 = F(0.05; 4; 12).

It was found that the factors of temperature and germi-
nation time cause statistically significant differences in
the manifestation of amylolytic activity of corn malt. In

particular, according to formulas_(3), it was found that the
maximum average values of Ul,=252.4 units/g and

U2,=300.8 units/g correspond to a temperature of 25°C and
the fifth day of germination.

It should be noted that a similar nature of the dependenc-
es was also inherent in the control sample. Namely, according
to formulas (4)-(7), calculations were carried out for the con-
trol sample in Table 3. Inequalities

F1=17.2> 3.49 = F(0.05; 3; 12),
and
F2 = 35.48 > 3,26 = F(0.05; 4; 12).

found that different gradations of temperature and germina-
tion time are statistically different. The maximum average
indicators of amylolytic activity of corn malt in the control
sample units/g and units/g were also at a temperature of 25°C
and on the fifth day of germination. Thus, the qualitative
signs of the manifestation of amylolytic activity of corn malt
when using plasma-chemically activated aqueous solutions
did not change, while the quantitative indicators showed a
positive increase.

Also, an analysis of the proteolytic activity of corn grain
during its germination was carried out, the monitoring re-
sults obtained are given in Table 5.

Table 5
Proteolytic activity of corn malt, mg/100 g
. Time, day
T,°C Experimental samples
1 2 3 4 5

15 control 8 22 | 81 | 120 | 137
research 10 | 44 | 87 | 131 | 149
20 control 11 | 31 | 89 | 127 | 146
research 14 | 58 | 116 | 197 | 165
25 control 16 | 44 | 91 | 145 | 132
research 19 | 62 | 192 | 268 | 256
control 20 | 51 | 96 | 132|130
30 research 23 | 74 | 125 | 146 | 145

Analysis of the activity of proteolytic enzymes showed a
steady increase in the indicator throughout the entire process of
germination of corn grain, the increase ranged from 19 units/g
on the first day of germination and reached a maximum of
256 units/g on the fifth day (i.e., an increase of almost 14 times).
A significant increase in proteolytic activity will contribute to
a further increase in the amount of amino acids in corn malt.

The method of two-factor analysis of variance without
repetitions allowed to identify the following features of the
activity of proteolytic enzymes in corn malt. According to
formulas (4)-(7), calculations were performed for the exper-
imental sample in Table 4 at M = 4 temperature gradations
and N = 5 germination time gradations. Based on inequalities
with a standard level of statistical significance o = 0.05

F1 =5.82 > 3.49 = F(0.05; 3; 12),
and
F2 =24.84 > 3.26 = F(0.05; 4; 12).

It was found that the factors of temperature and germi-
nation time cause statistically significant differences in the



manifestation of the activity of proteolytic enzymes of corn
malt. In particular, according to formulas (3), it was found
that the maximum average values Ul,=159.4 of mg/100g
and U2,=185.5 mg/100 g correspond to a temperature
of 25°C and the fourth day of germination.

However, significant differences were observed in the
control sample. Namely, according to formulas (4)-(7), calcula-
tions were made for the control sample in Table 4. Inequalities

F1=2.79 < 3.49 = F(0.05; 3; 12)
and
F2 =206.08 > 3,26 = F(0.05; 4; 12)

found that different temperature gradations are not sta-
tistically significant at the a = 0.05 level for the proteolytic
activity of corn malt, although the germination time has a
significant effect on it. In addition, the maximum average
activity indicators of proteolytic enzymes of corn malt in the
control sample U1, =85.8 mg/100 gi U2, =136.3 mg/100 g
were at a temperature of 30°C and on the fifth day of germi-
nation. Therefore, the use of plasma-chemically activated
aqueous solutions allows to change the dynamics of the pro-
teolytic activity of corn malt, accelerating the achievement of
the desired indicators at lower temperatures.

An important technological characteristic of corn malt is
its amino acid composition. An important stage of the study
is the analysis of the amino acid composition of corn malt.
The results are given in Table 6. For the study, malt obtained
by classical technology and the experimental group with the
maximum activity of proteolytic enzymes were used.

Analyzing the obtained results, given in Table 6, it
should be noted that the number of amino acids in the
experimental samples had a pronounced growth dynam-
ics, both for replaceable and non-replaceable amino ac-
ids. The total number of amino acids increased by 9.5%.
Mathematical analysis of the sample groups regarding the
percentage changes in the content of amino acids in the
experiment relative to the control began with checking
the data for outliers. According to formula (8), arginine
was eliminated from further consideration, which in-
crease by 26.9% went beyond the standard permissible
range

[6.5 - 1.5x(12.3 - 6.5); 12.3 + 1.5% (12.3 - 6.5)] =
=[-2.2; 21.0].

One-way analysis of variance for the remaining J1 =7
essential amino acids and J2 = 9 alternative amino acids
was performed according to formulas (9)-(11). Testing
with a standard level of statistical significance a = 0.05

F=5.09 > 4.60 = F(0.05; 1; 14),

refuted the hypothesis of similarity of average changes in
the group of essential and non-essential amino acids, i.e.
confirmed a higher average increase in essential amino
acids and a slower average increase in non-essential amino
acids in the composition of experimental samples of corn
malt.

An important component of studies of the nutritional
value of corn malt is the analysis of the vitamin composition
of the product. Germination of corn grains helps to increase
their nutritional value, especially in terms of vitamins [34].

Table 6 p order to assess the nutritional value of corn malt, the vita-
Amino acid composition of germinated corn grain, ng/100 g  min composition of malt obtained using plasma-chemically
activated aqueous solutions was analyzed, the results are
. . Corn Malt .
Amino Acid - presented in Table 7.
Control Experiment
Essential amino acids Table 7
Lysine 232 251 Vitamin composition of corn malt, mg/100 g of product
Threonine 295 327
; Corn malt
Valine 148 197 Indicator Corn grain
Methionine 36 49 Control Experiment
Isoleucine 198 233 Vitamin A 2.95 5.9 7.1
Leucine 716 772 Vitamin D 0.89 1.88 2.15
Phenylalanine 312 358 N A
- - - Vitamin E 1.77 2.62 2.98
Sum of essential amino acids 1937 2187
% of total amino acids 25.19 25.99 Vitamin B, 0.02 0.04 0.05
Replaceable amino acids Vitamin C 6.52 9.24 10.72
Histidine 1628 1784
Arginine 208 264 Analyzing the results given in Table 6, it should be
Aspartic acid 585 623 noted that the content of vitamins in the experimental
Serine 358 389 samples increased by 14-25%. Mathematical analysis of
Glutamic acid 1501 1580 the dynamics of the vitamin composition of corn malt was
Proline 388 408 performed using the paired T-test. Calculations accord-
Glycine 306 341 ing to formulas (12)-(14) were performed using sample
Alanine 655 202 d:ata on t.he percentage change in. the composition of
Cystine 0.56 0.65 VlFamlns in the control. and exp.erlm.ent:al samples rel-
- ative to the corresponding baseline indicators in corn
Tyrosine 122 137 .
1 ial ami id 5751.56 6228.65 grain (Table 8).
Total nonessential amino acids d - Paired T-test with a standard level of statistical signifi-
Total number of amino acids 7688.56 8415.65 cance g = 0.05




|T| = |-5.886| > 2.776 = T(0.05; 4),

revealed a significantly greater increase in the content of vi-
tamins in the experiment after the use of plasma-chemically
activated aqueous solutions.

Table 8

Dynamics of the vitamin composition of corn malt, %

Vitamin Control Experimental
Vitamin A 100.0 140.7
Vitamin D 111.2 141.6
Vitamin E 48.0 68.4
Vitamin By 100.0 150.0
Vitamin C 41.7 64.4

5. 3. Study of quality indicators of corn malt

The basic technological characteristics of corn malt are
the mass fraction of the extract, saccharification time, acidity
and amino nitrogen content. Monitoring of these indicators
allows to assess the prospects of using the
obtained corn malt in brewing technology.
The results of the study of corn malt are

destroy even persistent pathogenic microflora present
on the surface of corn grain. This means that corn malt
will not have mold microflora on its surface (aspergillus,
Alternaria, Penicillium, Fusarium, Mucor), which are ex-
tremely dangerous when consuming drinks and food. And
at the determined concentration of peroxides (650 mg/1
H,0,), corn malt does not have pathogenic microflora on
its surface.

The comparison of the effect of plasma chemical-
ly activated aqueous solutions on pathogens depend-
ing on the H,0, concentration was carried out using
the method of correlation-regression analysis based
on formulas (15), (16). The obtained results are shown
in Table 11.

The created linear regressions were reliable at the
level of 98.4-99.9%. The results of the comparison of
fungal microflora are arranged in Table 11 by decreas-
ing resistance to plasma-chemically activated aqueous
solutions. Thus, it was established that the disinfecting
effect on pathogens increased in order from Mucor, Fu-
sarium, Alternaria, Penicillium to the most sensitive
Aspergillus.

Table 10

Infection of corn malt with fungal microflora (n =5, p = 0,95), units /sqg.cm

pres\;n}:ed n t}lle Tabli}?' Its. it should Concentration of H,0, in plasma-chemically activated aqueous
eh analyzing the re.su. S ,1 shou Pathogens | Control solutions, mg/1
be noted that the extractivity increased 350 250 650 750
by 5.7%, the saccharification time de-
creased by 25 minutes, the acidity de- | Aspergillus 88 14 2 0 0
creased by 0.3 units, and the amine nitro- Alternaria 27 6 1 0 0
gen content increased by 52.7mg/100g. | penicillium 19 5 0 0 0
All th1§ indicates the production of high- Fusariom 7 5 0 0 o
er-quality corn malt compared to the clas-
sical technology. Mucor 29 10 8 0 0
Table 9 Table 11
Technological characteristics of corn malt Mathematical formalization of the dynamics of contamination
of corn malt with fungal microflora
Malt
No. Indicator Path R i R2 E
Control |Experiment athogen ceression
X . Mucor Y = 28.642 - 0.049X 0.984 -0.83
1 | Mass fraction of extract (extractivity), % | 76.9 82.6
X ) X K Fusarium Y =7.060 - 0.015X 0.995 -1.35
2 Saccharification time, min. 40 15
3 Acidity (pH) 5.8 55 Alternaria Y = 26.896 - 0.058X 0.999 -1.37
4 Amine nitrogen content, mg/100 g 35.7 88.4 Penicillium Y =19.104 - 0.042X 0.998 -1.39
Aspergillus Y = 87.045 - 0.196X 0.993 -1.51

5.4. Monitoring of microbiological indicators of
corn malt

Corn grain is a raw material obtained under non-asep-
tic conditions, that is, significantly infected with patho-
genic microflora, based on this, it is appropriate to study
the disinfecting properties of plasma-chemically activated
aqueous solutions in relation to grain raw materials. The
microbiological state of corn malt affects the subsequent
quality of beer and products produced from the presented
raw materials. Monitoring of the microbiological state of
corn malt showed the results shown in Table 10.

Analyzing the results of the study are given in the Ta-
ble 10 it was noted that plasma chemically activated aqueous
solutions significantly reduce microbial contamination of
corn malt. Therefore, H,O, present in solutions allows to

5. 5. Development of a technological scheme for the
production of corn malt using plasma-chemically acti-
vated aqueous solutions

In connection with the technological necessity of imple-
menting the proposed technology into production, a tech-
nological scheme for the industrial production of corn malt
using plasma-chemically activated aqueous solutions was
developed (Fig. 3).

Fig. 3 shows a technological scheme of corn malt pro-
duction using plasma-chemically activated aqueous solu-
tions, it allows to have a full-scale idea of the implemen-
tation of the corn grain germination process, taking into
account the use of the malting process activator presented in
the work.



CORN
GRAIN

4
Cleaning

corn kernels from impurities

Washing and
disinfection of corn
kernels

. 2

N

clearly confirms the data given
in Table 1. Fig. 2 shows the de-
pendence of the germination
ability of corn grain on the
concentration of H,O,. Thus,
mathematical processing of
the data in Table 1 based on
regression-correlation analysis
using formulas (1), (2) revealed
reliable (at the level of 98.8%
and 95.6%) dependences of ger-
mination energy on activation
time and germination ability
on H,0, concentration, as illus-
trated in Fig. 1, 2 and Table 2.

Corn soaking
(hydromodule 4:1,

moisture 42-48%)

duration 30-80 hours, material

The results of monitoring
corn grain moisture are given
in Table 3 and showed that the
technological optimum of corn
grain moisture was achieved

after 30 hours of soaking. So

Air conditioning Corn germination Exhaust air this is 2.5 times faster than
(duration 3-5 days, e when using the classical corn

at 18-20°C) malting technology. So the ex-

B pected and scientifically con-

- Drying . firmed result is that on the

g agent o el Spent drying third day of germination, the
(22-24 hours, 20-65 °C ) agent germination energy reaches

to 5-6% moisture) 96%, and on the fifth day, the

. corn grain germinates by 100%.

- — : The intensification of the pro-
Air conditioning Cooling of corn malt Exhaust air cesses of moistening and ger-
(to 17-18 °C) nd mination is due to the fact that

¥

activated aqueous solutions,
due to the peculiarities of their

‘ Grinding corn malt

‘ chemical composition, contrib-
ute to the acceleration of the

. <

natural diffusion of moisture

CORN MALT

products

Application of highly nutritious

in the production of gluten-free beer and functional food

into corn grain [24, 25].

The results of studies of
biochemical changes in corn
grain also confirm the pro-
posed working hypothesis, ac-

Fig. 3. Technological scheme of corn malt production using aqueous solutions treated with

cold plasma

6. Discussion of the results of the study of corn malt
production technology

Analysis of the results obtained in Table 1 allows to note
that the technological indicators of corn grain when using
plasma-chemically activated aqueous solutions have signifi-
cantly improved. A steady dynamics of increasing energy and
germination ability when using plasma-chemically activated
aqueous solutions has been noted. Thus, the germination
energy increased by 12%, and the germination ability by 9%.
Table 2 shows a mathematical approximation of the techno-
logical indicators of the suitability of corn grain for malting.
It confirmed the dependence of germination energy on the
activation time of solutions and the dependence of germina-
tion ability on the concentration of H,O, in plasma-chemical-
ly activated solutions. Fig. 1 shows the dependence of the ger-
mination energy of corn grain on the activation time, which

cording to which all biochem-
ical processes are intensified
in the grain. Thus, the analysis
of amylolytic enzyme activi-
ty (Table 4) in corn malt showed an increase in the indicator
throughout the malting process, namely, the increase in this
indicator ranged from 108 units/g on the first day of germi-
nation and reached a maximum of 364 units/g on the fifth
day, i.e. the indicator increased by 2.8-3.4 times. In turn,
monitoring of the activity of proteolytic enzymes (Table 5)
showed a steady increase in the indicator throughout the
germination process of corn grain, the increase ranged from
19 units/g on the first day of germination and reached a
maximum of 256 units/g on the fifth day (i.e. it increased by
almost 14 times). A significant increase in proteolytic activity
will contribute to the further accumulation of amino acids in
corn malt. Thus, the increase in enzymatic activity ensured a
more intensive breakdown of complex compounds with their
transition to an accessible and soluble form [35, 36].
Considering the results given in Table 6, it should be
noted that the number of amino acids in the experimental




samples had a pronounced growth trend, both for replaceable
and essential amino acids. The total number of amino acids
increased by 9.5%. In addition, analyzing the results given
in Tables 7, 8, it should be noted an increase in the content of
vitamins in the experimental samples by 14-25%. Thus, the
number of vitamins A, D, E, B, C increased, which allows
to state the presence of an increased number of biologically
active components in germinated corn grain. Therefore,
this allows to recommend the resulting grain product for
widespread use in nutrition for the prevention of vitamin
deficiency.

The study of the qualitative indicators of corn malt also
showed positive dynamics. Analyzing the results given
in Table 9, it should be noted that the extractivity increased
by 5.7%, the saccharification time decreased by 25 minutes,
the acidity decreased by 0.3 units, and the content of amine
nitrogen increased by 52.7 mg/100 g. All this indicates that
corn malt of higher quality was obtained compared to malt
produced using classical technology. The improvement in
quality indicators is due to the intensification of biochemical
and enzymatic processes during the germination of corn
grain, which contributes to the deep breakdown of complex
organic compounds, the accumulation of available nutrients
and an increase in the enzymatic activity of corn malt [6]. As
a result, the resulting malt is characterized by better techno-
logical properties, which are given above.

Corn has a lot of pathogenic microorganisms on the
surface of the grain, and accordingly, when moistened, they
begin to multiply. It is a well-known fact that plasma-chem-
ically activated solutions have antiseptic properties [24-27].
Analysis of the results of the study given in Table 10 clearly
demonstrated that the use of activated aqueous solutions
significantly reduces the level of microbial contamination
of corn malt. This is due to the presence of hydrogen perox-
ide (H,0,) in the solutions, which provides effective inactiva-
tion of even resistant forms of pathogenic microflora on the
surface of the studied material. Thus, as a result of the treat-
ment, the development of mold microorganisms, in particular
the genera Aspergillus, Alternaria, Penicillium, Fusarium
and Mucor, which pose a potential danger when using corn
malt in the production of fermented food products and bever-
ages, is significantly reduced or completely stopped.

Fig. 3 shows a technological scheme for the production
of corn malt using plasma-chemically activated aqueous
solutions. It provides a comprehensive understanding of the
organization of the process of germination of corn grain in
production conditions, taking into account the use of the
malting process activator proposed in the work, which allows
for a more visual representation of all stages of the techno-
logical cycle.

Among the limitations of the presented study, it is worth
noting the lack of results on the cytolytic activity of grain
material during germination. Obtaining the relevant data is
expected at the next stages of work in the course of further
development of this area of the study.

Concomitant limitations of the presented study may
relate to the industrial production of plasma-chemically acti-
vated aqueous solutions. However, this problem is practically
solved at the moment, since Scientific and Production Enter-
prise “KNP-TECHNOLOGY” LLC is an active manufacturer
of solutions activated by cold plasma. An industrial reactor
makes it possible to obtain the necessary amount of techno-
logical solutions [24, 25]. This, in turn, will contribute to the
supply of food enterprises with activated aqueous solutions

and will expand the possibilities of implementing innovative
technological solutions related to the use of plasma chemical
treatment of solutions in the food industry. A promising
direction of the study is the development of technology for
the production of fermented corn malt and the production of
microgreens from corn grains.

The disadvantages of this study are the lack of data
on monitoring the activity of cytolytic enzymes, which is
planned to be implemented in further studies of the tech-
nological features of the course of the corn malting process.

7. Conclusions

1. The germination indicators and changes in the mois-
ture content of corn grain during germination were studied.
It was established that when using activated solutions with
a peroxide concentration of 700 mg/l, the germination en-
ergy increased by 12%, and the germination capacity by 9%.
The optimal moisture level for the start of germination was
achieved after 30 hours of soaking.

2. The enzymatic activity of corn grain during germi-
nation was studied, the amino acid composition and vita-
min content were analyzed. Thus, the amylolytic activity
increased by 2.8-3.4 times. The proteolytic activity of corn
malt increased by 93%, and the total amount of amino acids
increased by 9.5%. The content of vitamins A, D, E, By, C in-
creased, the amount of which increased by 14-25%.

3. The qualitative indicators of corn malt were studied.
The studies showed an increase in extractability by 5.7%, the
saccharification time decreased by 25 minutes, the acidity
decreased by 0.3 units, and the content of amine nitrogen
increased by 52.7 mg/100 g.

4. The study of microbiological indicators of corn malt
showed that at a certain concentration of peroxides (650 mg/1
H,0,) corn malt did not have pathogenic microflora on its
surface.

5. A technological scheme for the production of corn
malt using plasma-chemically activated aqueous solutions
(700 mg/1 H,0,) as a germination intensifier and disinfectant
of the germination technological process was developed. Ac-
cordingly, the optimal parameters of the corn grain malting
process were indicated, namely the hydromodule 4:1 and
the soaking duration - 30 hours. The scheme also shows the
possibility of reusing technological solutions by settling them
and repeated plasma-chemical activation.
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