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EFFECTS OF MULTICOMPONENT MIXTURE "SOLODOK SUPER" ON THE QUALITY OF
WHEAT BREAD ENRICHED WITH A SPROUTED GRAIN MIXTURE
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This paper is dedicated to improving the technology of bakery products made from wheat flour with added
mixture of sprouted grains. The sprouted grain mixture (SGM) contains wheat, barley, corn, and oat grains, pro-
duced by “Choice” LLC (Kyiv, Ukraine). It has been proven that increasing the amount of grain mixture to 15%
to weight of flour has a negative impact on sensory, physical, and chemical qualities of bread products. This
amount of sprouted grain mixture reduces viscosity and increases spreading of dough, which leads to the smaller
volume of the finished products. Thus when adding 15% of the mixture, it is recommended to use multicomponent
mixtures. Multicomponent mixture "Solodok SUPER" has been developed and its optimal dosage has been estab-
lished. Using it increases specific volume of bread products and improves their porosity and shape stability.
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Introduction. Nutrition problems have always
been given a lot of attention around the world. Nutrition
is one of the main factors that has large impact on
health, performance, and life expectancy. Balanced nu-
trition involves a balanced and varied diet, because no
product is able to provide all the necessary nutrients.
Malnutrition has long been considered a risk factor for
the development of nutritional diseases among the pop-
ulation due to nutrient imbalances in the diet [1]. The
main direction of solving this problem is to meet the
physiological needs of the population in basic nutrients
and energy.

Bread is a staple food and is part of the daily diet.
Increasing its nutritional value makes it possible to im-
prove the quality of bakery products.

In order to enrich the chemical composition of
bread products and increase their nutritional value, it is
advisable to use a sprouted grain mixture (SGM) that
consists of wheat, barley, oats, and corn. Sprouted
grains include the full range of ingredients needed for a
balanced diet: proteins, easily digestible carbohydrates,
fiber, fatty acids, minerals, vitamins, and enzymes [2].
Also, the mixture retains almost all the substances con-
tained in the whole grain, which is rather important,
considering the losses in the chemical composition of
grain induced by flour production [3].

Thus, there is a need to expand the range and in-
crease the nutritional value of bread products.

Analysis of modern research on this subject. It
should be noted that among the great variety of food
products, bread is characterized by the complete ab-
sence or minimal (compared to other products) content
of flavorings, dyes, preservatives, etc. Its safety for the
human body and naturalness is what allows bread to be

the basis for creating functional products with predeter-
mined chemical composition and physiological proper-
ties. Along with these advantages, bakery products are
characterized by an imbalance in the main food nutri-
ents: high carbohydrate content and low protein content
with incomplete amino acid composition. In order to
increase the biological value of bread products, it is ad-
visable to use sprouted grains of wheat, barley, oats,
and corn. After all, a large amount of micro- and mac-
ronutrients is accumulated due to the germination pro-
cess. Despite the fact that sprouted grains significantly
enrich the product with nutrients, their use in bread
products has been limited until recently. The reason for
this is the complex uncontrolled processes of wheat
grain germination, which cause high accumulation of
enzymatic activity that negatively affects dough struc-
ture.

Due to the rich chemical composition of SGM, it
can be argued that it is an effective source of soluble
dietary fiber, protein, vitamins, and minerals. However,
a possible disadvantage of its use in bread technology
is high autolytic activity and acidity, as well as low
whiteness and grey color. This must be taken into ac-
count when improving the technological process. It is
recommended to add multicomponent mixtures to bak-
ery products with SGM.

The effect of lactic acid on the dough has been
studied [4, 5]. It has been discovered that increasing
dough acidity inhibits a-amylase activity, accelerates
dough maturation, improves the taste of bakery prod-
ucts, prevents rope spoilage. A positive effect of phos-
phatide concentrates on the quality of bread products
has been discovered [7, 8, 9]: the volume and porosity
increased and the crumb lost its "softness" more slowly
during storage, which is a sign of slower staling. It has
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been also noted that bakery products with phosphatide
concentrates retain a crispy, shiny crust longer. Mois-
ture-retaining food additives have been studied [10, 11]
and it has been determined that carboxymethylcellulose
and apple pectin bind free water in the dough, thereby
extending the shelf life and freshness of bread products
as evidenced by studying the structural and mechanical
properties of the crumb on the penetrometer and its sen-
sory qualities. It has been found [12, 13, 14] that inulin
strengthens the gluten structure of the dough and im-
proves the fermentation activity of the dough micro-
flora. It has been determined that adding 3% of inulin
to the weight of flour improves sensory, physical, and
chemical properties of the finished products. Addition-
ally, introducing inulin improves economic perfor-
mance of wheat bread production due to reduced losses
and increased yield of finished products. It is also rec-
ommended to add dry wheat gluten. According to the
studies [15, 16, 17], it is recommended to use dry whey
enriched with Mg and Mn to increase dough acidity.
Adding 5% of dry whey to the weight of flour improves
the quality of wheat dough and bread: increases the spe-
cific volume, prolongs the shelf life, increases the con-
tent of calcium, phosphorus, potassium, magnesium,
and iron.

The goal of this research is to develop and deter-
mine the optimal dosage of the multicomponent mix-
ture "Solodok SUPER™" for wheat bread enriched with
15% of SGM to the weight of flour.

Materials and methods. The object of research is
wheat bread. In this study, we used premium organic
wheat flour, organic SGM of wheat, barley, oats, and
corn produced by “CHOICE” company (Kyiv,
Ukraine). It is a certified organic raw material grown
by organic farming technologies without the use of syn-
thetic mineral fertilizers, chemical plant protection
products, or GMOs. Pressed yeast produced by TM
"Lviv Yeast" is not certified as an organic food product.
Its content in the formula is 3%, which is a permitted
amount of inorganic ingredients for organic food prod-
ucts.

Autolytic activity has been determined by the
amount of water-soluble substances formed under the
temperature conditions of baking bread.

The dough has been made by the straight method
with moisture content of 43.0% according to wheat
bread technology. SGM has been introduced in the
amount of 15% to the weight of flour. The dough has
been made in a two-speed kneader Escher. The dough
has been formed manually, then proofed in a thermostat
at a temperature of (38+2) °C and (78+2) % relative hu-
midity until ready. The bread loaves weighing 0.25 kg
have been formed manually. The products were baked
in the Sveba-Dahlen cabinet oven at a temperature of
220... 240 °C for 25...30 minutes.

The gas-forming ability and dynamics of gas for-
mation, which characterize the biochemical processes
in the dough, have been studied using the device AG-
1M according to the method [20].

The bread quality has been evaluated by physico-
chemical (specific volume, shape stability, structural
and mechanical properties of the crumb) and sensory
parameters (appearance, crust condition, porosity struc-
ture, taste, aroma) [19].

The freshness duration of the products has been
determined by the changes in the structural and me-
chanical properties of the crumb. Its total deformation
after 48 hours of storage has been studied on the pene-
trometer AP 4/1 [19].

The main part of the research. Amylases play a
significant role in bread technology. During the pro-
cessing of flour with active a-amylase, the starch is
deeper hydrolyzed, which intensifies the fermentation
process. During baking, low-molecular-weight dextrins
accumulate in the bread crumb, which causes its stick-
iness. Due to the high autolytic activity of SGM, it is
advisable to investigate its effect on the autolytic activ-
ity of dough, which is assessed by the amount of water-
soluble substances formed under the temperature con-
ditions of baking bread. The research results are pre-
sented in Fig. 1.
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Fig. 1. Autolytic activity: 1 — premium wheat flour; 2 — sprouted grain mixture; 3 — premium wheat flour with
5% of SGM; 4 — premium wheat flour with 10% of SGM; 5 — premium wheat flour with 15% of SGM.

The results show that adding SGM to dough leads
to the accumulation of water-soluble substances. Thus,

the more SGM is added, the more water-soluble sub-
stances accumulate. Adding 5% of SGM increases the
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autolytic activity to 44% compared to wheat flour
where the autolytic activity is 30%. This number in-
creases with increased dosage of SGM. Increased auto-
Iytic activity in the test samples is explained by the fact
that SGM has an autolytic activity of 55%, which is
greater than in flour. The high autolytic activity of
SGM is due to the processes that take place during grain
germination, i.e. the activation of a-amylase. There-
fore, when developing a multicomponent mixture, it is
necessary to include organic acids in the formula.

The effect of SGM on the intensity of alcoholic
fermentation in the dough has been determined by the
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amount of carbon dioxide released during fermentation
and proofing of the dough.

The wheat dough has been prepared by straight
method. SGM has been added in the amount of 5, 10,
and 15% to the weight of flour. The gas-forming ability
of the flour has been determined by volumetric method
on the AG-1M device during 3 hours of fermentation.
The results of studying the gas-forming ability are
shown in Fig. 2, the dynamics of gas formation in
Fig. 3.
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Fig. 2. The effect of sprouted grain mixture on the gas-forming ability of the dough: 1 — control sample without
additives; 2 — sample with 5% of SGM; 3 — sample with 10% of SGM; 4 — sample with 15% of SGM.
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Fig. 3.
The effect of sprouted grain mixture on the dynamics of carbon dioxide formation over time: 1 — control sample
without additives; 2 — sample with 5% of SGM; 3 — sample with 10% of SGM; 4 — sample with 15% of SGM.
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Fig. 2 and 3 show that the second and third sam-
ples have the best results with the 2% difference be-
tween them. From 90 minutes onwards, the second
sample significantly differs from the control, which can
be explained by the start of a more intensive fermenta-
tion process as a result of adding 10% of the mixture
containing sugars and amylase, which served as nutri-
ents for yeast. Adding 5% of the mixture does not cause
a positive effect due to the small amount of sugars.
Adding 15% of the mixture causes negative effect due
to excessive amount of sugars suppressing vital activity
of yeast. At the end of fermentation, the second sample
exceeds the control by 164%, which allows to reduce
the fermentation time of the second sample. Therefore,
this can be useful for making bread by accelerated tech-
nology: the fermentation process can take 20 minutes.

Analyzing the results of research establishes that
10% of SGM to the weight of flour is preferable to en-
sure quality, but increasing the dosage to 15% is rec-
ommended to improve the nutritional value.

In order to ensure the sensory and physicochemi-
cal quality of bakery products with 15% of SGM, it is
necessary to develop a multicomponent mixture.

Firstly, a literature analysis has been held on the
possibility of using certain additives and their dosage,
in order to establish the optimal dosage of the active
part of the multicomponent mixture.

A baking test has been done to determine the opti-
mal dosage of food additives and ingredients to develop
a multicomponent mixture "Solodok SUPER". Wheat
bread has been used as a control sample for the wheat
bread enriched with 15% of SGM to the weight of flour.
The optimal dosage of each ingredient has been deter-
mined by analyzing the following parameters of the fin-
ished products: specific volume, shape, crust color,
staling after 72 hours of storage, crust condition, crumb
color, porosity structure, shape stability, crumb rheo-
logical properties, aroma, and chewiness.

Using dry whey enriched with magnesium and
manganese is recommended for the multicomponent
mixture [15]. Carboxymethylcellulose, dry wheat glu-
ten, apple pectin, and inulin are proposed as moisture-
retaining additives [11, 12, 21, 22, 23], dry non-fat
phosphatide concentrate as an emulsifier [7, 9], lactic
acid to increase the acidity [6, 8], and enzyme prepara-
tion Deltamalt FN-A 50 is proposed to neutralize the
effect of sprouted grains [24].

In order to determine the optimal dosage, a baking
test has been done. The complex quality indicator of the
resulting product has been studied, which determined
the optimal dosage of each ingredient. The results are
summarized in Table 1.

Table 1

Studying the optimal dosage of the ingredients in the multicomponent mixture "Solodok SUPER™ by complex
quality indicator,

n=3, p>0,95,63...5%

Parameter Control sample(without additives) Dosage (%) to the weight of flour

Dry milk whey enriched with Mn and Mg

Complex quality indicator 78.4 0.25 0.5 0.75 1.0 1.25
806 | 821 | 822 | 826 | 8238
Enzyme preparation Deltamalt FN-A 50

Complex quality indicator 78.4 0.001 | 0.0015 | 0.002 | 0.0025 | 0.003
844 | 89.6 | 922 | 922 | 922

Carboxymethylcellulose

Complex quality indicator 78.4 0.1 0.2 0.3 0.4 0.5

806 | 829 | 843 | 86.7 | 86.2
Dry wheat gluten

Complex quality indicator 78.4 0.2 0.3 0.4 0.5 0.6

79.2 | 806 | 814 | 823 | 823
Apple pectin

Complex quality indicator 78.4 0.2 0.4 0.6 0.8 1.0

80.8 | 822 | 849 | 84.8 | 845
Inulin

Complex quality indicator 78.4 0.2 0.4 0.6 0.8 1.0

82.2 | 83.1 843 86.6 | 86.8
Phosphatide concentrate

Complex quality indicator 78.4 0.10 0.20 030 | 0.40 | 0.50

805 | 819 | 826 | 826 | 825
Lactic acid

Complex quality indicator 78.4 0.01 | 0.015 | 0.02 | 0.025 | 0.03

80.8 | 816 | 816 | 815 | 814

Manufacturers and scientists recommend to halve
the amount of active additives and food ingredients in
complex baking improvers due to the synergistic effect
of co-administration.

As a result of this research, multicomponent mix-
ture "Solodok SUPER" has been developed. It is in-
tended to improve the quality of wheat bread and its
formula includes 15% of SGM to the weight of flour
(Table 2).
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Table 2

Formulation of a multicomponent mixture "Solodok SUPER"

Ingredients Optimal dosage (%) to the weight of flour in the formula of
“Wheat bread from premium flour” with 15% of SGM

Inulin 0.50
Dry milk whey enriched with Mn and Mg 0.25
Enzyme preparation Deltamalt FN-A 50 0.001
Carboxymethylcellulose 0.20
Dry wheat gluten 0.25
Apple pectin 0.30
Phosphatide concentrate 0.15
Lactic acid 0.01

Total 1.66

The optimal dosage of the active part (% to the
weight of flour) has been established according to the
complex quality indicator; inulin — 0.50; dry milk whey
enriched with Mg and Mn — 0.25; enzyme preparation
Deltamalt FN-A 50 — 0.001; carboxymethylcellulose —
0.20; dry wheat gluten — 0.25; phosphatide concentrate
—0.15; apple pectin — 0.3, and lactic acid — 0.01.

Further research concerned the effect of the multi-
component mixture "Solodok SUPER" on the techno-

logical process and the quality of wheat bread. Re-
search samples: 1 — wheat bread from premium flour
(control sample without additives); 2 — wheat bread
from premium flour with 15% of SGM to the weight of
flour; 3 — wheat bread from premium flour with 15% of
SGM to the weight of flour and developed multicom-
ponent mixture "Solodok SUPER". The research re-
sults are presented in Table 3 and Figure 4.

Table 3

The effect of the multicomponent mixture "Solodok SUPER" on the technological process and product quality,

n=3, p=0,95,63...5%

Control sample without Added - -
Parameters additives 15% _of SGM to the Multicomponent mixture
weight of flour "Solodok SUPER"
Dough
Moisture content, % 43.0
Fermentation time, min 20
Titrated acidity, degrees:
starting 1.6 2.2 2.2
final 2.0 2.6 2.4
Proofing time, min 50 50 45
Gas  formation  during
dough fermentation and
proofing, cm%/100 g of the 812 992 1058
dough
Finished products
Specific volume, cm3/100 g 298 263 312
Shape stability, H/D 0.47 0.25 0.48
Porosity, % 78.0 64.0 82.0
Acidity, degrees 1.8 2.4 2.2
Total crumb deformation,
penetrometer units,
after: 4 hours 84 98 106
72 hours 42 74 88
Sensory qualities:
state and color of crust Smlqoth without cracks, Smooth without cracks, golden color
ight yellow color
crumb color Light-white Grey Light-grey
form Bread with a noticeably convex upper crust Bread W'thciuds(:med Upper
The pores are small, Pores of different .
. . . . The pores are small, thin-
porosity structure d_thln-wz_alled and me- SIZES, r_necyum thick- walled and medium, fairly
ium, fairly evenly dis- | ness, distributed une- -
. evenly distributed
tributed venly
aroma Typical for the product Pleasant, with a flavor of sprouted grains
taste Typical for the product Pleasant, with a flavor of sprouted grains
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Fig. 4. Finished products with the multicomponent mixture "Solodok SUPER": 1 — control sample of wheat
bread; 2 — wheat bread with 15% of SGM; 3 — wheat bread with the multicomponent mixture "Solodok SUPER".

Conclusion. As a result of this research, it has
been determined that increasing the dosage of SGM to
15% to the weight of flour leads to excessive amylase
activity and intensification of the fermentation process.
Multicomponent mixture “Solodok SUPER” has been
developed in order to neutralize the amylase activity
and improve the quality of products with the maximum
possible amount of SGM, i.e. 15% to the weight of
flour. The formula includes inulin, enriched dry whey,
enzyme preparation Deltamalt FN-A 50, carbox-
ymethylcellulose, dry wheat gluten, phosphatide con-
centrate, apple pectin, and lactic acid. The developed
multicomponent mixture “Solodok SUPER” has a pos-
itive effect on the quality of wheat bread enriched with
sprouted grain mixture of wheat, barley, oats, and corn.
Using this multicomponent mixture increases the spe-
cific volume of bread products, improves their porosity
and shape stability. Introducing SGM and multicompo-
nent mixture “Solodok SUPER” also changes the taste
of the products: they acquire the flavor of sprouted
grains.
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AHHOTAUUA
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B pa60Te MPEACTABJICHBI PE3YyJIbTAThI I/ICCJ'ICZ[OBaHI/II\/‘I IO TTOBBIIICHUTIO YPOBHA 3allIMIICHHOCTH OECIIMIIOTHOTO
neratensHoOro ammapata (BI1JIA) Ha OCHOBE ONITHMU3AIMH €T0 MAPIIPYTOB C YIETOM PHUCKOB OT YIPO3 Ha Pa3Iny-
HBIX Yy4YaCTKax €ro rnepeMeucHus B mpouecce MOHUTOPUHIA PACTIPEACIICHHOTI'O ITPOMBIIIIIICHHOT'O o0OBeKTa.

Abstract

The paper presents the results of research on improving the level of security of an unmanned aerial vehicle
(UAV) based on the optimization of its routes, taking into account the risks from threats in various areas of its
movement in the process of monitoring a distributed industrial facility.

KutioueBble cjioBa: OSCIMIOTHBIN JIETATENBHBIN arapar, KJIaCTepHBIA aHAJIN3, YACTHBIE MOJIENIN YyTPO3, OTI-
TUMAaIBHBIN MapIIpyT, pacipeaencHable 00beKTh HeTexo0bran

Keywords: unmanned aerial vehicle, cluster analysis, private threat models, optimal route, distributed oil
production facilities

OnHMM M3 BaKHBIX 9TAIIOB Pa3pabOTKH CUCTEM 3a-
MUTHl WHQOPMAIMHU SABJSIETCSI MOCTPOSHHE MOJICIN
yrpo3 a1 00beKTOB MHpOpMaTn3anuu. AHaau3 Imyo-
JIMKAIMHA 110 TEME CTaTbU MO3BOJIMII ONPEAEIHUTh DAL

0coOeHHOCTEH pa3paboTKM MOJEIM Yrpo3 Ui CH-
crembl 3auuThl BITJIA, ucnonb3yembIx Jisi MOHUTO-
pHHTa pacrpeneiéHHbIX 00bekToB HedTeno0buu. B
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