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1. Introduction 

The production of whole-grain flour and its use in the 
bakery industry are becoming increasingly relevant. Whole 
grain flour is the most important source of dietary fiber, 
antioxidants, vitamins, polyunsaturated fatty acids, phy-
toestrogens, and other useful components in comparison 
with varietal flour. In addition, the process of producing 
such flour is more economical and makes it possible to ensure 
savings and more efficient use of grain reserves.

Flour as a product of intensive grinding of grain is a less 
stable object of storage compared to other products (grain, 
cereals) as it has a more developed surface of contact with 
air oxygen and microflora. Thus, the attackability and avail-
ability of flour nutrients to the action of external factors 
increases significantly. An important role in accelerating 

the processes of spoilage of flour products during storage 
is played by the temperature and humidity of the air, its 
gas composition, the presence and species composition of 
microflora. It has been established that dry varietal flour 
obtained from healthy wheat grain is stored at a tempera-
ture of 20±5 °C up to 6−8 months. However, the duration 
of safe storage of whole-grain wheat flour has not yet been 
sufficiently studied. 

However, with proper storage and processing before the 
start of storage, the development of microorganisms present 
in the flour does not occur or is significantly inhibited. With 
an increase in the relative humidity of the air, microorgan-
isms that have fallen into the flour and are in an inactive 
state in it begin to develop. Molds develop first, which grow 
at minimal humidity. Most often, molds of the genera Peni-
cillium and Aspergillus are found in flour, which synthesize 
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The objects of this study were wheat grain 
(Shortandinskaya variety, harvest 2021) and wheat 
grain grinding products – whole grain (whole-
ground) wheat flour of coarse, medium, and fine 
grinds.

Studies have been carried out to establish 
the terms of safe storage of whole-grain (whole-
ground) wheat flour of various sizes. Samples of 
whole-grain flour of coarse, medium, and fine 
grinding were obtained by grinding wheat grain in 
a finger-type single-rotor eight-row disintegrator.

The resistance to storage of samples of whole-
grain wheat flour of various sizes, as well as 
treated with gases (nitrogen, carbon dioxide) 
with a concentration of 2.0 mg/l, at a pressure of 
P=2.0 atm for 10 minutes, was investigated.

Based on the indicators of QMAFAnM, the acid 
number of fat, and the acidity of gas-processed 
and unprocessed whole-grain wheat flour of 
various sizes, the terms of its safe storage were 
established. All safety indicators were examined 
within three months with a frequency of every 10 
days. The relationship between the size of the flour 
product and its stability during storage has been 
established. It is recommended to store unprocessed 
whole grain wheat flour of coarse grinding up to 
50 days, medium grinding – up to 40 days, fine 
grinding – up to 30 days. 

The treatment of whole-grain flour before 
storage with carbon dioxide has made it possible 
to prolong the period of safe storage of coarse flour 
to 70 days, medium grinding – up to 50 days, fine 
grinding – up to 40 days. 

The best results in the preservation of whole-
grain flour, depending on the size of the grind, were 
shown by its treatment before storage with nitrogen 
in comparison with similar treatment with carbon 
dioxide. Nitrogen treatment has made it possible to 
recommend the duration of safe storage of coarse 
flour up to 90 days, medium – up to 60 days, 
small – up to 50 days
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tions for the use of chlorine dioxide. The ability of chlorine 
dioxide to effectively inactivate insects, bacteria, fungi, 
viruses, spores, and toxigenic forms is interrelated with the 
above fact. Treatment with chlorine dioxide significantly re-
duces the total flavonoids in the flour, increasing whiteness 
and stability time. When stored, the growth of microorgan-
isms in products made from composite flour based on buck-
wheat flour treated with chlorine dioxide slows down [3]. 
This is a strong and highly effective oxidizing agent, the 
suitability of which for use in gaseous formulations for disin-
fection and preservation of green coffee beans is confirmed 
by the authors of [4]. The use of gaseous chlorine dioxide for 
the effective processing and storage of vegetables and fruits 
is confirmed in work [5]. The use of an aqueous solution of 
ClO2 makes it possible to control the growth of microflora on 
contaminated wheat grains [6].

It is necessary to emphasize the direction of application 
of inert gases for the processing of food raw materials to 
improve its microbiological purity. The term “inert” is jus-
tifiably used to describe substances that do not enter into 
chemical reactions. Historically, noble gases of helium, neon, 
argon, krypton, xenon, and radon have been referred to as 
inert gases. However, reactivity depends on environmental 
conditions, on the situation. 

For example, nitrogen (N2) and carbon dioxide (CO2) 
are used as inert gases in the wine industry because they 
have little to no reaction with wine [7]. They can be used 
alone or as a mixture in varying proportions to protect wines 
from oxygen exposure, which includes oxidation and an in-
creased risk of microbial contamination.

The use of inert gas is expressed in the fact that it does 
not enter into chemical reactions either with the manufac-
tured product or with the human body. All this allows us to 
assert that it is advisable to conduct a study on the use of 
these gases in storage as follows: various negative processes 
of vital activity in the grain and flour itself are slowed down, 
which accordingly prolongs the duration of the shelf life [8].

A scientifically based and stable view has been formed 
that the use of inert gases as an alternative treatment for 
pest control in food products is a growing need of the food 
industry. This approach satisfies the needs of consumers 
with regard to reducing or eliminating the use of pesticides 
and protecting the environment [9].

Nevertheless, the results of scientific research and prac-
tical search for the effectiveness of the use of inert gases to 
improve the conditions for safe storage of food products are 
rather ambiguous. Thus, the authors of [10] investigated the 
effect of argon on the quality of wheat flour under storage 
conditions and the possibility of preventing quantitative and 
qualitative losses. Grain samples were stored in sealed plas-
tic containers, in which argon was used as an air medium. 
Storage was carried out at a temperature of 12 to 23 °C for 
22 weeks. The authors did not establish a significant differ-
ence between the indicators of water absorption capacity, 
pharynograms of dough kneading, the number of falls and 
the parameters of the alveogram in samples stored in normal 
air and in an argon environment. Thus, the authors did not 
recommend the use of wheat grain storage in an argon inert 
gas environment since the cost of such storage exceeds the 
expected improvement in the quality of wheat.

A different approach to the use of inert gases to inhibit 
microflora during food storage was demonstrated by the 
authors of [11]. This study was aimed at assessing the effects 
of compressed CO2, N2 and atmospheric air on immature 

mycotoxins. Many of them are heat-resistant and can be 
stored in bread. The baking properties of flour during mold 
are sharply reduced, flour acquires an unpleasant musty 
smell and its use in bread baking is limited.

In addition to microbiological processes, during the stor-
age of grain processing products, various chemical processes 
can occur. Under adverse storage conditions, these processes 
develop at a high rate, which leads to an undesirable deteri-
oration in product quality. 

One of the main reasons for the decrease in the quality of 
flour is the presence of the accumulation of free fatty acids, 
and with their further oxidation - peroxides and hydrop-
eroxides, which leads to the development of the process of 
rancidity. The processes of hydrolytic decomposition that 
develop in grain and flour during storage lead to an increase 
in the content of acidic phosphates, organic and free fatty 
acids in them, which increases the acidity of stored products. 
The level of acidity reflects the degree of freshness of grain 
and products of its processing; the acid number of fat is an 
indicator of safe storage.

In this regard, the search for new ways of processing 
flour, ensuring long-term storage of whole-grain flour with 
high nutritional value seems relevant. It is necessary to es-
tablish the terms of safe storage, at which there is no signif-
icant increase in microorganisms, acidity, and acid number 
of fat, as the main criteria for preserving the technological, 
baking advantages of whole-grain wheat flour as a raw ma-
terial for bread baking.

The use of gaseous substances to treat flour and other 
products of grain processing is relevant in order to regulate 
the functional and technological properties of flour raw 
materials and finished products. This method improves the 
sanitary condition and food safety indicators. 

2. Literature review and problem statement

Paper [1] reports the results of studies info the ability of 
cold plasma of atmospheric pressure to change the biochem-
ical and physical-chemical properties of flour products. It 
has been shown that treating wheat flour with a low level 
of cold plasma (air, 15 V and 20 V) for 60 or 120 s does not 
result in a change in the total amount of aerobic bacteria or 
molds. At the same time, an increase in oxidation markers 
(hydroperoxide number and free space above n-hexane) with 
the use of such treatment confirmed the acceleration of lipid 
oxidation. The described results give grounds for the authors 
to talk about the potential of cold plasma to change the func-
tionality of flour.

All this suggests that it is expedient to conduct a study 
on the treatment of flour products with gaseous ozone. The 
established data confirm the feasibility of using this gas not 
only as a fumigant in the storage of grain and flour but also 
as a regulator of the functional, technological, and baking 
properties of flour. The effectiveness of ozone from positive 
to negative is manifested with an increase in the dose, de-
termined by the concentration and time of exposure of the 
gas to the product. The authors note that flour functionality 
decreased when ozone exposure exceeded 9 min and the 
concentration of ozonated flour exceeded 200 g/kg(-1) [2].

An option to overcome the relevant difficulties may be 
the search for alternative methods that can reduce or inhibit 
the growth of microbes in flour and extend the shelf life of 
products of its processing; it is expressed in recommenda-
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stages and adults of secondary insect species Oryzaephilus 
surinamensis (L.) and Stegobium paniceum (L.). Insects 
were exposed to 5 levels (1–5 bar) of compressed gases in a 
metal gas cylinder for one and two days of exposure at an av-
erage temperature of 20 °C. Increased sensitivity of insects 
to pressure (the higher the larger) and reduced, to the type of 
gas, was established. Overall, the results confirmed that the 
use of CO2 under high pressure is an effective and quick way 
to control most pests affecting food products during storage. 

The data obtained are in good agreement with the results 
on treatment with a modified atmosphere at atmospheric 
pressure, presented in study [12], as well as with the propos-
al to apply high pressure, which provides for a much faster 
action [9]. The efficiency of using CO2 under high pressure, 
which depends on the type of pest, the stage of development 
of insects, pressure, exposure time and temperature, is noted 
in work [13].

Thus, the above allows us to assert the feasibility of 
conducting a study on improving the quality of flour and 
grain raw materials, increasing the period of its safe storage. 
Researchers recommend various methods, among which 
the leading position is occupied by the modification of the 
gas composition of the air at storage facilities. Recommen-
dations also include the use of complex effects – increased 
pressure, original equipment design, etc.

It should be noted that the scientific search is carried 
out not only in the direction of improving the conditions for 
the safe storage of flour raw materials but also in terms of 
expanding the range of flour products.

With the growth of the well-being of the population and 
the development of the global information field in society, 
the need for healthy and individualized nutrition began to 
form, which could not but affect the flour market. This new 
trend is reflected in the development of legal regulation of 
food markets and has set a trend in the direction of healthy 
eating. 

This industrial revolution and the use of high-purity and 
processed flour as a raw material for food products led to the 
loss of their previously inherent useful properties. Such flour 
contains only the endosperm of the grain while a significant 
part of the shells and embryo are lost in the process of grind-
ing. However, it is these parts of the grain that contain fiber 
and healthy micronutrients. As a result, interest in products 
derived from whole-grain flour increased.

Whole grain products are the most important source 
of most essential nutrients: dietary fiber, antioxidants, vi-
tamins, polyunsaturated fatty acids, phytoestrogens, and 
other components that have preventive properties in re-
lation to the development of most chronic diseases. For 
example, whole grain flour contains 10.7 % of dietary fiber, 
61.8 μg/100 g of selenium, 0.5 mg of thiamine, 72.8 mg of 
betaine, 1.9 mg of γ-tocopherol. Whole grain wheat flour is 
richer (by 1.48–3.75 times) in vitamins B1, B2, B6, B9, E, 
PP than wheat flour of the highest grade. In this regard, it 
is advisable to use it for the production of preventive food 
products. Most of these components are found in the germ 
and bran, which are removed during the process of varietal 
grinding of grain. 

Unresolved issues related to the technological proper-
ties of grain products correlating with the content of these 
substances in them remained unresolved. It is known that 
dietary fiber increases the time of hydrothermal treatment, 
and the color of the product changes. At the same time, lipids 
become more resistant to oxidation due to their antioxidant 

content. Therefore, researchers and manufacturers are faced 
with the task of increasing the consumption of whole grain 
products. This is ensured by the preservation of their organ-
oleptic and technological properties.

A draft standard for bakery products with the addition of 
grain and products of its processing has been developed [14]. 
The forms of inclusion of whole grain products in the diet are 
diverse, for example, products from whole-grain flour (pizza 
base, pasta, bread) [15]. At the same time, recommendations 
of micronization modes of wheat grain for the production 
of whole grain products are presented in [16]. The authors 
of [17] substantiate the effectiveness of the use of whole-
ground flour from sprouted wheat grain in the technology 
of a wide range of food products. Scientifically substantiated 
ion-ozone technology of processing grain and its products is 
presented in work [18]. Study [19] is aimed at determining 
the influence of various parameters of ion-ozone treatment 
on the quality and safety of whole grain products from mil-
let, buckwheat, chickpeas, and lentils. The effectiveness of 
grain processing using it as grain bases of food products is 
shown in [20].

Most of the research work carried out, as can be seen 
from the above information, is aimed at solving the problem 
of processing food products with gaseous agents in order to 
improve their quality indicators, as well as inhibiting the 
microflora of the product. At the same time, insufficient at-
tention was paid to justifying the shelf life of food products 
on the basis of their special technological properties and 
safety indicators. 

The problem of scientifically based terms of safe storage 
is especially acute for new grain products. Among the possi-
ble reasons, it is necessary to indicate the complexity of the 
equipment for processing flour products with gases, which is 
often stored in a bulk way and in large volumes.

It should be clarified that according to the Codex Al-
imentarius, the term “whole grain” refers to whole grains 
found in bread or bread crust, squeezed or turned into flakes, 
or to “whole-grain” flour used to make “whole-grain” bread. 
Simultaneously with this term, which is more understand-
able to consumers, there is the term “whole ground” flour. 
Perhaps it is in it that there is a technological component. 

Obtaining whole-grain flour and its use in the bakery 
industry is a fairly promising and relevant direction that 
makes it possible to ensure savings and effective use of huge 
material and financial resources in the field of the Agro-In-
dustrial Complex (AIC).

The main components of whole wheat flour are the shell, 
endosperm, bran, and germ. They contain large volumes of 
vitamins, proteins, and minerals. The shell contains 80 % 
of all micro- and macro elements and is a source of dietary 
fiber. Germ is the main concentrate of vitamins, amino ac-
ids, and polyunsaturated fatty acids. The endosperm (mealy 
nucleus), which occupies most of the grain, is rich in carbo-
hydrates, proteins, and contains nicotinic acid and iron, as 
well as unique water-soluble dietary fiber “beta”-glucans. 
Therefore, such flour is a product much more useful than 
traditional flour of the highest, first, and second grades. 

One of the main reasons for the decrease in the quality 
of whole-grain flour is the presence in it of a crushed germ, 
an aleurone layer with high fat content. It accumulates free 
fatty acids, and with their further oxidation – peroxides and 
hydroperoxides, which leads to the development of the pro-
cess of rancidity. The processes of hydrolytic decomposition 
that develop in such flour during storage lead to an increase 
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in the content of acid phosphates, organic and 
free fatty acids in them, which increases the acid-
ity of stored products. 

In this regard, ensuring the safety of whole-
grain flour, which has a high nutritional value, is an 
extremely urgent task.

A promising area of research is the use of gases 
(carbon dioxide, nitrogen). These gases do not 
enter into chemical reactions either with the man-
ufactured product or with the human body. They 
are able to slow down various negative processes in 
flour, which increases the time of its safe storage.

3. The aim and objectives of the study 

The purpose of our research is to scientifical-
ly substantiate the safe shelf life of whole-grain 
wheat flour. This will provide an opportunity to 
expand the range of functional grain products to improve 
the quality of life of the population. 

To accomplish the aim, the following tasks have been set:
– to establish initial indicators of the quality of flour 

products after grinding;
– to determine the effect of gases on increasing the safe-

ty of whole-grain wheat flour.

4. The study materials and methods

The objects of this study were wheat grain (Shortan-
dinskaya variety of the 2021 harvest), as well as wheat grain 
grinding products – whole grain (whole-ground) wheat flour 
(WGWF) of coarse, medium, and fine grinding. At the same 
time, the size of the grinding was determined by the intensity 
of rotation of the rotor of the laboratory mill after grinding 
and with subsequent storage of flour for 10–90 days.

The grain cleaned of impurities was subjected to washing, 
conditioning, and drying for 24 hours (AASS 26–10.02,1999). 
Then grinding was carried out at the laboratory mill Bühler 
MLU (Germany). Grain grinding took place in a fin-
ger-type single-rotor eight-row disintegrator DPO-320-7.5, 
designed for grinding cereals. 

The size of the crushed wheat grain particles, which 
was regulated by the change in rotor speed, ranged from 
the largest (more than 1000 μm) to the smallest (5–10 μm) 
particles. Finely ground WGWF (whole wheat flour) was 
produced at a rotor rotation speed of 3000 rpm, medium 
grinding WGWF – at a rotor rotation speed of 2100 rpm, 
and coarse – at a rotor rotation speed at 1200 rpm.

Based on the results of the studies proposed by the au-
thors of [21], there is a scheme for obtaining oat flour. A sim-
ilar experiment was conducted to obtain whole-grain wheat 
flour of various sizes, the scheme of which is shown in Fig. 1.

In order to increase the safe shelf life of WGWF of var-
ious grinding sizes, the studied flour samples were treated 
with nitrogen (N2) and carbon dioxide (CO2). The gas 
concentration (both N2 and CO2) was 2.0 mg/l; pressure, 
P=2.0 atm; processing duration, 10 min [24‒26].

Processing of the studied samples of flour with gases 
was carried out after 5 days of resting after grinding. As 
control samples, WGWF of various grinding sizes obtained 
in the same laboratory mill were used, without the use of gas 
treatment.

Treatment of flour with gases was carried out in labora-
tory silo-type containers made of plexiglass (Fig. 2). Storage 
of processed (experimental) and raw (control) samples of 
WGWF was carried out at a temperature of 20–25 °C in 
these containers.

To assess the safety and quality of flour products, mi-
crobiological, chemical, and technological indicators were 
investigated.

QMAFAnM (total microbial number) was determined 
as the number of mesophilic aerobic and facultative-anaer-
obic microorganisms. This is an extensive group of different 
microorganisms that can contaminate a food product. We 
determined QMAFAnM according to GOST 10444.15-94 – 
“Methods for determining the number of mesophilic aerobic 
and facultative-anaerobic microorganisms” by seeding on 
Petri dishes with a nutrient medium (meat-peptic agar). 
The number of microorganisms was determined in 1 cm3 
of the product of liquid consistency. We determined the 
titrated acidity of flour, which is an important criterion for 
its freshness, according to GOST 27493-87. This indicator 
characterizes the total volume of free acids and acidic salts. 
The degree of acidity was understood as the amount of 1 n. 
sodium hydroxide solution required to neutralize acids and 
acidic salts contained in 100 g of flour. The method used to 
determine acidity according to GOST 27493-87 provides for 
determining the titrated acidity by a water-flour suspension.

Fig. 2. Laboratory silo-type installation for processing and 

storage of flour 

Fig. 1. Generalized scheme of obtaining whole-grain wheat flour



33

Technology and Equipment of Food Production

Determining the acid number of fat (ANF) was carried 
out according to GOST 31700 “Grain and products of its 
processing. Method for determining the acid number of fat”; 
humidity – according to GOST 9404; the volume of crude 
gluten and the compressibility of gluten – at the GDM device 
(gluten deformation meter) – according to GOST 27839. 

The general scheme of experimental studies is shown 
in Fig. 3.

Fig. 3 . General scheme of experimental studies on the 

storage of whole-ground wheat flour in the laboratory

For the value of the safe shelf life, the duration of storage 
in days preceding the growth of colonies of microorganisms 
on the flour by 10 times was taken, while the acidity and 
ANF of the flour were also monitored.

The above diagram (Fig. 3) shows the sequence of storage 
of whole-ground flour in comparison with the control sample.

 5. Results of investigating the storage of whole�ground 
wheat flour 

5. 1. Establishment of quality indicators of flour prod�
ucts after grinding

In accordance with the scheme for obtaining flour prod-
ucts in the laboratory (Fig. 1), depending on the intensity of 
grinding, samples of whole-grain wheat flour of various sizes 
were obtained. The indicators of the quality of flour products 
immediately after grinding are given in Table 1.

Table 1

Quality indicators of flour products after grinding (n=5, p<0,05)

Indicators of flour quality
WGWF grinding type

coarse medium fine

Humidity, % 13.0 13.6 14.0

Acidity, degree 6.0 7.1 8.5

Acid number of fat, mg. KОН per 1 g of fat 12.8 13.1 13.5

Amount of raw gluten, % 31.0 32.9 33.4

Gluten quality, GDM units 63.0 65.9 70.0

QMAFAnM, КОЕ/g 8·103 8·103 8·103

The qualitative composition of whole-grain wheat flour, 
studied depending on the coarseness of grinding, is given 

in Table 1. Humidity ranged from 13 to 14 %. Acidity – from 
6 to 8.5 degrees. In terms of the quantity and quality of gluten, 
there is an increase in values from coarse to fine grinding.

5. 2. Determining the effect of gases (nitrogen, car�
bon dioxide) on increasing the storage safety of whole 
wheat flour

Our studies have shown that treatment with gases (both 
nitrogen and carbon dioxide) before storage led to a notice-
able change in the microbiological indicators of the quality 
of experimental samples compared to control ones (without 
processing), and during storage the differences were pre-
served (Tables 2–4).

Table 2

Change in the microbiological contamination of coarse-

ground WGWF during storage (n=5, p<0,05)

Treatment 
type

QMAFAnM, CFU/g, when stored for, day

0 10 20 30 40 50 60 70 90
No 

treatment 
(control)

8·103 8·103 8·103 9·103 6·103 8·104 9·105 9·106 8·108

 Treat-
ment with 
nitrogen 

2·103 2·103 3·103 4·103 5·103 6·103 7·103 8·103 4·104

Treat-
ment with 

carbon 
dioxide 

5·103 6·103 7·103 8·103 8·103 9·103 9·103 6·104 8·105

Table 3

Change in the microbiological contamination of medium-

ground WGWF during storage (n=5, p<0,05)

Treatment 
type

QMAFAnM, CFU/g, when stored for, day
0 10 20 30 40 50 60 70 90

No 
treatment 
(control)

8·103 4·103 8·103 9·103 6·104 7·105 9·105 9·106
Not 

stud-
ied

Treat-
ment with 
nitrogen 

2·103 4·103 6·103 7·103 8·103 8·103 9·104 2·105
Not 

stud-
ied

Treat-
ment with 

carbon 
dioxide 

3·103 3·103 5·103 6·103 9·103 9·104 3·105 2·106
Not 

stud-
ied

Table 4

Change in the microbiological contamination of fine-ground 

WGWF during storage (n=5, p<0,05)

Treatment 
type

QMAFAnM, CFU/g, when stored for, day

0 10 20 30 40 50 60 70 90
No 

treatment 
(control)

8·103 6·103 8·103 6·104 7·104 8·105 9·106 9·107
Not 

stud-
ied

Treat-
ment with 
nitrogen 

2·103 2·103 3·103 4·103 5·103 6·103 7·103 8·103
Not 

stud-
ied

Treat-
ment with 

carbon 
dioxide 

5·103 6·103 7·103 8·103 8·103 9·103 9·103 6·104
Not 

stud-
ied

Similar trends are reported in the study of the acidity 
of prototype and control samples of flour of coarse grinding 
in Fig. 4–6.
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Fig. 7‒9 present changes in the ANF of unprocessed 
whole-grain wheat flour depending on the duration of stor-
age and the change in the acid number of fat during storage 
of whole-ground wheat flour of various grinds after treat-
ment with carbon dioxide and nitrogen.

 Fig. 7‒9 give grounds to recommend the storage of 
whole-ground wheat flour with treatment with carbon di-
oxide and nitrogen. More efficient storage is in a nitrogen 
environment.

6. Discussion of results of investigating the effect of gas 
treatment on safety in the storage of whole wheat flour

The production of whole grain wheat flour increases 
annually. This is due to the fact that it is advisable to use it 
for the production of preventive nutrition products because 
whole grain flour is rich in dietary fiber, vitamins, polyun-
saturated fatty acids, phytoestrogens, and other components 
that have preventive properties in relation to the develop-
ment of most chronic diseases. Most of these useful compo-
nents are found in the germ and bran, which are removed 
during the process of varietal grinding of grain.

Whole grain wheat flour containing bran and germ is less 
stable in storage compared to white refined flour. Storing 
whole-grain wheat flour for only 30 days at 75 °F can result 
in an undesirable odor and taste in products derived from 
whole-grain flour. Simultaneously with the appearance of 

Fig. 4. Acidity of whole-ground wheat flour of coarse grinding 

during storage
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the aftertaste, the volume of free fatty acids, correlated with 
the increase in oxygen present in the flour, and the formation 
of oxidative components of rancidity increases. Reducing the 
size of the particles increases the rate and degree of spoilage 
of the grain components. Wet and heat treatment is typically 
used to inactivate the enzymes responsible for flour spoilage, 
although it has recently been found to contribute to rancidi-
ty caused by oxidative processes measured by the formation 
of hexanal, a well-known marker used to determine rancidity 
caused by oxidative processes in oatmeal. It is believed that 
the increase in rancidity caused by oxidative processes is due 
to the destruction of cellular structures that stabilize lipids, 
or due to the inactivation of unstable antioxidants [22].

It is known that the shelf life of flour is set by the manu-
facturer of products at an ambient temperature not exceed-
ing 25 °C (for rye flour, not higher than 20 °C) and a relative 
humidity not higher than 70 %, provided that the acid num-
ber of fat is not more than 60 mg KOH per 1 g of fat for wheat 
flour, including pasta, and not more than 80 mg KOH – for 
rye bakery. Under such conditions, varietal wheat flour is 
usually stored for 6–8 months, durum and soft wheat flour 
for pasta and rye flour – for no more than 6 months. Storage 
of flour at low temperatures (about 0 °C and below) extends 
the shelf life of flour to two years or more [23]. 

Given that storage in production conditions takes place 
at a warehouse temperature not higher than 25 degrees, it is 
important to compare the results obtained with production 
storage. In this regard, gas treatment and storage of unpro-
cessed and processed flour was carried out in laboratory 
silo-type containers (made of plexiglass) at a temperature 
of 20–25 °C in these containers (Fig. 2).

In accordance with the scheme of production of flour 
products in the laboratory (Fig. 1), depending on the in-
tensity of grinding, samples of wheat whole-grain flour of 
various sizes were obtained. Indicators of the quality of 
flour products immediately after grinding are given in Ta-
ble 1. Analysis of Table 1. shows that with a decrease in the 
coarseness of flour, the indicators of humidity, acidity, ANF 
increased. In contrast, the volume of crude gluten increased 
from 31.0 % in coarse flour to 32.9 % and 33.4 % for medium 
and fine grinding, respectively.

The terms of safe storage in the nitrogen medium, both 
for medium and fine grinding, have increased significantly 
in comparison with the treatment with carbon dioxide (Ta-
bles 3, 4). Microbiological indicators were in the range 
of 9*104. The same growth of microorganisms was estab-
lished on day 50 when treating with chloride dioxide, and 
when treating with nitrogen – on day 60, which confirms the 
effectiveness of nitrogen use during storage.

Treatment with gas with (both nitrogen and carbon 
dioxide) before storage led to a noticeable change in the 
microbiological indicators of the quality of experimental 
samples compared to control ones (without processing), 
and, during storage, the differences persisted (Tables 2–4). 
Similar trends were observed in the study of the acidity of 
experimental and control samples of flour (Fig. 4–6) and the 
acid number of fat (Fig. 7–9).

 Analysis of microbiological indicators of the quality of 
flour products showed that the most effective disinfection 
occurred during nitrogen treatment. Thus, QMAFAnM 
in the WGWF of coarse, medium, and fine grinds without 
processing (control) and without storage was at the same 
level and amounted to 8·103 CFU/g. When storing unpro-
cessed flour of coarse grinding for 50 days, the growth of 

microorganisms increased by one order of magnitude (up 
to 8·104 CFU/g), and the titrated acidity – up to 7.1  de-
grees, which corresponds to the period of safe storage (Ta-
ble 2, Fig. 4).

The values of ANF (the acid number of fat) laid down 
for the storage of whole-grain wheat flour of various siz-
es, which has not been processed and processed, differ 
significantly. During the storage of unprocessed whole-
grain wheat flour, for samples of coarse, medium, and fine 
grinds, different terms of safe storage were established. 
Thus, unprocessed coarse flour with an initial humidity 
of 13.0 %, an acidity of 6.0 degrees, and ANF of 12.8 mg 
KOH per 1 g of fat (Table 1) was stored practically with-
out changing the initial values for 45...50 days. In coarse 
flour treated with nitrogen, the duration of storage in-
creased to 90 days and the growth of QMAFAnM began 
only on day 90. Treatment with carbon dioxide made it 
possible to extend the shelf life of such flour by 20 days 
(in comparison with an unprocessed sample), namely up 
to 70 days (Table 2). 

In unprocessed flour of medium grinding, a sharp in-
crease in the acid number of fat (by 50 %) was observed 
on day 40 (Fig. 5) while the volume of QMAFAnM corre-
sponded to 6·104 CFU/g (Table 3). Also, with an increase 
in the acid number of fat and microorganisms, the acidity 
increased by 20 % and amounted to 8.5 degrees.

When storing unprocessed flour of fine grinding (Fig. 6), 
a significant increase in the acid number of fat was estab-
lished on day 30, from 13.5 to 20.0 mg KOH per 1 g of fat. 
This corresponded to a 10-fold increase in the volume of 
QMAFAnM (Table 4), from 8·103 to 6·104 CFU/g, while the 
value of flour acidity also increased by 19 %. 

Thus, in the course of experimental studies, a significant 
change in the indicators of safe storage of flour products 
was established. Depending on the size of the flour (coarse, 
medium, and fine grinds), the presence and type of gas for 
processing the flour before laying for storage (nitrogen, car-
bon dioxide). 

It should be noted that in the case of treatment of 
WGWF with nitrogen during further storage in the flour 
of coarse grinding, the increase in acidity and QMAFAnM 
was practically not observed. Only on day 70, there began 
a slight (by 10 %) increase in ANF, from 11.8 to 13.3 mg of 
KOH per 1 g of fat. This indicates that ANF is a more sig-
nificant indicator of the safety of flour and with an increase 
in the duration of storage increases earlier and more inten-
sively than other indicators characterizing the freshness of 
flour. However, after 60 days of storage in medium-milled 
flour treated with nitrogen, ANF increased significantly 
and amounted to 18.8 mg of KOH per 1 g of fat, an increase 
of about 50 % compared to the initial data. A significant in-
crease in ANF during the storage of finely ground WGWF 
treated with nitrogen began on the 50th day of storage and 
amounted to 19.5 mg of KOH per 1 g of fat (Fig. 8). The 
number of QMAFAnM increased by an order of magnitude 
from 7·103 to 9·104 CFU/g, the acidity increased by 10 %, 
that is, from 5.2 to 6.3 degrees.

Fig. 7 shows the modification of ANF of the untreated 
WGWF depending on the duration of storage. The growth of 
ANF was observed in all samples (control) without processing 
in the following order: WGWF of fine grinding – on day 30, 
medium – on day 40, large – on day 50. In all samples, the 
growth of ANF was about 48...51 % compared to the initial 
values when laying for storage.
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When treating WGWF with carbon dioxide (Fig. 8), the 
safe storage time of flour of various grinds increased signifi-
cantly in comparison with unprocessed samples. The max-
imum period of safe storage was 60 days for coarse-ground 
WGWF, medium – 50, small – 40 days.

Treatment of WGWF of various grindings with ni-
trogen showed the best results, which make it possible to 
recommend longer periods of safe storage. As can be seen 
from Fig. 9, nitrogen treatment has increased the safe shelf 
life to varying degrees depending on the coarseness of the 
grind. It can be recommended to increase the safe shelf life 
of whole-ground wheat flour of coarse grinding to 90 days, 
medium – up to 60 days, small – up to 50 days.

Based on the results of the above studies (Fig. 7–9), it 
should be noted that in the established terms of safe storage 
according to the growth trend, QMAFAnM and ANF (Ta-
bles 4–6) have a positive correlation. The effectiveness of 
nitrogen treatment of whole-grain flour of various grinds 
was confirmed. 

The obtained results of microbiology, CPH, acidity can 
exist within the use of certain concentrations of gases, stor-
age conditions, and depending on the purpose of use of the 
studied products.

The peculiarity of the method is the fact that to increase 
the shelf life of the product, methods of processing whole-
grain wheat flour with gases were used. 

The lack of industrial equipment for pumping gas media 
into the stored mass of the product. There are no express 
devices for designing quality products.

The development of this study can lead to an increase 
in the range of useful products, an increase in the quality of 
products consumed for a healthy lifestyle. It has been estab-
lished that an increase in the consumption of food products 
from whole wheat, rye, oats, barley, spelt implies the preven-
tion of cardiovascular diseases, diabetes, obesity, beriberi. 
Whole grain wheat flour has 25–30 % more protein, almost 
4 times more wheat fiber, and less carbohydrates. Depending 
on the type of product, ordinary flour can be replaced with 

whole-grain flour either partially or completely. Whole grain 
flour enriches products with dietary fiber, while reducing 
caloric content. Since whole grain flour contains small frac-
tions of bran particles, the dough from such flour is easy to 
mold. Whole grain flour can be used in the production of 
butter, oatmeal, sugar, puffed cookies, crackers and biscuits, 
muffins, etc.

7. Conclusions 

1. It has been established that the coarseness of grinding 
is reflected in the technological indicators of the quality of 
whole grain wheat flour. With a decrease in the coarseness of 
flour, the indicators of humidity, acidity, and ANF increased. 
The volume of raw gluten in whole grain in coarse flour 
was 31 %. In the medium and fine ground flour, the volume 
of raw gluten corresponded to 32.9 % and 33.4 %.

2. When flour is treated with carbon dioxide, the terms 
of safe storage of flour of various grinds have increased 
significantly in comparison with untreated samples. The 
maximum period of safe storage was, for coarse flour – 60, 
medium – 50, small – 40 days.

According to the results of changes in microbiological 
parameters, the acid number of fat and the acidity of whole 
grain wheat flour of different sizes, it was shown that more 
effective disinfection occurred during nitrogen treatment 
(concentration 2.0 mg/l; processing duration, 10 min). The 
terms of safe storage of wheat whole grain coarse flour can be 
increased to 90 days, medium – up to 60, small – to 50 days.
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