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Abstract. Interest in sourdough rye-wheat bread with addition of
enzymes is actively demonstrated by various manufacturers. Enzymes
associated with the metabolic activity of sourdough microorganisms and
exogenous enzymes deliberately added to the dough recipe are used in the
production of these bakery products. Such combinations contribute to the
improvement of both dough structure and the final product. The research
investigated the influence of the combined application of the IPROVIT
sourdough and enzymes a-amylase, glucoamylase and protease on the
structural-mechanical properties of the dough and the quality of the resulting
rye-wheat bread. Optimal concentrations of individual enzymes and their
combinations were established: a-amylase — 0.35 cm®, protease — 0.05 cm’,
glucoamylase — 3 cm®, o-amylase+glucoamylase and a-amylase+protease in a
1:1 ratio. Adding enzymes at rational concentrations positively affected on the
physical properties of the dough, making it elastic, shaping well into a ball and
preventing spreading. Increased enzyme concentrations led to stickiness and
eventual spreading of the dough. It was observed that the combined
application of Lactobacillus plantarum, L. brevis, Lactobacillus paracasei ssp.
paracasei bacteria and enzymatic preparations (o-amylase, protease,
glucoamylase) of different actions positively affected the physical properties
of the dough. The dough mixed well, did not stick to hands, maintained its
shape, faster increased of volume and had moisture levels within the control
range of 41-43%. The acidity of the resulting bread met the requirements of
DSTU 4583:2005 and amounted to 8.9-10 degrees for all tested samples.
Reduced acidity in the sample with the enzyme complex a-amylase+protease
is explained by the fact that the amino acids formed as a result of the protease
action were used by lactic acid bacteria as a source of nutrients. The combined
application of lactic acid bacteria and enzymes positively contributed to
intensifying fermentation processes, indicated by higher dough rising
indicators, which were 3—9 min higher than the control. Through the use of
enzymes with different actions, it was proven that the organoleptic
characteristics of the bread improved, acquiring an attractive color, distinct
taste and pleasant specific aroma with hints of nutmeg. The porosity of the
experimental bread samples with the enzyme mixture was at the control level.
Thus, the use of rye-wheat flour, sourdough and enzymes has a positive effect
on the quality of bread and contributes to increasing its nutritional and
biological value.

Keywords: Lactic acid bacteria, enzymes, physical properties of dough,
quality of bread.

Introduction. Formulation of the problem

Their application covers various areas of food

Lactic acid bacteria (LAC) are one of the most
valuable and useful microorganisms that are widely

utilize in the food industry [1,2].
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production and provides many advantages that
promoting to improvement of their quality, safety and
ensure the provision of specific sensory characteristics.
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One of the main functions performed by LAB in
the production of food products is their participation in
fermentation processes, where they play a main role in
the transformation of sugar into lactic acid. Their
action did not limited only acidification of the
environment and also affords a specific taste to
fermented products. Lactic acid, which formed at the
same time, serves as a natural preservative that
suppresses the growth of pathogenic microorganisms
and as a result prevents spoilage of products [3]. In this
way, we not only extend the shelf life of products, but
at the same time we manufacture products without
adding synthetic preservatives.

LAB play a main role in the production of milk
processing products, in particular, in the production of
various yogurts and cheeses [4]. The LAB strains of
Lactococcus and Lactobacillus are able not only to
ferment lactose, which gives products a characteristic
spicy taste, but also to improve their texture and
consistency. The compounds that are formed as a result
of the wvital activity of LAB have antimicrobial
properties, which increases the safety and improves the
hygienic properties of products.

Another advantage of LAB utilizing is their
probiotic properties [5,6]. It is known that some strains
of LAB, which belong to the genus of Lactobacillus
and Bifidobacterium, have a positive effect on human
health and improve immunity. Thanks to this, the
production of functional and dietary food products and
supplements that contain various strains of LAB is
rapidly developing in the world today [7].

One of the areas of application of LAB in the
production of bread, where they play a decisive role in
the formation of both sensory and nutritional properties
of the finished product [8]. An important function of
lactic acid bacteria in the production of bread is their
participation in the processes of fermentation and
dough formation. The LAB strains of Lactobacillus
and Leuconostoc convert sugar into lactic acid, which
not only contributes to acidification, the development
of the characteristic taste of sourdough, but also forms
a characteristic organoleptic profile of local and
traditional types of bread. Accumulation of lactic acid
also plays an important role in improving the texture
and volume of bread [9] and promotes to obtaining the
desired crumb structure and improving whole the
quality of product.

Lactic acid bacteria not only take an active part in
the formation of taste and texture of bread, but also
prevent its staling [10] and extend the shelf
life [11-13]. The lactic acid that formed during the
fermentation of the dough, suppresses the growth of
mould microorganisms [14-15] and in combination
with the yeast in the sourdough, it has an antifungal
effect against Aspergillus flavus [16]. It is act as a
natural preservative that improves the hygienic
properties of bread.

The metabolic activity of LAB contributes to the
enrichment of the nutritional profile of bread, due to
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the fact that they participate in the breakdown of
complex carbohydrates and proteins and increase the
bioavailability of basic nutrients [17]. This increase in
nutrient availability is consistent with current trends in
producing foods that not only have a variety of flavor
profiles, but also have a positive impact on the health
of consumers.

In summary, it should be noted that lactic acid
bacteria are an important component in bread
production technology and offer many advantages that
go out the boundary of the simple fermentation. They
have a significant impact on the formation of taste
properties, bread texture, shelf life and nutrient
content [18], that makes LAB an indispensable
component of the modern bread production process,
which ensures a stable symbiotic relationship between
microbiology and production technology.

One of the technological aspects of LAB utilizing
in the production of bread, that some limits application,
is the need to activate their vital activity in the dough
system during fermentation. The researches about
improving of activity of lactic acid bacteria in the
bread production, especially rye and wheat-rye,
impacts of such activation on the structure of the
dough, its physical properties and indicators of the
quality of finished bread are not systematize and
complete and require further investigation.

Analysis of recent research and publications

Activation of the vital activity of lactic acid
bacteria during bread production consists primarily in
creating an environment favorable for their growth and
metabolism. This is achieved due to utilize substances
that provide the necessary nutrients and conditions for
the development of bacteria.

For this purpose, so-called pre-sourdough are used,
which are made from a mixture of flour and water.
Them are fermented before adding to the dough. They
contain natural populations of lactic acid bacteria that
can significantly affect the taste and texture of
bread [19].

Another influencing factor is the yeast that used in
dough fermentation. They can be indirectly support the
activity of lactic acid bacteria, creating an environment
favorable for their growth [20]. As a result, yeast
fermentation producing compounds that improve the
taste and texture of bread, and also can be impact on
the pH and redox potential that influence on the
activity of lactic acid bacteria.

An important influencing factor is the quality and
temperature of the water that used to prepare the
dough. It can be affecting on the activity of lactic acid
bacteria [21]. Water that is too hot or too cold can
inhibit their growth, while water with the right
temperature and mineral content can be create an
optimal environment.

A positive effect of malt grain on the activation of
the vital activity of LAB was established. They are
containing significant amount of natural enzymes that

Volume 17 Issue 4/2023



bionpoyecu, biomexHonozis xap4osux npodyxkmis, AP /Biological processes, biotechnology of food products, BAS

capable of breaking down complex carbohydrates into
simpler sugars and creating an easily accessible source
of food for lactic acid bacteria [22].

Some authors believe that one of the most
perspective ways increasing activity of the LAB is the
application of enzymes [23]. Adding them to the dough
recipe during fermentation will help break down
starches and proteins into fermentable sugars and
amino acids, respectively. This will indirectly support
the activity of lactic acid bacteria.

Thus, in the publication [24] was established the
positive effect of the addition of a-amylase, cellulase,
glucose oxidase, maltogenic o-amylase, xylanase on
the increasing the volume of bread, reducing the initial
hardness of the crumb and staling.

Research on the effect of the use of xylanase,
phytase, a-amylase, protease, cellulase, glucose
oxidase and lipase enzymes in the production of bread
showed good results in improving the nutritional and
organoleptic indicators quality of product [25].

The investigations about application of a-amylase
and hemicellulase in the production of bread from
whole grain flour that contains a large amount of
dietary fiber were conducted [26]. The authors
established that the addition of optimal concentrations
of the enzymes dramatically improved the gas-holding
capacity of the dough, its specific volume and slowing
its staling compared to bread without enzymes.

A positive effect of the application enzymes of a-
amylase, xylanase, cellulase, glucose oxidase, lipase on
the texture and sensory quality of bread after storage of
the dough in the frozen state was established [27]. That
treatment is also improving on the properties of the
dough in terms of fermentation characteristics, frozen
water content and microstructure. Except for a-
amylase, other enzymes (especially xylanase)
improved the sensory quality of bread and increased its
overall score. Scanning electron microscopy revealed
that freezing and frozen storage destroys the gluten
structure of the dough, causing the starch granules to
separate from the gluten. The inclusion of cellulase,
xylanase and lipase in the recipe provided a more
plastic and strong gluten frame in the frozen dough and
glucose oxidase strengthened the gluten.

A good result was obtained with lipase and
protease enzymes in the production technology of
gluten-free bread with partial replacement of wheat
flour by quinoa [28]. The application of these enzymes
promoted to obtain a significant increase in the volume
of bread, especially in the sample containing 15%
quinoa flour and the best result of delaying its staling
in the sample with 25% substitute.

Summing up, it should be noted that enzyme of
various action effectively used in the technology of
bread production and contribute to a significant
improvement of both the structure of the dough and the
finished product, but systematic and complete studies
about their influence on the vital activity of lactic acid
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bacteria in the dough system and, as a result, on the
quality of bread have not been conducted.

The purpose of the research is establishing the
effect of complex application of /PROVIT sourdough
and a-amylase, glucoamylase and protease enzymes on
the structural and mechanical properties of the dough
and the quality of the finished rye-wheat bread.

To achieve the purpose, the following objectives
were formulating:

- establish optimal concentrations of enzyme and
their combinations;

- determine the effect of synergism of /PROVIT
sourdough lactobacilli and enzymes on the physical
properties and quality of the dough;

- estimate the bread quality made with the use of
sourdough and various combinations of enzymes.

Research materials and methods

Wheat and rye flour was used for research, the
general characteristics of which are given in the
Table 1.

Table 1 — Characteristics of rye and wheat flour
that utilized in the researches

Indicator Wheat flour the | Rye peeled flour
first grade of of TM
TM "Svoya linia" "Zernari"
Appearance A homogeneous friable product with
small shell parts
Color White, with a Whlte, Wlth a
slight grayish
cream shade
shade

Taste and smell Characteristic to the crop from it was
make. Foreign smells and impurities

were absent

Mags fra(l:]tlon of 14.0 13.0
moisture, %

Proteins, g/100 g 103 3.9
of flour

Carbohydrates, % 74.2 73.0
Fats, g/100 flour 0.9 1.2

The following enzymes and sourdough were used:

- food concentrated fungal a-amylase SQzyme
FAL (Aspergillus oryzae) (EC 3.2.1.1). Activity
120,000 units/cm’. (China, Suntaq company);

- liquid concentrated bacterial protease Maxazyme

NNP DS (Bacillus subtilus). Activity
180,000 units/cm’. (Denmark, DSM Food Specialties
company);

- Glucoamylase. Activity 1500 units/g. (Ukraine,
DP «Enzymy);

- IPROVIT sourdough is made from pure cultures
of Lactobacillus plantarum, L. brevis, Lactobacillus
paracasei ssp. Paracasei. 1 g of dry bacterial
sourdough contains 5-10'° CFU of lactic acid bacteria
(Ukraine, Department of Biotechnology of the Institute
of Food Resources of the National Academy of
Agrarian Sciences);
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- dry baking yeast "Lviv yeast" (Ukraine, PISC
«Enzym Company»).

For determination optimal dose of enzyme
preparing dough on the base of mixture of rye and
wheat flour. The dough was prepared according to the
following recipe: peeled rye flour — 100 g, wheat flour
of the first grade — 100 g, sourdough — 0.12 g, yeast —
2.0 g, table salt — 3.6 g, sunflower oil — 4.0 g (Control)
and different concentrations of enzymes were added.
The dough was kneaded by the free-leavened
accelerated method. The ready dough was kept for 2.5—
3 hours at a temperature of 30-32°C.

The following enzyme concentrations were used:

- a-amylase: 1.4 cm’ of enzyme solution (dilution
1:1000)/100 g of flour; 0.7 cm® of enzyme solution
(dilution 1:1000)/100 g of flour; 0.35 em’ of
enzyme solution (dilution 1:1000)/100 g of flour.

- protease: 0.5 cm’ of enzyme solution (dilution
1:1000)/100 g of flour; 0.05 cm’ of enzyme
solution (dilution 1:1000) / 100 g of flour.

- glucoamylase: 1 cm’ of enzyme solution (dilution
1:1000)/100 g of flour; 3 cm’ of enzyme solution
(dilution 1:1000)/100 g of flour.

- a-amylase and glucoamylase in a 1:1 ratio of their
optimal concentrations.

- o-amylase and protease in a 1:1 ratio of their
optimal concentrations.

The dough recipe for bread baking presented in the
Table 2.

Table 2 — Bread recipe from the mixture of rye and
wheat flour

Samples of bread with the

The name of addition of rational

the raw K concentrations of enzymes
material D1 | D2 | D3 | D4 | D5
Rye peeled

a 100 | 100 | 100 | 100 | 100 | 100
our, g

Wheat flour of
the first grade, | 100 | 100 | 100 | 100 | 100 | 100

g

Sourdough, g 0.12 | 0.12 | 0.12 | 0.12 ] 0.12 | 0.12

Yeast, g 20 1 20 [ 20 [ 20 | 20 | 2.0

Table salt, g 36 | 36 | 36 | 36 | 36 | 3.6

:unﬂower oil, 40 | 40 | 40 40 | 4.0 4.0

a-amylase - - - - -

Protease - - - - -

Glucoamylase - - - - -

a-amylase  +
glucoamylase

o-amylase  +
protease

* K — control; D1-D5 — experimental variants

The determination influence of semi-finished
products that was made with additional of enzymes on
the quality indicators of rye-wheat bread, trial baking
was conducted according to the generally accepted
methodology of scientific research in the laboratory of
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the Institute of Food Resources of the National
Academy of Sciences.

The dough was kneaded by hand of the free-
leavened accelerated method during 30 min with using
previously activated bacterial sourdough for rye and a
mixture of rye and wheat flour with adding enzymes in
the concentrations that presented before.

Dough samples were formed by hand and placed in
baking dishes. Semi-finished products were fermented
for 60-90 min at a temperature of 31-33°C in the
proofing cabinet at a relative humidity of 75-80% and
a temperature of 30-32°C until the dough increased by
1.5 times. The readiness of dough samples was
determined organoleptically. After fermentation, the
dough was divided into pieces of the required weight
and left until ready in a humidified thermostat at a
temperature of 33-35°C. The finished dough samples
were baked at a temperature of 230-240°C for 40-
45 min in a UNOX steam convection oven.

The quality of the bread was evaluated according
physical and chemical indicators — moisture, acidity,
porosity. Physico-chemical indicators were determined
after 3 h after baking. Physico-chemical investigations
of the quality of bread were carried out in accordance
with the method:

- titrated acidity. 100 cm’ of the original
homogenate was clarified by centrifugation at
4000 rpm for 15 min, and 25 cm’® of the supernatant
was titrated at 20°C with using an automatic
potentiometric titrator. The results were expressed as
the volume (cm’) of 0.1 M NaOH standard solution
(Merck, Germany) required to titrate 10 g of starter to a
final pH of 8.5 [29];

- the lifting force was determined by the floating
ball method [29];

- moisture - by drying on the Chyzhova device to a
constant weight at a temperature of 160°C [30];

- porosity was determined by Zhuravlev's device
according to DSTU 7045:2009 Bakery products.
Methods of determining physical and chemical
parameters. The device consists of a metal cylinder
with an inner diameter of 3 cm and a pointed edge on
one side, a wooden sleeve and a wooden or metal pan
with a cross wall and a slot for the protrusion of the
metal cylinder at a distance of 3.8 cm from walls; the
depth of the slot is 1.5 cm. A piece with a width of at
least 7-8 cm was cut from the middle of the bread.
From the pulp of this piece with the most typical
porosity at a distance of at least 1 cm from the crust,
samples were made with the cylinder of the device.
The sharp edge of the cylinder was previously
lubricated by vegetable oil. The cylinder was inserted
with a rotary motion into the crumb of the piece. The
cylinder filled with crumb was placed on the pan so
that the rim of the cylinder fit snugly into the slot on
the pan. Then the bread crumb was pushed out of the
cylinder with a wooden sleeve about 1 cm and cut with
a sharp knife near the edge of the cylinder. The cut
piece of crumb was removed. The bread crumb that
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remained in the cylinder was pushed out with the
sleeve against the wall and also cut near the edge of the
cylinder. If the inner diameter of the cylinder is 3 cm
and the distance from the wall of the pan to the slot is
3.8 cm, the volume of the sample of the crumb cylinder
1s 27 cm3;

- organoleptic indicators — according to DSTU
7044:2009 Bakery products. The rules of acceptance,
methods of sampling, methods of determining
organoleptic indicators and weight of products;

- statistical processing of research results were
performed by MS Office Excel software.

Results of the research and their discussion

Determination of rational doses of enzymes

Preliminary studies of the influence of LAB on the
properties of the dough according to the index of ball
spreading showed that the addition of IPROVIT
sourdough that based on LAB helps to reduce the ball
spreading up to 5.0%, which indicates a slight decrease
in the viscosity of the dough, that is, the additional of
LAB can be contribute the improvement of the form
stability of the dough [31]. The increase in dough
viscosity may be due to the fact that in the presence of
air oxygen, flour lipoxygenase converts unsaturated
fatty acids into peroxide compounds. Peroxides can
oxidize starch to form polyaldehyde starch, which can
interact with gluten proteins, reducing the spread of the
dough. With aim to obtain an additional amount of
fermentable sugars and intensify the fermentation
process, enzymes were used. In our research, 3 types of
enzymes were used: a-amylase, glucoamylase and
protease.

With aim to determine the rational dose of
enzymes, dough samples of bread were made
according to the recipe and solutions of EP were added
according to the research scheme. The quality of the
dough was assessed visually by its physical properties,
characterized as follows: elastic, well formed into a
ball; sticks to the hands, does not form well into a ball;
spreading, does not form into a ball.

Alpha-amylase acts on starch, destroying
o-1,4-bonds with the formation of maltodextrins and
oligosaccharides. It hydrolyzes the polysaccharide
chain of starch and other long-chain carbohydrates
anywhere and leads to the formation of
oligosaccharides of different lengths [32], therefore it
is actively used to improve the quality of bread [33].

We used a-amylase in order to accumulate sugars,
which should become an additional source of nutrients
for the development of lactic acid bacteria and yeast
and intensify fermentation processes. The dose of a-
amylase was chosen based on the calculation of the
destroying of 20%, 10% and 5% of all available starch,
which corresponded to the amount of EP solution of
1.4 cm®, 0.7 cmt® and 0.35 ¢cm’/100 g of flour.

The dough stuck to the hands, the ball formed
poorly and spread over time when we added a-amylase
solution in the amount of 1.4 cm’ to the dough. The
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addition of EP in amounts of 0.7 cm’ and 0.35 cm’ had
a positive effect on the physical properties of the
dough: it was elastic, formed well into a ball and did
not spread. That is, based on the assessment of the
physical properties of the dough, a preliminary
conclusion can be made that these EP concentrations
are optimal for use.

Glucoamylase is an enzyme that breaks down
dextrin and starch molecules to form glucose. In
addition to alpha-1,4-glycosidic bonds, glucoamylase
hydrolyzes alpha-1,6-glycosidic bonds and has the
ability to hydrolyze a highly polymerized substrate ten
times faster than oligo- and disaccharides [34].
Considering this, the use of glucoamylase in the
production of bread promotes active fermentation,
especially in the first period, which affects the increase
in the volume of bread [35].

The doses of 1 and 3 cm”® solution of glucoamylase
used by us were calculated to destroy 1.5% and 5% of
all available starch. It was established that high quality
indicators of the dough were ensured by a dose of
3 cm’ of EP solution: the dough was well mixed, did
not stick to the hands, kept its form and faster increase
volume. That is, the ability of EP to quickly
accumulate monosaccharides activated the action of
lactic acid bacteria. A dose of 1 cm’® of EP solution
visually did not effects on the physical properties of the
dough and it was similar to the control.

Proteolytic enzymes, affecting gluten proteins,
cause changes in its physical properties and thus
influence changes in the rheological properties of the
dough, accelerating its ripening [36]. Enzymatic
hydrolysis of proteins under the action of proteases
catalyzes the breaking of peptide bonds with the
formation of amino acids, which are a source of
nutrients for the vital activity of lactic acid bacteria.

As a result of the addition of protease in the
amount of 5 cm’ of EP solution, the dough was
difficult to mix, and a dose of 0.05 cm’ of EP solution
made it elastic, it formed a ball well and did not spread.
That is, the optimal dose according to the organoleptic
evaluation of dough samples was 0.05 cm® of protease.

Some of authors were established a significant
synergistic effect on the quality of bread with the joint
use of enzyme preparations with different effects [37].
Considering this fact, we also investigated the complex
use of several EP at the same time: a-amylase +
glucoamylase and a-amylase + protease. EP
compositions were used in a 1:1 ratio their optimal
concentrations, that were determined earlier.

As a result, we found that the addition of a-
amylase and glucoamylase enzyme compositions made
it possible to obtain a dough that was well mixed, well
formed into a ball, did not stick to the hands and did
not spread. But over time, drops of water formed on
the surface of the dough as it stood. This is explained
by the fact that the addition of a-amylase, that is
already present in an active state in rye flour [38],
contributes to its deeper hydrolytic destroying with the
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formation of low-molecular-weight dextrins and
reduces its water-holding capacity.

The utilization of a-amylase and protease had a
positive effect on the quality of the dough. It was as
similar as possible to the control, since rye flour
proteins in the dough do not form a gluten framework,
swell easily, and a part swells indefinitely, peptizes and
turns into a colloidal solution. The pentosans of this
flour form viscous solutions. Therefore, rye-wheat
dough, with the addition of more enzymes, makes the
dough less springy and less elastic.

The results are given in Table 3 confirms our
previous studies on the optimal dosage of enzyme
preparations. The experimental variants were worse to
the control by a maximum of 2% in terms of the
moisture content of the dough, but were superior to it

in terms of the physical properties of the dough.

Table 3 - Dough moisture with the addition of
different concentrations of enzyme (n=3, p<0.05)

Name of enzyme and its concentration Hmﬂ/lodlty’
Control 43+0.53
a-amylase:

1.4 cm’® of enzyme solution/100 g of flour 38+0.25

0.7 cm® of enzyme solution/100 g of flour 4240.35

0.35 cn’of enzyme solution/100 g of flour 4140.26
Protease:

0.5 cm® of enzyme solution/100 g of flour 37+0.48
0.05 cm’ of enzyme solution/100 g of flour 42+0.52
Glucoamylase:

1 em’® of enzyme solution/100 g of flour 4440.65
3 cm’ of enzyme solution/100 g of flour 4340.55
a-amylase+glucoamyl%31se:
0.35 cm” solution of amylase
+ 3 cm’ solution of glucoamylase /100 g of 42+0.35
flour
01-amylase+protease:3
0.35 cm” solution of a-amylase
+0.05 cm” solution of protease/100 g of 4120.42
flour

Therefore, it was determined that the rational
concentration of o-amylase was 0.35 cm’®, protease —
0.05 cm’, glucoamylase — 3 cm®, and EP compositions:
a-amylasetglucoamylase and a-amylasetprotease in a
1:1 ratio of their optimal concentrations.

Determination of the influence of the complex
action of lactic acid bacteria and engyme preparations
on the quality of bread

With aim to determine the influence of the
complex action of lactic acid bacteria and enzyme
preparations on the technological process, after
proofing and fermentation of the dough, bread was
baked.

The results of research on bread quality indicators
are given in Table 4. The appearance of finished bread
is shown in Fig. 1.

The use of sourdough based on lactic acid bacteria
has a number of advantages, namely, it improves the
taste of bread, its volume and shelf life, especially
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when baking rye bread. Our research was focused on
the interaction between the lactic acid bacteria of
IPROVIT sourdough and enzymes of different actions.
The addition of enzymes had a positive effect on the
kinetics of acidification. The acidity of the dough for
all samples was 8.9-10 degrees. The highest acidity
was in the sample where the EP a-amylase + protease
complex was used, which can be explained by the
effect of protease, which contributes to the additional
growth of this indicator due to the formation of amino
acids as a result of the partial destruction of protein
substances.

The acidity of the finished bread met the
requirements of DSTU 4583:2005 and was 8.9-10
degrees for all experimental samples. The highest
acidity was obtained in the control version — 11
degrees. The decrease in acidity in sample D5 is
explained by the fact that the amino acids formed as a
result of protease action were used by lactic acid
bacteria as a source of nutrients. This fact confirms the
effectiveness of enzymes as activators of the activity of
LAB and improvers of bread quality.

The mass fraction of bread moisture for all variants
was practically the same and ranged from 40.5% in
sample D5 to 43.2% in sample D3. The addition of
LAB and EP did not have any effect on the change of
this indicator.

The complex application of LAB and EP
positively contributed to the intensification of
fermentation processes, which is evidenced by higher
indicators of lifting power, especially in the variants of
separate use of D1-D3 enzymes. They were 5-9 min
higher than controls. EP complexes (variants D4-D5)
also contributed to obtaining a higher value of this
indicator, but the difference was only 2—3 min.

It is known that the porosity of rye-wheat bread
should be at least 55-56%, and the higher it is, the
longer they retain freshness. The results of the
researches showed that the porosity of bread samples
D4, D5 and control is at the level of 65%; for other
variants it is slightly lower: D1, D2 — 55% and D3 —
59%. Test sample D4 without emptiness and seals.

The condition of the crumb in the D1 and D2
variants was better to the control in terms of quality, as
wet spots were noted in certain places. Other variants
D3-D5 were at the control level.

The use of both EP compositions (variant D4 and
D5) improved the crumb structure: it was uniformly
fine and more developed, compared to the control and
other experimental variants (Table 4 and Fig. 1). These
options also provided better results in terms of taste
and aroma of the finished bread.

As can be seen in the photo, the specific volume of
samples D1-D3 is lower compared to the control. The
crumb of the bread has non uniformity porosity and
seals in some places.

The results of the study of organoleptic indicators
of the quality of experimental bread samples are
presented in Table 5.
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The complex application of LAB and EP improved
the organoleptic and physico-chemical indicators of the
quality of bread: the color and structure of the porosity
of the bread crumb, as well as its taste and aroma.

The taste of bread is complex in nature, especially
when sourdough is used, and the process of excessive
acidity must be carefully controlled, which can give the
finished product a sour or spicy taste, and create the
conditions to enhance the taste of the toasted bread
crust. The taste or smell defects any did not find during
the researches. Thus, all bread samples met the
requirements of DSTU 4583:2005.

The results showed that the addition of a mixture
of enzymes in sample D4 improves the organoleptic

indicators of product quality. For sample D5, the
fermentation process accelerated. This affected the
quality and appearance of the crust (Fig. 1, photo 3)
due to the effect of protease on the protein, which
catalyzes the biological reaction. The taste and aroma
for samples D4-D5 is more pronounced. The crumb of
the products is elastic, with a uniform fine developed
structure of porosity.

Summarizing, we can conclude that the best effect
on bread quality indicators is the complex use of LAB
and EP compositions: a-amylase + glucoamylase (D4)
and o-amylase + protease (D5), which ensure good
dough forming ability and porosity structure of
finished bread.

Table 4 — Quality indicators of bread with the addition of lactic acid bacteria and solutions of
enzyme (n=3, p<0.05)

Quality indicators control a-amylase | Protease Glucomylase 01‘1-111:312 slea-s:s g-amylase +

y (D1) (D2) (D3) g P 4)y protease (D5)
?e‘:g‘iigs acidity, | 90:0,117 | 9.5£0.053 |  9.4£0.053 8.9+0.060 9.0+0.036 100.046
Lifting force, min 45+1.530 52+1.058 50+£1.015 54+1.150 47+0.500 48+0.780
Bread acidity, | 1120280 | 10£0.166 | 10.5£0.288 9.9+0.133 9.3+0.089 9.5+0.100
degrees
Mass fraction = of | 43,0440 | 41720570 | 41.5:0.330 43.2+0.440 41.3%0.570 40.5+0.330
bread moisture, %
Porosity, % 65.0+£0.880 | 55.0+0.670 55.0+0.880 59.0+1.150 65.0£1.21 65.0+£0.880
The state of crumb Elastic Elastic, but. vyet places are Elastic Elastic

visible
Porosity structure Uniform, Uniform, fine moderately Uniform, fine Uniform fine, more developed
fine developed
Taste and aroma Characteristic of bread from mixture of rye and wheat flour More pronounced, with a
pleasant taste and aroma of bread

Fig. 1. Samples of bread with different enzymes:

1 — DI (o-amylase), 2 — D2 (protease); 3 — D3 (glucoamylase), 4 — control, 5 — D4 (a-amylase + glucoamylase), 6,
7 — D5 (a-amylase + protease)
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Table 5 — Organoleptic indicators of the bread quality made with the addition of enzymes

Indicators
Indexes A o g%]TU control D1 D3 D5

Form Corresponds  to  the
bz}kmg form, with a The form of the bread is correct, rectangular, not vague, without protrusions,
slightly - convex  upper corresponds to the type of product
crust ~ without side
protrusions

Surface Corresponds to the type
of product, without
pollution, small cracks
and undermining are
allowed. Slight Smooth, without large cracks and undermining
wrinkling is permitted
for packaged products;
for cut products with
traces of cuts

Color From light brown to | The crust is | The crust is | The crustis yellow, | The  crust is
dark brown, without | golden yellow, | golden yellow, | the top is light | yellow, the top is
burning the top is light | the top is light | brown, without | brown,  without

brown, without | brown, without | burning burning
burning burning

The state of | Baked, without traces of | Baked, not sticky

s

not wet on the touch, without non-knead, after pressing the

the crumb non-knead form is restore
Taste and | Characteristic of this | The smell of | The smell of | The smell of wheat | The smell of
smell type of product, without | wheat bread, | wheat bread, | bread, with a | wheat bread, with
foreign taste without foreign | with an intense | pleasant and | a moderately
taste and smell nutmeg smell harmonious nutmeg, | pronounced taste
nutty smell and smell

Conclusion

The effectiveness of activating the vital activity of
IPROVIT sourdough lactobacilli by enzyme
preparations o-amylase, protease, glucoamylase and
their compositions (a-amylase + glucoamylase and
a-amylase + protease) at the production of rye-wheat
bread was investigated.

On the basis of the obtained results, the
expediency to addition into the dough from rye-wheat
flour various EP in doses of cm’/100 g of flour has
been established: a-amylase — 0.35; protease — 0.05;
glucoamylase — 3; a-amylase + glucoamylase and
a-amylase + protease (in a 1:1 ratio of their optimal
concentrations).

The complex utilization of IPROVIT sourdough
and enzyme preparations with various effects had a
positive effect on the physical properties of the dough:
it mixed well, did not stick to the hands, kept its form,
faster increase the volume and had moisture indicators
at the level of control — 41-43%.

The organoleptic characteristics of bread are
improved due to the use of EP with different action: it
acquires an attractive color, pronounced taste and a

pleasant specific aroma with tones of nutmeg. The
porosity of experimental bread samples with a mixture
of enzymes was at the control level. Adding to the
recipe a complex of enzymes (a-amylase + protease)
and IPROVIT sourdough accelerated and facilitated
the processing of the dough, improved its elastic
properties and prevented decrease of volume during
baking.

Enrichment of the enzyme profile of fermented
dough due to the accumulation of hydrolysis products
will contribute to increasing the nutritional and
biological value of the final product. The
implementation of technology of rye-wheat bread on
the base of sourdough with the addition of various
enzymes will make it possible to expand the range of
bread assortment, improve its quality and make it at
enterprises of various capacities.

Further research will be aimed at measuring and
analyzing of physico-chemical quality indicators,
safety of these bread samples, as well as improving its
recipes.
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'Bimain 6iotexHomnorii IHCTHTYT MpogoBoIbunx pecypeis HamionansHOT akageMii arpapHuX HayK YKpaiHH,
ByJ. €Brena CepcTioka, 4a, M. KuiB, Ykpaina, 02002,

*Kadezpa TexHomnorii 36epiranns, nepepoOKkH Ta CTAHIAPTH3ALII IPOAYKLii POCITMHHHUITRA

iM. mpo¢. b.B. Jlecuka HarionansHoro yHiBepcuTeTy 6i0pecypcCiB i IPHPOIOKOPHCTYBaHHS YKpaiHK

By1. ['epoiB O6oponw, 13, M. Kuis, Ykpaina, 03041

*Kagenpa enizooronorii, Mikpoionorii Ta Bipyconorii

HauionanpHoro yHiBepcHTETY 6i0pecypcCiB 1 MIPUPOAOKOPUCTYBaHHS Y KpaiHU

ByJ. BucraBkoga, 16, M. KuiB, Ykpaina, 03041

AHoTauisi. [HTEpec N0 KXUTHBO-NIICHWYHOTO XJNi0a Ha 3aKBACKax 3 JOJABaHHS CH3MMIB aKTUBHO BHABIAIOTH Pi3HI
BUPOOHUKH. J[Jis1 HOTO BUTOTOBJIICHHS BHKOPHCTOBYIOTHCSI €H3MMH, OB’ s13aHi 3 METa0OJIIYHOIO aKTHBHICTIO MIKPOOpPIaHi3MiB
3aKBAacKH, a TAKOXX €K30T€HHI €H3MMH, SIKi HABMUCHO JIOJIAI0Th y PelenTypy Ticta. Take KOMOiHYBaHHS CIIPUsE MOKPAIIEHHIO,
SIK CTPYKTYpPH TicTa TaK 1 TOTOBOTO HPOAYKTY. Y poOOTI JOCTIPKYBaJH BIUIMB KOMIUIEKCHOTO 3aCTOCYBaHHS 3aKBAaCKH
ITTPOBIT Ta eH3uMiB a-aMina3sy, TIIOKOaMiIa3H Ta MPOTea3H Ha CTPYKTYPHO-MEXaHI4HI BIACTHBOCTI TiCTa Ta SIKICTh TOTOBOT'O
KUTHBO-TIIEHUYHOTO XJi0a. Byno BCTaHOBIICHO ONTHMalbHI KOHIEHTpamii OKpEeMHX C€H3MMIB Ta IXHIX KOMOIHaIiil: o-
aminaza — 0,35 on’, mpoteaza — 0,05 cM’, rmokoaminasza — 3 CM3, o-amiyiazatriaroKoaminasa i o-amiigazatmpoTeasa y
crhiBBizHOUIeHH 1:1. JlomaBaHHS €H3MMIB y palliOHANBHIM KOHLIEHTpALii MO3UTUBHO BIUIMBAJIO HA (Pi3HYHI BIACTHUBOCTI TicTa!
BOHO OyJI0 €MaCTUYHUM, TapHO (POPMYBAIOChH y KYJIBKY 1 HE PO3IUIMBANOCS. 30UIbIICHHS KOHIIEHTPALii CH3MMiB IPUBOIIIIO A0
TOTO, IO TICTO NPHIUMNAIO OO PyK Ta 3 YacOM pO3TIKaJIOCh. BUSBICHO, MO KOMIUIEKCHE 3aCTOCYBAaHHS JIAKTOOAKTEpii
Lactobacillus plantarum, L. brevis, Lactobacillus paracasei ssp. paracasei Ta eH3UMHHX TpemnapatiB (c-amisaza, mpoTeasa,
TJIFOKOaMinasa) pi3Hoi 1il, MO3UTHBHO BILIMBAJIO Ha (i3WYHI BIACTHUBOCTI TiCTa: BOHO 0OpE 3aMilllyBasiocs, He MPHIUIIAIO0 JI0
PYK, yrpuMyBasio (HopMy, IIBHIIIE MiAXOAWIO Ta MaJO MOKa3HUKU BOJIOTOCTI Ha piBHI KoHTpomo — 41-43%. KucnotHicts
rotoBoro xii6a Biamosinana sumoram JICTY 4583:2005 i cranoBmia Ui BCiX JOCHiIHUX 3paskiB — 8,9—10 rpaj. 3MeHIIeHHS
KHCJIOTHOCTI Y 3pa3Ky 3 KOMIUIEKCOM CH3HMIB O-aMija3atmpoTeas’a MOSCHIOETbCS THM (aKTOM, IO aMiHOKHCIOTH, SKi
YTBOPHJIHCS B PE3YJNIBTATI Ail MpOTea3n Oy BUKOPUCTAHHI MOJIOYHO-KUCIHMHI OAaKTEPisAMH, K JHKEPEIIO MOKMBHUX PEYOBHH.
KomrmekcHe 3acTOCYBaHHS MOJIOYHOKHCIHX OaKTepiil Ta €H3WMIB MO3UTHBHO CIIPHSJIO iHTeHCH]IiKamii mporeciB OpoIiHHS,
PO IO CBiT9ATh OLTBINI MOKAa3HUKH MTiAIHMAIIFHOT CHIIH, sIKi OyiH Ha 3—9 XB BHIII, HiXK Y KOHTpOJi. JloBeeHO, IO 3a PaxyHOK
3aCTOCYBaHHS CH3UMIB PI3HOI il TMOKPAIIYyIOTHCS OPTaHONENTHYHI XapaKTepUCTUKW XJiba: BiH HaOyBa€ IMPHBaOIHUBOTO
KOJIbOPY, BUP@)XEHOTO CMaKy, Ta HPHEMHOTO CIENU(IYHOr0 apoMaTy i3 TOHaAMH MYCKaTHOTro ropixa. [lopucTicTs mociigHux
3pa3kiB xJiba 3 CyMilIIIIo eH3uMiB Oyia Ha piBHI KOHTpOMO. TakuM YMHOM, BUKOPUCTaHHS YKUTHBO-MILIEHUYHOTO OOPOIIHA,
3aKBACKHU T4 CH3UMIB MO3UTHBHO BILUTUBAE Ha AKICTh XJIi0a Ta CIIpHsIE TiIBUILCHHIO Or0 Xap4oBoi i 6i070T1YHOT HIHHOCTI.
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