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Currently, in the Russian Federation, the market for the consumption of flour
bakery products and rye-wheat bread is increasing due to an increase in both the
number of consumers due to the general population growth and due to the lower cost
of such products. In this regard, there is a problem of delivery of fresh bakery products
to the points of their sale, far from the place of production of products. It should be
noted that it is necessary to bind a larger amount of moisture in the test, leaving only
a small amount of water in the free state, which causes the course of the necessary
chemical, biochemical, physical and colloidal processes. To achieve this goal, the most
promising and justified use of substances that chemically bind moisture, which in this
case will act as cryo protectors. It is necessary to transfer moisture into a chemically
bound state. This effect is achieved due to the binding of moisture by molecules of
various components of raw materials. However, the binding capacity of its own raw
materials used in the production of wheat and rye-wheat types of bread. Various
polysaccharides bind water most actively. Basically, the raw materials of the bakery
industry, the availability of such substances is very small, which means that they must
be introduced by adding unconventional plant raw materials rich in such compounds.
Dietary fibers of pears, apples and black currants can be used in the production of
wheat and rye-wheat bread from frozen semi-finished products as cryoprotectants.
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Introduction
Currently, in the Russian Federation, the market for the
consumption of flour bakery products and rye-wheat bread is
increasing due to an increase in both the number of consumers
due to the general population growth and due to the lower cost of
such products. In this regard, there is a problem of delivery of fresh
bakery products to the points of their sale, remote from the place of
production of products [1-4]. Bread and bakery products belong to
the category of goods that quickly become stale and, therefore, lose
their attractiveness to the consumer. Also, at present, the consumer
pays attention to the production time and chooses a fresher

product. This makes it impossible for bakery products produced at
a distance from the point of sale to compete with locally produced
products. The solution to this problem may lie in the production of
final products from frozen semi-finished products. This approach
will make it possible to produce the most fresh bakery products
with high quality indicators of finished products, expand the
range of products produced without increasing production and
complicating technological lines [5-8]. However, when using the
freezing method to preserve semi-finished products, a number of
reasons have been identified that lead to a decrease in the quality
of the products produced, which is due to the peculiarities of the
process of freezing the dough, storage in frozen form and the process
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of defrosting. If the stages of the above-mentioned processes are
observed, it is necessary to ensure the preservation of the quality
of both the semi-finished products themselves and the finished
products produced from them in the form of bakery products. The
solution to this problem may lie in the use of special substances
that can protect semi-finished products, and, consequently, finished
products from the negative effects of cold.
The main problems in the production of bread from frozen
semi-finished products according to classical technology. Currently,
the market presents a wide variety of bakery products produced
from frozen semi-finished products, but at the same time they are
mainly produced from wheat flour, and the diversity is due to the
taste preferences of the population and the raw material base.
[9-11]. Many different formulations and technologies are used to
produce frozen semi-finished products. Most of them are aimed at
preserving the baking properties of the dough after the stages of
freezing, storage in frozen form and further defrosting. The main
problems when using this technology are the speed of freezing
and defrosting [12-14]. At an excessively high rate of freezing and
defrosting, water does not form ice crystals that lead to damage to
the structure of the test mass, but at the same time yeast and lactic
acid bacteria do not have time to adapt to environmental conditions
and die. This, in turn, leads to the impossibility of fermentation and
proofing after defrosting, and hence the impossibility of obtaining
high-quality bakery products [15-19]. Studies have been conducted
on the study of freezing water and modeling ice crystals With too
slow a freezing rate of the dough blank, the following is observed:
the microbiota of the dough has time to adapt to low temperature,
but at the same time there is an intensive growth of ice crystals
with a pronounced peculiar shape, which leads to the destruction
of the gluten structure and to the disruption of the membranes
of microorganisms and, consequently, to their death, which also
makes it impossible to obtain high-quality bread [19-22]. In this
regard, the production of bakery products using low-temperature
processing according to the traditional recipe becomes impossible,
which has also been experimentally confirmed by a number of
domestic and foreign studies [23-25].

Properties of Water, as One of the Main Factors
Determining the Quality of Finished Products in the
Technology of Bakery

In the technology of baking water is one of the most important
recipe components. Water performs a number of different
technological functions. It is a solvent of various substances, creates
an environment for microbiological, chemical and biochemical
processes, participates in physical and colloidal processes at all
stages of bread production, starting from the process of kneading
dough and ending with the process of storing finished products. It
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should be noted that the water in the test is divided into free and
bound [26-30].

Free and Coherent Moisture

Water is one of the simplest substances, but at the same time
irreplaceable, which consists of two hydrogen atoms and one
oxygen atom. Despite its simplest structure, it is part of a larger
number of organic and inorganic systems. Starting from solutions
and suspensions, ending with such complex coherent structures
as dough, protozoa, infusoria, flagellar and complex forms of life,
animals and humans. Water is the medium of various chemical,
biological and physico-chemical processes, this is due to a number
of its unique properties, dissolve polar substances and bind to
high-molecular structures such as protein and starch, the ability to
carry out phase transitions at sufficiently low and easily achievable
temperatures (from 0 ° C to 100 ° C). In the technology of baking,
water can be both in a bound and free state, this is its important
property, which is explained by a number of technological functions

performed by water. It is part of absolutely all recipes of bread and
bakery products, while it participates in the formation of both
the structure of the dough and the quality of the final product.
According to the form of the moisture bond, the following types can
be distinguished: mechanically bound moisture, which is retained
due to the internal structure of colloidal systems in the capillaries
or between large particles of the dough. Capillaries are divided into
macro- and micro-, as a result of which there is a different retention
of free moisture and its absorption and, therefore, this explains
the unevenness of moisture binding. The peculiarity of such
moisture, despite the coherent nature of compliance with external
influences, such as changes in temperature, pressure, osmotic
pressure difference, arising on the surface of the membranes of the
microbiota cells of test semi-finished products.
But despite all this, this type of moisture, due to its low strength
of bonds, is practically indistinguishable from free moisture, so in
the process of freezing, storing and subsequent defrosting of text
semi-finished products, a positive effect is practically not observed.
The growth of ice crystals remains free, and due to their proximity
to other components of the test, the probability of their destruction
may even increase to some extent. Firmly bound moisture is at the
atomic level with other components of test semi-finished products,
this type of bond is called adsorption. Water binding is carried out
due to the molecular force field, which always arises due to the
noncompensation of molecular forces in the interphase surface
layer, which, however, occurs only when solid incredibly small
and homogeneous test particles are very close to each other. Thus,
an increase in the percentage of bound moisture by this method
will have a positive effect on the resistance of the test to negative
consequences in the process of freezing, storage and subsequent
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defrosting, in test masses and finished products. But despite this, it
is quite difficult to reproduce this method of connecting moisture
throughout the volume of the test mass for a number of objective
reasons, as well as the transition of moisture to an inert state occurs,
which does not allow to develop a dough for bakery products with
normal rheological properties, and, consequently, the use of this
method in the technology of baking is not justified. The third type
of water is a chemically bound moisture, which reflects a strong
bond of moisture and material, which is usually not removed even
when drying, due to a chemical reaction and crystal hydrates, while
water loses its nativeness, becoming, in fact, only a structural unit
of a new substance. Chemically bonded moisture becomes inert to
the processes occurring during the production of finished bakery
products, only to a certain extent.

Moisture becomes almost immune to cold treatment when
using shock freezing temperatures (from -35 ⁰ C to -40 ⁰ C). The
temperature at which the characteristic needle-like structure of
ice bound in this manner is formed is significantly lower than the
specified range. However, the complete binding of free moisture
is unacceptable, since the rheological properties inherent in the
test semi-finished product will not be of proper quality due to
the impossibility of the underlying processes that determine
the unique properties of the final product. At the same time,
binding the entire volume of water is impossible, as a result of the
hydrolysis of the carbohydrate and protein complexes of flour, the
product of which is water. Summing up the preliminary results,
it should be noted that it is necessary to bind a larger amount of
moisture in the test, leaving only a small amount of water in the
free state, which determines the course of the necessary chemical,
biochemical, physical and colloidal processes. To achieve this goal,
the most promising and justified use of substances that chemically
bind moisture, which in this case will act as cryo protectors.

The Process of Ice Formation from Free Moisture

If the chemically cohesive moisture does not form a solid
phase when processed at low temperatures, then it is safe for
the structure of the dough and its microbiota and the transition
of free moisture to the frozen state is often accompanied by the
formation of a kind of needle-like crystal structure, which can
have a negative impact on the quality of both the test mass and the
quality of the finished product. A number of studies have revealed
a large number of different structures formed during freezing.
Among these forms, a form without a pronounced structure called
amorphous was revealed. The formation of such ice is highly
desirable in the production of bread, since the absence of an ice
structure eliminates the possibility of damage to both the structure
of the dough and the microorganisms involved in the fermentation
process. Thus, it is necessary to ensure the formation of amorphous
ice from free moisture. This problem was solved by developing
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a special technology for freezing semi-finished products. When
the technology is observed, free moisture passes into the state of
amorphous ice, and the coherent moisture remains in the native
state.

Vegetable Raw Materials as a Source of Cryoprotectants

As noted earlier, it is necessary to transfer moisture into a
chemically bound state. This effect is achieved due to the binding
of moisture by molecules of various components of raw materials.
However, the binding capacity of its own raw materials used in
the production of wheat and rye-wheat types of bread. Various
polysaccharides bind water most actively. Basically, the raw
materials of the bakery industry, the availability of such substances
is very small, which means that they must be introduced by adding
processing products of unconventional plant raw materials rich in
such compounds.

Apple Dietary Fiber

The most well-known and common polysaccharide capable of
retaining large amounts of water is pectin. The substance itself can
be isolated from many types of plant raw materials, but it is apple
raw materials that are most rich. On average, apple raw materials
contain from 0.38% to 0.45% of pectin in terms of dry matter, and
protoctin from 0.33% to 0.40% in terms of dry matter. As it was
found, pectin is able to bind a large amount of moisture, exceeding
many times its mass. As a result, jelly is formed, preventing the
consolidated redistribution and freezing of moisture. In a number
of studies, it was found that when pectin is added to the dough,
the water absorption capacity increases, and the absorption of
moisture itself is much more intense. This indicates the binding of
the dough’s own moisture with polysaccharides, therefore, when
freezing, this moisture will not go into a crystalline state, which
will positively affect the quality of both semi-finished products
and the quality of finished products. It should be noted that, in
turn, it allows us to consider pectin and other polysaccharides
capable of binding moisture to cryo protectors. However, the cost
of pure pectin and other polysaccharides is very expensive, as an
alternative, you can use food fiber obtained during the processing
of apple raw materials.

Dietary Fiber of Pear Fruits

The second most common fruit, as a source of pectin in our
country, is a pear. Pear raw materials contain a kind of set of macro
and microcomponents characteristic of this type of raw material,
among which pectin substances were found. When determining the
quantitative composition of pectin substances, it was found that the
pear fruit contains 5.8% in terms of dry matter. This significantly
exceeds the content of similar substances in apple raw materials
and, therefore, when using dietary fiber of pear, it is necessary to
make a smaller amount of this raw material in the test mass to
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achieve an effect similar to that observed when introducing apple
raw materials. Based on the foregoing, it follows that the dietary
fiber of pear can be considered in the production of wheat and ryewheat bread from frozen semi-finished products as cryoprotectants.
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with cryoprotective ability, a wide variety of micro- and
macroelements necessary for the human body, which will also
increase the nutritional value of bread produced from frozen
wheat and rye-wheat semi-finished products.

Dietary Fiber of Black Currant
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