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The composition of legumes and sugar
beet contains a large number of useful min-
eral and vitamin substances. The use of
composite flour from leguminous crops for
the preparation of bakery products helps
increase food and biochemical properties.
The main objects of this research are chick-
peaflour, bean flour, dry sugar beet powder,
and wheat flour of the first grade. The main
problem is an insufficient amount of miner-
als and vitamins, so the purpose of this work
is to enrich bakery products and replace
sugar in the recipe with sugar beet pow-
der. The results showed that composite flour
and sugar beet increased calcium content
by 13.54mg/100 g, iron — by 0.57 mg/100 g,
potassium — by 141.03mg/100g, phos-
phorus — by 38.89mg/100 g, vitamin A —
by 0.002mg/100g, vitamin B2- by
0.016 mg/100 g,vitaminE —by 0.32 mg/100 g,
and vitamin PP — by 0.405mg/100g.
Microbiological indicators meet the estab-
lished norms and requirements; the amount
of mesophilic aerobic and facultative-an-
aerobic microorganisms, yeast, and mold in
the test bun was the least compared to the
control sample. As a result, it was proved
that the use of composite flour of legumi-
nous crops contributes to an increase in the
nutritional and biological values of bakery
products, and the application of dried sugar
beet powder makes it possible to complete-
ly exclude sugar from the formulation of the
resulting product. Employing this technology
and formulations for obtaining bakery prod-
ucts makes it possible to expand the range of
bakery products, reduce the duration of the
manufacturing process, improve the quality
of finished products, increase labor produc-
tivity. That also contributes to the improve-
ment of the socio-economic indicators of bak-
ery and confectionery enterprises
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1. Introduction

In recent years, the world’s population has shown inter-
est in products for a healthy lifestyle. Leguminous crops and
sugar beets have useful properties; sugar beet also improves
immunity and hemoglobin, strengthens the entire human
body. The bakery industry today is the most dynamically
developing one in the world.

One of the promising areas is the use of various plant-
based raw materials, which increase the usefulness of the
diet by correcting the content of vitamins, minerals, amino
acids, proteins, and other substances useful for the body. The
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use of leguminous crops and sugar beet for the enrichment of
bakery products is one of the promising methods of ensuring
human nutrient balance. Also, the production of sugar is a
complex technological process, so the production and use of
sugar beet powder are more efficient for production.

The use of leguminous crops could create a product with
improved organoleptic properties, enhanced nutritional and
biological value.

Thus, it is a relevant task to form an assortment of bakery
products using leguminous crops and sugar beet powder,
which would contribute to improving the quality, vitamin
and mineral composition.




2. Literature review and problem statement

Paper [1] reports the results of studying sugar products
and bakery products prepared from them. It is shown that
sugar is a product with a sweet taste. It is added to sweet
pastries, chocolate, glazed curds, etc. If one list the prod-
ucts that contain sugar, the list will become endless. Given
this, we can conclude that sugar plays an important role
in human nutrition. However, it is not profitable for sugar
factories to process sugar beet because of the complexity of
long-term storage and the technology of separating sugar
from sugar beet. Therefore, it is necessary to devise new
technologies for the use of sugar without chemical treat-
ment and processing.

Work [2] states that the sugar content in beets (sug-
ariness) ranges from 15 to 21 %, and, for beets of average
quality, is about 17.5 %. The authors of [3] argue that
sugar beets are a useful product that once saved peasants
from hunger in the years of crop failure; now, it is the main
source of sugar in Central Asia. However, sugar production
from sugar beet is a complex technology that consists of
chemical-physical processes, including diffusion, adhesion,
coagulation, solution concentration processes, and sugar
crystallization. Therefore, it is necessary to find a way to
reduce the complexity of these processes, which would
make it possible to bring down production waste and ob-
tain a useful sugar product.

As indicated in work [4], the average chemical compo-
sition indicators of sugar beet are as follows: water — 75 %,
sucrose — 17.5 %, fructose and glucose — 2.5 %, fiber — 1.2 %,
pectin substances — 2.4 %, nitrogenous substances — 1.1 %,
proteins and ash — 0.3 %. In addition, sugar beets contain a
series of amino acids, vitamins, and minerals, therefore, in
addition to its direct purpose, it is quite a useful vegetable.
The authors of [5, 6] state that sugar beet is mostly used
as a raw material for the production of granulated sugar
and refined sugar. In the process of obtaining sugar, a large
volume of by-products is formed at an insignificant yield
of the resulting product. In this case, a significant number
of secondary products are formed, such as molasses, pulp,
defecation precipitate. Under modern conditions, most of
the waste from sugar production is practically not disposed
of, which leads to their multi-tonnage accumulation, uncon-
trolled decomposition with the formation of toxic products
that pollute the soil, groundwater and surface water, and air.
Also, additional investments are required for the processing
of sugar beet waste.

As indicated in [7], the disadvantages of the technology
used to obtain sugar include low efficiency of sugar beet pro-
cessing (no more than 60 % of dry matter is used), a limited
range of products obtained. During long-term storage, the
quality of beets does not remain constant: its sugar content
changes, as well as the physicochemical indicators: the mass
of root crops decreases due to wilting, there is a decrease in
turgor, respiration, and germination, a rotten mass appears
as a result of microbiological and enzymatic processes and
the formation of foci of mucous bacteriosis. Therefore, it
must be quickly processed. But at present, sugar producers
do not have time to fully process the raw materials. Spoiled
raw materials are not subject to further processing and are
not even used as animal feed. In this regard, it would be
profitable if one gets dried sugar products, which are used for
bakery products, by using simplified technology.

One of the main tasks of the state policy in Kazakhstan
in the area of healthy nutrition of the population for the
period up to 2020 is to increase the share of produced func-
tional foods that contribute to the effective provision of the
human body with the required amount of micro-and macro-
nutrients. Work [8] describes the issue related to providing
the population with healthy food. Therefore, in the current
situation, it is a relevant and expedient task to devise and
implement new technologies and an assortment of products
of mass consumption, such as bakery, confectionery, dairy
products enriched with essential nutrients that compen-
sate for the shortage of essential components in food. Also,
the obtained useful bakery, confectionery, dairy products
provide for an increase in immunological resistance of the
human body.

According to [9], the biochemical potential of fruits,
vegetables, and root crops, especially their concentrates,
predetermines a possibility to use them in the food industry
in order to increase the nutritional and biological value of
food products. Therefore, plant raw materials such as fruits,
berries, vegetables, root vegetables, and others, given their
low cost, high nutritional and biological value (the content
of functional ingredients exceeds 20 %) could be a strategic
agricultural resource. They are also used to make confec-
tionery and other functional food products. Bakery products
are food products that contain a sufficient amount of nu-
trients: carbohydrates, proteins, minerals, etc. In addition,
there is a replacement of bakery products in the structure of
consumption with other products that consumers consider
more useful. Therefore, the structure of production should
also change, the share of varieties of bakery products with
increased added value, which is considered by the population
not just as a source of calories but as a healthy and tasty
product, should increase.

Work [10] notes that the expansion of the range of
these new competitive products under current conditions
is an important national economic task. It can be most
effectively solved through the application of modern
technologies recommended for use at public catering en-
terprises or the food industry, making it possible to obtain
a high-quality product at low costs for its production. As
regards the production of bakery products, this means the
use of intensive technologies that make it possible to in-
crease the volume of products, expand the range, improve
quality, reduce the cost of products by reducing the long
stages of dough preparation. However, manufacturers
cannot fully provide the population with useful bakery
products. Therefore, manufacturers need to produce, at
an industrial scale, high-quality products with natural
formulations at affordable prices, relying on existing de-
mand, while creating conditions for both increasing the
level of remuneration of employees at the bread industry
enterprises and its further development.

Paper [11] provides information on the current use and
storage of sugar beet. By using dried sugar beets to make the
dough, manufacturers can eliminate the use of sugar in the
production of bakery products. In addition, the application
of dried sugar beet and flour of composite mixtures from
leguminous crops makes it possible to increase the useful
properties (vitamin and amino acid composition), quality,
organoleptic, theological, and technological indicators of the
finished product. Thus, the development of techniques for
making bakery products that increase the efficiency of the



use of sugar beet and products based on them, which have
an enhanced nutritional value, is a relevant task that ac-
quires national economic importance. The study confirmed
the relationship between the deterioration of the economic
situation in the world and the increase in the production
of bread and bakery products, which confirms the social
importance of bread and bakery products. The reduction in
the volume of bread and bakery products is due to a decrease
in the production of short-term storage products, by 1.3-2 %
annually. The problems of the industry are related to low
economic indicators. It is established that the production of
long-term storage products, as well as low humidity, and oth-
ers, increases annually. Therefore, it is necessary to increase
the production of bakery and flour confectionery products of
long-term storage with low moisture content to the charac-
teristics of the mass type of production, as well as products
with a complex unique formulation (for example, gluten-free
bakery and confectionery products), products for “healthy”
nutrition, and with herbal additives.

3. The aim and objectives of the study

The aim of this work is to devise an innovative highly effec-
tive technology for obtaining an assortment of bakery products
with the addition of composite mixtures of leguminous crops
and sugar beet powder to the basic wheat flour. This will im-
prove the quality and useful properties of bakery products.

To accomplish the aim, the following tasks have been set:

— to devise formulations and preparation regimes of bak-
ery products using sugar beet powder and composite flour of
leguminous crops;

— to conduct a comprehensive assessment of the quality
of raw materials and devises bakery products (physical and
chemical indicators, nutritional value, safety indicators).

4. The study materials and methods

The objects of our study are chickpea flour, bean flour,
dry sugar beet powder, sugar (for the control sample),
wheat flour of the first grade, baker’s yeast, egg, milk, and
butter.

The main hypothesis of the study assumes that once the
organoleptic properties and physical-chemical indicators of
the quality of bread are high, then bakery products are of
high quality and suitable for human consumption.

The component composition was investigated and sub-
stantiated and the technology of bakery products from
wheat flour with the use of sugar beet powder and composite
flour of leguminous crops was developed in this work.

The use of leguminous crops in the formulation of
bakery products should increase the fermentation activ-
ity of baking yeast. To increase the nutrients of bakery
products, the search for more advanced formulations and
cooking technologies is promising. It should be assumed
that making bakery products from composite flour and
sugar beet powder would make it possible to a greater
extent to preserve the biologically valuable substances of
the finished product and prevent the formation of unde-
sirable substances that are not digestible compounds for
the human body, characteristic of traditional recipes of
bakery products.

Technological modes of drying of sugar beet have been
devised, and finely ground powder was obtained from it.
Fresh sugar beet tubers were thinly sliced and dried at the
Hurakan HKN-DHD10 dehydrator (China) at a tempera-
ture of 70 °C for 4.5-5 hours. After that, they were crushed
at the laboratory mill LZM-1M (Russia). The resulting sug-
ar beet powder is shown in Fig. 1.

An assortment of rolls was baked (the formulation was
calculated for 1 serving of laboratory batch):

Fig. 1. Dry sugar beet powder

—No. 1 — Bun — a control sample with sugar, based on
wheat flour of the first grade (according to the formulation
for the bun “Health”);

— No. 2 — Bun with the addition of 30 g sugar beet powder;

— No. 3 — Bun with the addition of 40 g sugar beet powder;

—No. 4 — Bun made with 15 % bean flour and sugar;

—No. 5 — Bun made with 15 % chickpea flour and sugar;

—No. 6 — Bun made from 15 % bean flour, with the addi-
tion of 30 g sugar beet powder;

—No. 7 — Bun made from 15 % chickpea flour, with the
addition of 40 g sugar beet powder;

—No.8 — Bun made from 5% bean and 5% chickpea
flour with the addition of 40 g sugar beet powder;

—No.9 — Bun made from 5 % bean and 10 % chickpea
flour with the addition of 30 g sugar beet powder;

—No. 10 — Bun made from 10 % bean and 15 % chickpea
flour with the addition of 40 g sugar beet powder.

The weight of the dough for one sample of a bun is 50 g. One
serving of the laboratory batch prepared according to a given
formulation yielded, on average, 10—12 units of butter buns.

The following indicators of the raw materials used
and the obtained assortment of bakery products were in-
vestigated: organoleptic indicators (GOST 5667-85), the
mass fraction of moisture (GOST 21094-75), the mass
fraction of fat (GOST 5668-68). The mass fraction of
protein was determined according to GOST 10846-91.
The mass fraction of sugar was determined according to
GOST 5672-68, the mass fraction of carbohydrates was
determined according to GOST 25832-89. The mass frac-
tion of ash was determined according to GOST 5901-2014.
The mass fraction of porosity was determined according to
GOST 5669-96. The acidity content was deter-
mined according to GOST 5670-96. The iron con-
tent was determined according to GOST 26928-86.
The content of vitamin A was determined according to
GOST R 54635-2011. The content of aflatoxins was de-
termined according to GOST 31748-2012. The number



of mesophilic aerobic and facultative-anaerobic micro-
organisms (QMAFAnM) was determined according to
GOST 10444.15-94. The number of bacteria of the E.
coli group (coliform bacteria) (BGKP) was determined
according to GOST 31747-2012. The number of osmotol-
erant yeast and mold fungi was determined according to
GOST 28805-90. The crude fiber content was also de-
termined by the Wende method at the Fiwe-6 analyz-
er (Austria).

The content of heavy metals and mineral elements
was determined by atomic absorption spectroscopy (AAS)
at the electrically atomized spectrometer “KVANT-Z.
ETA-T” (Russia) with software.

Vitamins B1, B2, PP were determined by capillary
electrophoresis at the device Kapel-105M “Lumex” (Rus-
sia) (Procedure MVI M 04-41-2005, 2005).

Pesticide contents, including heptachlor, a-, B- and
y-isomers of hexachlorocyclohexane (HCH), dichlorobi-
phenyl trichloromethyl methane (DDT) and its metabo-
lites, were determined by gas-liquid chromatography.

5. Devising the technology for a range of bakery products
and studying the organoleptic, physical-chemical, and
microbiological indicators

3. 1. Devising the formulations and modes to obtain a
range of bakery products

To prepare a control sample, the formulation for the bun
“Health” was used, given in Table 1.

In order to enrich the bakery products, composite flour
of leguminous crops was added; dry sugar beet powder was
added to exclude sugar from the formulation. Sugar beet
powder was added depending on the consistency of the
dough, so there were changes in the formulation of the buns.
Formulations for the assortment of buns, calculated per
100 g of flour, are given in Table 2.

The technological scheme of dough preparation and bak-
ing mode are shown in Fig. 2.

The baking time depends on the composition and prop-
erties of the raw materials used. The time of proofing and
baking is given in Table 3.

Table 1

Formulations for the control sample of a bun

No, Raw material Raw material quantity
Per 1 serving according to the formulation for the bun “Health” Calculated per 100 g of flour
1 Flour of the first grade, g 325 100
2 Milk, ml 150 1.85
3 Yeast, g 6 15.39
4 Egg, g (1 pc=50 g) 50 15.39
5 Sugar, g 50 15.39
6 Butter, g 50 15.39
Table 2
Formulations for the assortment of buns, calculated per 100 g of flour
. Raw material quantity
No. Raw material
Bun No.2| Bun No.3|Bun No. 4|Bun No.5 | Bun No.6 | Bun No.7 | Bun No.8 |Bun No. 9|Bun No.10|Bun No.11
1 |Flour of the first grade, g| 100 100 85 85 85 85 75 85 80 90
2 Bean flour, g 0 0 15 0 15 15 15 10 15 5
3 Chickpea flour, g 0 0 0 15 0 0 10 5 5 5
4 Milk, ml calculated per 46.15 ml
5 Yeast, g 1.85 1.85 1.85 1.85 1.85 1.85 1.85 1.85 1.85 1.85
6 Egg, g 15.39 15.39 15.39 15.39 15.39 15.39 15.39 15.39 15.39 15.39
7 Sugar, g 0 0 15.39 15.39 0 0 15.39 0 0 0
g| Pv p"t‘;’e ‘1‘?;‘6 sugar 9.23 12.31 0 0 1231 | 15.38 0 9.23 12.31 12.31
9 Butter, g 15.39 15.39 15.39 15.39 15.39 15.39 15.39 15.39 15.39 15.39
Table 3
Time of proofing and baking of the control sample and the new range of buns
Time, min
Sample Sponge dough Proofing No. 1 Proofing No. 2 Baking Total
Bun No. 1 15 60 30 10 115
Bun No. 2 15 60 40 10 125
Bun No. 3 15 70 50 13 148
Bun No. 4 15 60 25 8 108
Bun No. 5 15 60 30 10 115
Bun No. 6 15 70 25 9 104
Bun No. 7 15 70 25 12 122
Bun No. 8 15 55 25 10 105
Bun No. 9 15 75 30 11 131
Bun No. 10 15 80 30 9 134
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Fig. 2. Technological scheme of dough preparation and baking mode
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Data in Table 3 show that in comparison with the control
sample, the total baking time of the samples under study,
Buns No. 4-6 and No. 8, is less; they are the most optimal.

5. 2. The results of the organoleptic, physical-chemical,
and microbiological studies of the range of buns

For the study, the organoleptic properties of buns of
different compositions were determined. The exterior of the
resulting control sample and the new range of buns are shown
in Fig. 3-12.

The resulting products in Fig. 3-12 demonstrate the or-
ganoleptic indicators, which are given in Table 4.

Fig. 5. Bun No. 3 with the addition of 40 grams of sugar beet
powder: a — enlarged; b — external appearance

a b

Fig. 6. Bun No. 4, prepared from 15 % bean flour with
sugar: a — enlarged; b — external appearance

Fig. 3. Bun No. 1 — control sample with sugar, based on wheat
flour of the first grade: a— enlarged; b — external appearance

Fig. 7. Bun No. 5, prepared from 15 % chickpea flour with
sugar: a — enlarged; b — external appearance

Fig. 4. Bun No. 2 with the addition of 30 grams of sugar beet
powder: a — enlarged; b — external appearance

Data in Table 4 and Fig. 3—12 show that the organ-
oleptic characteristics of the new range of buns deviate




from the control sample. It was established that the in-
troduction of composite flour and sugar beet powder had
a positive effect on the organoleptic indicators of proto-
types: the finished products had a pleasant, moderately
pronounced taste and aroma, glossy crust.

a b

Fig. 8. Bun No. 6, prepared from 15 % bean flour and with
the addition of 30 grams of sugar beet powder:
a— enlarged; b — external appearance

a b

Fig. 9. Bun No. 7, prepared from 15 % chickpea flour and
with the addition of 40 grams of sugar beet powder:
a— enlarged; b — external appearance

Next, the physical-chemical and safety indicators were
investigated. The results of the physical-chemical param-
eters of the range of buns are shown in Fig. 13.

a b

Fig. 10. Bun No. 8, prepared from 5 % bean and 5 %
chickpea flour with the addition of 40 grams of sugar beet
powder: a — enlarged; b — external appearance

In order to exclude sugar from the bun formulation,
it was replaced with dry sugar beet powder; in addition,
to enrich them with minerals, vitamins, and nutrients,
chickpea and bean flour were added. For comparison,
buns prepared with the addition of separately dry powder
of sugar beet, chickpea, bean flour of different ratios and
quantities were studied to determine their qualities in the
resulting product.

The content of calcium and iron in the range of buns is
shown in Fig. 14. The content of potassium and phospho-
rus in the range of buns is shown in Fig. 15. The content
of vitamins A, B1, and B2 in the range of buns is shown in
Fig. 16. The content of vitamins E and PP in the range of
buns is shown in Fig. 17.

Data in Fig. 13-17 show that in comparison with the con-
trol image, the new range of buns, made from composite flour
and sugar beet powder, contains a significant volume of mineral
elements and vitamins.

The content of toxic elements, mycotoxins, pesticides,
and microbiological indicators were also investigated. The
results of the study are given in Table 5.

Table 4
Organoleptic characteristics of the control sample and the new range of buns
Bun Color Aroma Surface Taste Shape
Bun No.1 Light vellow Characteristic of this Smooth, without Characteristic of this Rounded, not spreading,
’ sty type of product breaks type of product without pressing
Characteristic of this Characteristic of this
Bun No. 2 Light brown type of product with Smooth, without type of product with Rounded, not sprl?adlng,
a pronounced smell of breaks a pronounced taste of without pressing
sugar beet sugar beet
Characteristic of this Characteristic of this
Bun No. 3 Light brown type of product with Smooth, without type of product with Rounded, not spr§ad1ng,
a pronounced smell of breaks a pronounced smell of without pressing
sugar beet sugar beet
. Characteristic of this Smooth, without Characteristic of this Rounded, sh.ghtly
Bun No. 4 Light yellow spreading, without
type of product breaks type of product .
pressing
Bun No. 5 Light vellow Characteristic of this Smooth, without Characteristic of this | Rounded, not spreading,
’ shty type of product breaks type of product without pressing
Characteristic of this Smooth, without Characteristic of this Rounded, not spreading,
Bun No.6 Yellow ) .
type of product breaks type of product without pressing
. Characteristic of this Smooth, without Characteristic of this Rounded, not spreading,
Bun No. 7 Light brown ) .
type of product breaks type of product without pressing
. Characteristic of this Smooth, without Characteristic of this Rounded, not spreading,
Bun No. 8 Light brown ) )
type of product breaks type of product without pressing
Bun No. 9 Light vellow Characteristic of this Smooth, without Characteristic of this Rounded, not spreading,
' sty type of product breaks type of product without pressing
Bun No.10 Lisght vellow Characteristic of this Smooth, with Characteristic of this Rounded, not spreading,
’ shty type of product breaks type of product without pressing




a b a b

Fig. 11. Bun No. 9, prepared from 5 % bean and 10 % chickpea Fig. 12. Bun No. 10, prepared from 10 % bean and 15 %

flour with the addition of 30 grams of sugar beet powder: chickpea flour with the addition of 40 grams of sugar beet
a - enlarged; b — external appearance powder: a — enlarged; b — external appearance
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Fig. 13. Physical-chemical parameters of the range of buns




® Bun No.1 ® Bun No.2 = Bun No.3 Bun No.4
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Fig. 14. The content of calcium and iron in the range of buns
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Fig. 15. The content of potassium and phosphorus in the range of buns




¥ Bun No.1 ® Bun No.2 # Bun No.3 Bun No.4
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Fig. 16. The content of vitamins A, B1, and B2 in the range of buns
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Fig. 17. The content of vitamins E and PP in the range of buns




Safety indicators of the range of buns

Table 5

Name of indicators, Actual results
units of measurement | Bun No. 1 Bun No. 2 | Bun No. 3 Bun No. 4 | Bun No. 5 | Bun No. 6 Bun No. 7 Bun No. 8
Toxic elements:
cadmium, mg/kg | Not detected 0.0008 0.0011 Not detected |Not detected 0.0004 Not detected | Not detected
lead, mg/kg Not detected 0.0012 0.0017 Not detected |Not detected 0.0009 0.0010 Not detected
Mycotoxins:
aﬂartl(:gx/ilr(lgBl, Not detected | Not detected | Not detected | Not detected | Not detected | Not detected | Not detected | Not detected
Pesticides:
Heptachlor, mg/kg | Not detected | Not detected | Not detected | Not detected |Not detected | Not detected | Not detected | Not detected
y—if(l)ggrlj),(i gﬁ/ykg Not detected | Not detected | Not detected | Not detected |Not detected | Not detected | Not detected | Not detected
DD’Iiiigsd Iisg;?:gabo— Not detected | Not detected | Not detected | Not detected |Not detected | Not detected | Not detected | Not detected
Microbiological indicators:
QMAFAnM, CFU/g 7%103 12%103 9*103 13*103 11*103 13*103 4*103 5%103
BGKP (coliforms)
per 1.0 g of product, |Not detected | Not detected | Not detected | Not detected | Not detected | Not detected | Not detected | Not detected
CFU/g
Yeast, CFU/g Not detected | Not detected | Not detected | Not detected 1 Not detected | Not detected | Not detected
Molds, CFU/g 7 4 3 4 Not detected 4 6 3

Data in Table 5 show that the resulting range of buns,
made from composite flour and sugar beet powder, is safe for
the human body.

6. Discussion of results of studying the range
of bakery products

An innovative highly effective technology for obtaining
bakery products with the addition of composite mixtures of
leguminous crops and sugar beet powder to the main flour has
been devised.

The data in Table 4 and Fig. 312 allow us to draw the
following conclusion: in comparison with the control sample
No. 1, Buns No. 4-8 do not deviate from it and showed better
results in terms of their organoleptic indicators. As regards
the organoleptic indicators, the following shortcomings were
revealed: Buns No. 2, 3 are not elastic, the shape of bun No. 9
is not smooth; the crumb of bun No. 9 is not elastic, the sur-
face of bun No. 10 had breaks. It was found that chickpeas
give the bun volume, and beans affect the time of proofing
and preparation of the dough. Based on these results of our
study, the samples of buns No. 1-8 were selected to deter-
mine the physical-chemical and safety indicators. Of these,
the indicators of bun No. 8, prepared from composite flour
and sugar beet, were compared with the control sample. The
condition of the crumb was the same in almost all samples:

1. Baking quality: all samples were properly baked, not
wet to the touch; samples No. 2, 3, No. 9 were not elastic, and
the rest were elastic.

2. Kneading: in all samples, there were no lumps and
traces of improper kneading.

3. Porosity: in all samples, it was developed, without
voids, and compacted.

The data in Fig. 13 show that compared with the con-
trol sample, the moisture content of buns No.4-7 is higher
by 1.39-54.23 %. This proves that chickpea flour absorbs more

moisture, so it is necessary to reduce the amount of wheat flour
in the formulation. In terms of the mass share of fat compared to
the control, sample No. 2 showed the lowest result, its content
was equal to 6.84 %, and the fat content of the remaining buns
was higher by 0.84-4.63 %. The protein content of buns No. 4-8
was higher by 0.3-1.51 %. The mass fraction of protein in the
control sample was 9.94 %, and in bun No. 8 was close to 10.24 %.
The mass fraction of carbohydrate in samples No. 7 and No. 8 is
higher, compared to the control sample, by 1.25% and 1.1 %,
respectively. Chickpeas and beans are rich in fiber, minerals, so
the ash content was higher in the buns made from them. The ash
content in dry sugar beet powder, chickpea and bean flour is very
high, so all buns, except for the control sample, have a high ash
content. The acidity of the control sample was 1.2 degrees, bun
No. 2 — close to 0.8 degrees, and bun No. 8 — close to 1.2 degrees,
and the rest are higher by 0.2-0.8 degrees compared to the con-
trol sample.

The data in Fig. 14, 15 show that the content of
calcium, iron, potassium, and phosphorus is higher by
1-2 times compared to the control sample. That proves
that the bean and chickpea flour contribute to the increase
of these mineral elements in buns. The calcium content in
bun No. 1 (control sample) was 18.79 mg/100 g, and in
bun No. 8, prepared from 5 % bean and 5 % chickpea flour
with the addition of 40 grams of sugar beet powder, was
32.33 mg/100 g. The iron content in bun No. 1 (control
sample) was 1.17 mg/100 g, and in bun No. 8 — close to
1.74 mg/100 g. The potassium content in bun No. 1 was
111.06 mg/100 g, and in bun No.8 - more than twice,
that is, close to 252.09 mg/100 g. The phosphorus content
in bun No. 1 was 84.82 mg/100 g, and in bun No. 8 was
equal to 123.71 mg/100 g.

The data in Fig. 16, 17 show that the content of vitamin
A is not particularly different, that is, in bun No. 1, was
0.018 mg/100 g, and in bun No. 8 —close to 0.020 mg,/100 g.
Chickpea and bean flour is rich in vitamins B1, B2, E, and
PP, so when one adds them to the formulation of buns,



the content of these vitamins increases accordingly. The
amount of vitamin B1 in bun No.1 was 0.153 mg/100 g.
and in bun No. 8 — close to 0.186 mg/100 g, the content
of vitamin B2 in bun No.1 was 0.064 mg/100 g, and in
bun No. 8 — close to 0.080 mg/100 g. The content of vita-
min E in bun No. 1 was 2.29 mg/100 g, and in bun No. 8 —
2.61 mg/100 g. The content of vitamin PP in bun No. 1 was
2.743 mg/100 g, and in bun No. 8 — 3.148 mg/100 g.

The data in Table 5 show that toxic elements are found in
buns No. 2, 3, 6, and No. 7 (lead only), although within the
permissible concentration. No mycotoxins or pesticides were
found in all the bun samples. The microbiological indicators
show that the number of mesophilic aerobic and facultatively
anaerobic microorganisms (QMAFAnM, or total microbial
number — OMF) in the samples of bun No. 7 and No. 8 is less,
compared to the control sample of the bun. Bacteria of the
E. coli group (BGKP) were not found in all the samples of
the bun studied. Yeast was found in bun No. 5, prepared from
15 % chickpea flour with sugar, the content was 1 CFU/g
but did not exceed the established norms. The amount of
mold in control sample No. 1 was 7 CFU/g, in other samples
of the bun, less, and it was not detected in bun No. 5.

To summarize, we can conclude on the best formu-
lation in the technology — this is the formulation of bun
No. 8, prepared from 5% bean and 5 % chickpea flour
with the addition of 40 g sugar beet powder (per 1 serving
of laboratory batch). In this formulation, dry sugar beet
powder completely replaces sugar and this bun is enriched
with useful properties, vitamins, and mineral elements.
Therefore, this option is offered for the production of
high-quality and useful buns.

The use of bean and chickpea flour for the preparation of
buns reduces the time of baking and fermentation, promotes
the fermentation process while dry sugar beet powder reduc-
es the spread of dough blanks.

As a result of our study, a formulation and technology
for obtaining bakery products from flour of composite mix-
tures without the use of sugar were devised, contributing to
improving the quality, useful properties, and safety of the
finished product.

The devised new technology of composite flour with the
addition of chickpea and bean flour with a high content of
protein, vitamins, and other useful properties makes it pos-
sible to activate biotechnological production processes and
save wheat flour.

The comparative results of our study showed that a
reasonable best version of the technology (technology of
cooking bun No. 8) makes it possible to reduce the baking
time compared to the control sample. In particular, it was
found that the baking time was reduced by 7 minutes, and
was equal to 105 minutes. At the same time, an increase
in nutritional value and safety indicators was established,
in comparison with the control sample and other ranges of
bakery products.

The expected social effect would mean that the use
of flour composite mixtures from leguminous crops and
sugar beets, which have many useful properties (vitamin,
immune-modulation, etc.), in the production of bakery and
flour confectionery products contributes to the creation of
environmentally friendly, useful, and highly effective prod-
ucts that are very relevant for the whole world.

The popularity of healthy food, it would seem, should neg-
atively affect the sale of bakery products but manufacturers
need to attract the attention of consumers with new varieties of

bakery products — these are useful products with fiber, rich in
vitamins, low-calorie content, etc.

Our study makes it possible to address the following
issues of manufacturers of bakery products:

—to increase the volume of production of bakery and
flour confectionery products of long-term storage;

— to increase the profitability of production;

— to increase the competitiveness of products in the do-
mestic and foreign markets;

—to provide low-calorie products, increase nutritional
value, the content of micro-and macronutrients, vitamins,
and other useful substances;

— to make it possible to get products for “healthy” nutri-
tion, as well as with plant-based supplements.

The advantages of using this study include the following:

— reduction of cooking time;

— exclusion of processed sugar from the formulation and the
use of natural sugar beet powder;

—enrichment of bakery products with leguminous crops
and, at the same time, an increase in vitamins, macro-and mi-
croelements, nutritional and biological value in the product;

— ensuring the quality and safety of bakery products.

7. Conclusions

1. It has been established that adding composite flour
and sugar beet powder exerts a noticeable effect on the
quality indicators of bakery products. At the same time, it is
possible not only to diversify the range of bakery products
and improve its quality but also to increase the nutritional
and biological value of the product. A range of bakery prod-
ucts with the addition of composite mixtures of leguminous
crops and sugar beet powder to the main wheat flour was ob-
tained in order to improve the quality and useful properties.
The results showed that the control sample was prepared
within 115 minutes, bun No. 4 over 108 minutes, bun No. 5 —
115 minutes, bun No. 6 — 104 minutes, bun No. 8 —105 min-
utes. Accordingly, the baking time of buns No. 4-6 and No. 8
are the best.

2. The best technology for baking a bun from composite
mixtures of leguminous crops and dry sugar beet powder is
that for bun No. 8. It was prepared according to the following
formulation (per 100 g): wheat flour of the first grade —73.23 g,
chickpea flour — 5 g, bean flour — 5 g, milk —as calculated (to the
required consistency of the dough). In addition, we added dry
yeast — 1.85 g, egg — 15.39 g, dry sugar beet powder — 12.31 g,
butter — 15.39 g. The kneading and proofing time is 95 minutes,
baking time is 10 minutes. This product would be in demand by
people as it has preventive properties, original shape, and special
taste. The manufacturing of these products can be organized at
small-scale enterprises, in small bakeries.
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