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INTESTIGATION OF THE EFFECT OF
A MIXTURE OF SPROUTED GRAINS
ON THE QUALITY AND NUTRITIONAL
VALUE OF BAKERY PRODUCTS

06’ckmom docnidocenns y pobomi € nulenuunuil Xai6, 36azauenuil Cymiuuro npopoueHux 3epei. Y npopouenux
3ePHAX 3a PAXYHOK MEXHONO0ZIT 3aMOUYBANHI, NPOUECY NPOPOUYBANI MA BUCYULYBANHSL, 30€Pi2atombCs i NPUMHO-
acyromuvest npupooui eracmusocmi. binox, wo exodumv 00 ckiady npopousenozo sepra nuenuyi, 6i6ca, SUMEnIo
ma KyKypyosu Micmumuv 6ci He3aminmi aminoKuciomu, axi 6 6i0comxosomy eionouenni cmanosismo do 30 %
3azanwnozo emicmy 6inxy. B 5...10 pasie Ginvwa xinvxicms eimaminie epynu B, H, E, PP ma in. Y npopowenomy
3ePHI PO3UWENTIOMbCsL 8CI BUCOKOMOIEKYAAPHI CROTYKU, WO 80I00i0Mb BUCOKON NONCUBHICIIO 1 1€2ZKO 3AC8010-
1omocest. Mojcaueum nedoriKom SUKOPUCTRAHIS NPOPOUEHO20 3ePHA Y MeXHOL02ii Xi0a € 6UCOKA ABMOLIMUUNA
axmuenicmv ma xuciomuicmo. Lle neobxiono epaxosysamu nio uac yooCKOHALEHH MEXHOL02IUH020 NPOUECY.

I1i0 uac docnidxcenv BUKOPUCMOBYBANU CYMIWL NPOPOULCHUX 3epen yKkpaincvkozo eupobnuxa TOB <«Yoiic»
(. Kuis), sika mae euenisio nopowry, 1edv coi00Ky8amozo Ha CMax.

Bcemarnosneno, wo uKopucmanis cymiui npopowenix 3eper 6 mexuoiozii Xxaiba nuenuunozo axkmueisye 6po-
QUbILY AKMUBHICTID MIKPODIOPU MICMA, CRPUSLE 3ACMOCYBANHIO NPUCKOPEH0T mexo02ii. Bruecens cymiui npopo-
wgenux 3epen nooosicye sbepencenis numu ceincocmi eupo6ie. Ompumani pesyivmami no6’i3ami 3 NOKPAULAHHIM
Jcusenist OpijcoIco80l MIKpODLOpU micma 3a paxynox 6MICMY UYKPie, BHECEHUX 3 CYMIUULIO NPOPOUEHUX 3ePEN.
Inmencusniwe sabaperenis ckopunku eupobie € HacaiOKoM mozo, o NPOOYKMU 2i0POLI3Y KPOXMAIO AKMUCHIUE
BCMYNAOMb 6 PeaKiio MeianoioUHOYmeopenis. Ynosiivtenis uepcmeinis supooie 3 CymMituio npopoueHUX 3eper,
0U€eBUOHO, NOB’A3AHO 3 YNOBLIGHEHHIM 8 HUX PEMPOZpadayii KpoXmano ma HaKkONUueHHs HU3bKOMOLEKYIAPHUX
OeKCMpPUHie 3a PAXYHOK AKMUBHOT O.-aMinasu.

3asdsaxu dosyeannio cymiwi npopouenux sepen ¢ kinvkocmi 5, 10 ma 15 % do macu 6opowna 36invuyemvcs
enepzemuuna yinnicmoy xaiéa nuenuunozo 6ionogiono 0o 252,7, 262,9 ma 273,1 kkan nopisusno 3 Koumpoiem —
232,3 kxan. Bnposadicenns y eupobuuymeo xiiba 3 cyMiwuio npopoueHux 3epen CRpusmume po3uupeniio

Burchenko L.,

Bilyk 0.,

Bondarenko Yu.,
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acopmumenmy xai606yI0unUX 8UPOGIE 2ePOJIEMUUIO20 NPUSHAUCHHSL.
Kmovosi cnosa: 1110 nuwenuunuil, Cymim npopoweniux 3epen, akmueHicms MiKpogropu micma, ceixcicms xaioa.

1. Introduction

Nutrition with an optimal ratio of full-fledged proteins,
macro- and microelements, vitamins, polyunsaturated fatty
acids is one of the necessary conditions for the functioning
of body systems [1]. Bakery products are the most com-
mon food, especially among people of older age groups.
Increasing their biological value by introducing products
of unconventional raw materials rich in biologically active
substances is the most effective way [2].

Gerodietary nutrition prevents the most common diseases
of the elderly, such as diabetes, diseases of the musculoske-
letal system (arthritis, osteoporosis), gastrointestinal tract,
cardiovascular diseases, diseases of the organs of vision.
As people of older age groups belong to the group of in-
creased risk, healthy and adequate nutrition with sufficient
content of macro and microelements, vitamins D, A, E, C,
Group B, proteins and peptides (collagen) necessary for
building bone and cartilage tissue, polyunsaturated fatty acids,
probiotics and prebiotics, is a necessary condition [3, 4].
Also, the presence of biologically active substances in the
daily diet of older people will reduce the speed of aging
processes [5]. Therefore, the development of nutritional
products with functional properties is very important in
terms of the pace of modern life. At the world level, it

is proved that in the case of production of gerodietary
products, the most appropriate partial replacement of tra-
ditional raw materials for non-traditional, the introduction
of food and dietary supplements, the use of secondary raw
materials. This allows to create a balanced by all criteria
products for the elderly, the production of which takes
into account all the age features [6].

One of the sources of healthy nutrition is sprouted
cereal grains: wheat, oats, barley, corn. Sprouted grains
include the entire set of ingredients necessary for a balanced
diet: proteins, easily digestible carbohydrates, fiber, fatty
acids, minerals, vitamins, as well as enzymes [7]. Thanks
to this composition, these components of the mixture act
as synergists, supporting and enhancing the effect of each
other. Due to the balanced amino acid composition of
the protein, the content of dietary fiber, vitamins, etc.,
a mixture of sprouted grains acts as a valuable and af-
fordable source for the enrichment of bakery products.
Also in a mixture of preserving virtually all substances
contained in the whole grain, and this is very important,
given the loss that the chemical composition of the grain
will incur during the production of flour from it. A mix-
ture of sprouted grains is the most promising ingredient
in the technology of bakery products for people of older
age groups [8].
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Therefore, it is relevant today to develop formulations
of bakery products for other purposes that have a more
balanced nutritional value, namely the use of a mixture
of sprouted grains in their recipe.

2. The ohject of research
and its technological audit

The object of research in the work is bread made from
wheat flour of the highest grade, enriched with a mix-
ture of sprouted grains of wheat, barley, oats and corn.
Chemically, wheat bread is not balanced for essential nu-
trients, namely, proteins, dietary fiber, unsaturated fatty
acids, and vitamins. To improve the balance of bakery
products by chemical composition and make the pro-
ducts health-improving properties, it is advisable to use
non-traditional raw materials containing physiologically
functional ingredients.

A mixture of sprouted grains of wheat, barley, oats
and corn from the company Choice LLC (Kyiv, Ukraine)
was used as an unconventional raw material.

Sprouted grains are a biologically active product. Due
to the special technology of soaking, the sprouting process
and the final stage — drying, the grains are not only pre-
served, but also their natural properties are multiplied [8].
The protein contained in the sprouted grain of wheat,
oats, barley and maize contains all the essential amino
acids, which in percentage are up to 30 % of the total
protein content. 5..10 times more vitamins of group B,
H, E, PP, etc. All high molecular weight compounds with
high nutritional value are split into sprouted grains [9].

The chemical composition and quality indicators of a
mixture of sprouted grains are given in Table 1.

Table 1

The chemical composition and guality indicators
of a mixture of sprouted grains

Indicator Content
Moisture content, % 12.0
Mass fraction of protein, % 10.6
Mass fraction of carbohydrates, % 60.5
Mass fraction of fat, % 2.7
Mass fraction of ash, % 0.9
Acidity, hail 9.0
Autalytic activity, % DM 55.5

Note: DM - dry matter

Given the chemical composition of the mixture of sprouted
grains, it can be argued that it is an effective source of
soluble dietary fiber, protein, vitamins and minerals. However,
perhaps the disadvantage of its use in bread technology is
high autolytic activity and acidity. This must be considered
when improving the process.

3. The aim and ohjectives of research

The aim of research is establishing the influence of
the mixture of sprouted grains on the quality of wheat
bread from high-grade flour, if introduced, to improve
the nutritional value of the products.

To achieve the aim it is necessary to:

1. Establish the optimal dosage of the mixture of sprouted
grains in the recipe of wheat bread.

2. Investigate the effect of a mixture of sprouted grains
on the activity of the fermentation microflora.

3. Investigate the effect of a mixture of sprouted grains
on the preservation of freshness products.

4. Research of existing solutions
of the prohlem

Bakery products are the main food products, the aver-
age daily consumption of which is about 300 g. However,
bakery products made from wheat flour of the highest
grade have a low biological value compared to products
from lower grades of flour [2].

Non-traditional raw materials are used to improve the
quality, nutritional value and provide bakery products of
gerodietary properties. There are sprouted wheat, oats,
corn, barley [5, 10].

Flour from sprouted wheat grain has a high content
of amino acids, fatty acids, vitamins B1, B2, B3, B6, B9
and E and 21 times higher content of dietary fiber com-
pared to wheat flour [9]. The authors [11] investigate
the possibility of replacing the bread in the recipe of
wheat flour with flour from sprouted grain in an amount
of from 5..20 % by weight of the flour. It is established
that such a replacement improves the nutritional value of
bread, increases the amount of protein in it, along with it
worsens the digestibility of starch. But this work does not
indicate the effect of such a replacement on the parameters
of the technological process of manufacturing products.

Studies [12, 13] show that using sprouted wheat grain
in an amount of 1.5 % by weight of flour increases the
amount of emitted carbon dioxide, the volume of bread
and the rheological characteristics of the crumb are im-
proved. However, these studies did not indicate the ef-
fect of wheat sprouted grains on the stale bread and the
possibility of increasing the dose.

In work [14] it is indicated that as a result of the use
of oat malt flour, the dough from wheat flour acquires
visco-plastic properties due to the activity of proteolytic
enzymes. So, in the case of imparting 10, 30, 50 % oat
malt flour dilution dough increases 1.4 times, the maxi-
mum consistency according to the analysis of farinogram
increases. It is also noted that with the introduction of this
flour the content of amino acids and vitamins increases,
but the effect on the fermentation activity of yeast and
the degree of preservation of freshness is not indicated.

After barley sprouting, the amount of starch in it de-
creases and thus the content of dextrins increases accor-
dingly [15]. It is known that by increasing the content
of dextrins in bakery products, the process of staling is
slowed down [16]. Therefore, the use of flour from sprouted
barley grain is advisable to slow down the process of sta-
ling the bread from wheat flour.

Sprouted corn kernels are known to contain a high
amount of B vitamins, tocopherol, selenium, manganese,
magnesium, phosphorus, zinc, and chromium. Many studies
are carried out in the case of the use of processed corn
products in the technology of bakery products [17], but
there are no studies on the use of sprouted grain.

Studies [18] have shown the promise of using sprouted
grains as a source of vitamins, minerals, and easily digestible
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carbohydrates. It is noted that the addition of flour from
sprouted grain can improve the functional properties of
the product, but in the case of increasing the dosage,
the organoleptic and physico-chemical indicators of the
quality of bread deteriorate [19].

The authors of [20] determined the optimal dosages
and proved the possibility of using flour from sprouted
grains in the production of functional bakery products.
Their positive effect on the activity of the fermentation
microflora of the test is established [21]. However, both
in this work and in previous ones it is noted that the
limiting factor of using such products is their dosing due
to the activity of enzymes. Therefore, the use of a mix-
ture of sprouted grains is promising for improving the
nutritional value of bakery products.

Thus, the results of the analysis of literary sources
have shown that it is promising to investigate the optimal
dosage of the mixture of sprouted grains on the quality
of bakery products.

5. Methods of research

Laboratory researches were carried out to study the
indicators of the technological process, biochemical, physico-
chemical changes in the dough and the quality indicators
of bread. The dough was kneaded in an Esher kneader
(Italy) for 4 minutes at the first speed and 7 minutes at
the second speed. The dough was prepared in an acceler-
ated way with a mass fraction of the dough moisture —
44.0 %. The fermentation process was replaced with trailing,
which was carried out for 20 minutes. Dough processing
was carried out manually, dough was made in a cabinet
in a cabinet at a temperature of 38+2 °C and relative
humidity of 78 +2 % until ready. Products were baked
in cupboard ovens at a temperature of 220..240 °C with
moistening of the baking chamber.

Gas outlet capacity of semi-finished products was de-
termined on the device AG-1M (Russia) [22]. The gas-

retaining ability of the dough was characterized by the value
of the specific volume of the dough after 4 hours of its
fermentation: dough samples weighing 100 g were placed in
a cylinder of 500 cm?®, compacted and fermented at 30 °C.

Yeast fermentation activity was determined by the method
of yeast lift [23] after punching. The punching operation
was repeated twice.

The quality of bread was evaluated by physicochemical
(specific volume, dimensional stability, structural and mechani-
cal properties of the crumb) and organoleptic characteristics
(appearance, surface of the crust, the structure of porosity,
taste, smell). The duration of preservation of freshness prod-
ucts was investigated with a change in the structural and
mechanical properties of the crumb. Its total deformation
was determined after 48 hours of storage at AP 4/1 penetro-
meters (Germany) [23]. The staling degree of the products
was also investigated for the crunch of the bread crumb.

The results of experimental studies were subjected to
statistical processing, implemented using standard software
packages Microsoft Office.

6. Research resulis

To establish the technological efficiency and determine
the optimal dosage of the mixture of sprouted grains in
the production of bakery products, studies were conducted
to determine its effect on the technological process and
the quality of the products.

When conducting research, products were baked with
a mixture of sprouted grains in the amount of 5, 10 and
15% by weight of flour. Products without a mixture of
sprouted seeds served as a control.

Analysis of the obtained data (Table 2) shows that the
introduction of a mixture of sprouted grains significantly
affects the titratable acidity of the dough and finished
products. The dough with a mixture of sprouted grains
felt more sticky and viscous than the dough samples with
a corresponding dosage of the mixture of sprouted grains.

Tahle 2
The effect of a mixture of sprouted seeds on the quality indicators of dough and finished products
) Sprouted grain mixtures % by weight of flour are added
Indicator Contral
5 10 15
Dough
Humidity, % 440
Belaxation duration, min 20
Acidity, degree:
— initial; 1.6 1.8 2.0 2.2
— final 2.0 2.2 2.4 2.6
Dissolution of dough balls, mm 72 78 90 98
Gas formation in dough during relaxation
and proofing, cm®/100 g of dough 812 828 1020 992
Finished goods
Specific volume, cm®/g 2.98 2.81 2.72 2.63
Formabhility, H/D 0.47 0.47 0.32 0.25
Porosity, % 78.0 76.0 75.0 73.0
Acidity, hail 1.8 2.0 2.2 2.4
- Smooth without cracks Smooth, without cracks and Smooth without cracks and
Surface condition and color . . . .
and explosions, light yellow explosions, cream color explosions, golden brown
Crumb color Light white Light with a gray tint Gray
Porosity structure Thin-walled uniform Thin-walled uneven
Taste and aroma Fharacleristic of Pleasant taste and aroma, taste of sprouted seeds
this type of product
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It is established that when using a mixture of sprouted
grains, the titratable acidity increases, this is due to the
high acidity of the sprouted grains.

An increase in the spreading and a decrease in the
form-stability of the finished products are also observed,
this is due to the high autolytic activity of the sprouted
mixture of grains.

There is also a greater release of carbon dioxide du-
ring the fermentation of dough samples with a mixture
of sprouted grains compared to the control, as a result of
the activation of the fermentation microflora of the dough.

To confirm this, let’s determine the influence of the
mixture of sprouted grains on the vital activity of the
yeast microflora of the dough. The research results are
summarized in Table 3.

Tahle 3
Dough lifting speed with a mixture of sprouted grains, min
Dosage of sprouted grain mixture, % by
Indicator Control weight of flour

5 10 15
First lifting 91 86 80 78
Second lifting 34 32 30 30
Third lifting 28 24 22 20
Total 153 142 132 128

It is proved that the use of a mixture of sprouted grains
reduces the duration of the rise of the dough compared
to the control by 7..16.0 %.

It is noted that the gas output capacity of the test
samples increased slightly and was close to control (Fig. 1).
Probably a slight increase in this indicator is associated
with an increase in the amount of carbon dioxide emitted
during the period of preparation and proofing of dough
pieces. Along with this, the gas-holding ability of the
dough is provided by the ability of the gluten carcass of
the test system to retain carbon dioxide, and in a short
period of caking and proofing of the test, active proteo-
lysis of protein substances does not occur, which would
worsen this property.

1.5 1.17

0.5

5% 10 % 15%

Control

Fig. 1. Specific dough volume

The research results have established that the use of
a mixture of sprouted grains makes it possible to obtain
finished products of good quality, but their quality indica-
tors are lower compared with the control. Thus, according
to the organoleptic characteristics of the product, with
a mixture of sprouted grains, the color of the crust was
somewhat more intense. Obviously, this is due to the fact
that about 15 % of the split starch is added to the dough
with a mixture of sprouted grains, the ingredients of which
actively react to melanoid formation. It is also found that

products made from a mixture of sprouted seeds have
a pleasant, more pronounced compared to the control,
the taste and aroma inherent in malt.

The specific volume of products from sprouted grain is
less than the control sample by 5.7..11.7 %. This can be
explained by the fact that the introduction of a mixture
of sprouted grains in the dough reduces the viscosity of
the products and increases the spreading, which causes
a smaller volume of finished products.

Thus, the results of the conducted research prove the
possibility of using a mixture of sprouted grains for en-
riching bakery products with nutrients that are important
for the human body.

In the bread making technology, a mixture of sprouted
grains, as a raw material, not only affects the organolep-
tic properties of products, but also affects their freshness
preservation.

A mixture of sprouted grains slows down the retro-
gradation of the starch of the crumb and increases its
hydrophilic properties, which allows to maintain the fresh-
ness of the products within 24...72 hours.

The study of products was carried out after 4, 24, 48
and 72 hours after preparation.

It is established (Table 4), the total deformation of
the crumb of products with a mixture of sprouted grains
is higher than in the control.

Table 4

Change of structural and mechanical properties of bread crumb
with a mixture of sprouted grains

Control Sprouted grain mixtures %
Indicators (without by weight of flour are added
additives) 5 | 10 | 15

Crumb deformation, device units after 4 hours:

Total | s | 8 | 8 | =
after 24 hours:

Tatal 58 64 66 68

Freshness preservation

degree, % 67 73 75 76

after 48 hours:

Total 35 42 47 51
Freshness preservation 44 48 5% 57
degree, %

after 72 hours:

Total 22 26 28 35
Freshness preservation 26 20 79 19
degree, %

During storage, indicators of the structural and me-
chanical properties of the crumb with inulin decreased
more slowly than in the control. So, after 72 hours, the
freshness preservation degree of the control sample is 26 %,
respectively, while samples with a mixture of sprouted
grains are 30, 32 and 39 %, respectively, which is 15...50 %
more compared to the control.

Slowing down of staling of products with a mixture
of sprouted seeds, obviously, is due to the slowing down
in it of starch retrogradation to a greater extent than
in the crumb of the control sample. This is due to the
presence of active a-amylase, under the action of which
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low molecular weight dextrins accumulate, which slow
down the process of staling.

In the process of staling of the pore walls of the crumb,
the products lose their strength, which leads to an in-
crease in the crush of the crumb. The research results
(Fig. 2) show that the crush value of the crumb is lower
for bread with a mixture of sprouted grains than in the
control sample. Thus, the use of a mixture of sprouted
grains in the technology of bakery products contributes to
the lengthening of the duration of their implementation.

— establishment of modes of the technological process

and the possibility of using food additives to inactivate

o-amylase;

— mold formation during storage.

In the case of the introduction of new bread with
a mixture of sprouted grains at the baking enterprises
will contribute to the expansion of the range of products
for gerodietary destination.

Threats. Taking into account that the Ukrainian firm
«Choice» is the producer of the sprouted grains mix, the

main factors affecting the stability of

bakery production are price fluctua-
tions of the sprouted grains mix, due

to the increased energy costs for their

production.

1. It is established that the optimal

dosage of sprouted grains in the wheat

bread recipe is 10 % by weight of the

flour. Such a dosage allows the use

18 16.37

16

14
<12 1113
é,s 0 9.54
£ 8
S s

4

2

0

Control 5% 10 % 15 %

Fig. 2. Crumbling of product crumb with a mixture of sprouted grains

In the case of dosing a mixture of sprouted grains of
5, 10 and 15 % by weight of the flour, the energy value
increases to 252.7, 262.9 and 273.1 kcal, compared with
232.3 kcal in the control sample. That is, in the case of
using a mixture of sprouted grains in the technology of
wheat bread, the energy value is improved.

As a result of the conducted research, an optimal dosage
of the mixture of sprouted grains is 10 % by weight of
the flour. This dosage to a lesser extent adversely affects
the organoleptic and physico-chemical indicators of the
quality of bread according to the accelerated technology.

7. SWOT analysis of research results

Strengths. It is established that the addition of a mix-
ture of sprouted grains contributes to the lengthening
of the freshness of products up to 72 hours of storage.

The use of a mixture of sprouted grains in the recipe of
wheat bread from high-grade flour in the amount of 5, 10
and 15 % by weight of flour increases their energy value.

That is, these products can increase the range of ba-
kery products for family use due to increased nutritional
value and long shelf life. This is due to the fact that
nutritionists recommend older people to consume bakery
products from yesterday’s pastries.

Weaknesses. The use of a mixture of sprouted grains in
the technology of wheat bread from flour of the highest
grade will increase the cost of products.

Opportunities. Analysis of research results indicates
the feasibility of using a mixture of forgive grains in the
technology of wheat bread and the feasibility of further
research on:

— development of new bakery products gerodietary

destination and increased nutritional value;

— in-depth study of the effect of a mixture of sprouted

grains on the formation of the structural and mechani-

cal properties of semi-finished products;

of accelerated technology, namely the
dough method of synthetic preparation,
in which the duration of fermentation
is replaced with a technological process
of trailing, which lasts 20 minutes.

2. Tt is noted that the introduction of a mixture of
sprouted grains improves the fermentation activity of
the microflora of the dough, as evidenced by 2.0...22.0 %
more than the amount of carbon dioxide released and
11-15 minutes less than the lifting force of the dough.

3. It is proved that as a result of the use of a mixture
of sprouted grains, the preservation of freshness increases,
as evidenced by a decrease in the crumb of the products
and slowing changes in the structural and mechanical pro-
perties of the crumb during storage.
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