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Abstract: The article presents an analysis of the influence of wheat grain storage in open warehouses on the aging process
of bakery products. The purpose of the studyduring the post-harvest ripening period of wheat grainohBread products stored in
waste warehousesThe study consists of a comparative analysis of the effect of the “staleness” process. The AP - 4/1 penetrometer
method, which characterizes the most widespread physical and mechanical properties, was used to assess the degree of staleness
of bread. Closedgrain stored in warehouseThe volume of bread produced from the flour taken from the sample is 30 - 40 cm?, the
relative volume is 0.21 - 0.28 g/cm3, the porosity of the kernel is 2 %, and the organoleptic quality of the bread is 3 - 4 points higher
than the others, which indicates that storing wheat grain in closed warehouses during the ripening period after harvest is of great
technological importance. It was found that the staleness of bread is related to the technological properties of flour. The interaction
of starch and protein, which provide the technological properties of flour, reduces the rate of staleness, but is of less importance
than starch retrogradation. The interaction of starch and protein, which provide its technological properties, reduces the rate of
staleness, but is less important than starch retrogradation. The results of the researches show that it is advisable to store the flour
used in the production of bread products in a closed way. Storage of the grain pile in a closed manner has a positive effect on the
physical - mechanical and rheological parameters of the bread product and ensures greater microbiological stability during its
storage.

Keywords: wheat, open warehouse, food, aging, bread, deformation, elasticity, kernel, physical mechanics, microflora.

Introduction. Reasonable and efficient use of wheat grain is the main foundation
for ensuring food security of any country, which makes it possible to produce high-
quality bread and flour confectionery products.

Improving the quality of grain and bakery products to the required level can be
achieved, on the one hand, by increasing the quality of wheat grain, and on the other
hand, by using it purposefully, rationally and effectively [1-2]. Thus, it is necessary to
develop a technological regime that takes into account all the characteristics of wheat
grain not only in its processing, but also in its storage. Therefore, today, one of the most
urgent tasks is to search for innovative technologies aimed at saving raw material
resources in the production of high-quality bread and bakery products and preserving
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its physiologically valuable components to the maximum. Especially in the conditions of
the Republic of Uzbekistan, where the population's consumption of bakery products is
high, and the climate is very hot in the summer months, it is important to use effective
technologies in production and effective methods of storage to extend the shelf life of
bakery products. [3].

Among the factors that determine the technological properties of raw materials
used in the production of bread and bakery products, the importance of the degree of
microbiological deterioration and the quantity and quality of its chemical components
L.Ya. studied by Auerman [4].

In the storage of bread products, it can increase the intensity of aging and the
manifestation of diseases as a result of violation of sanitary-technological regimes in grain
storage, processing, bread preparation and sale [5].

Saprophytic microflora, which accelerates the aging process during the storage of
bread products, are present in any stored grain mass, and they are represented by: field
microflora and storage microflora. Each of them has been analyzed for its effect on the
microbiological processes occurring in grain masses during storage, on the quality
indicators of raw materials and processed products [6]. This is explained by the fact that
the grain contains a variety of nutrients, and is a favorable substrate for the development
of microorganisms, the presence of which ranges from several hundred to several
thousand per gram [7].

It has been established that the development of microorganisms leads to a decrease
in the quality of wheat and other grains during storage, and changes in the number and
species composition of microflora can vary depending on the conditions of their storage.
It has also been noted that the causative agent of potato blight disease during the storage
of bread products is the spore-forming bacteria Bacillus subtilis and their physiological
and morphological variant Bacillus mesentericus, which accumulate mainly on the grain
during the harvest period, dust, soil particles, and develop during the bread making
process, leading to its spoilage [8]. Studies have shown that active amylolytic (including
amylase) and proteolytic (proteinase, polypeptide) enzymes in potato blight lead to a
change in the properties of bread dough, and are associated with a profound change in
protein substances under the influence of proteolysis [7-8].

The intensity of microbiological contamination of wheat grain mass depends on
soil-climate conditions, post-harvest processing technology, storage period and
conditions (temperature, humidity and type of storage), grain surface cleaning quality,
etc., was studied by L. Tokhtieva [9].

From the analysis of the above studies, it can be seen that one of the important tasks
is to study the effect of post-harvest ripening and subsequent storage of wheat grain
grown in the Republic of Uzbekistan in open warehouses on the microbiota of products
obtained from: it.

The effect of temperature on the mass fraction of gluten, glassiness, falling number,
and fatty acid number during storage of wheat grain was studied [10]. According to it,
the most significant changes in the quality parameters of soft wheat grain were noted at
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temperatures of 30 and 40 °C. That is, the mass fraction of gluten and glassiness of soft
wheat grain decreased, and the falling number and fatty acid number increased [11].
Regression analysis of the obtained data allowed us to determine the dependence of these
parameters on storage conditions, and the most favorable temperature regime was
determined as 10 °C [10]. A similar study was conducted, in which the temperature of the
vertical layers of wheat grain mass stored in open warehouses during the post-harvest
ripening period was determined for 120-150 days (at 9:00, 13:00, and 17:00). It was
experimentally studied that on 22 of the first 30 days, the temperature at a depth of 5 cm
in the vertical layer of a wheat grain heap exceeded 50 °C, and the temperature at a depth
of 30 cm exceeded 40 °C [11].

The effect of groundwater microflora on the microbiota of flour, bran and bread
products during the preparation of wheat grain for milling, storage aging, and flour yield
and quality was analyzed. It was found that microorganisms such as molds and bacteria
(Aspergillus, Penicillium, Fusarium) accelerate physiological processes, leading to
hydrolysis of biopolymers and self-heating of the dough. This can lead to the production
of mycotoxins that pose a threat to human health and reduce the ability to ensure
sustainable food security [12].

The effect of using activated water in dough mixing and baking on the quality and
microbiological deterioration of bread made from wheat flour has been analyzed [13-14].
According to it, the use of activated water as a cathode in the preparation of bread dough
and as an anode in the treatment of the surface of baked hot bread products is of great
importance in slowing down the development of potato disease and the formation of
mold mycelium in the finished product, improving its microbiological safety [13].

It has been found that the contamination of grains and their processed products
with microorganisms increases mainly due to storage (CFU/g-103*200) and the influence
of dust and secondary raw materials generated during processing (CFU/g-103*70-200)
[15-16].

The unpleasant smell of rotting potatoes, which is caused by the stretching, sticky,
and foul-smelling crumb of bread, is caused by the action of sporulating microorganisms
of the genus Bacillus mesentericus (potato sticks) and Bacillus subtilis (hay sticks) [17]. It
has been established that in order to destroy the spores of Bacillus mesentericus (potato
sticks) and Bacillus subtilis (hay sticks), it is necessary to expose them to steam at a
temperature of 100 °C for 5-6 hours, at a temperature of 109-113 °C for 45 minutes, and
at a temperature of 122-123 °C for 10 minutes. The fact that the spores of these
microorganisms are completely destroyed by steam at a temperature of 130 °C was
shown in this study [18]. It was found that the temperature of the bread crumb in the
oven did not exceed 100 °C, as a result of which the spores of Bacillus mesentericus and
Bacillus subtilis did not lose their viability during baking [19].

Studies have shown that lowering the storage temperature of bread from 37 °C to
25 °C can delay the disease for a certain period of time, while storing it at 16 °C can
completely prevent the disease, and that high moisture content in bread is the main cause
of its infection with potato blight [20].
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The optimal temperature for the growth and survival of spores of Bacillus
mesentericus (potato bacilli) and Bacillus subtilis (hay bacilli) is 35-50 °C [21], and the
temperature of grain heaps stored in open warehouses in our Republic [11] indicates that
these conditions are favorable for the development of these spores. Therefore, it is
appropriate to conduct a comparative analysis of the effect of the microflora of wheat
grain heaps stored in open warehouses during the post-harvest ripening period in our
Republic on the microbiological indicators of bread products during storage.

During storage, the taste and aroma of bread change simultaneously with the
physical properties of the crumb, and the loss of some odorous substances is associated
with the decomposition of these substances in the flour, and the appearance of a
characteristic taste and smell of stale bread has been reported in studies [22-24].

From the analysis of the above studies, it can be concluded that the storage of wheat
grains in open warehouses during the post-harvest ripening period is important in
accelerating the aging process of bread products. Hence the purpose of the studyduring
the post-harvest ripening period of wheat grainohChanges in microflora during storage
of bread products in warehouseslt was determined to consist of a comparative analysis
of the impact on the "introduction" process.

Research methods. The most widespread methods for determining the degree of
staleness of bread are based on determining the physicomechanical properties of bread.
According to the presented method, the structural and mechanical properties of the core
of bread products were determined using the automated AP-4/1 penetrometer and ST-2
structureometer [25-26]. In the structureometer device, rheological properties are
measured using a strain gauge and various indenters attached to it, which are determined
by the class of controlled parameters and the textural characteristics of the product.
Methods for monitoring rheological properties are based on measurement parameters
that reflect the dynamics and kinetics of the rheological behavior of the sample under
study.

L. Ya. Auerman and M. G. Baciev noted that the total deformation index of bread
crumb compaction (ANwta) determined by a penetrometer coincides with the
organoleptic score of bread crumb compaction by tasters [27]. They calculated the ANotal
values corresponding to each point of the five-point scale. The freshness indicators of the
bread samples selected for the study were evaluated using the methods described above.

Research results and discussion. From the above analysis, it became clear that the
influence of the technological regime of wheat grain storage on the aging process of bread
products is of great importance. Also, slowing down the aging process of bread products
is very important for regions with a hot climate, such as the Republic of Uzbekistan.
Therefore, the effect of storing locally grown wheat grain samples in warehouses under
various conditions on the aging of bread products was experimentally studied. In this
case, the selected conditions for the study were open and closed, as well as"Don People's
Food" JSC Samples taken from grain heaps stored in the open area of the enterprise for
80 days (from June 20 to September 9, 2024) were weighed on the CD 1 MILL (Chopin
technology, France) device in the Food Technology Laboratory of the Tashkent Chemical
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and Technological Institute according to the AFNOR/CEN/ISO standard (ISO 27971:2015)
[28] and were subjected to the following tests according to GOST 27669-88 bread was
baked and technological quality indicators were determined[29]. The results obtained
from the experiments are presented in Table 1.

Table 1. The effect of storage of wheat grain in different warehouses during the post-
harvest ripening period on the technological properties of bakery flour samples

Sample bread was baked, bakery flour was
weighed, warehouses where samples of wheat
grains were stored

Indicators
Open In an open fieldin  In a closed
warehouse the mill area warehouse
Bread volume, cm3 650 640 660
Bread moisture, % 43.7 441 43.3
Bread's H/D index 0.52 0.51 0.54
Core porosity, % 67 67 69
Relative density of bread, g/cm? 2.81 2.74 3.02
Core size, ON 3.2 3.3 3.3
72 71 75

Evaluation of bread quality, score

64
61
I I52 I
49
1 2 3
1-in an open warehouse, 2- in the open field in the mill area, 3-in
a closed warehouse

80

70

60

40

30

20

10

General deformation, AN,

H24 - hour
Figure 1. Changes in the penetrometric parameters of bread samples during storage

As can be seen in the table, closedstored in storageThe volume of bread produced
from the sample flour was 20-30 cm?, the relative volume was 0.21-0.28 g/cm?, the kernel
porosity was 2%, and the organoleptic quality of the bread was 3-4 points higher than the
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others, which indicates that storing wheat grain in closed warehouses during the ripening
period after harvest is of great technological importance. The results obtained were
analyzed for their dependence on the aging process of bread samples. For this purpose,
the rheological properties of bread samples stored for 24 and 48 hours after baking were
measured in the AP-4/1 penetrometer information-measuring system. The results of the
experiment conducted on the AP-4/1 penetrometer are presented in the graph in Figure
1.

The results of penetrometric studies are closed.stored in storageThe bread sample
produced from the flour taken from the sample showed high overall deformation
indicators. This confirmed the existence of a relationship between the bread volume,
relative volume, crumb porosity and organoleptic indicators and the results of the
penetrometric study, which are presented in Table 1, during bread aging.

Conclusion. It was found that the staleness of bread is related to its technological
properties. The interaction of starch and protein, which provide its technological
properties, reduces the rate of staleness, but is less important than starch retrogradation.

The results of the researches show that it is advisable to store the flour used in the
production of bread products in a closed way. Storage of the grain pile in a closed manner
has a positive effect on the physical-mechanical and rheological parameters of the bread
product and ensures greater microbiological stability during its storage.
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