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Abstract. In recent decades, at Ukrainian farms and grain-processing
enterprises, the technology of storing grain in silo bags has become
widespread. In this type of storage, anaerobic conditions are created due
to the physiological respiration process, which ensures extended shelf life
of freshly harvested grain. This, in turn, allows the use of low-power
processing equipment for post-harvest grain processing, which is
especially important for wet and moist maize as it requires powerful grain
dryers. The article presents the results of a study of the effect that the
initial moisture content of maize grain, the temperature and the duration
of its storage under anaerobic conditions have on the Falling Number, one
of the quality parameters depending on the amylase activity of the grain.
The object of the study was grain samples of freshly harvested (in 2017)
dent maize, the hybrid DKC 3705, with the average moisture contents
14%, 21%, and 28%, stored under anaerobic conditions for 3 months at
temperatures of +18°C, +11°C, and +4°C. The Falling Number was
determined by the standardized Hagberg-Perten method on a ITYII-7
instrument (‘“Falling Number Apparatus™). Based on the results obtained,
histograms of the kinetics of Falling Number changes have been
constructed, the analysis of which made it possible to establish patterns of
the changes in the Falling Number depending on the moisture content of
the grain and the duration of its storage at different temperatures. It has
been shown that in the maize grain samples with the initial moisture
content 14%, regardless of the temperature conditions during storage for 3
months, there is a steady tendency to a gradual decrease in the Falling
Number. In the maize grain samples with the initial moisture content over
14%, at the beginning of storage, there is a period of an increase in the
Falling Number, the intensity of which depends on the initial moisture
content of the grain and the temperature conditions of its anaerobic
storage. After the completion of post-harvest maturation processes in
freshly harvested maize grain, its further storage leads to a decrease in the
Falling Number. To summarize the experimental data, a nonlinear
empirical equation is suggested to describe the patterns of changes in the
Falling Number depending on the factors studied: the moisture content of
maize grain, the temperature conditions and duration of storage.
Considering that the value of the Falling Number is determined by the
activity of the amylase complex of the grain, it can be used as an express
method of monitoring the state of grain stored in silo bags.

Key words: maize grain, storage, silo bags, Falling Number,
amylase complex activity

Introduction. Formulation of the problem

In recent decades, the technology of storage of grain
under anaerobic conditions, known for several thousand
years, has acquired a new meaning and been widely
adopted [1]. Its benefit consists in the fact that it allows
controlling in the natural way the breeding of insects and
the growth of moulds [2]. Nowadays, the volume of
products stored in airtight conditions has grown from
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small family-owned cellars to large industrial storage
facilities, mainly due to the use of flexible polyethylene
granaries — silo bags providing a level of airtightness
enough for a large grain storage volume [1,3]. Now this
technology is used mainly for dry grain. However, as
large volumes of grain are delivered to enterprises during
harvesting periods, there is a need to delay the
technological drying of wet and moist grain at grain-
processing enterprises, and later on, bring the grain
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quality to the contract requirements. This problem can
be solved by using the economical technology of storing
grain in silo bags, where anaerobic conditions are
created due to the physiological process of respiration,
and where grain can be reliably stored for a significantly
longer time. This is especially true for a crop with so
high a moisture content as maize, which requires
powerful technological equipment for its post-harvest
processing, primarily drying [4]. When freshly harvested
maize grain is stored in sealed silo bags at the initial
stages, it allows the physiological and biochemical
processes of post-harvest maturation to complete. Then,
depending on the moisture and temperature of the grain,
undesirable changes in its quality can occur, primarily
due to the activation of enzymatic complexes, in
particular, amylase. At the same time, starch hydrolysis
will intensify in maize grain, the amount of simple
sugars will increase, and the grain quality will
deteriorate. This obviously makes it necessary to
monitor periodically the state of grain in the silo bags,
and to have simple and available methods and quality
parameters to this end.

Analysis of recent research and publications

Various authors have studied the process of storing
grain under anaerobic conditions. These studies have
shown that under these conditions, the chemical
composition of grain remains almost unchanged.
However, there can be a slight increase in the moisture
content of grain, because when grain respires, it emits
vapourized moisture. There are also certain changes in
the organoleptic characteristics of the grain and in some
physical and technological quality parameters [5-7]. It is
noted that it is the initial moisture content of the grain
and the temperature conditions of its storage that
determine how its final moisture content changes. This
coincides with and is explained by the nature of the
processes of oxygen absorption and carbon dioxide
emission.

Grain is a living organism, and it is characterized by
the natural physiological processes of respiration, on
which grain carbohydrates are spent. The biochemical
processes of enzymatic hydrolysis of grain
polysaccharides lead to the formation of low molecular
weight compounds, in particular, mono and
disaccharides, in the fractional composition of
carbohydrates. The activity of amylolytic enzyme
systems of grain, responsible for  splitting
polysaccharides to low molecular weight carbohydrates,
determines the intensity of physiological processes in
the grain. These processes depend on the moisture
content and the temperature of the grain, that is, on the
storage conditions [8-10]. Many authors who study the
storage of grain in silo bags consider this type of granary
as suitable for storing dry grain, or for storing wet and
moist grain with its subsequent use as animal feed [11].

Chemical methods of determining the activity of
amylase complexes are time taking, complicated, or
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inconvenient for analyzing grain quality in farms and
other grain-processing enterprises. At the same time,
almost all enterprises have devices for express
determination of some parameters of grain quality. One
of them is a device for determining the so-called Falling
Number (FN). This parameter indirectly characterizes
the degree of breaking starch down by the amylase
enzymatic complex. This manifests itself in changes in
the viscosity of the starch suspension in the device, and
is expressed by the duration of the free fall of the stirrer
down to the bottom of the device in seconds (which is,
in fact, what is called Falling Number). Thus, observing
the tendencies in the changes of the Falling Number, we
make a conclusion about the stability of the maize grain
during storage, or about the activation of the amylase
enzymatic complex, which may be one of the reasons
for undesirable changes in the quality of, or for damage
to grain during storage.

As literary review has shown, there have been no
previous studies of changes of the Falling Number for
maize grain depending on the moisture content of the
grain and the duration of its storage under various
temperature conditions. That is why, the results we have
obtained make our work scientifically novel.

The purpose of the work was to establish regular
patterns in the changes of the quality parameter “Falling
Number” determined by the activity of the amylase
complex, depending on the moisture content of the
maize grain, the temperature conditions, and the
duration of its anaerobic storage. This is supposed to
allow rapidly controlling the state of maize grain of
various moisture content, stored in silo bags.

The research objectives were to study the kinetics
of changes in the Falling Number depending on the
moisture content of maize grain, the temperature
conditions and the duration of its storage, to compose an
empirical equation describing the identified tendencies
in the Falling Number cnanges during storage under
various conditions, and to generalize the results.

Research materials and methods

Materials: a hybrid of maize grain of the dent
type DKC 3705, which, according to its botanical and
agrotechnical properties and to our research, was found
to be the best for the formation of export consignments
of maize grain, as well as for its use as food and for
other needs [6]. Experimental models of silo bags, 300
mm long, 100 mm wide, made from thematerial of
industrial silo bags, glued with reinforced adhesive
tape to provide the highest air tightness, filled with
maize grain of the above-mentioned hybrid.

Research methods. The Falling Number (FN)
was determined by the Hagberg-Perten method
developed in the 1960s to determine the activity of a-
amylase in grain and malt [12]. Despite a great many
new methods [13-15], it is still a standardized method
(ICC 107/1, 1SO 3093-2004, AACC 56-81B) used in
grain processing industries throughout the world. As
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the a-amylase activity is determined indirectly, it is
impossible to measure the absolute value of the activity
of this enzyme. However, the stable inverse
dependence of the Falling Number on the activity of a-
amylase [12,16] allows us to analyze the changes in the
grain with a degree of accuracy sufficient for the
research. Current ICC Standard No. 107/1
Determination of the Falling Number according to
Hagberg - Perten as a Measure of the Degree of
Alpha-Amylase Activity in Grain and Flour allows
using this technique for flour and whole-grain meal of
wheat, rye, barley, and other cereals. Besides, the
method is applicable to products containing starch and
malt, that is, to maize, too. Other authors have used it
to study the Falling Number of maize flour [17].

The chemical essence of the method is rapid
gelatinization of a flour or grain suspension in a test
tube immersed in a boiling water bath, followed by
liquefaction under the influence of a-amylase. Stirring
ensures homogeneous gelatinization of the suspension.
In the range of high temperatures, a-amylase begins
breaking the starch down, and the viscosity of the
suspension decreases. The amount of the destroyed
starch correlates with the activity of a-amylase: the
higher the a-amylase activity, the lower the viscosity
is. When the stirrer freely falls down the suspension,
the speed of this fall and, accordingly, the time the
stirrer needs to reach the bottom of the tube will
depend on the viscosity of the suspension.

The Falling Number was determined on a I74911-7
device (with a closed cooling system) by the following
method. To prepare a sample, 300 grams of maize
grain was ground in a technological laboratory mill
JIMT equipped with a sieve with 0.8 mm meshes,
which is necessary to minimize a possible sampling
error. The ground grain weighing 7.0+0.05 g was
placed in a viscometric test tube. The amount of flour
was adjusted by its moisture content by measuring the
actual moisture content in the sample. 25+0.2 cm® of
distilled water was added to the test tube. The sample
and water were mixed by shaking the tubes intensely
until a homogeneous suspension was obtained. Next,
the test tube with a stirring rod in it was placed into a
container with boiling water. Stirring began after 5
seconds. After 60 (5+55) seconds, the stirrer is
automatically moved to the upper position, and then it
begins falling down due to its own weight. The total
time in seconds, from the moment the analysis starts to
the moment the stirrer reaches the required level
registered by the device, is the Falling Number.

Samples of freshly harvested maize grain with the
initial average moisture content 14%, 21%, and 28%
were stored under anaerobic conditions at the
temperatures 18°C, 11°C, and 4°C. The necessary
temperature conditions of storage were provided in an
ENIEM refrigerator (4+1°C), in the basement
(114£3°C), and in the thermostat TC-80M (18+0.3°C).

Results of the research and their discussion
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In a series of studies aimed at determining the
general tendencies in the activity of a-amylase in maize
grain during 3-month storage (12 weeks), the Falling
Number was determined weekly. The Falling Number (s)
was the average of the three parallel experimental values
of time that correlates with the a-amylase activity in the
maize grain. Thecorrelation is the following: the lower the
Falling Number, the higher the a-amylase activity in the
test sample. Accordingly, the activity of a-amylase will be
less otherwise.

The kinetics of the changes in the Falling Number in
the grain samples of different initial moisture content,
stored at different temperatures, is presented as bar charts
in Fig. 1.

Fig. 1a shows how the Falling Number changed in
maize grain with the initial moisture content 14%, 21%,
and 28%, stored at 18°C for 3 months (12 weeks).

Fig. 1a makes it evident that during storage of maize
grain at 18 °C, in the sample with the moisture content
14%, there was a gradual decrease in the FN, which was
3.8% at the end of the 1% week, 2.9% in the 2", 2.4% in
the 39 and 2.1% in the 4™ week. The total Falling
Number decrease in the first month was 10.7%. This
indicates a possible increase in the a-amylase activity of
the maize grain.

During the second month of the experiment, the
tendency for a gradual Falling Number decrease in this
sample remained. The average Falling Number decrease
was 11.7% in the 2@ month. Moreover, unlike the first
month of storage, for each subsequent two weeks of the
research, the Falling Number was by 5.3% lower from the
4" to the 6™ week, and by 6.7% lower from the 6™ to the
8™ week, compared to the previous values.

The third month of storage, like the previous two
months, is accompanied by a further gradual decrease in
the Falling Number. Its overall decrease was 16.7%: 7.6%
from the 8" to the 10" week, and 9.9% from the 10" to
12" week of storage.

Thus, grain storage under these conditions was
accompanied by a gradual Falling Number decrease,
which may be caused by a gradual increase in the -
amylase activity due to a slight increase in the storage
temperature.

In the grain sample with the initial moisture content
21%, stored under anaerobic conditions at 18°C (Fig. 1),
unlike the grain with the initial moisture content 14%, the
tendency to a gradual Falling Number increase is
observed during the first month of storage. In the first
three weeks of the study, the Falling Number increased by
a total of 8.4%, and during the 1% week of storage, this
increase was 4.2%, during the second, 3.6%, and during
the third, 0.4%. Starting from the 4™ week, the tendency
for a change in the Falling Number becomes the opposite:
it begins decreasing, and at the end of the 4" week, is by
2.1% lower, compared to the 3 week.

During the second and third months of storage, the
same tendency for a rather intensive Falling Number
decrease is observed in this sample of grain: it decreases,
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in total, by 21.4% in the 2™, and by 31.9% in the 3"
month of storage, compared to the previous months.
Moreover, starting from the fourth week of the
experiment, every subsequent two weeks of the study are
accompanied by a Falling Number decrease (compared
with the corresponding values of the previous term) by
6.2% from the 4" to the 6™, by 16.2% from the 6™ to the
8™, by 12.6% from the 8" to the 10", and by 22.2% from
the 10" to the 12" week of the research.

Falling number, sec

0 1 2 3 4 6 8 10 12

Duration, week

31404 [@210h EAJR0A

a) storage at 18 °C

o

0 1 2 3 4 6 8 10 12

Duration, week

140~ E82104

b) storage at 11°C

¥4 28 0/

Falling number, sec

--d

A
A T

0 1 2 3 4 6 8 10 12
Duration, week

@14% B21% B28%
c) storage at 4 °C

Fig. 1. Kinetics of the Falling number changes
in the samples of maize grain with the initial
moisture content 14%, 21%, and28 %,
stored under anaerobic conditions
for three months at various temperatures

Such Falling Number changes can be explained by
the fact that in the first period of storage of freshly
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harvested grain, the post-harvest maturing processes
gradually decrease their intensity till they complete
(including the biochemical processes associated with a
decrease in the activity of amylase complexes), which
leads to a Falling Number increase. Further on,
anaerobic respiration processes continue in the silo
bags, and heat and moisture are emitted. This probably
activates the enzymatic complexes, in particular,
amylase, which manifest itself in the gradual Falling
Number decrease noted above.

In the maize grain sample with the initial moisture
content 28%, stored at +18°C (see Fig. 1la), the
tendencies for changes in the Falling Number,
depending on the a-amylase activity, are similar to
those discussed above. During the first two weeks of
storage, the Falling Number increases by an average of
4.5%, and then gradually decreases: during the 3™
week of storage, by 5.2%, and during the 4™ week, by
7.3%

Subsequently, during the next second and third
month of storage, a very intensive Falling Number
decrease in the grain sample with a moisture content of
28°C is continued: Falling Number decreased by
29.7% and 50%, respectively. Starting from the fourth
week of the experiment, each subsequent two weeks of
storage is accompanied by a Falling Number decrease:
by 19.3% from the 4th to 6th week of storage, by
12.9% from the 6th to the 8th, by 25.4% from the 8th
to the 10th and 33% from the 10th to the 12th week.

Fig. 1b shows the results of storing the maize grain
samples at +11°C. So, in the sample with the moisture
content 14%, there is the same tendency for a gradual
Falling Number decrease as in the above described
results of storing the maize grain at 18°C. It can be
seen that during the first month of storage, the Falling
Number decreased by 8.9%. At the same time, certain
fluctuations are observed in the Falling Number
decrease: for the 1%t and 2" weeks, the Falling Number
decreases by 2.2% and 2.5%, respectively, in the 3™
week, it decreases only by 1.9%, and by the 4™ week,
is still lower by 2.6%, compared with the third week.

Over the next two months of storage of this grain
sample, a gradual Falling Number decrease is also
observed: the Falling Number decreased by 7.5% in the
2" month, and by 9.2% in the 3" month. Every two
weeks of the experiment, starting from the 4™, there is
a decrease in the Falling Number: by 5.1% from the 4"
to the 6" week, by 2.5% from the 6™ to the 8" week, by
5.9% from the 8" to the 10" week, and by 3.5% from
the 10" to the 12" week of storage.

In the grain sample with the moisture content
21%, stored at +11°C (see Fig. 1b), like it was during
storage at +18°C, there is a tendency for a gradual
Falling Number increase. On average, the Falling
Number increases by 8.9 % over this period, and,
during the 1% week, it increases by 2.7%, during the
second, by 3.0%, and during the 3", by 2.9%.

Starting from the fourth week of storage, on the
contrary, the Falling Number is reduced by 2.5% in
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one week. In the following second and third months
of storage, there is a stable tendency for a Falling
Number decrease: during the 2" month, by 3.3%, and
during the 3 month, by 21%. Starting from the 4%
week of storage, the Falling Number decreases by
7.7% from the 4™ to the 6™ week, by 4.3% from the
6™ to the 8™ week, by 8.7% from the 8" to the 10™
week, and by 5.0% from the 10" to the 12" week of
storage.

In the sample with the initial moisture content
28%, stored at +11°C (see Fig. 1b), these tendencies
remain, but with a more pronounced intensity. So, in
the first three weeks of grain storage, the Falling
Number gradually increases, on average by 10.0%:
during the 1% week, by 4.6 %, during the second, by
3.1%, and during the 3", by 2%. In the fourth week of
storage, the Falling Number decreases already by 6.0
%, then, over the next 2 months, it decreases by 3.3%,
and during the 3 month, by 23%. As can be seen,
starting from the 4" week of the study, the Falling
Number decrease gradually goes down and is 6.3%
from the 4" to the 6™ week, 7.1% from the 6'" to the
8" week, 12.8% from the 8" to the 10" week, and
11.8% from the 10" to the 121" week of storage.

The revealed trends in the Falling Number and
the associated a-amylase activity of maize depending
on grain moisture, which were established during
storage of grain at temperatures of 18 and 11°C, are
also kept at lower storage temperatures.

From fig. 1-c, it is clear that when storing maize
grain at a temperature of 4 °C in a sample with a
moisture content of 14%, there is a tendency to a
gradual Falling Number decrease, but it is less
pronounced. The monthly Falling Number decrease
is: 4.9% for the 1st month, 5.3% for the 2nd and 6.6%
for the 3rd. Weekly Falling Number decrease are —
for the 1st 1.8%, 2nd 1.2%, 3rd 1.9% 4th 2.6%.
Subsequently, every next two weeks of storage reduce
the Falling Number: it decreases — by 3.6% from the
4th to the 6th week, by 1.7% from the 6th to the 8th
week, by 3.1% from the 8th to the 10th week and by
3.6% from the 10th to the 12th week of storage.

In the sample of maize grain with the initial
moisture content 21%, stored at +4°C, during the first
month of storage, the tendency in the Falling Number
is as follows: it increased by 18%, of which 4.9% in
the first week, in the 2", by 3.9%, in the 3", by 4.1%,
and in the 4" by 4.0%. During further storage, the
Falling Number decreases by 4.5% during the 2nd
month (by 2.1% from the 4™" to the 6" week, by 2.5%
from the 6™ to the 8" week), and by 12% during the
3" month (by 6.5% from the 8" to the 10" week, by
5.8% from the 10" to the 12" week).

In the sample with the initial moisture content
28%, stored at +4°C, a sharp Falling Number increase
was observed during the first month of storage: the
Falling Number increased by 23.1% in a month (8.5%
in the 1% week, 5.7% in the 2" week, 3.3% in the 3"
week, and 4.0% in the 4™ week). Over the next two
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months of storage, the Falling Number decreased by
5.7% in the 2" month, and by 8.9% in the 3 month.
Taken by weeks, this parameter was changing as
follows: by 2.3% from the 4" to the 6" week, by
3.5% from the 6™ to the 8™ week, by 2.8% from the
8™ to the 10" week, and by 6.3% from the 10" to the
121 week.

A comparison of the tendencies in the Falling
Number decrease caused by the corresponding
changes in the a-amylase activity in the samples with
the initial moisture contents 14%, 21%, and 28%,
stored under certain identical temperature conditions,
indicates that the course of these processes varies
depending on the initial moisture content in the grain.
At the same time, in the grain samples with the initial
moisture content 14%, there is a tendency for a
gradual Falling Number decrease throughout the
entire storage period. However, in the samples with
the initial moisture contents 21% and 28%, at the
beginning of the experiment, there is a tendency for a
partial Falling Number increase, which, depending on
the initial moisture content of the grain, can have
different duration and different intensity of the
process. After this initial period, which is associated
with postharvest maturation of grain, in the samples
with the initial moisture content higher than 14%, the
Falling Number gradually decreases towards the end
of the 3" month of storage.

This pattern can be explained by the gradual
completion of the processes of post-harvest
maturation of grain with a high moisture content,
which is confirmed by other authors’ studies [7]. At
the same time, a comparison of the tendencies in the
FN changes in the samples with the same initial
moisture content stored under different temperature
conditions shows that changing the temperature
conditions of anaerobic storage of grain has
practically no effect on these tendencies, but only
changes the intensity of their course

Changing the temperature conditions of storage
of maize grain changes the Falling Number in this
way.

With a decrease in the temperature from 18°C to
11°C in the grain samples:

— in those with the initial moisture content 14%,
the Falling Number is lower by 28.4%;

— in those with the initial moisture content 21%
during the first 3-week storage period, the Falling
Number increases by 15%, and then, during the next
9 weeks of storage, it decreases by 45%;

— in those with the initial moisture content 28%,
the period of Falling Number increase changes from 2
to 3 weeks, while the Falling Number increases by
120%, and then, by the end of the 3 month, it
decreases by 44%.

When the storage temperature is lowered from
11°C to 4°C (i. e. by 7°C), in the grain samples:
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— in those with the initial moisture content 14%,
the Falling Number gradually decreases by 24.4% by
the end of the 3" month;

— in those with the initial moisture content 21%,
the period of the Falling Number increase changes
from 3 to 4 weeks, while the Falling Number grows
by 191%, and then, over the next 8 weeks, the Falling
Number decreases by 35%;

— in those with the initial moisture content 28%,
the period Falling Number increase also becomes
longer (not 3, but 4 weeks), while the Falling Number
increases by 123%, and then, over the next 8 weeks,
the Falling Number decreases by 58%.

To summarize the identified patterns of changes
in the Falling Number during storage of maize grain
with the moisture content w = 14-28 % at the
temperatures
t = 4-18°C (which reflect the changes of the amylase
activity), an empirical equation describing the Falling
Number dependence on the maize grain moisture
content, temperature conditions, and storage duration
was obtained by the method of least squares. The
equation has the form:

FN =340.49 — 3,55-w + 4,12t + 8,45-1 — 0,19-w-t
0,65-t-t - 0,63-12, 1)

where: FN is Falling Number, s; w is moisture
content, %; t is storage temperature, °C. t is storage
duration, weeks.

The standard deviation s for the calculated values
of the FN is 11.30 %, which indicates satisfactory
convergence with the experimental data.

As can be seen from the obtained equation, the
Falling Number has a nonlinear dependence on the
considered factors w, t, and 1. The statistical
significance of the pairwise-interaction coefficients w
and t, and t and T, respectively 0.19 and 0.65,
indicates the controversial influence of these factors
on the value and patterns of changes in the Falling
Number. Due to the parabolic dependence of the
Falling Number on the duration of anaerobic storage
of maize grain and considering the negative sign of
this dependence (coefficient -0.63), when the
moisture content of grain is above normal, along the
storage duration axis t, the Falling Number has its
maximum position that depends not only on the
duration of storage, but also on its temperature
conditions (which is indicated by the significant
pairwise-interaction coefficient -0.65).

A visual representation of these dependencies is
shown in Fig. 2.

We emphasize that all the established tendencies
of changes in the Falling Number of maize grain that
have been observed in the experiment can probably
be explained by the corresponding changes in the
amylase activity, which is the base of the method of
determining the Falling Number and, as is known
from literature [12], has the opposite nonlinear
correlation dependence on it.
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Testing the research results. The research
results obtained can be used in farms and grain-
processing enterprises for the express control of the
the condition of maize grain stored in silo bags.
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Fig. 2. Dependence of the Falling Number on the
moisture content, grain temperature, and duration
of storage under anaerobic conditions

Conclusion

The studies have shown that in the maize grain
samples with the initial moisture content 14%,
regardless of the temperature conditions during
storage for 3 months, there is a steady tendency for a
gradual Falling Number decrease. In the maize grain
samples with the initial moisture content more than
14%, at the beginning of storage, there is a period of
the growth of the Falling Number, the intensity of
which depends on the initial moisture content of the
grain and the temperature conditions of its anaerobic
storage. This period of the Falling Number growth,
with the moisture content of maize grain ranging 14—
28% and the storage temperatures 4-18°C, is within
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2—4 weeks. On completion of post-harvest maturation
processes in freshly harvested maize grain, its further
storage leads to the Falling Number decrease.

If there are similar studies of other maize

dependence of the Falling Number on the amylase
activity of maize grain. Besides, they will improve
the express method for controlling the quality of
maize grain stored in silo bags, substantiate the

varieties and hybrids, they will further allow optimum terms of its safe storage, and allow
establishing more accurately the correlation  suggesting a nomogram to predict them.
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'Kadenpa TexHomnorii 36epiraHHs 3epHa
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AHortanis. OcTaHHIMH [JECATWITTAMH B YKpaiHi Ha (epMepchbKuX TOCHONapCTBaX Ta 3€pHO3aroTiBENbHHUX
MiANPUEMCTBAX HaOy/a MOLIMPEHHST TEXHOJOrist 30epiraHHs 3epHa B TEPMETUYHHX MOJIMEPHHUX 3ePHOBUX PYKaBaX, y SIKHX 3a
paxyHoK (i3i0J0ri4HOrO MpoLecy ANXaHHS CTBOPIOIOTHCS aHAePOOHI YMOBH, 110 3a0e3Iedye MoJOBKEHHS TEPMiHIB HadiiHOTO
30epiranHs cBixo3iOpaHoro 3epHa. Lle, y cBOrO uepry, q03BOJIsIE BUKOPUCTOBYBATH IS MiCI30MPaIbHOr0 0OpOOIICHHS 3epHa
MaJIONOTY)KHE TEXHOJIOTiuHe 00J1aAHaHHs, 10 OCOOIMBO BaXJIMBO JUISl CUPOI Ta BOJIOTOI KYKYpPY/3H, siKa MOTpedye JUIs 1IbOro
HasIBHOCTI MOTY)KHHUX 3€PHOCYIIAPOK. Y CTAaTTi HABEJCHO Pe3y/lbTaTH AOCIIIKEHHs BIUIMBY MOYaTKOBOI BOJIOTOCTI 3epHa
KYKYpyA3H, TEeMIIEpaTYpHUX YMOB Ta TPUBAJIOCTI 30epiraHHs 3epHa B aHACPOOHUX yMOBAaxX Ha YHCIO MAAiHHI — OIUH 3
MOKa3HUKIB SIKOCTi, IO 3aJeKHTh BiJl amina3Hoi akTHBHOCTI 3epHa. lIpeMeroM IOCHiKeHHs Oyau 3pa3kd 3epHa
CBIXK0310paHoi KyKypyaszu 3ybomozioHoro tumy, riopuay JAKC 3705 2017 poky Bpoxato, 3 ycepeaHEHO Bomorictio 14%,
21% Ta 28%, sii 30epiranu B aHaepoOHMX yMOBax mpotsiroM 3 micariB 3a temneparyp 18°C, 11°C ta 4°C. Iloka3HHK YHCIO
MajaiHHs BH3HAYalM CTaHAapTH30BaHMM MeTonoMm XarOepra-Ileprena wa mpwiami «[IYII-7». Ha mizcrtaBi oTrpuMaHHX
pe3yabTaTiB MOOYAOBAHO TICTOpAaMU KiHETHKH 3MIiHM YHCIA MaiHHS, aHali3 SKUX J03BOJHB BCTAHOBHTH 3aKOHOMIPHOCTI
3MIHM YHUCJa TaiHHS 3aJIeKHO BiJl BOJIOTOCTI 3€pHA Ta TPHUBAIOCTI Horo 30epiraHHs 3a pi3HUX Temmeparyp. Ilokaszano, mo y
3pasKax 3epHa KyKypyI3H 3 IIOYaTKOBOIO BoJOTicTiO 14% He3aaeXHO BiJl TEMIIEpaTypHHX yMOB IIPOTATOM 30epiraHHs
BIIPOJIOBXK 3 MICAIIB CIIOCTEPIraeThesl CTiMKAa TEHICHINS MO IMOCTYIOBOIO 3HIDKEHHS YHCIA MAgiHHA. Y 3pa3kax 3epHa
KyKYpYyA3H 3 IIOYAaTKOBOIO BOJIOTICTIO MOHAH 14%, Ha movaTKy 30epiraHHs CIIOCTEPIraeThesl MEPiof 3pOCTAHHS YUCIA MaJ[iHHS,
IHTEHCUBHICTB SIKOTO 3aJIS)KUTH BiJl TIOYATKOBOI BOJIOT'OCTI 3epHA 1 TEMIIEpaTypHHUX YMOB Horo anaepoOHoro 30epiranns. [licms
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3aBEpIICHHS NPONECIB MIiCI30MPaIbHOrO JO3pIBaHHA y CBDXKO3iIOpaHOMY 3€pHI KyKypyHI3H, Mofajiblie Horo 30epiraHHs
MIPU3BOAUTH [0 TIOCTYIIOBOIO 3MEHIIEHHS 4YHCNa MamiHHA. /Ui y3arajJbHEHHS €KCIIEPUMEHTANbHHUX AaHWX 3aIPOIIOHOBAHE
HeJliHIHe eMMipUYHe PiBHSIHHS, [0 ONMCYE 3aKOHOMIPHOCTI 3MiHM 9YHCIA MaJiHHS 3aJIeKHO BiA JOCTIDKEHHX (hakTopiB —
BOJIOTOCTi 3€pHA KYKYpYy/3H, TEMIIEPATYpHUX YMOB Ta TPHUBAJIOCTi 30epiraHHs. 3Ba’kalouM Ha Te, 3HAYCHHS ITOKAa3HUKA YHCIIa
TaJliHAsT OOYMOBITIOETECS AKTHBHICTIO aMila3HOTO KOMIDIEKCY 3€pHa, HOro MOYKHAa BUKOPHCTOBYBATH SIK €KCIIPEC-METOJ JUIS
KOHTPOJIIO CTaHy 3€PHa, 110 30epiracTbes y MoiMEepPHUX 3€PHOBUX PyKaBax.

KurouoBi ciioBa: 3epHO KyKypya3u, 30epiraHHs, MOJIMEpHI 3¢pHOBI pyKaBW, YHCIO MHaJiHHS, aKTUBHICTH aMiJa3HOTO

KOMIUIIEKCY.
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