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IIpu pospobaeni xni6odynounux eupodis, 36a-
eauenux (Pi3ion02iMHO-AKMUBHUMU PEHOBUHAMU
Hempaouuitinux 6udié CUpOGUHU, NONYIAAPHICMIO
KOpUCmyomocs Kpyn’ami ma OAilUHI KYabmypu.
AxmyanoHum HANPAMKOM Modice OYymu nocOHanHs
GUKOPpUCTMANHA Y 6UPOOHUUMET PYHKUIOHANLHO-
20 nueHuuNH020 XNi06a ONIUHOT KYIbmypu Y 6u2nsoi
noopioHeH020 HACIHHA JbOHY CEIMAUX copmie ma
Kpyn'anoi kyasmypu y euznsoi 3aKeacku 6i6csaHoi
CROHMAHH020 OPOOiHHA.

ITio uac docaidscenv euxopucmosyeanu copm
JbOHY 30710m020. Y poGomi écmanoeneno, uo
MEeXHON02IMHO MONCAUBE 003YBAHHA NOOPIOHEHO-
20 HacinHa avony cmanosumv 0o 20 % do macu
Oopowna. 3a maxozo 003Yyeawus OMpuUMYOMs
6uUpodU 3 PO36UHEHOI0, MOHKOCMIHHOIO NOpUCMi-
CMI0 3 NPUEMHUM CEIMILO-HCOBMUM 3A0APETEHHAM
M AKYWKY MA NPUEMHUM 20DIX0BUM NPUCMAKOM.

Bcmanosaeno, wo o0ooasanns noopioueno-
20 HACIHHA TIbOHY 30710M0O20 Y MICMO 3YMOGIIOE
no00GN’CEHHT MPUBANOCMI 1020 3AMIMYBAHHSL,
NOZIPWAHHA eaAcCMUMHOCMI Ma 30iMbWeHHs 1020
po3spidxcenns. B ananizosanux 3paskax eiosnaue-
HO 3HA4He 3HUJNCEHHA KINbKOCmi KJelKo8uHUu ma
it axocmi. Taxoxc eécmanoeneno, wo y micmosii
cucmemi 3 JIbOHOM CNOCMEPI2AEMLCA NOZIPUIEHHA
30po0icysannsn uyxpis, ix HaxonuuenHs ma nio-
damausicmo kKpoxmamo aminonizy. Taxuii énnue
noopidHeH020 HACIHHA JIbOHY NEPEBANCHO 3YMOsle-
HUll 6NAUCOM 6000POIUUHHUX XAPHOBUX BOJIOKOH,
KT KOHmMaKmyouu 3 600010 niod 4ac 3amiuyeanns
micma, ymeopiooms cau3i.

Hosedeno epexmusnicmo 3acmocysanis none-
PeOHb020 3aMOUY6AHH NOOPIOGHEH020 HACIHHA
JbOHY 01 NOJINUWEHHS AKICHUX NOKA3HUKIG GUPO-
0i6. 3amouyeanns noopibnen020 HACIHHA CNpUse
ymeopennto y piokii ¢asi micma 6invwoi Kinvko-
cmi causie. Ile 3ymoemroe nidsuwennro 6’a3xocmi
micma, wo cnpuse nokpawantio gopmocmiixocmi
20mosux eupobis.

Mosedeno, wo 3acmocysanis 3axeacku 6iecs-
HOi cnonmannozo 6podinns y eupobnuumei xaida,
30azaueno20 noopioHeHUM HACTHHAM JIbOHY, CRPUSLE
CcKopouentio Opodinua micma 0o 60 xe. ma noxpa-
wWanH1o 1020 sKocmi

Kmouoei cnosa: nacinns 1wony 3010mo20, Xi-
600yn0uni 6upobu, 3axeacka cnonmannozo 6podin-
HA, 6’A3KiCmb micma, xap406i 60J10KHA, O-TIiHOJe-
HO8a Kucaoma, KaeluKosuna, giecsme 60pouHo
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1. Introduction

Adverse technogenic and ecological factors of modern
living conditions of people determine an increase in their
need for micronutrients.

One of the directions of solving the problem of increasing
the supply of population with micronutrients is the enrich-
ment of food products, in particular, baked products, with
physiologically functional ingredients: unsaturated fatty
acids, vitamins-antioxidants, dietary fibers, mineral sub-
stances, etc. [1, 2].
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When developing baked products, enriched with physi-
ologically active substances of non-traditional types of raw
materials, cereal and oil-bearing crops (oats, barley, millet,
buckwheat, amaranth, chickpeas, seeds of flax, sunflower,
and sesame, etc.) enjoy popularity [3—8].

In the course of development of baked products, en-
riched with physiologically active substances of non-tra-
ditional types of raw materials, cereal and oil crops, such
as amaranth [3], barley [4], oats, millet [5, 6], buckwheat,
seeds of flax, sunflower [7] and sesame [8] and others enjoy
popularity.



Various chemical composition of vegetable raw materials
makes it possible to enrich the bakery products with certain
nutrients and causes different effect on the formation of
rheological properties of dough, flavoring characteristics of
finished products.

Considerable interest in flax seeds among oil-bearing
crops is caused by the content in it of physiologically active
components. Scientists examine flax seeds as a valuable
source of protein, fat, rich in a-linolenic acid, dietary fibers
(soluble and insoluble) and lignans [9].

Various products of flax seeds processing: flax oil, par-
tially defatted flax flour, fully defatted flax flour, extracts of
flax seed mucilage, and flax seed shell are used in the tech-
nology of a wide range of food products.

Each of these products has mainly only one of the biologi-
cally active components of flax seeds. The whole flax seed is a
complex carrier of important physiologically active substances.

Along with this, dieticians recommend the consumers
suffering from gastritis and ulcerative diseases to limit the
use of whole seed products. That is why it is appropriate to
use crushed flax seeds in the formulation in order to develop
bakery products with health properties as a result of enrich-
ing them with flax.

The market for flax seeds is mostly presented with brown
flax, but using the products of its processing in bread making
leads to darkening of its crumb. Now there is an increase in
croplands of flax of light varieties, which has a higher con-
tent of valuable a-linolenic acid, more pleasant flavor char-
acteristics, light yellow seeds that do not give dark shades to
the crumb of finished products.

That is why it is relevant to study the use of crushed
seeds of light varieties of seeds in bread making with the aim
of enriching the products with its physiologically functional
ingredients and expansion of the assortment of bakery prod-
ucts with health properties.

Along with the enrichment of bakery products with the
products of processing of oil-bearing crops, a promising di-
rection is to introduce it into the formulations of flour and
flakes of cereal crops. The products of processing buckwheat
and oats are ones of the most valuable when it comes to
protein quality, content of vitamins, minerals, and dietary
fibers [10—12]. According to the latest tendencies in the
production of bakery products, it is appropriate to implement
accelerated technologies. The use of enzymes from cereal
crops, in particular oatmeal, makes it possible not only to
reduce the technological cycle of bread production, but also
to enhance its nutritional and biological value.

The relevant direction can be to combine the use of
oilseed crop in the form of crushed seeds of flax of light
varieties and the cereal crop in the form of oats sourdough
of spontaneous fermentation in the production of functional
wheat bread.

2. Literature review and problem statement

In paper [13], it was proposed to use crushed flax shells
in the formulation of bread. However, it was noted that along
with the improvement of the antioxidant properties of the
product, a significant decrease in the bread volume and the
deterioration of the organoleptic indicators were observed.

In paper [14], the maximum possible dosage of flax
seed groats in the amount of 7.5 % of the weight of flour for
enrichment of bread with its components was established.

Along with this, some deterioration of the quality indicators
of products, including crumb darkening, was noticeable. To
improve the quality indicators of products in case of adding
flax seed groats, scientists proposed to apply a number of
technological measures, including adding such formulation
ingredients as dry wheat gluten, ascorbic acid, malt extract
or fermented malt. However the products always had dark-
ened crumb, which was caused by the use of brown varieties
of flax seeds.in the technology of processing.

In paper [15], the authors propose to use raw and fried
brown flax seeds for the development of functional bread,
enriched with unsaturated fatty acids. The authors are lim-
ited to the dosage of crushed flax seed of 10 % to the weight
of flour. This may be due to the use of brown flax, which can
darken the color of crumb. The use of white varieties of flax
can make it possible to increase the dosage in the product,
which will facilitate greater enrichment of the product with
physiologically functional components of flax. The authors
also present the results of its influence on rheological param-
eters of dough and the quality of bread. However, the basic
formulation of the product for enrichment with crushed
brown flax seeds contained shortening. It did not make
it possible to make objective judgements on the obtained
regularities of the influence of only crushed seeds on the
obtained results, because shortening is fat-containing raw
material that affects the rheological properties of dough and
the quality of the finished product.

The authors of paper [16] note that the enrichment of
bread with crushed flax seeds, which were previously fried,
causes a decrease in digestibility of protein in the product,
its glycemic index and an increase in the content of -lin-
olenic acid in the product. However, seeds are not always
preliminarily fried in the production of bread products, so
it is advisable to investigate the digestibility of products
manufactured with use of flax raw material. In addition, the
researcher in [17] found that thermal treatment of flax seeds
leads to the deterioration of oxidative stability of seeds fat
and extraction of its proteins.

In paper [18], the authors propose to enrich Iranian toast
with flax flour in the amount of 10, 20, 30 % of the weight of
flour. According to the results of their research, it was noted
that at the dosage of 30 % of flax flour, the products had
the lowest quality in terms of sensory characteristics. The
patterns of the influence of flax flour on the dough structure
were identified, in particular, it was noted that dough sta-
bility decreased. It was experimentally proved that adding
flax flour improves the content of phenolic compounds in
products. Along with this, it is not clear what flax seed flour
exactly was used by the authors (fully fatty, partly defatted
or light) and from which flax variety it was obtained (brown
or light). It causes doubts that such high dosage of flax flour
will make it possible to obtain the porosity structure that is
characteristic of toast.

To accelerate the process of preparation of wheat bread
and to inhibit the action of alpha-amylase, high-power
enterprises use sourdoughs, obtained from pure cultures
of lactic acid bacteria and yeast, in the technology of rye
and rye-wheat bread. Preparation of these sourdoughs has
a continuous character and requires bulky equipment and
creation of special conditions. Low-capacity enterprises use
sourdough-acidifiers, which include dried flour sourdough,
organic acids, lactobacterin, malt extract, etc. [19]. The mer-
it of these sourdough-acidifiers is the ease of their use, the
disadvantage is their high cost.



The way of dough preparation with the use of sour-
doughs of spontaneous fermentation is common in baker-
ies today. The periodicity of the process of production of
sourdough of spontaneous fermentation and the possibility
of its preservation makes it possible to apply it to the al-
ternating operation mode of the enterprise and respond
quickly to assortment changes, adjust production volumes
depending on the demand in different seasons [20, 21].
Scientific sources mainly contain the research into the use
of rye [20, 22, 23] and wheat [24—-26] flour for obtaining
sourdough of spontaneous fermentation. There are insuf-
ficient data on using flour from cereal crops to obtaining
sourdough of spontaneous fermentation. Thus, the compa-
ny “Ernst Bocker GmbH & Co. KG” (Germany) produces
dry inactivated sourdough “Bécker Bio Reis 25” from rice
flour for the production of gluten-free bread [27]. Ameri-
can and Turkish scientists studied the effect of sourdough
from rice flour with the addition of start cultures in the
technologies of gluten-free bread [28]. Russian scientists
used buckwheat, oatmeal, barley and rye peeled flour for
preparation of nutritive mixtures for acidophilic sourdough
with the aim of studying its impact on biotechnological
properties of sourdough and acid accumulation, as well as
microbiological purity of bread [29]. American scientists
also developed sourdoughs of spontaneous fermentation
from pure cultures of microorganisms with barley flour. It
was established that at the end of fermentation the amount
of B-glucan in sourdough decreases, which proves its prebi-
otic properties [30].

In papers [30, 31], studies on the application of sour-
doughs of spontaneous fermentation from corn, buckwheat,
rice, barley, and oats flour in technologies of health and
dietary bread products were conducted.

Thus, most research into the use of sourdoughs from the
flour of cereal crops is associated with gluten-free products
and with pure cultures of microorganisms. In the case of
using flax seeds to enrich bakery products, the existing stud-
ies mainly concern brown flax varieties or the products of
their processing. Application in the bread production of the
variety of golden flax due to the differences in the chemical
composition can make a different impact.

The data on the use of sourdough of spontaneous fermen-
tation from oatmeal in the technology of wheat bread with
addition of flax seeds were not found.

3. The aim and objectives of the study

The aim of the research was to study the appropriateness
of the use of crushed golden flax seeds (CGFS) and oats
sourdough of spontaneous fermentation for the production
of wheat bread, enriched with basic nutrients of flax for the
accelerated technology.

To achieve the aim, the following tasks were set:

—to establish the optimal dosage of CGFS to enrich
wheat bread;

— to explore the influence of CGFS on the formation of
structural-mechanical properties and progress in biochemi-
cal processes in it;

— to explore the influence of CGFS soaking on the qual-
ity of finished products;

—to establish the effectiveness of application of oats
sourdough of spontaneous fermentation in the production of
bread, enriched with CGFS in accelerated technology.

4. Materials and methods to study the influence of golden
crushed flax seeds and oats sourdough of spontaneous
fermentation on bread quality

4 1. The studied objects and materials that are used in
the experiment

Wheat bread with addition of GCFS was produced by
the straight method using the formulation:

— wheat flour of first grade — 100 kg;

— pressed baking yeast — 3.0 kg;

— table salt — 1.5 kg.

The variety of golden flax was used in the study. Its
characteristic feature is yellow color of seeds. The oil content
in seeds is 49.0-51.0 % with high content of linolenic acid
(over 70 %).

For the research, golden flax seeds were crushed on the
laboratory mill to the size of the particles that pass through
the wire sieve with the size of holes of 0.8 mm.

Comparison of the chemical composition of flax seeds
and flour wheat (Table 1) showed that flax seeds contain
almost twice as much protein.

Table 1

Chemical composition of golden flax seeds and wheat flour
of first grade

Components Wheat flour | Golden
of first grade | flax seeds
Proteins, % 11.6+£0.3 19.5+0.3
General carbohydrates, % 73.310.5 21.1+0.5
including mono— and disaccharides, % 1.84£0.05 2.1+0.05
starch, % 68.0+0.5 -
Dietary fibers, % 3.5+0.3 19.0£0.5
Fats, % 1.35+0.1 49+0.1
Ash content, % 0.73%0.05 4.1+0.05
Moisture, % 13.0+0.03 6.3+0.03
Mineral substanges, mg/100 g potas- 176 800
sium
calcium 26 267
magnesium 49 400
phosphorus 122 667
iron 1.8 4.8
zinc 1.09 4.0
Vitamins, mg/100 g, thiamine (By) 0.16 1.6
riboflavin (By) 0.08 0.2
niacin (PP) 274 3.0
pyridoxine (Bg) 0.74 0.5
folic acid 0.032 0.08
y-tocopherol 0.8 19.9

According to literary data [32, 33], it is known that pro-
teins of flax seeds are presented by water-soluble (from 46 %
to 65 %), salt-soluble (from 16 % to 28 %) and alkali-soluble
(from 13 % to 17 %) factions. There is no alcohol-soluble fac-
tion — prolamins — in the composition of flax protein. Flax
proteins are characterized by high biological value, since
they are balanced in their amino acid composition. Lysine
and isoleucine are deficit for flax seeds proteins.

Research of scientists [34] revealed that flax seed pro-
teins have the inhibiting activity towards bacteria, especial-
ly towards Enterococcus faecalis, Salmonella typhimurium
and Escherichia coli. Along with this, it was noted that the



mucilage composition of carbohydrates of seeds can inhibit
the antibacterial activity of flax seeds proteins.

A distinctive feature of flax seeds is a higher content, in
comparison with wheat flour, of non-starch polysaccharides
that are represented by water-soluble factions — mucilage
that has the immune protective and radioprotective prop-
erties. Water-soluble fractions in flax seed account on aver-
age for 75 % of the total content of dietary fibers. Medical
studies proved that flax seed mucilage contributes to the
improvement of intestinal microbiota [35].

High ash content of flax seeds correlates with much higher
content, in comparison with wheat flour, of potassium — by
4.5 times; calcium and magnesium — by 10 and 9 times; iron —
by 2.6; zinc — by 3.7 times.

The inclusion of flax seeds to the formulation of baked
goods will contribute to their enrichment with vitamins of B
group, as well as folic acid and tocopherol, which are natural
bio-antioxidants and which are scarce in wheat flour.

Flax seeds contain almost by 36 times more fat, the fat
and acid composition of which, according to the results of
chromatographic studies of the developers of the variety, is
presented with 70.1 % of linolenic acid, 16 % of linoleic acid,
and 9.8 % of oleic acid.

In addition, flax seeds are a source of lignans and pheno-
lic compounds.

In paper [36], it was found that lignans of flax seeds do not
decompose when heated even to the temperature of 250 °C.

Given such composition of basic substances, it is appro-
priate to apply flax seeds to improve the nutritional value of
bread and its physiological usefulness.

To implement the accelerated method of bread making
from wheat flour with the addition of CGFS, we used oats
sourdough of spontaneous fermentation.

To prepare the sourdough of spontaneous fermentation
(SSF), the oatmeal of “Organic-Eco-product” brand (Ukraine)
according to TU U 15.6-2110615276-002:2010 was used.

Oatmeal has the balanced amino acid composition (ami-
no acid score by lysine makes up 71 %, while wheat protein
is 54 %), high content of dietary fibers (8-9 %, including
3—4 % of B-glucan), tocopherols, potassium, magnesium and
iron, so it is appropriate to use the sourdough from it in the
production of bread that has functional properties [11].

Preparation of SSF consists of the dilution cycle and
reduction (production) cycle.

In the dilution cycle, the dough sour was prepared from
oatmeal and water of the temperature of 30—32 °C (humidity
of 68—70 %). The dilution cycle lasted 72 hours. The nutri-
tious mixture of flour and water was added to the previous
portion of mature sour every 24 hours.

The production cycle involved the selection of 50 % of
the sourdough and addition of nutrient mixture. Reduction
of the sourdough was carried out to accumulate its amount
and to wash away all wild flora that gives the sourdough
bitter aftertaste and specific sour smell.

The sourdough acquired stable indicators of quality after
the fifth reduction and was ready to use in the production
cycle. Mature sourdough has a nice “oatmeal” smell with
some acid shade, the titrated acidity is 16—18 degrees.

4. 2. Methods to study the quality of dough and bread
with the addition of CGFS and the oats sourdough of
spontaneous fermentation

To study the indicators of the technological research, bio-
chemical, physical and chemical changes in dough and qualita-

tive indicators of bread, we carried out laboratory bread baking,
Dough was kneaded in the direct way at humidity of 42 %.
Before mixing the dough, crushed flax seeds were mixed with
wheat flour. Dough was kneaded in two-speed dough knead-
ing machine Escher (Italy). The dough was treated manually,
ageing of dough pieces was performed in the thermostat at the
temperature of (38+2) °C and relative humidity of (78+2) %
up to readiness. The products were baked at the desiccator Sve-
ba-Dahlen (Sweden) at the temperature of 220...240 °C.

The quality of semi-finished products for humidity and
acidity was controlled according to generally accepted
methods [37].

Plastic-elastic characteristics of the dough were studied
at the farinograph made by “Brabender” company (Sweden)
and the alveograph “Chopin” (France).

The indicators of the gluten quality, autolytic and sugar
forming abilities of flour were determined with the use of the
standard methods [38].

Viscous-plastic characteristics of the dough were de-
termined by the degree of dough running for 3 hours at the
temperature of 30 °C.

To establish the amount of the accumulated and fer-
mented sugars in the dough, yeast-containing and yeast-free
dough was prepared in the direct way without crushing flax
seeds (control) and with the addition of 20 % of CGSF to the
mass of dry and soaked flour. The duration of fermentation of
the dough was 120 min. at the temperature of 30 °C.

The content of sugars in the dough was determined by
the iodometric (Schorl) method) [38].

The amount of sugars that were formed during the fer-
mentation of dough, were calculated from the difference
between their content in yeast-free dough after kneading
and after 2 hours of its fermentation. The amount of fer-
mented sugars was calculated from the difference between
the sum of the amount of sugars in yeast-containing dough
after kneading and the amount of sugars that were formed in
yeast-free dough and the amount of sugars that were formed
in yeast-containing dough after 2 hours of fermentation.

The finished products were analyzed by organoleptic
parameters (appearance, the state of the crust surface, the
porosity structure, taste, smell) and the physical and chemi-
cal properties (specific volume, shape stability, acidity) [37].

The results of the experimental research were subjected
to statistical processing implemented with the use of the
standard software Microsoft Office 2010.

5. Results of studying the impact of crushed golden flax
seeds and oats sourdough of spontaneous fermentation
on the quality of dough and wheat bread

To establish the maximum possible dosage of crushed
golden flax seeds (CGFS) for the enrichment of wheat bread,
we held trial laboratory baking. We prepared the samples of
dough with the dosage of crushed golden flax seed Golden of
10, 15, 20 and 25 % of the weight of flour.

Analysis of organoleptic parameters of bread showed that the
products with the addition of CGFS, compared with the control
sample, have more intensely colored and thinner crust. The
crumb of the studied samples at the dosage of crushed flax seeds
of 10-20 % of the weight of flour was close to the control: devel-
oped, thin-walled, having a nice light-yellow color. The products
had a pleasant nutty taste. In the case of the dosage of 25 % of
the weight of CGFS, elasticity of crumb worsened considerably,



besides, at this dosage, the products had a very 3
intense oil taste and smell. 20 25

To compare the indicators of bread ob- “g
tained by sensory evaluation, we plotted the 3 2
profilogram (Fig. 1), assessing each of the g
indicators based on a five-point scale. = 15

The quality of products by organoleptic 2 1
indicators was estimated by the sum of points &
taking into consideration the weight factor, é 0,5
the magnitude of which was established by @

the method of expert evaluation. 0
Based on the results of calculation of the
comprehensive quality indicator by organolep-
tic indicators (Fig. 2), it is possible to argue that
it is recommended to add crushed flax seeds in
the amount of 20 %. An increase in the dosage
of CGFS causes a decrease in the quality of the product by the
comprehensive indicator by 22 points (control sample scores
93 points, experimental sample scores 71 points), while at the
dosage of 20 % of the weight of flour it changes only by 5 points
(control sample scores 93 points, experimental sample — 88).

Specific volume of bread in case of adding the CGFS
decreases according to an increase in dosage (Fig. 3).

One of the main factors that determines the formation of
volume, porosity, structure of crumb of bakery products, as
well as behavior of dough during its treatment, is rheological
properties of dough.

Flax is a source of water-soluble dietary fibers (mucilage)
that affect the formation of dough structure. It is known
that to increase the release of mucilage from seeds, it is pre-
soaked. That is why we explored the rheological properties of
dough with the addition of dry and soaked GCFS.

Crust

color Bread from wheat

flour of first grade

=== Bread with 10 %

CGSF

Smell Shape
== Bread with 15 %

CGSF

== Bread with 20 %

State CGSF

Taste of

crumb === Bread with 25 %

CGSF

Fig. 1. Profilogram of organoleptic indicators of products
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Fig 3. Specific volume of products: 1 — wheat bread from flour of 1 grade;
2 — bread with 10 % CGFS; 3 — bread with 15 % CGFS;
4 — bread with 20 % CGFS; 5 — bread with 25 % CGFS

The results of research into plastic-elastic indicators
of dough at the farinograph (Table 2) show that the intro-
duction of dry and soaked crushed flax seeds prolongs the
duration of dough kneading in comparison with the control
sample by 6 and 4 min, respectively. In the case of the use
of crushed flax seeds, the duration of dough formation is
reduced by 2 min, compared with using the dry one.

Table 2
Indicators of dough quality by farinograph (n=3, p<0.95)

crushed golden flax seeds were added
Indicators Control | in the amount of 20 % of flour weight
dry soaked
Consmtenge, units 500 500 500
of device
Water absorbing
ability, cm?/100 g 59.4 60.8 62.2
Durat}on of .for- 15 75 55
mation, min
Elastlmtyt units of 140 110 110
device
Stability, min 5.5 7.0 9.0
Dllutlon,‘umts of 70 140 130
device

In the case of adding dry and soaked crushed flax seeds,
dough elasticity decreases and its dilution increases. This is
the consequence of the fact that water-soluble dietary fiber
and water-soluble proteins of flax cause an increase in the
formation of liquid phase of dough.

A decrease in elasticity of dough was
proved by the data obtained with the help of al-
veograph “Chopin” (France) (Fig. 4, Table 3).

2]
(e}

Processing of alveograms showed that

the samples of dough with flax have greater
elasticity and less extensibility in compari-

A
S O

son with the control sample. Probably this is
related to the interaction of the constituents

of flax and biopolymers of dough, in partic-
ular by protein substances. In this case, the

Number of points

[\
(=]

(=)

ratio P/L increases at the use of both dry and
soaked CGSF, but more in the sample with

93 95 a0
I w |
1 2 3 4

Fig. 2. Comprehensive indicator of quality of products by organoleptic indicators:
1 — wheat bread from flour of 1 grade; 2 — bread with 10 % CGFS; 3 — bread with
15 % CGFS; 4 — bread with 20 % CGFS; 5 — bread with 25 % CGFS
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soaked crushed flax seeds.

To understand completely the influence
of CGFS on the formation of rheological
characteristics of dough, we examined its
impact on the indicators of gluten quality.



Table 3

Indicators of dough quality of deciphering alveograms

n=3, p<0.95

crushed golden flax seeds were added

Con- | 41 the amount of 20 % of flour weight

Indicators

trol
o dry soaked

Elasticity, P, mm 113 106 105

Stretching capaci-

ty, L, mm 77 44 40

P/L 1.47 2.41 2.63

Area of alveogram,

S, em? 19.5 14.8 14.1

Specific work of
deformation, W, 346 176 154
10 0.a.

It was noted (Table 4) that adding the CGFS in both
dry and soaked state causes a significant decrease compared
to the reference sample quantity of gluten, 25 % and 59 %,
respectively. Along with this, addition of the CGFS leads to
loosening of gluten and prevents the aggregation of gluten
pieces — it becomes non-viscous, especially in the case of
soaking. In the sample with the soaked CGSF, gluten is short
by stretching capacity and has satisfactory elasticity.

Table 4
Amount and quality of gluten in dough (n=3, p<0.95)

crushed golden flax seeds were added

Con- 141 the amount of 20 % of flour weight

Indicator trol

dry soaked
Amount, % 24.5 18.4 10.0

H (mm)

100

50

0 50 100

100

50

100

o
o
S

H (mm)

100

50

0 50 100
c
Fig. 4. Alveograms of dough: @ — dough from flour of
1 grade; b — dough with addition of 20 % of dry GCSF to
the flour weight: ¢ — dough with addition of 20 % of soaked
GCSF to the flour weight

Stretching capacity,
cm

13 11 9

Plasticity, units of
device GDM

Elasticity

62 70 80

Good Good Satisfactory

Fermentation processes have significant influence of
the quality of baked products as well as on their rheological
properties.

The intensity of fermentation in semi-finished products
is caused by the content of own sugars in flour, as well as
the accumulation of sugars, which depends on the activity of
amylases and starch susceptibility to amylolysis. That is why
the effect of CGFS on these indicators was studied.

The results of Table 5 indicate that as a result of adding
20 % of CGFS to the weight of flour, the autolytic activity
increases by 2 % as a result of the fact that there are active
amylolytic enzymes in flax seeds. Sugar forming ability is
decreased in the presence of flax.

Table 5

Indicators of autolytic activity and sugar forming ability
(n=3, p<0.95)

Wheat
flour of 1
grade

Wheat flour of 1 grade with the
addition of crushed flax seeds in the
amount of 20 % to the flour weight

Indicator

Autolytic

activity, % 21 23

Sugar forming
ability, mg of malt- 212 186
ose/10 g of flour

Along with the process of accumulation of maltose in the
dough as a result hydrolytic splitting of starch, there occurs
its fermentation by dough microorganisms.

The content of sugar in the dough before treatment and
baking depends on the ratio between the intensity of sugars
accumulation in the semi-finished products as a result of
starch hydrolysis under the influence of amylolytic enzymes
and intensity of their fermentation by micro-organisms.

It was established (Table 6) that in the studied samples,
less sugars were fermented with the addition of crushed flax
seeds, both dry and soaked. This is probably due to the de-
creased activity of yeast microflora during fermentation as a
result of their wrapping by flax mucilage and oil.

It was established that less sugars were formed in the re-
search sample during fermentation than in the control sample.



Table 6

Accumulation and fermentation of sugars during dough
fermentation, % per DS (7=3, p<0.95)

Under modern production conditions, bakery products
are made mainly by accelerated methods, which enable fla-
vor qualities of the product to reveal fully. Enrichment of the
product with the CGFS improves the flavor properties of the

) Crushed golden flax Sfeds were added products, manufactured even by the accelerated methods of
Indicators Control | In the amount of ?0 % of flour mass production. A promising direction among the accelerated
indry form [ in soaked form technologies of production of bakery products is the use of
Yeast-free dough sourdoughs of spontaneous fermentation.
Content of sugars
after kneading 1.25 1.24 1.26 Table 7
After 2 hours of |, 184 178 Indicators of amylograms of the studied suspensions
fermentation ) ) ’ (n=3, p<0.95)
Sugars formed 0.78 0.6 0.48 - -
Y ining dongh Time before the | Temperature of | Maximum
east-containing doug W f beginning of starch | the beginning of | viscosity of
After kneading 1.27 1.25 1.24 su:tl:q-sigrl:; pasting (forma- starch pasting | the system,
After 2 hours of 0.79 0.85 0.92 P tion of viscous | (formation of vis-|  units of
fermentation ; : : system), min cous system) °C device
Fermented sugars | 1.26 1.0 0.8 Control 7.5 48.2 605
With the addi-
o ) tion, % to flour
Thus, the addition of flax in the dough causes a decrease mass:
in starch susceptibility to amylolysis due to the formation 20 % of dry
of complexes of starch grains and mucilage. To prove this, a CGFS 75 48.2 720
study at the amylograph was carried out (Table 7). 20 % of soaked
The addition of crushed flax seeds does not affect the (ZZGFS 6.5 47.5 712
temperature of starch pasting and the time of the beginning
of pasting. Maximum viscosity of the system with CGSF Table 8
. o R ) o
increases by 16 /;..Probably this is due to an increase in vis- Indicators of quality of products
cosity of a suspension due to swelling of dietary fibers of flax
along with starch pasting. Crushed golden flax seeds were added in the
During preliminary soaking of CGFS, its water-soluble Indicat amount of 20 % to the flour weight
and insoluble dietary fibers partially swell. That is why naicator Control with- | Soaked in | Soaked in hot
during their addition to the system, they immediately take out soaking | cold water water
part in the formation of a viscous system. As a result, the Specific volume of
formation of the viscous system is accelerated by 1 min and bread, cm?/g 2.4 24 2.6
the pasting temperature decreases. Shape stability, hy/d 051 056 058

Viscosity of the system with the addition of soaked
CGFS s 2 % lower than in the sample with dry crushed flax
seeds, probably due to greater thickening of the system by
water-soluble dietary fibers of flax.

It is known that in contact of flax seeds
with water, they actively release mucilage that
have good structure forming properties. That
is why it was proposed to conduct a trial bak-
ing of products with 20 % to the flour weight
of the CGSF soaked in hot and cold water.

The results of baking (Table 8, Fig. 5) re-
vealed that it is advisable to apply preliminary
soaking of crushed flax seeds for the produc-

tion of hearth products, because there is a sig- 100

It the article, it was proposed to make bread enriched with
the CGFS using oats sourdough of spontaneous fermentation.

Fig. 5 Photographs of products (left to right): control with CGFS without their
soaking, bread with CGFS soaked in cold water; bread with CGFS soaked in

hot water

90

nificant improvement of the shape stability of

products. Perhaps, in this case, the key role is
played by flax mucilage, which when swelling,
increase the viscosity of the dough system and
increase the surface tension, which contrib-
utes to retaining the shape.

This assumption is proven by data on
dough running. In accordance with Fig. 6, 0
it was found that compared with the control
sample, dough running decreases in the re-
search samples with soaking of CGSF in cold
and hot water. This is due to the significant
influence of flax mucilage on an increase in
viscosity of the dough system.

Diameter of ball, mm
n
S

m Control (CGFS) without soaking
= Soaking CGFS in hot water

60 120

Duration of fermentation, min

180

m Soaking CGFS in cold water

Fig. 6. Running of dough ball




Research results (Table 9) indicate that the introduction
of this sourdough in the amount of 12 % to the weight of
flour causes the acceleration of dough maturing due to both
an increase in initial acidity of dough, and more intensive
acid accumulation. Ageing duration decreases by 6 min.

Specific volume and shape stability of products improved
compared with the control sample.

Table 9
Indicators of the technological process and bread quality
Crushed golden flax seeds were added in the
amount of 20 % to the flour weight
Indicat i i
fieators Control (without Wath aidn;g oats
adding sourdough) sourdough of sponta-
neous fermentation
Dough
Moisture content, % 42.0 42.0
Acidity:
initial 2.4 3.3
final 3.0 4.3
Duratiqn of fqrrncn— 180 60
tation, min
Dur'fition gf age- 46 40
ing, min
Bread
Specific volume,
em?/100 g 280 290
H/D of hearth bread 0.40 0.42
Acidity, degrees 2.3 3.5

Such quality indicators were achieved at reducing the
duration of fermentation of the research sample up to 60 min
versus 180 min for control.

Thus, according to the comprehensive quality indicator
of organoleptic indicators of samples with the CGFS, it was
found that it is appropriate to dose it in the formulation of
wheat bread up to 20 % to flour weight. It was noted that the
introduction of CGFS causes lengthening of dough kneading,
the deterioration of its elasticity, a decrease in the content of
gluten in it and its loosening along with a decrease in its abili-
ty to aggregation. Addition of the CGFS to the dough reduces
starch susceptibility to amylolysis and intensity of fermenta-
tion of sugars in it. It was proved that addition of crushed flax
seeds in the soaked form enables significant improvement of
the quality of hearth bread. Application of oats sourdough of
spontaneous fermentation contributes to the reduction of the
technological process of production of wheat bread, enriched
with the CGFS and the improvement of its quality.

6. Discussion of results of studying the influence of crushed
golden flax seeds and oats sourdough of spontaneous
fermentation on the quality of dough and bread

It was established that to maximally enrich bread with all
physiologically functional ingredients of golden flax seed and
to ensure good organoleptic indicators of products, it is possi-
ble to add it in the crushed state in the amount of up to 20 %
to the flour weight. Application of this variety of flax does not
cause darkening of the crust of the products and gives it a nice
light-yellow color. This makes it possible to use the CGFS
in the technology of bakery products and solves the problem
discussed in paper [15], specifically, darkening of the crumb of

products. It was one of the restrictive factors of research [15]
on increasing the dosage of crushed flax seeds for the enrich-
ment of bread with their constituents.

Worsening of the volume of products, enriched with
CGFS, is caused by the influence of their components, in
particular water-soluble dietary fibers, on the formation of the
solid structure of dough. Since, at the stage of kneading of the
half-finished product, flax mucilage, along with gluten pro-
tein, are active competitors for water, the gluten framework of
dough does not develop enough. In addition, the existence of
mucilage of flax and oil that get to the dough with the CGFS
can affect the formation of a solid gluten frame.

To prove this, we explored the influence of CGFS on
the formation of rheological properties and the indicators of
gluten quality.

The obtained regularities of extension the duration of
kneading dough in case of addition of CGFS, worsening of elas-
ticity and increasing its dilution prove the assumption about
the active influence of flax mucilage on the formation of dough.
Thus, the extension the duration of dough formation, was prob-
ably caused by the fact that at the stage of kneading dough,
both flour proteins and mucilage of the GCFS swell, competing
for water. That is why it takes more time for proteins to form the
solid gluten frame, in this case, the existence of mucilage will
interfere with their strong binding.

In case of application of the previously soaked CGFS,
mucilage will already partially swell, that is why they will not
compete actively with proteins for water, which will contribute
to the acceleration of the process of dough formation.

It is due to the fact that when swelling, water-soluble
dietary fibers make up mucilage that affect the formation of
dough gluten, worsen dough elasticity and increase its dilu-
tion. However, as a result of thickening of the dough system,
dough stability is extended. Probably, in the sample with the
soaked GCFS, more mucilage is formed owing to the previ-
ous interaction with water, which contributes to extension of
the stability of the dough system.

The same patterns were detected during the analysis of
the alveograms.

In paper [18], it was noted that the addition of flax flour also
prolongs the duration of dough kneading and worsens its elas-
ticity. In contrast to results [18], it was noted that the addition
of CGFS improves the dough stability. This difference of the ob-
tained regularities may be conditioned by the properties of raw
materials as a result of different ratio of the components in it.

In the current study, we used CGFS, which contain all
the anatomical components of the seeds. It is not clear from
paper [18] whether flax flour contains the shell parts of the
seeds, which are the main source of water-soluble dietary
fibers. Along with this, it was shown in the research that in
case of using the CGFS to accelerate kneading, it is advis-
able to use their previous soaking. It will also contribute to
the improvement of dough stability.

The assumption about the influence of CGFS on the
rheological characteristics of dough due to the significant
influence of their mucilage on the formation of a solid gluten
frame was proved by the results of the analysis of gluten. It
was found that the content of gluten decreases significantly
and its quality worsens, in particularly, low ability for aggre-
gation of its pieces was noted. In the dough system, it does not
contribute to the development of the whole gluten framework.

Research results also revealed worsening of the progress of
biochemical processes in dough, such as reducing the amount of
formed and fermented sugars in the samples of the dough with



CGSF. The reason for this is also the influence of water-soluble
dietary fibers that, on the one hand, stick around yeast cells, re-
ducing their fermentation activity. On the other hand, mucilage
can reduce susceptibility of starch to the action of amylolytic
enzymes due to the probable formation of complexes during
their interaction with starch. The state of is also affected by
lipids that arrive with flax. They form complexes and by this
reduce the solubility of starch. Besides, lipids reduce swelling of
starch, which causes a decrease of its susceptibility to fermen-
tative hydrolysis and will influence the course of processes of
preparation of semi-finish dough products.

During the analysis of amylograms of the samples with
the addition of CGSF, it was noted that in the case of adding
crushed flax seed, the following flax components simultaneous-
ly influence the system:

— fat that can form a fat layer on the surface of starch grains
and thus can slow down their hydration and decrease the speed
of achieving maximum viscosity. Fats can also form complexes
with starch amylose and thus inhibit swelling of starch grains;

— soluble and insoluble dietary fiber, the process of swelling
of which can occur sooner than starch pasting, and it will cause
the acceleration in the formation of viscous system.

As in the case of the introduction of dry crushed flax
seeds, fat and soluble and insoluble dietary fiber will simulta-
neously influence the system, the changes in the indicators of
pasting temperature and time before the beginning of pasting
are not observed.

Thus, an increase in viscosity of the system as a result of the
introduction of dry or soaked crushed flax seeds, as well as the
possible formation of complexes between starch and mucilage,
will cause a decrease in susceptibility of starch to pasting.

Results of the analysis of the conducted studies make it
possible to argue that water-soluble dietary fibers of flax seeds
have considerable impact on the formation of the properties
of dough and baked products. That is why even though flax
mucilage exerts an adverse effect on the formation of gluten,
it is advisable to increase their content in the dough system,
because due to their structure forming properties and the abil-
ity to thicken the dough system, the quality of the products
can improve. The results of baking products with soaking flax
in hot and cold water prove this. Due to soaking CGFS, the
amount of mucilage in the dough system increased, which en-
hanced the strength of dough. This in turn contributed to an
increase in surface tension of the dough base at retaining car-
bon dioxide released during fermentation. The effectiveness

of this can be observed in molded products. At this, the best
result was observed in the case of soaking in hot water due to
better extraction of water-soluble dietary fibers.

During discussion of the results from work [31], it was
recommended using the oats sourdough of spontaneous fer-
mentation in the technology of gluten-free bread. This research
proved the feasibility of the application of oats sourdough of
spontaneous fermentation in the technology of wheat bread
enriched with the CGFS. The choice of this sourdough is
predetermined, on the one hand, by the implementation of the
accelerated technology of preparation of wheat bread, on the
other hand, it is also a source of biologically active substances
contained in oatmeal. The use of oats sourdough of spontaneous
fermentation will make it possible not only to shorten the tech-
nological process, but also to increase the nutritional value of
the product due to the simultaneous application of the CGFS
and oatmeal of sourdough.

7. Conclusions

1. According to the results of the experimental labora-
tory studies, it was found that the technologically possible
dosage of the CGFS to enrich wheat bread with its physio-
logically functional ingredients is the dosage up to 20 % to
the weight of flour.

2. It was established that adding CGFS in dough causes
the extension of the duration of its kneading, worsening elas-
ticity and an increase in its dilution. A significant reduction
in the amount of gluten and its quality was noticed in the
samples with CGFS. It was also found that the deterioration
of fermentation of sugars, their accumulation and starch sus-
ceptibility to amylolysis was observed in the dough system
with CGFS. Such influence of CGFS was mainly caused by
the influence of water-soluble dietary fibers, which during
dough kneading interact with water, forming mucilage.

3. The effectiveness of the application of pre-soaking of
CGFS while making wheat bread was found. It makes it
possible to increase dough viscosity as a result of significant
formation of mucilage. This contributes to the shape stability
of hearth products.

4.1t is proven that the use of oats sourdough of sponta-
neous fermentation in the production of wheat bread, enriched
with the CGFS, contributes to reduction of fermentation up
to 60 min and improvement of its quality.
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