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Abstract. Flax seeds are a valuable raw material for the production
of functional bakery products. The article investigates the fermentation
processes in wheat dough supplemented with whole and crushed flax
seeds in dry and soaked states. For a holistic understanding of the
fermentation process, the regularities of the kinetics and dynamics of gas
formation in the experimental samples were analyzed. It was found that
during fermentation in samples with whole flax seeds in dry and soaked
states, the amount of carbon dioxide released slightly increases compared
to the control. In the samples with crushed dry and soaked flax seeds, the
total amount of carbon dioxide released is higher than in the control
sample by 16.5% and 19.0%, respectively. In the sample with crushed
flax seeds, the nature of the dynamics of carbon dioxide release differs
from the control sample, namely, a one-stage fermentation is observed.
At the same time, the peak of carbon dioxide release was observed
almost 30 minutes later than in the control sample. This may be due to
the fact that soaking flaxseed products produces viscous solutions of
polysaccharides, which envelop the yeast cells during dough kneading
and slow down the supply of nutrients to them. Based on the analysis of
the dynamics of carbon dioxide emission, it is recommended to reduce
the duration of dough fermentation for the sample with whole flax seeds
to 90 minutes, and for the samples with crushed seeds and soaked flax
products to 60 minutes, so that the most intense carbon dioxide emission
in these experimental samples occurs during the period of proofing of
dough pieces. It was found that the introduction of whole and crushed
flax seeds in soaked form slows down the rise of the dough due to the
thickening of the dough system with water-soluble and insoluble flax
dietary fiber, reducing fermentation and the formation of sugars in the
dough system.

Key words: dough, fermentation, whole flax seeds, crushed flax
seeds, yeasts, polysaccharides of flax seeds.

Introduction. Formulation of the problem

Nutrition is one of the factors that influences the
formation of a "healthy" lifespan and is the basis for
the prevention of many non-communicable
diseases [1-3].

Improving the nutrition of the population is
possible by expanding the range of bakery products
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enriched with vegetable raw materials that have a wide
range of positive effects on the human organism. In
this regard, the importance of certain crops is gaining
more weight. In the last decade, the role of flaxseed in
the food industry has increased, as demand for it has
reached a new level due to science that has assessed its
importance for human health [4,5].
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Flax seeds simultaneously contain several groups
of compounds that give them functional properties: ®-3
polyunsaturated fatty acids, dietary fiber, lignans,
tocopherols, and protein with high biological
value [6,7].

The inclusion of flaxseeds in the human diet
enhances protection against cardiovascular diseases by
lowering plasma cholesterol [8-10], preventing certain
types of cancer [11], and in people with prediabetes
and diabetes, it helps to steadily moderate glucose
levels and improve insulin sensitivity [12,13].

To impart functional properties to bakery products,
scientists recommend adding both whole flax
seeds [14] and its processed products: crushed flax
seeds [15], flaxseed flour [16-19], flaxseed meal [20].
The inclusion of flaxseed and its products in the bread
formula causes changes in the technological process of
its production and the quality of finished products.

Analysis of recent research and publications

Flax seeds are a valuable raw material for the
production of functional bakery products. Studies of
the quality of bakery products enriched with flax seeds
and its processed products are mainly aimed at
assessing the taste, consumer, and antioxidant
characteristics of products, their physicochemical
characteristics and nutritional value [21-24]. At the
same time, it is important to understand the influence
of flax seeds and its products on the processes of
formation of structural and mechanical properties of
dough and the course of microbiological and
physicochemical processes in semi-finished products,
which together will determine the quality of finished
products.

The authors of [25] found that the addition of
yellow flax seeds to wheat dough, both in whole and in
crushed form, reduces the amount of gluten in it. The
reason for this, according to the authors, is the property
of flax polysaccharides to become water-soluble during
dough kneading and envelop the protein substances of
flour, limiting their swelling. At the same time, whole
seeds or particles of crushed seeds wedge into the
gluten backbone and prevent the formation of a
continuous gluten structure. In appearance, the gluten
acquired a loose, unbound structure. In the case of
crushed flaxseed, flaxseed oil, which enters the liquid
phase of the dough, also has a certain effect on the
protein substances of the flour. Disruption of the
integral structure of gluten causes a decrease in gluten
extensibility and a decrease in its elasticity. Such
changes in the dough result in a decrease in the specific
volume of finished products.

Study [26] found that the inclusion of crushed raw
and roasted flax seeds in wheat bread increases the
water absorption capacity of the dough and causes
stickiness. Such changes are associated with the high
water-absorbing capacity of flax seed mucilage, which
in turn reduces the swelling of wheat flour gluten. To
balance the rheological characteristics of the dough and
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the organoleptic characteristics of the products, the
authors recommend a dosage of crushed raw and
roasted flaxseeds of 10% by weight of flour.

Researchers in [27] found that the addition of
flaxseed powder to the wheat dough formula reduces
the amount and quality of gluten washed out of the
dough from this mixture, reduces the specific volume
and shape stability of bread. The reason for this,
according to scientists, is the excessive activity of
proteolytic enzymes in flax seeds. Therefore, the
authors recommend using protease inhibitors in the
technology of such products.

The authors of [28] enriched bread made from
wheat flour with flaxseed flour obtained with
separating seed hulls. Studies using a farinograph
showed that the addition of flaxseed flour increased the
water absorption capacity of the dough and the
duration of its kneading. To obtain products without a
significant deterioration in quality, it is recommended
to replace 10% of wheat flour in the bread formula
with flaxseed flour.

Studies in [29,30] found that with an increase in
the dosage of flaxseed flour in wheat dough, dough
stability and elasticity decrease, and the process of
starch gelatinization is delayed.

Scientists at the University of Suceava (Romania)
have investigated the possibility of using flaxseed flour
from brown and yellow-seeded flax varieties in the
production of wheat bread. The addition of flaxseed
flour led to an increase in the falling number of the
wheat-flax mixture and a slowdown in starch
retrogradation. They recommended to include flaxseed
flour in wheat bread in the amount of 5-15% by weight
of flour [31].

Paper [32] considers the possibility of producing
wheat bread with crushed flax seeds. The authors
recommend a dosage of crushed flaxseed at 10% by
weight of flour. At this dosage, despite the
deterioration in gluten quality, products with good
organoleptic and physicochemical characteristics are
obtained. Scientists suggest that in the process of
baking bread enriched with crushed flax seeds, lipid-
protein complexes are formed, which helps to increase
the elasticity of the crumb of the product.

Thus, the analysis of literature sources has shown
that flax seeds and flaxseed products are now actively
used in various forms in bakery products to impart
functional properties to them. At the same time,
improving the physiological properties of products is
often accompanied by changes in organoleptic and
physicochemical parameters. To explain such changes,
researchers mainly focus on the structural and
mechanical properties of semi-finished products.
However, the quality of finished products also depends
to a large extent on the course of fermentation
processes. There is little research in this area, which
makes it necessary and relevant to conduct it.

Purpose and objectives of the study. The aim of
the study was to investigate the fermentation processes
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in wheat dough supplemented with whole and crushed
flax seeds in dry and soaked states. In accordance with
this goal, the main research objectives were
formulated:

to investigate the process of gas formation and
alcohol accumulation in semi-finished products
with whole and crushed flax seeds, which were
introduced in dry and soaked states;

to investigate the course of microbiological
processes in semi-finished products with whole
and crushed flax seeds in terms of dough rising
power and the amount of yeast microbiota in it;

to investigate the effect of whole and crushed dry
and soaked flax seeds on the kinetics of sugars in
the dough during its maturation.

Research materials and methods

The following raw materials were used for the
study: top grade wheat flour (TM EuroMill, Ukraine),
table salt (SE Artemsil, Ukraine), pressed bakery yeast
“Lviv yeast” (PrJSC Enzym Company, Ukraine),
yellow-seeded flax “Svitlozir” (Institute of Oilseeds of
the National Academy of Agrarian Sciences of
Ukraine, Ukraine).

The following reagents were used in this work:
zinc sulfate (LLC “HIMPRODUCT TD”, China),
sodium hydroxide, standard titer (0.1N) 0.1 mol/l of
sodium hydroxide, sulfuric acid, hydrochloric acid
(RDE LLC Alfarus, Ukraine), potassium dichromate
(LLC “Himproduct TD”, Khazakhstan), potassium
iodide (Klebrig TM, India), sodium thiosulfate (Biolik
CJSC, Ukraine), copper sulfate (HEBEL TM, Poland),
potassium-sodium tartrate (CHEMICO GROUP,
China).

All raw materials and reagents complied with
regulatory documents and were stored in the required
conditions indicated on the labeling.

Model dough samples were prepared for research:
control (without flax seeds);
with the addition of whole dry seeds at 15%
flax to the flour weight;
with the addition of soaked whole seeds at
15% flax to the flour weight;
with the addition of dry crushed flax seeds at
20% by weight of flour;
with the addition of soaked crushed flax seeds
at 20% by weight of flour;

— with the addition of a solution of mucilage
obtained from flax seeds instead of the formulated
amount of water.

The dosage of whole flax seeds at 15% by weight
of flour and crushed seeds at 20% by weight of flour
was established in [33] as contributing to the maximum
possible enrichment of bread with physiologically
functional substances of flax while ensuring its quality.
Model dough samples made with soaked whole and
crushed flax seeds were included in the study due to
the fact that [34] proved the effectiveness of using the
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operation of preliminary soaking of flax seeds in the
manufacture of wheat bread, which contributes to
improving the condition of the crumb and increasing
the specific volume. Flax polysaccharide solutions play
a significant role in this, so to determine the effect of
flax seed polysaccharides on the fermentation
processes, the research also included a model sample in
which the formulated amount of water for kneading the
dough was replaced with a solution of mucilage
extracted from flax seeds.

The moisture content of all dough samples was
43%.

Formula for the control dough sample: top grade
wheat flour — 100 g, compressed yeast — 3 g, table
salt— 1.3 g. The same amount of yeast and salt was
added to all the test samples. The amount of water was
set by calculation. Before kneading the dough, the salt
was dissolved in water at 25+£2°C, and a suspension
was prepared from the yeast in a ratio of 1:3 with
water. The dough was kneaded manually.

In the samples with dry whole or crushed flax
seeds, wheat flour was pre-mixed with whole or
crushed flax seeds before kneading the dough, after
which the salt solution, yeast suspension and water
were added and the dough was kneaded.

In the samples with soaked whole or crushed flax
seeds, before kneading the dough, the flax seeds were
pre-soaked: whole or crushed flax seeds were poured
with water at 60°C in a ratio of 1:2 to water and left to
hydrate for 90 minutes, after which the soaked whole
or crushed seeds were added to the flour, a saline
solution, yeast suspension and water were added, and
the dough was kneaded.

For the experimental samples, flax seeds were
crushed on a laboratory mill LZM-1, which is designed
to grind laboratory samples of crop grains and other
solid food products with a moisture content of no more
than 18%. The crushed flax seeds were sieved through
a wire sieve with a mesh size of 1.0 mm.

To prepare a solution of mucilage from flax seeds,
whole seeds were weighed in an amount equal to the
dosage in the dough samples with whole seeds, poured
with water in the amount necessary for kneading the
dough and left to hydrate for 90 minutes with periodic
stirring. Then, the resulting mucilage solution was
drained through a sieve and the total volume of the
solution was leveled by adding water to the required
calculated amount to obtain a dough with a moisture
content of 43%. When kneading the test sample, the
prepared mucus solution was used instead of water.

Gas formation in semi-finished products was
determined by the volumetric method using the AG-
1M device [35,36]. To determine the effect of flaxseed
on gas formation in the dough, pieces of dough
containing the same amount of flour were placed in the
device. That is, the variable factor that will affect the
process will be the amount of whole or crushed
flaxseed added in dry or soaked state. For the rest of
the below standardized methods, dough samples were
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kneaded according to the above instructions for
preparing model dough samples from which a sample
of semi-finished product was weighed according to the
methods.

The amount of alcohol accumulated in semi-
finished products during fermentation was determined
by the iodometric method of Martin [36]. The
determination was performed in the corresponding
dough samples at the beginning and end of
fermentation. The duration of fermentation of the
dough samples was 120 min. The increase in alcohol
during fermentation was calculated. The dough rising
power was evaluated according to the standard method
for determining the yeast rising power [35], while after
the first rise of the dough in the mold, it was punched
and placed back into the mold for the second rise, after
which it was punched again and left in the mold for the
third rise.

To determine the effect of flaxseed on the number
of yeast microflora, extracts from dough samples were
prepared after 120 minutes of fermentation and
inoculated on wort agar in Petri dishes. Yeast counts
were performed after 48 hours. The sugar content of
semi-finished products was estimated by the express
Schoorl iodometric method [36]. To determine the
dynamics of sugar accumulation in the dough, two
types of dough were kneaded: yeast-containing dough
according to the instructions for the model samples and
the same model samples, but without yeast. The
amount of sugars formed during the maturation of the
dough was determined by the difference between their
content in the yeast-free dough after kneading and after
4 hours of fermentation. The amount of fermented
sugars was determined by the difference between the
total amount of sugars in the yeast dough after
kneading, the amount of sugars formed in the yeast-
free dough, and the amount of sugars contained in the
yeast dough after 4 h of fermentation.

The results of the experimental studies were
statistically processed using standard Microsoft Office
software.

Results of the research and their discussion

Study of gas formation and alcohol accumulation
in dough during fermentation.

Fermentation is one of the main processes that
ensures dough maturation. Alcoholic fermentation
prevails in wheat dough, the intensity of it depends on
the activity of the yeast microbiota and its supply with
products of enzymatic hydrolysis of flour biopolymers
and other formula components [37].

According to the kinetics of carbon dioxide release
(Fig. 1), it was found that in samples with whole flax
seeds in the dry (WD) and soaked (WS) state the
fermentation process is similar to the control sample
for as long as 150 min. During further process, the
amount of carbon dioxide released in these samples
slightly increases compared to the control.
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In the samples with crushed flaxseed in dry form
(CD) and with soaked crushed flaxseed (CS), the total
amount of carbon dioxide released is higher than in the
control sample by 16.5% and 19.0%, respectively. At
the same time, in the sample with CD, the
intensification of carbon dioxide release after 90 min
of fermentation is observed, and in the sample with CS
it occurs after 60 min of fermentation. It is likely that
the components of the crushed flax seeds are extracted
into the liquid phase of the dough, and to a greater
extent in the case of pre-soaking, thus improving the
nutrition for the dough microbiota.

In the case of mucilage, there is a slight decline in
carbon dioxide production compared to the control,
probably due to the envelopment of yeast cells with a
solution of flax seed polysaccharides, which creates a
more viscous liquid phase of the dough and thus slows
down the supply of nutrients to them.
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Fig. 1. Total gas formation in the dough

For a holistic understanding of the fermentation
process, it is necessary to analyze the patterns of gas
formation dynamics in the experimental samples. As
can be seen from Fig. 2, a two-stage fermentation is
observed in the control sample, and the yeast switches
to maltose fermentation at 60 min of fermentation.

In the sample with the introduction of whole dry
flax seeds, the dynamics of carbon dioxide emission
also has two stages, but the first peak is reached 30
minutes later than in the control sample. The intensity
of carbon dioxide emission in this sample at the
beginning of fermentation was lower than in the
control, but then it intensified and when the first peak
of carbon dioxide emission was reached, its amount
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was 37% higher than in the control sample when the
first peak was reached.

The analysis of the dynamics of carbon dioxide
emission in the WS sample showed that the first peak
of gas formation occurs at the same time as for the
sample with dry seeds, but at a lower intensity of CO2
emission. It should be noted that in this sample, unlike
the control and dry seed samples, the second peak is
formed much later and is very low.

To explain the obtained patterns, it is necessary to
understand the mechanism of flax seed hydrocolloids
transition into the liquid phase of the dough. Flaxseed
hydrocolloids are polysaccharides concentrated in
flaxseed mucilage, which covers flaxseeds and gives
them their shine. Flaxseed mucilage polysaccharides
contain three high molecular weight polysaccharides:
75% (of the total mucilage content) of the most viscous
neutral polysaccharide with a molar mass of
1.2:10° g/mol, 3.75% of the acidic polysaccharide AF1
with a molar mass of 6.5:10° g/mol, 21.55% of the
acidic polysaccharide AF2 with a molar mass of
1.7-10* g/mol [38]. The acidic fraction is dominated by
galacturonic acid, and traces of xylose have been
found. The neutral fraction is almost free of
galacturonic acid, xylose is the basis of this fraction. In
addition to xylose and galacturonic acid,
polysaccharide monomers include glucose, galactose,
rhamnose, and fucose. Protein content is also of great
importance for the properties of flax seed
hydrocolloids [39]. The process of transition of
polysaccharides into solution is accompanied by the
simultaneous extraction of water-soluble fractions of
proteins from the flax seed coat. The protein is
believed to be mostly associated with polymers of the
acidic fraction. It is not found in the neutral fraction. In
addition, there is a sequential transition of protein-
polysaccharide complexes representing the acidic
fraction into the aqueous solution, and then directly of
polysaccharide structures with a lower protein content.
After 30 minutes of flaxseed hydration, its swollen hull
partially moves away from the kernel and extractive
substances from the kernel begin to pass into the
solution [38].

Based on such theoretical data, it can be assumed
that in the sample with whole flaxseeds, during the
contact of the flax seed with the liquid phase of the
dough, protein-polysaccharide complexes begin to be
extracted from the seed surface, the protein component
of these complexes improves the composition of the
nutrient medium for yeast. The use of pre-soaking flax
seeds probably contributes to a deeper swelling of the
seed coat and greater extraction of proteins and
carbohydrates from the seed coat and kernel. This
contributes to a greater enrichment of the liquid phase
of the dough with nutrients for the yeast, so in this
sample the yeast switches to maltose fermentation at
180 minutes, while in the control and dry seed sample
it takes 60 and 90 minutes, respectively.
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Fig. 2. Dynamics of carbon dioxide production
in the dough samples

In the sample with crushed flax seeds, the
dynamics of carbon dioxide production differs from the
control sample, namely, a single-stage fermentation is
observed. The peak occurred almost 30 minutes later
than in the control sample. Probably, competitive
extraction  of  water-soluble  proteins and
polysaccharides containing not only protein complexes
but also sugars, in particular glucose, occurs from the
crushed flax seeds. This improvement of the nutrient
medium for the yeast ensures that it does not switch to
maltose fermentation.

The use of soaking whole and crushed flax seeds
results in a slightly lower intensity of carbon dioxide
emission compared to dry samples. This may be due to
the fact that the introduction of viscous solutions of
polysaccharides during kneading creates a viscous
medium around the yeast cell, which envelops it and
slows down the supply of nutrients to it. At the same
time, lipids are extracted from the crushed flax seeds
into the liquid phase of the dough, and they also
envelop the yeast cell and reduce its activity.

To achieve good product quality, it is necessary to
stop the dough fermentation process 30—40 minutes
before reaching the peak of carbon dioxide emission,
so that the stage of proofing dough pieces falls within
the maximum gas formation [40]. Based on this, it can
be assumed that for a sample with whole flax seeds, the
fermentation time will be 90 minutes, and for samples
with crushed and soaked flax products, it will be
reduced to 60 minutes.

The higher intensity of fermentation in the samples
with crushed dry and soaked crushed flax seeds is
confirmed by the data on the increase in alcohol
content in these samples compared to the control
(Fig. 3). Similar data on the accumulation of alcohol in
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the control and mucilage samples prove the fact that
the introduction of polysaccharide solutions instead of
water, despite the enrichment of the liquid phase of the
dough, causes its significant thickening, which in turn
impedes the access of nutrients to the yeast cell, and
therefore no significant intensification of fermentation
is observed. This explains the lower accumulation of
alcohol in samples with soaked flax products compared
to dry ones.

0,18 - 0.171

0.146 0.146

| 0.108 |

both the whole and crushed flaxseed samples by 3 and
7 minutes, respectively, compared to the dry whole and
crushed samples.

Table 1 — Duration of dough rising, min

0,1 -

- 0.093 —]

[ 0.091

0,08 -+

0,06 -+

Amount of alcohol produced, % of dry matter

0,04 -+

0,02

Fig. 3. Amount of alcohol produced during
fermentation

Investigation of the dough's rising power and
the amount of yeast microflora in it.

The vital activity of the yeast microflora in semi-
finished products depends on the influence of the
dough ingredients.

The effect of whole and crushed flax seeds added
to the dough in a dry or soaked state on the
fermentation activity of yeast was evaluated by their
rising power.

The first rise of the dough in the mold was used to
evaluate the zymase activity of the yeast, and the
second and third rises were used to evaluate the
maltase activity. The results of the research shown in
Table 1 indicate that the introduction of mucilage
prolongs the first rise of the dough to 73 minutes,
compared to 51 minutes in the control. The
introduction of whole flax seeds has almost no effect
on the rate of the first rise of the dough, while its
soaking and the introduction of CD and CS slow down
the rise of the dough. In the case of crushed seeds, this
may also be due to the fact that the crushed particles of
the hulls during swelling bind some of the moisture
and thereby increase the viscosity of the dough system,
impairing the access of nutrients to the yeast cell.

The second and third rising of the dough showed
that the soaking prolonged the dough's rising power in
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n=3, p>0,95
Flaxseeds introduced, % of

flour mass .

Sft'fs;f (t:;’;‘l 15% whole | 20% crushed “fa‘fgce"
flax flax
dry | soaked | dry | soaked

First
rising, 51 50 66 64 71 73
min
Second
rising, 31 31 37 30 40 42
min
Third
rising, 39 29 26 29 26 19
min
Sum of
the
second
and third 70 60 63 59 66 61
risings,
min

To determine the effect of flax seeds on the
amount of yeast microbiota, extracts were prepared
from the experimental dough samples after 120 min of
fermentation and inoculated on nutrient medium. The
results of counting yeast on the nutrient medium
(Fig. 4) show that slightly more yeast (by 1.9-3.3%) is
contained in samples with crushed flax seeds. It was
also found that the largest increase in yeast (by 7.6%)
was in the sample with yeast mucilage. It is likely that
the introduction of yeast into the dough system with
mucilage contributed more to its reproduction than to
fermentation. This may be the reason why the yeast
rising power at the beginning of fermentation was
longer than in the control.

8,5
8,4
8,3

8.45 _

Number of yeasts, Ig CFU/g

65

8,2
8,1

8
7,9
7.8
7,7
7,6
7,5

8.11

1 7.85

8.0

7.9

[ 7.82

&
Q
OO

Fig. 4. Number of yeasts grown on nutrient
medium

Gas formation in dough depends on the content of
initial flour sugars, but is more likely to be shaped by
its sugar-forming capacity, which is provided by the
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activity of amylases and the amylolytic degradability
of starch. The intensity of fermentation processes
depends on the accumulation of sugars in the dough
during its maturation. Along with the process of
maltose accumulation in the dough as a result of
hydrolytic breakdown of starch, maltose is fermented
by dough microorganisms.

The ratio between the intensity of sugar
accumulation in the dough due to enzymatic hydrolysis
of starch and the intensity of sugar fermentation by
microorganisms determines the sugar content in the
dough before processing and baking. The results of the
study are shown in Table 2.

Table 2 — Accumulation and fermentation of sugars
during dough fermentation, % of dry matter

accumulation of sugars was less intensive than in the
corresponding samples with dry flax products. This is
probably due to the thickening of the liquid phase of
the dough by flaxseed polysaccharides, which swell
unlimitedly to form a viscous colloidal solution that, by
enveloping yeast cells, reduces their activity, and by
enveloping starch grains, reduces their susceptibility to
amylolysis.

Conclusion

n=3, p>0,95
Indicators | COM | 15% [20% [ 15% [ 20%

trol WD CD WS CS

Yeast-free dough
Sugar
content 125 | 123 | 124 | 124 | 126
after
kneading
After 2
hours “of |53 1 50 | 184 | 166 | 1.78
fermentati
on
Sugars 078 | 048 | 06 | 042 0.48
produced
Fermented dough

After
kneading 127 | 111 | 125 | 123 1.24
After 2
hours of | 29 | 067 | 085 | 083 0.92
fermentati
on
Sugars 126 | 1.05 | 1.0 | 082 0.8
fermented

It was found that in samples with the addition of
soaked whole and crushed flax seeds, fermentation and

Thus, according to the results of the research, it
was found that the introduction of flax products into
the dough affects the fermentation process in the dough
system in two directions simultaneously. On the one
hand, it enriches the liquid phase of the dough with
proteins, carbohydrates and other nutrients and thus
contributes to a certain increase in the total gas
formation in the experimental dough samples,
especially in the samples with crushed flax seeds,
compared to the control. On the other hand, solutions
of flax seed polysaccharides have a significant effect
on the fermentation processes, as they envelop the
yeast cells upon entering the dough system. These
factors affect the kinetics and dynamics of dough
fermentation. It was found that the introduction of flax
products slightly increases the total gas formation in
the dough compared to the control. Based on the
analysis of the dynamics of carbon dioxide emission, it
is recommended to reduce the duration of dough
fermentation for the sample with whole flax seeds to
90 minutes, and for the samples with crushed and
soaked flax products to 60 minutes. It was found that
the introduction of whole and crushed flax seeds in
soaked form slows down the rise of the dough due to
the thickening of the dough system with water-soluble
and insoluble flax dietary fiber, reducing fermentation
and the formation of sugars in the dough system.
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By1. Bonomumupcerka, 68, M. Kuis-33, Ykpaina, 01601

Kadempa XapuoBHX TEXHOJIOTii

UYepkacbkuii gepkaBHUN TEXHOJIOTIYHHIN yHIBEPCHTET

oyneB. llleBuenka, 460, M. Uepkacu, Ykpaina, 18006

*Kaenpa Gioximii, MikpoGiosorii Ta disionorii xapuyBanus

Opiecbka HaliOHAJIBHA aKa/IeMisl Xap9OBHUX TEXHOJIOTIH

Byn. KanatHa, 112, M. Oneca, Ykpaina, 65039

*Bimin TexHomoriii x1i6a Ta GioTpaHChOpMALIii 3ePHOBUX IPOAYKTIB
TactutyT nmpomoBonbunx pecypcis HamioHanpHOT akageMii arpapHUX HayK YKpaiHu
ByI. €Brena CepcTioka, 4A, M. KuiB, Ykpaina, 02002

AHoTauisi. HaciHHs ThOHY € IIIHHOIO CHPOBHHOIO U BUPOOHUITBA PYHKIIIOHATBHHUX XT1000YI0OUYHIX BHPOOiB. Y cTaTTi
JIOCTIHKEHO TporecH OpOIiHHA B MIIEHHYHOMY TiCTi, B sike OyJ0 BHECEHO IIijie Ta MOApiOHEHEe HACIHHSA JILOHY B CYXOMY Ta
3BOJIOKEHOMY CcTaHax. JlJIs ilicHOTro po3yMiHHS nepebiry mporecy OpoxiHHS MpoaHali30BaHO 3aKOHOMIPHOCTI KiHETHUKH Ta
JIMHAMIK{ Ta30yTBOPEHHS B JOCIIHUX 3pa3kax. BcraHoBieHo, mo B mporeci OpomiHHA y 3pa3kax 3 LUIMM HACIHHSM JIbOHY y
CyXOMY Ta 3BOJIO)KEHOMY CTaHaX KUIbKICTh BHJIJICHOTO TIOKCHAY BYTJICHIO HE3HAYHO 3POCTAE, MOPIBHIHO 3 KOHTpOJeM. Y
3pa3Kkax 3 MOApIOHEHMM HACiHHSAM JBOHY y CyXOMY BHIJIAI Ta 31 3BOJIOKEHHM IOAPIOHEHMM HACIHHSAM JBOHY 3arajibHa
KiJBbKICTh BHAUICHOTO BYTJIEKHCIIOTO Ta3y BUINA, HIX Y KOHTPONBHOMY 3pa3Ky Ha 16,5% Ta 19,0% BigmosimHo. Y 3pa3ky 3
MOAPiOHEHNM HACIHHAM JIbOHY XapaKTep OHHAMIKM BHUAUICHHS TIOKCHAY BYTJICIIO BiAMIHHHKA Bil KOHTPOJBHOTO 3pa3Ky, a
caMme CIoCTepiraeTsCst oAHOCTaNiiHICTh OpoainHs. [Ipy IboMy TOCATHEHHS MKy BUIUICHHS BYTJIEKUCIIOTO Ta3y Biq3HAYAETHCS
Maibke Ha 30 XB mi3HiIIe, HXK B KOHTPOJIBHOMY 3pa3Ky. 3aCTOCYBAHHS 3BOJI0XKEHOTO LIOTO Ta MOAPIOHEHOTO HACIHHS JIbOHY
3yMOBJIIO€ JIEIIO HIDKYY IHTEHCHBHICTh BHJALICHHS BYIJICKHCIIOTO Trasy, HOpsA i3 CyXUMH 3pa3skaMd. MOXIHBO HPHYHHOIO
LBOTO € Te, IiJ 9ac 3aMOYyBaHHS JULTHUX MPOJYKTiB YTBOPIOIOTHCS B’SI3KI PO3YMHH MOJicaXapHIiB, sIKi i 4ac 3aMilllyBaHHS
TiCTa OTOPTAIOTh IPIXKIXKOBI KIITHHHU 1 YINOBUIBHIOKOTH HAAXOJ/DKEHHS M0 HHUX TOXHMBHUX peuoBHH. Ha mizcrami aHamisy
JMHAMIKH BHJUJICHHS BYIJICKHCIOTO Ta3y, PEKOMEH/IOBAaHO CKOPOTHTH TPUBAIICTh OpPOJIHHS TicTa JUIsi 3pa3Ky 3 LUTUM
HaCiHHAM JIbOHY 110 90 XB, a A1 3pa3KiB 3 MOJAPIOHEHUM HACIHHAM Ta 3aMOYEHHMH JUITHUMH MIPOIYKTaMH 10 60 XB JUIst TOTO,
00 HaWOUTBII 1HTEHCMBHE BHIUICHHS BYTJIEKHCIOTO Ta3dy y IMX AOCIIIHUX 3pa3kaxX MPHUIIafalo Ha TepioJ BHCTOIOBAHHSI
TiCTOBHX 3arOTOBOK. BCTaHOBIIEHO, 110 BHECEHHS LLJIOTO Ta MOJAPiIOHEHOTO HACIHHS JHOHY B 3BOJIOKEHOMY BHTJISII 3YMOBIIOE
YHOBUTBHEHHSI MiTHOMY TicTa BHACTIJOK 3aryIIeHHS TICTOBOI CHCTEMH BOAOPO3YMHHHMH Ta HEPO3YMHHUMHU XapYOBHUMHU
BOJIOKHAMH JIbOHY, 3HI)KEHHSI 30pOKYBaHHS Ta YTBOPEHHS IyKPiB B TICTOBii cucTeMI.

Karwuogi cioBa: TicTo, OpomiHHS, I1IiJie HACIHHS JbOHY, MOAPIOHEHE HACIHHSA JIbOHY, IPIXIXKIi, MOJicaxapuIi HACIHHS
JIbOHY.
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