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Bcmanosneno, wo naibinvwa inmencuenicmo
HAKONUYEHHA UYKPIB Y 2ipKUX 3a6apKax macoeoi
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Delbriikii-76 — xmeavosea 3axeacka, 306pooicena
opincorcamu pacu S. cerevisiae JI-1 i zomopepmen-
mamuenumu mezodisvnumu MKB L. Plantarum-30 —
micmos
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1. Introduction

The main tasks in bread making are to improve the

quality of baked goods, to extend their assortment and
to increase production efficiency. In order to resolve the
main tasks, technologists in the industry employ acceler-
ated technologies, apply nutritional supplements, use active
yeast, etc. [1].

One of the problems in the baking industry is the rapid
staling of bakery products [2]. It is known that the rate of
staling depends on the organization of the technological
process, specifically when accelerated technologies are uti-
lized. Such technologies involve physicochemical, colloidal,
biochemical and microbiological processes that may prove
insufficient, which affects the staling of bread [3].

In addition, there is a growing consumer demand for
products made according to the classic technology that
provides high taste quality, good consumer properties of
bread [4]. That is why bakery plants, along with the use of
accelerated technologies, return to the classic, largely lost,
technologies that ensure high quality of products [5].

These include the technology of bread making based on
hop leaven, which was once used mainly for the production of
bread from a second-grade flour [6]. Moreover, the main role
of hop was to apply it as an antiseptic. Bread on hop leaven
had a pleasant taste and flavor, it retained its freshness lon-
ger; however, it had high acidity [7].
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The new, recently published, scientific data indicate the
functional, physiological properties of hop, which is why
current developments in bread and bakery industry are also
focused on the enrichment of bread with it biologically active
substances [8, 9].

When working out a technology for bread making using
the hop leaven one should take into consideration the level
of development of the industry, the high degree of mechani-
zation of technological processes, as well as advances in the
microbiology of bread making.

A relevant direction for solving the task on increasing
the production efficiency and improving the quality of
bakery products prepared from wheat flour or a mixture of
wheat-rye flour is to improve the composition of hop leaven
and the dough preparation techniques.

2. Literature review and problem statement

The known techniques for making bread on hop leaven
were developed and are used primarily for the manufacture
of wheat bread from the flour with high yield, or rye-wheat
bread with a low content (10...12 %) of rye flour [10, 11].
In this case, rye flour, which contains active enzymes with
amylolytic effect, is used for scalding and preparation of
sourdough, making the dough without pressed yeast. The
sourdough starters contain yeast and lactic acid bacteria




with spontaneous reproduction, or obtained from pure cul-
tures [12, 13].

The shortcoming of such techniques is the insufficient
fluffiness of dough, small volume, and dense, elastic, bread
crumb, as well as rather high acidity.

The acidity of the bread “On hop”, which is made from
rye flour and wheat flour of first grade (12 % and 88 %,
respectively), should not exceed 7 degrees to comply with
the standard [14]. Such acidity is high for the bread that
contains 88 % of wheat flour of first grade, and one of the
reasons for insufficient fluffiness of bread is a short period of
fermentation of semi-finished products and the small amount
of flour, which is fermented in sourdough.

The intensity of sourdough and dough fermentation
is predetermined by the availability of nutrients for the
vital activity of microorganisms, specifically sugars whose
amount depends on the intensity of accumulation and the
content of dry substances in semi-finished products [15]. In
the technology for preparing dough on hop leaven, the con-
tent of dry substances in them will depend, first of all, on the
parameters of scalding.

Essential for providing taste quality of the bread on hop
leaven is the selection of races and strains of microflora.
Owing to the optimum composition of pure cultures of mi-
croorganisms, it is possible to focus technological processes
on ensuring the best taste of bread.

It is known [15] that as a result of vital activity of homo-
fermentative lactic acid bacteria the sourdough accumulates
lactic acid (85...90 %) and a small amount (5...15 %) of volatile
acids, as well as di- and tricarbon acids (4...5 %). Heterofer-
mentative lactic acid bacteria produce lactic acid — 60...80 %,
volatile acids — 13...34 %, di- and tricarbon acids — 6...7 %, as
well as ethanol and carbon dioxide. Lactic acid provides bread
with a nice flavor, while volatile acids, specifically acetic acid,
lead to a sharper smell and more acid taste. It is desirable that
the content of volatile acids should not exceed 30 % of the
overall content of acids.

The Ukrainian bakery plants widely use, in order to prepare
liquid rye sourdough, including hop leaven [16], the homofer-
mentative lactic acid bacteria L.plantarum-30 and L.Brevis-1,
and the heterofermentative lactic acid bacteria L.casei-26 and
L.fermenti-34 with the acid-resistant yeast S. minor. However,
the application of this microflora does not ensure high taste
quality of products. The products have rather sharp and sour
taste, characteristic of the rye bread, although the rye flour
content in the bread “On hop” is only 12 %.

Thus, it appears promising to investigate the influence
of parameters of scalding, as well as different techniques for
preparing the dough on hop leaven, on the quality indicators
of the semi-finished products and bread. It is also important
to examine the impact on the fluffiness of crumb, bread
volume, on the lower acidity of dough and products, and to
choose pure cultures of microorganisms in order to improve
the taste quality of bread. Of theoretical and practical in-
terest is also to establish the influence of dough preparation
techniques on the content of organic acids in dough, the
degree of retaining the freshness of bread and its content of
aromatic (bisulfite binding) substances.

3. The aim and objectives of the study

The aim of present work was to substantiate techniques
and technological parameters for the preparation of semi-fin-

ished products at different stages of bread making using hop
leaven to ensure high quality of products.

To accomplish the aim, the following tasks have been set:

— to explore the influence of parameters of scalding using
hop in the saccharification process;

— to study the influence of techniques for the preparation
of dough on quality of the semi-finished products and bread;

— to examine and propose the composition of microflora
for preparing hop leaven, which ensures the best taste quali-
ty of bread and slowing down of the process of staling.

4. Materials and methods for examining the influence
of microflora of hop leaven and techniques of dough
preparation

In the first series of experiments we studied the effect of
ratio between flour and hop decoction in scalding at 1:2, 1:3
and 1:4 on the dynamic of sugar accumulation of sugars in
scalding and parameters of sourdough quality. Mass frac-
tion of moisture in scalding at a given ratio was 72 %, 78 %
and 82 %, respectively. The moisture content of sourdough
prepared using these scaldings in all cases was 78.0 %. The
amount of flour introduced to the sourdough in scalded
form amounted to 6 % and 12 % to the weight of flour in
the dough. The total amount of flour in sourdough was
12 %. Scalding for making the sourdough was used in one
or two hours after saccharification. Scaldings and sour-
dough starters were prepared from rye flour. The dynamics
of sugar accumulation was examined over 4 hours of scald-
ing saccharification.

In the second series of experiments we compared a
three-phase dough preparation technique to the four-phase
technique. The three-phase technique implied the following:
“bitter saccharized scalding — sourdough — dough.” The
four-phase dough preparation technique implies the follow-
ing: “bitter saccharized scalding — sourdough — sponge
dough — dough”. The essence of preparing a “bitter” scald-
ing is the scalding of part of the flour with a hop decoction
and saccharification. The sourdough was introduced to the
dough in the amount of 50.0 % to the weight of flour in the
dough (variant No. 1), to the sponge dough — in the same
amount (variant No. 2), and to the sponge dough in the
amount of 25.0 % to the weight of flour in the dough (variant
No. 3). In the latter case, the sourdough dosage reduction by
two times is due to the necessity of reducing the acidity of
the dough. The sourdough was prepared using pure cultures
of the homofermentative lactic acid bacteria L.plantarum-
30 and L. Brevis-1 and the heterofermentative lactic acid
bacteria L. casei-26 and L.fermenti-34 and the acid-resistant
yeast S. minor. 50.0 kg of sourdough contains 12 % of rye
flour, half of which was introduced with a scalding in the
scalded form. The sourdoughs were fermented for 3.5 hours;
acidity of the ferments was 7.8 degrees, lifting force — 17 min-
utes. The sponge dough contained 60 % of flour (large thick
sponge dough), duration of sponge dough fermentation was
3 hours. The sponge dough and dough were prepared with-
out pressed yeast. Mass fraction of moisture in the dough
was 44.0 %, duration of fermentation — 30 minutes.

In the subsequent series of experiments, we studied the
proposed four-phase technique for preparing dough. The
scheme is shown in Fig. 1: “saccharized”, “bitter” scalding —
the scalding fermented with the homofermentative thermo-
philic lactic acid bacteria L. Delbriikii-76 — hop leaven, fer-



mented with yeast of the race S. cerevisiae L-1 and homofer-
mentative mesophilic lactic acid bacteria L. Plantarum-30 —
dough”. The saccharized “bitter” scalding is added as a nutri-
ent to the scalding, fermented with thermophilic lactic acid
bacteria, at a temperature of 50...52 °C. Half of the fermented
scalding is used for recovery, and the second half is cooled
to 30 °C and is utilized as a nutrient for the sourdough. Hop
leaven is fermented by the yeast S. cerevisiae L-1 and the me-
sophilic lactic acid bacteria L. Plantarum-30 at 30 °C. Thus,
the selection of microflora is aimed at lowering the amount
of volatile acids in semi-finished products and at improving
the taste quality of bread.

t=50...52 °C

=30 °C

Saccharized Ferme
bitter scald eaven
scalding (thermo, philic
sourdo ough)

Fig. 1. Scheme of dough preparation

Thinning cycle of the fermented scaldings and sour-
doughs was carried out under laboratory and industrial con-
ditions at DP VAT “Kyivkhlib” (Ukraine). The sourdough
was obtained from pure cultures of lactic acid bacteria
and yeast, borrowed from the collection of museum cul-
tures at the control-production laboratory of Ukrhlibprom
(Ukraine). The thinning was conducted in four phases. At
each phase, to feed the fermented scalding, we used a sac-
charize “bitter” scalding, cooled to 50...52 °C in quantities
starting from 2 kg; in this case, mass of the thermophilic
sourdough at each phase increased by 2 times. Duration of
saccharification was 1 hour at a temperature of 60 °C.

Total length of the thinning cycle of the fermented scald-
ing was 40 hours.

At the first phase of thinning, fermented scalding reached
the required acidity of 11.8 degrees in 20 hours, at the sec-
ond — 11.6 degrees, in 10 hours, at the third — 11.2 degrees,
in 6 hours, and at the fourth it reached the required acidity
in 3 hours. When the fermented scalding reached acidity of
11 degrees, it acquired a pleasant fruity aroma and taste, no
sharp sour taste was sensed.

Under production cycle, the fermented scalding was tak-
en in the amount of 50 % while the rest was fed with the sac-
charized “bitter” scalding in the ratio of 1:1. The sourdough
was fed with the fermented scalding also in the ratio of 1:1.

Over a production cycle of thinning, we renewed the
fermented scalding 11 times, the sourdough — 7 times.
During experiments, the fermented scalding reached acid-
ity of 10 degrees in 3 hours, the sourdough reached the
required acidity of 8..10 degrees and a lifting force of
18...22 minutes over 2.5...3.0 hours of fermentation. After
a series of sourdough renewal, its indicators greatly im-
proved. The finished sourdough was used to prepare the
dough in line with a formulation of the bread “On hop”.
The dough fermented over 60 minutes. Under similar
conditions we baked bread from the dough prepared by a
three-phase technique on hop leaven.

Methods of research into quality of rye-wheat bread are
described in detail in paper [17].

5. Results of research into the impact of microflora of hop
leaven, and the dough preparation techniques

Results of research into influence of the ratio between
flour and hop decoction in a scalding at 1:2, 1:3 and 1:4 [18]
on the dynamics of sugar accumulation in scaldings and pa-
rameters of scalding quality are given in Table 1. An analysis
of the data obtained revealed that the accumulation of sugar
in all samples of scalding grows over 4 hours of saccharifi-
cation. However, the largest growth in sugar content, about
100 % of the original amount, is observed in the first hour
of saccharification. During second hour of saccharification,
and later, the intensity of sugar accumulation re-
duces. With an increase in the mass proportion of
moisture in scalding from 72 % to 78 %, the inten-
sity of sugar accumulation grows; in this case, the
starting content of sugar increases. After the first
hour of saccharification, the scalding, prepared
at a ratio of flour to hop decoction of 1:3, has the
content of sugar similar to the thicker scalding
(ratio 1:2), which is reached in 2 hours of sacchari-
fication. A further increase in the mass proportion
of moisture to 82 % exerts almost no impact on the
intensity of sugar accumulation.

Table 1

Sugar content in scalding with a different mass fraction of
moisture, n=3, p<0.95

Sugar content, % to of dry substances, at
harificati the ratio of flour to hop decoction
Sacc il (mass fraction of moisture, %)
duration, hours
1:2 1:3 1:4
(W=72) (W=78) (W=82)
0 6.5 10.8 10.9
1 16.1 211 219
2 22.0 24.6 25.0
3 32.5 32.9 32.8
4 39.3 39.4 39.5

Thus, it is advisable to prepare the scalding at the ratio of
flour to hop decoction of 1:3 and to saccharize over 1 hour. If
it is required to obtain the thinner scalding to ensure easier
rolling, it is possible to prepare scalding at the ratio of flour
to hop decoction of 1:4 and to saccharize for one hour. The
effect of mass fraction of moisture in scalding on the degree
of saccharification can be explained by the fact that enzymes
are more active in the thinner environment [19, 20].

Further studies involved comparing a three-phase and
a four-phase techniques of dough preparation. The three-
phase dough preparation technique on hop leaven using
the “bitter” scaldings implies the following scheme: “bitter
saccharized scalding — sourdough — dough”. The four-
phase dough preparation technique implies the following
scheme: “bitter saccharized scalding — sourdough — sponge
dough — dough” [3]. An analysis of results (Table 2) re-
vealed that when introducing the sourdough to the sponge
dough in the amount of 50.0 %, the acidity of dough and
bread was similar to the case of applying a three-phase
dough preparation technique. When using the sourdough
in the amount of 25.0 %, the acidity of dough and bread
was 2.0 degrees lower. When introducing the sourdough in
the amount of 50.0 % and 25.0 % to the sponge dough, the
quantity of lactic acid in the dough decreases by 1.75 times



and by 3.5 times, respectively. The content of other organic
acids decreased in the case of using 25.0 % of sourdough by
2 times. Duration of curing of dough pieces in the case of
applying the sponge dough was shorter by 28 minutes and
14 minutes, respectively.

Table 2

Quality indicators of semi-finished products and bread when
applying different techniques for dough preparation n=3,

by a higher content of bisulfite binding substances (11.5...
12 mg-equiv./100 g).

Thus, applying a four-phase technique of dough prepa-
ration according to the scheme “scalding — sourdough —
sponge dough — dough” improves the quality of bread at
hop leaven. Reducing the dosage of sourdough to the sponge
dough from 50.0 % to 25.0 % to the weight of flour in the
dough makes it possible to reduce the acidity of bread by
2 degrees. This allows us to recommend it for the preparation

£<0.95 of bread from graded wheat flour.
Dough An analysis of the influence of microflora of sourdough
dg h y— on the quality of products revealed (Table 3) that bread man-
Indicators on sourdough (Zgg%u%)ogfd (Zg;’%u;))oﬁfd ufactured using a three-phase technology is inferior to that
(50.0 %) spoﬁge dough spoﬁge dough prepared on the developed hop leaven in both organoleptic
Variant No. 1 | Variant No. 2 | Variant No. 3 and physicochemical indicators.
Sourdough Table 3
A.Clc.hty’ degrccs. 8 78 78 Quality indicators of semi-finished products and bread
Lifting force, min. 17 17 17 prepared using different technologies n=3, p<0.95
Dough
Acidity, degrees 6.4 6.2 44 Dough was prepared
Duration of Indicators by a three-phase . SR
curing, min. 103.0 75.0 89.0 technique (con- byfci(f;riqﬁm
Non-volatile acids trol)
in dough, Dough
mg/100 & Acidity, degrees 6.0 5.2
Lactic acid 630.0 360 180 - - -
Apple and succinic Duration of curing, min. 70 100
acid 62.0 62.0 31.0 Organoleptic indicators of bread quality
Tartaric and citric Color of crust Light brown
acid 02 2 2o Color of erumb Light grey, depending on flour
Bread grade
Specific volume, st
em?/100 g 219 248 272 Crumb elasticity crif)itgilagzlrfsc Elastic
Acidity, degree 6.0 6.2 4.2 _ Uniform
State of surface Smooth, no cracks Porosity I\i?l?nuviﬁ(izgl thin-walled,
Color of crust light brown developed
Crumb elasticity elastic elastic Bread flavor Not expressed Expressed
Not suf- enough
Porosity structure ficiently thin-wall, developed Physical-chemical indicators of bread quality:
d}fivelop ed Mass fraction of moisture, % 42.5 42.5
op, ex- »
Flavor pressed hop, better expressed Acidity, degrees 4.6 3.2
Overall deforma- 50.0 51.0 56.0 Porosity, % 68.0 71.0
tion, units initial — .
in 24 hours 390 44.0 42.0 Specific volume, cm?3/100 g 268 270
Degree of retain- Content of volatile acids, % 21.0 15.0
. 65.0 87.0 75.0
ing the freshness Content of bisulfite binding
Amount of substances, mg per 100 g of dry 9.4 12.6
bisulfite binding 104 s 120 substances
substan.ces, . ’ ) Compression deformation,
mg-equiv./100 g units:
in 4 hours 55 58
When using the four-phase technique of dough prepa- i 24 hours 30 38
ration, bread had a larger specific volume, by 13.2 % in Retaining the freshnese. % pe o
the case of applying 50.0 % of sourdough, and by 24.2 % ctaining the freshness, /o

in the case of using 25.0 % of sourdough. The crumb of
bread prepared by a four-phase technique was less elastic
while a degree of retaining the freshness of bread for the
indicator of crumb deformation increased by 10...22 %,
obviously due to the longer fermentation of biopolymers in
dough. Bread on sponge dough had attractive physical ap-
pearance, elastic crumb, uniform, thin-wall, well-developed
porosity, better expressed flavor. The latter was confirmed

The resulting sample had pleasant taste, flavor, light-
er-colored elastic crumb. Owing to the application of ho-
mofermentative lactic acid bacteria, acidity of the product
decreased by 1.4 degrees and amounted to 3.2 degrees,
the content of volatile acids decreased by 6 % and reached
15 % of the total amount of acids. The use of the proposed
technique of dough preparation provided bread with a



better flavor (the content of bisulfite binding substances
increased by 34 %) and a better taste. The degree of fresh-
ness of the examined sample was higher after 24 hours of
storing by 11 %.

The quality of bread for organoleptic indicators have
also been estimated by experts using a point scale, based on
which we constructed the polygons of quality that show a
significant advantage in the estimated quality of the exam-
ined sample of bread (Fig. 2).

Flavor

Crumb color
Taste

«=e==pread prepared using the
proposed technology

=@=bread prepared by the
bakery plant technology

. Porosi
Porosity degre 4

Crumb elasticity

Fig. 2. Profilograms of organoleptic parameters of the
quality of bread prepared using different techniques of
dough preparation

Based on the results of present research, we constructed
a technological scheme of production, which can be imple-
mented at specialized lines of large and medium capacity
(Fig. 3).

Bitter scalding is made from rye flour and a mixture
of water with hop decoction at the ratio of 1:3. To prepare
hop decoction, it is recommended to use fine-aromatic or
aromatic varieties of hops with a duration of boiling the hop
decoction for 60 minutes. Duration of the scalding sacchari-
fication is 60 minutes. The saccharized bitter scalding is the
feed for the fermented scalding.

2

water

Bitter scalding, hop leaven are prepared in the scalding
machine, saccharification of bitter scaldings, fermentation of
hop leaven is carried out in reservoirs, dough kneading — in
a dough making machine of periodic action.

Thus, we have proven the advantage of the proposed
technology of dough preparation on hop leaven using the
scaldings, soured by the thermophilic lactic acid bacteria
L. Delbriikii, and the sourdough, fermented by the meso-
philic lactic acid bacteria L. plantarum-30 and the yeast
S. cerevisiae L-1. Using the proposed technology improves
quality of rye-wheat bread and shows promises for making
bread from graded wheat flour.

6. Discussion of results of studying the influence of hop
leaven microflora and the dough preparation techniques

It was established that it is advisable to prepare the
scalding at the ratio of flour to hop decoction of 1:3 and to
saccharize it for 1 hour. To produce a liquid scalding, it is
advisable to use the ratio of flour to hop decoction of 1:4 and
to saccharize it for 1 hour as well.

An analysis of the influence of techniques for dough
preparation showed that in the case of using 25.0 % of
sourdough the acidity of dough and bread is reduced by 2.0
degrees, which substantiates the application of sourdough
when preparing wheat flour bread.

Using the four-phase technique of dough preparation
contributes to the longer retention of freshness of bread
due to the growth of the degree of swelling of flour colloids,
deeper fermentative hydrolysis of starch and protein in the
process of dough preparation.

Research into the influence of microflora of sourdough
has shown that the use of homofermentative lactic acid bac-
teria leads to a decrease in the total acidity and the content
of volatile acids. There is also an increase in bisulfite binding
substances, which positively affects the flavor of baked goods.

haop decoction

@ b .|
£l 1 N
e L @D L 1
— % | l
saline selution 2
Tufe— " N
feaven _Ee—
I

B,

oil - |

Rl

1] b3 L

Fig. 3. Technological scheme for making bread from a mixture of rye flour, wheat flour, and hop: 1 — cooking boiler; 2 — water
dispenser AVB-100; 3 — pump; 4 — reservoir for hop decoction; 5 — dispenser for hop decoction and water; 6 — flour dispenser
Sh2-HDA; 7 — scalding machine HZM-300; 8 — gear pump; 9 — reservoir for saccharification of bitter scalding; 10 — reservoir
for scalding fermentation; 11 — reservoir-refrigerator; 12 — reservoir for hop leaven; 13 — reservoir collector of hop leaven;
14 — hop leaven dispenser; 15 — dough stirring machine; 16 —dispenser for liquid components; 17 — barrel; 18 — barrel lifter;
19 — dough separator; 20 — transporter; 21 — dough rounder; 22 — dough-making machine; 23 — settler; 24 — curing chamber
T1-HRZ-140; 25 — oven PPC-250; 26 — circulation table; 27 — container. Denotations: — 1c, 1h — cold,
hot water; — 2 — steam; a — saccharification time is 1...2 hours at a temperature of 60...63 °C; b — souring time is
3.5...4 hours at a temperature of 50...52 °C; ¢ — a temperature of 32 °C; d — sour fermentation time is 2.5...3 hours at
a temperature of 30...32 °C; f — dough fermentation time is 1...1.5 hours at a temperature of 30...32 °C



The application of the four-phase technique of wheat
bread dough preparation has a positive effect on the eco-
nomic indicators, which is important in terms of social
values, especially for the production of bakery products with
extended shelf life.

The present study makes it possible to improve tech-
niques for retaining the freshness of bakery products.

7. Conclusions

1. We examined the patterns of saccharification process of
bitter scaldings depending on the parameters of preparation.
It was established that the most intensive increase in the sug-
ar content occurs within 1 hour of saccharification at a mass
fraction of moisture in scalding of 78.0 %. Further increase in
the mass proportion of moisture to 82.0 % does not affect the
intensity of sugar accumulation. It is proved that the optimal
ratio of flour to hop decoction in scalding is 1:3, the recom-
mended duration of scalding saccharification is 1 hour.

2. Based on the result of present study, it is recommended
to prepare rye-wheat bread with a small content of rye flour
or wheat bread from graded flour employing a four-phase
technique of dough preparation using bitter scaldings, hop
leaven, sponge dough and dough. We have proved the need
to reduce the amount of sourdough introduced to the sponge
dough to 25.0 % of the weight of flour in the dough. The
application of a given technology makes it possible to reduce
the acidity of bread, to ensure its better fluffiness, improve
the state of crumb, to prevent staling of bread.

3. It is proposed to use the thermophilic homofermenta-
tive bacteria L. Delbriickii-76 for souring the scaldings and
the yeast S. cerevisiae L-1 and the mesophilic homofermen-
tative lactic acid bacteria L. plantarum-30 for sourdough
fermentation. We studied the cycle of thinning the soured
scaldings and sourdough; established technological param-
eters and devised a technology for dough preparation using
a four-phase technique that implies the preparation of bitter
scaldings, souring and fermentation of sourdough applying
selected microflora.

References

1. Chavan R. S,, Chavan S. R. Sourdough Technology-A Traditional Way for Wholesome Foods: A Review // Comprehensive Reviews
in Food Science and Food Safety. 2011. Vol. 10, Issue 3. P. 169—182. doi: 10.1111/j.1541-4337.2011.00148.x

2. Semenets O. Cherstvenie hleba i bor’ba s etim yavleniem // Hlebopekarskoe i konditerskoe Delo. 2010. Issue 2. P. 12—13.

3. Pashchenko L. P, Zharkova I. M. Tekhnologiya hlebopekarnogo proizvodstva: ucheb. Sankt-Peterburg: Lan’, 2014. 666 p.

4. Vasylchenko O. M. Stan khlibopekarskoi haluzi Ukrainy v suchasnykh umovakh // Materialy mizhnarodnykh naukovo-prak-
tychnykh konferentsiyi «Innovatsiyni tekhnolohiyi u vyrobnytstvi» ta «Zdobutky ta perspektyvy rozvytku kondyterskoi haluzi».
Kyiv: NUKhT, 2017. P. 7—-11.

5. Lebedenko T. Ye., Sokolova N. Yu. Analiz suchasnykh tekhnolohiyi khlibobulochnykh vyrobiv iz pshenychnoho boroshna ta pers-
pektyvy yikh udoskonalennia // Zernovi produkty i kombikormy. 2012. Issue 2 (46). P. 38—43.

6. Hamel'man D. Hleb. Tekhnologiya i retseptury. Sankt-Peterburg: Professiya, 2012. 431 p.

7. Belokurova E. V., Derkanosova N. M., Kalach A. A. Obosnovanie dozirovki hmelevogo ekstrakta sensornym metodom na primere
rzhano-pshenichnogo hleba // Hlebopechenie Rossii. 2011. Issue 1. P. 19-21.

8. The antimycobacterial components of hops (Humulus lupulus) and their dereplication / Stavri M., Schneider R., O’'Donnell G,
Lechner D., Bucar E, Gibbons S. // Phytotherapy Research. 2004. Vol. 18, Issue 9. P. 774—776. doi: 10.1002/ptr.1527

9. Trautvein N. Khleb s yspolzovanyem shyshek khmelia // Khlibopekarska i kondyterska promyslovist Ukrainy. 2006. Issue 10. P. 10—11.

10. Malyutina T. N., Belokurova E. V. Tzuchenie tselesoobraznosti ispol’zovaniya hmelevogo ekstrakta v tekhnologii hleba iz smesi
rzhanoy i pshenichnoy muki // Sb. mater. I Mezhd. nauch.-praktich. konf. Innovatsionnye tekhnologii v pishchevoy i pererabaty-
vayushchey promyshlennosti. Krasnodar: KubGTU, 2013. P. 235-237.

11.  Sposob polucheniya rzhanogo ili rzhano-pshenichnogo hleba «Hmelevoy»: Pat. No. 2329649 Rossiyskaya Federatsiya. MPK A 21 D
8/02,2/36 / Magomedov G. O., Derkanosova N. M., Belokurova E. V., Malyutin T. N.; zayavitel’ i patentoobladatel’ Voronezhskogo
gos. tekhnol. akad. No. 2006136838,/13; declareted: 17.10.2006; published: 27.07.2008, Bul. No. 21.

12.  Lebedenko T. Ye., Kananykhina O. M., Sokolova N. Yu. Kompozytsiya inhrediyentiv dlia pryhotuvannia batonu nariznoho: Pat.
No. 47062 UA. MPK A 21D 2/00. No. u200908903; declareted: 26.08.2009, published: 11.01.2010, Bul. No. 1.

13.  Sposib vyrobnytstva khliba «Na khmeliu»: Pat. No. 81817 UA. MPK A 21 D 8/02 / Malynovskyi V. V., Belei O. V., Bukshyna L. S., Da-
khno B. M., Tserkovna S. M.; Zaiavnyk ta patentovlasnyk DP VAT «Kyivkhlib> Khlibokombinat No. 12. No. u 200512739; declareted:
28.12.2005. published: 11.02.2008, Bul. No. 7.

14. Klinduhova Yu. O. Sovershenstvovanie tekhnologii hlebobulochnyh izdeliy s ispol’zovaniem produktov pererabotki hmelya //
Izvestiya vuzov. Pishchevaya tekhnologiya. 2012. Issue 2-3. P. 33.

15.  Protsenko L. V., Pasichnyk 1. O. Vplyv khmelovykh zakvasok riznykh sortiv khmeliu na yakisni pokaznyky khliba // Visnyk ahrar-
noi nauky. 2012. Issue 7. P. 64—66.

16. Investigation of the efficiency of using hop leavens in the technology of wheat bread / Rak V., Yurchak V., Bilyk O., Bondar V. //
EUREKA: Life Sciences. 2018. Issue 1. P. 61-68. doi: 10.21303,/2504-5695.2018.00562

17. Derkanosova N. M., Tertychnaya T. N., Mazhulina 1. V. Intensifikatsiya biohimicheskih protsessov pri brozhenii zhidkoy
zakvaski // Hleboprodukty. 2013. Issue 1. P. 58—60.

18. Kaprel'yants L. V. Fermenty v pishchevyh tekhnologiyah. Odessa: Druk, 2009. 468 p.

19. Reuben B., Coultate T. Bread Chemistry. On the rise // Chemistry World. 2009. P. 54-57. URL: http://www.rsc.org/images,/
BreadChemistry tem18-163980.pdf



