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The development of a complex bakery
improver "Freshness CDP SUPER" (Ukra-
ine) to slow down the staling of prod-
ucts developed for accelerated technologies
is urgent. It contains nutritional supple-
ments with GRAS status. Whey protein
concentrate "CDP-UV-65" was chosen as a
JSunctional basis. The active part contains
the enzyme preparation Novamil 1500MG,
maltodextrin, defatted sunflower lecithin,
carboxymethyl cellulose, apple pectin, dry
wheat gluten and ascorbic acid. It is proved
that with rational dosage of the developed
complex bakery improver in the amount of
1.5 % to the flour mass, the bread produc-
tion process is reduced by 180 minutes.

It has been established that the bread
"Milk Freshness", the recipe of which
includes the developed improver, is char-
acterized by a higher specific volume
by 10.1 % in comparison with the con-
trol, porosity, and better shape stability of
hearth products.

It has been proven that products with
the addition of the Freshness CDP SUPER
complex bakery improver retain freshness
longer, which is confirmed by a 47 % great-
er total crumb deformation compared to the
control.

The inhibition of staling in bread "Milk
Freshness" occurs due to the accumulation
of dextrin by 27.1 % compared with the con-
trol. Thus, the total content of dextrins in
wheat bread is 1.918 % to DS, and in Milk
Freshness bread — 2.438 % to DS.

The research results prove the expedi-
ency of using the complex bakery improv-
er "Freshness CDP SUPER" in the technol-
ogy of wheat bread in order to extend the
preservation period of its freshness up to
72 hours in unpackaged form
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1. Introduction

The production of bakery products for long-term storage
is the main priority of the bakery industry to provide the
population with products in the regions of military conflicts,
crisis and emergency situations, as well as the contingent,
for social services [1, 2]. Due to the economic situation, the
production of bakery products is increasingly moving to
accelerated methods. The production of bread with a long
shelf life for accelerated technologies is accompanied by the
problem of rapid passage of the processes associated with
staling products [3].

The use of complex bakery improvers allows to target
the main biopolymers, thus regulating the properties of the
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dough, the course of the technological process, the quality of
bakery products and their shelf life [4].

There is a lot of competition in the market for complex
bakery improvers, since their range is very diverse, depend-
ing on the direction of their action, different pricing policy
and raw material base [5].

Complex bakery improvers consist of a functional base
and an active part. Flour, extruded flour, starch, dry wheat
gluten and others are used as a functional base. The active
part includes gluten oxidizing and reducing agents, enzymes,
emulsifiers and various food additives or ingredients with
specific effects, namely, inhibitors of the development of
mold and pathogens of potato disease. The components of
the complex bakery improver are selected according to its



directional action, activity and synergistic action among
themselves [6].

Since baked goods are a product of daily consumption,
these products must be made safe. Therefore, it is advis-
able to use food additives with the GRAS status, that is,
safe when developing a complex bakery improver. And it
is also necessary that the optimal dosage of the complex
bakery improver does not exceed 2 % by weight of flour
based on organic production, in today’s conditions it is a
priority [7].

So, it is urgent to develop a complex bakery improver,
which will improve the quality of products, increase their
freshness using accelerated technology. When developing
a recipe for a complex bakery improver, non-traditional raw
materials of animal or vegetable origin should be chosen as a
functional basis. It is also advisable to use in its development
food additives that have the GRAS status and so that its
optimal dosage does not exceed 2 % by weight of flour.

2. Literature review and problem statement

When developing complex bakery improvers, scientists
and commercial organizations are governed by basic rules —
this is the choice of the functional basis and the components
of the active part. The majority of people choose traditional
raw materials for bakery products as a functional basis; food
additives are the active part.

Bakery products are an everyday human food product,
therefore it is recommended to produce them from safe
raw materials and use food additives with GRAS status.
Generally Recognized As Safe (GRAS) is a regulatory
designation first introduced by the US Food and Drug
Administration (FDA) as part of 1985 GRAS status is
given to food ingredients that can’t harm the human
body [8]. These food additives include carboxymethyl cel-
lulose, maltodextrin, ascorbic acid, lecithin, and enzyme
preparations [9].

When developing complex bakery improvers, most atten-
tion is paid to the choice of a functional base, which should have
a technological function for both the improver and the bread.

To improve the quality of bread, a complex bakery
improver was developed [10] in which dry wheat gluten
was selected as a functional basis. The active part contains
ascorbic acid, enzyme preparations of amylolytic and pen-
tosanase activity, and an emulsifier. The optimal dosage
of the developed complex bakery improver is 0.5 % to the
flour mass, but to increase the intensification of the techno-
logical process, it is necessary to increase its dosage, which
will lead to an increase in the cost of bread. Therefore, it is
advisable to continue the search for alternative ingredients
as a functional basis in the formulation of complex bakery
improvers.

In the case of processing flour with low baking proper-
ties, a complex baking improver has been developed [11], in
which the use of pumpkin flour is justified as a functional
basis. The influence of pumpkin flour on the baking proper-
ties of flour, the vital activity of yeast cells and the quality
of bread has been established. The active part of the complex
bakery improver includes ascorbic acid, calcium phosphate,
ammonium sulfate. This improver contains in its composi-
tion chemical substances that do not have the GRAS status
but do not lead to an intensification of the technological
process of bread production. It is expedient to develop bak-

ery improvers, which will contain food additives that will in-
tensify the technological process and have the GRAS status.

The work [12] provides information on a complex bakery
improver in which buckwheat malt is selected as a functional
base, and calcium phosphate, ammonium sulphate as an ac-
tive part. This improver is designed for flour with elasticity
ranging from 50 to 70 units of device. The main purpose
of the development of this improver was to increase the
nutritional value and quality indicators of wheat bread, but
chemicals that do not have the GRAS status were selected
as an active part.

The work [12] provides information on a complex bakery
improver in which buckwheat malt is selected as a function-
al base, and calcium phosphate, ammonium sulphate as an
active part. This improver is designed for flour in which the
IDCis in the range from 50 to 70 units of device. The main
purpose of the development of this improver was to increase
the nutritional value and quality indicators of wheat bread,
but chemicals that do not have the GRAS status were select-
ed as an active part.

The aim of work [13] was to determine the optimal
dosage of the developed complex bakery improver in the
production of bread from wheat flour. The complex bakery
improver consisted of lecithin, ascorbic acid and -amylase.
The article shows the positive effect of the developed im-
prover on the consumer characteristics of bread, namely,
freshness, but it is not shown how the use of amylolytic
enzymes will affect the intensification of the technological
process. Moreover, it is not clear which raw material was
chosen as the functional basis.

Emulsifiers are often included in the complex bakery
improver. The work [14] shows the feasibility of using emul-
sifiers in the composition of complex bakery improvers, but
at the same time, an extension of the technological cycle
is noted. It is substantiated in the work that it is better to
use sucrose ether or phospholipids (lecithin) to prolong the
freshness of bakery products. Therefore, in this direction it is
possible to expand the range of targeted improvers through
the use of phospholipids from various raw materials.

It is recommended to add additional proteins to prolong
the freshness. The work [15] investigated the effect of dry
wheat gluten on the staling of bakery products that were
stored for 7 days. It was found that in the case of adding 15 %
of dry wheat gluten to the mass of flour, the bread retained
a great high softness and elasticity. However, the work did
not show a synergistic effect of dry wheat gluten with food
additives. The use of dry wheat gluten in the amount of 15 %
by weight of flour leads to an increase in the cost of bakery
products. Therefore, it is more effective to develop an im-
prover, with which dry wheat gluten will be introduced to a
lesser extent, due to the use of food additives.

The food additive carboxymethyl cellulose is charac-
terized by a high water-claying capacity, which is positive
in prolonging the freshness of baked goods. The work [16]
established a positive effect of using carboxymethyl cellulose
to prolong the freshness of bakery products. The optimal
dosage is 0.5 % by weight of flour. The work does not indi-
cate recommendations on the possible use of carboxymethyl
cellulose as part of the active part of complex bakery im-
provers.

The work [17] proves the positive effect of oi-amylase on
slowing down the process of starch retrogradation during
storage of bakery products. Thus, the use of a-amylase in
the technology of bakery products results in an extension



of freshness up to 12 days. These research results are the
basis for the continued use of ai-amylase in complex bakery
improvers.

Scientific work [18] found that apple pectin with a high
degree of substitution of methoxyl groups due to its high wa-
ter-holding capacity is an effective hydrocolloid for improving
the consumer properties of bakery products. But the work
does not indicate how the introduction of apple pectin affects
the conduct of the technological process and in what optimal
dosages to use in the formulations of complex bakery improvers.
Therefore, it is advisable to continue research in this direction.

In [19], it is proved that maltodextrin is an effective
water-retaining agent in the production of bakery products.
It increases the degree of moisture content and reduces the
rate of starch retrogradation. The work does not show which
dosing is optimal for bread made from wheat flour, which
requires further research.

The analysis of the literature has shown that the devel-
opment of a composition of a complex bakery improver with
a directed action, namely, for intensifying the technological
process and lengthening the freshness of bread made from
wheat flour, is relevant. It is also necessary to pay attention
that scientists choose only plant raw materials as a function-
al basis, not paying attention to whey powder, whey protein
concentrate, milk powder. So, it is relevant to develop a
complex bakery improver with a directed action, in which
raw materials from milk processing products are used as a
functional basis, and in the active part, use food additives
with the GRAS status.

3. The aim and objectives of research

The aim of research is to develop a complex bakery im-
prover to prolong the freshness of bread made using acceler-
ated technologies.

To achieve this aim, the following objectives are formu-
lated:

— select raw materials and develop a recipe for a complex
bakery improver “Freshness CDP SUPER” directed action
for bread made from wheat flour;

— establish the influence of rational dosing of the com-
plex bakery improver “Freshness CDP SUPER” on the
quality of wheat bread made using accelerated technologies;

— study the effect of the complex bakery improver “Fresh-
ness CDP SUPER” on the quality indicators of wheat flour
bread during 72 hours of storage unpacked.

4. Materials and methods of research on the development
and influence of a complex bakery improver on the
quality of bread

4. 1. objects and materials used in the experiment

As a functional basis for the complex bakery improver
“Freshness CDP SUPER” was selected whey protein dry
concentrate “CDP-UF-65" (CDP) of the Ukrainian com-
pany “Tekhmolprom” LLC. CDP — whey protein, which is
a by-product of the production of both rennet cheeses and
cottage cheese, which is obtained using membrane methods
of whey separation and subsequent drying.

As an active part of the complex bakery improver “Fresh-
ness CDP SUPER” were selected:

— enzyme preparation Novamil 1500MG of the Danish
company “Novozymes”;

— dry wheat gluten of the Finnish company “Leipurin”;

— carboxymethyl cellulose of the Ukrainian company
“Himpostach”;

— apple pectin and maltodextrin made in Poland;

—skimmed lecithin from sunflower produced by the
Ukrainian firm “BIOLER”;

— ascorbic acid produced in China.

To establish the quantitative content of each component
of the improver and the effect of the developed improver on
the quality of products, bread was baked from wheat flour
according to the recipe given in Table 1.

Table 1
Wheat flour bread recipe

Recipe components Quantity, kg
Wheat bread (control)
Wheat flour of the first grade 100
Pressed bakery yeast 3.0
Table salt 1.5

The technological process for a control sample of wheat
bread was carried out in a safe way, and in the case of adding
an improver — accelerated with the exclusion of the fermen-
tation process.

4.2. Methods of research of the quality of wheat
bread with a complex bakery improver

To study the indicators of the technological process, bio-
chemical, physicochemical changes in the dough and quality
indicators of bread, laboratory baked goods were carried
out. The dough was kneaded in a safe way with a humidity
of 44.5%. The dough was kneaded in a two-speed dough
mixer Escher (Italy). The dough was processed manually,
the dough pieces were proofed in a thermostat at a tem-
perature of (38+2) °C and relative humidity (78+2) % until
cooked. The products were baked in Sveba-Dahlen cabinet
ovens (Italy) at a temperature of 220...240 °C.

The quality of the bread was assessed by its physico-
chemical (specific volume, dimensional stability, structural
and mechanical properties of the crumb) and organoleptic
indicators (appearance, condition of the crust surface, struc-
ture of porosity, taste, odor) [20].

Based on the results of organoleptic and physicochemical
evaluation of finished products, a complex quality indicator
was calculated. The Composite Quality Score is the total
number of points a prototype receives when it is analyzed.
To calculate it, each product was evaluated according to the
following indicators:

— specific volume;

— correctness of the form;

— crust color;

— staling after 72 hours;

— condition of the crust surface;

— crumb color;

— porosity structure;

— dimensional stability of hearth bread,

— rheological properties of the crumb;

— bread aroma;

— bread taste;

— crumb chewiness.



The values obtained were evaluated on a five-point scale,
taking into account the weighting coefficient, which was estab-
lished for each indicator by the method of expert assessment.

That is, the number of points provided to the indicator
was multiplied by the weighting factor. Then the sum of
the obtained values was found. The more points a sample
receives as a result of the calculation, the better its quality
indicators [20]. The expert commission included seven can-
didates of technical sciences, three applicants for a Doctor
of Philosophy and 15 applicants for higher education in the
specialty “Food Technologies”.

The duration of the freshness preservation of the prod-
ucts was studied with a change in the structural and
mechanical properties of the crumb. Determined its total
deformation after 48 hours of storage on AP 4/1 penetrome-
ters (“Finemass” (Germany)) [20].

The staleness degree of products was also investigated for
the crumbling. Crumbling was determined by the amount of
crumbs formed due to friction of two pieces of bread crumb
weighing 5 g, cut in the shape of a parallelepiped, with shak-
ing for 5 minutes on a vibrating shaker IKA HS 501 digi-
tal (IKA®-Werke GmbH & Co. KG, Germany). Crumbling
was expressed as the ratio of the mass of crumbs to the mass
of a sample of bread in percent [21].

Microscopic examination of bakery products was car-
ried out after 72 hours of storage. The samples were stored
unpacked at a temperature of (20£0) °C. The samples were
prepared by freezing, freeze drying, and carbon spraying
in a vacuum chamber on a piece of the dried sample. The
samples were examined using a scanning electron mi-
croscope IEOLJSMM-200 (Japan) at a magnification of
1000 times and the most visible areas were photographed.

The content of dextrins was determined by the method
of their mass fraction, based on the ability of dextrins to
precipitate at various concentrations of ethyl alcohol in
solution. The test samples are inactivated with enzymes to
free the sample from water-soluble carbohydrates and fer-
mented sugars for their better removal. Dextrins were pre-
cipitated with alcohol solutions of various concentrations.
Further dissolution of the withdrawn dextrins was carried
out with water, and hydrolysis with 2 % hydrochloric acid
solution. Determination of the amount of glucose in the hy-
drolyzate of dextrins of various molecular weights was car-
ried out according to the method of Wiltetter and Schudl.
On the basis of a certain content of dextrins, the mass
fraction of dextrins is determined by fractions depending
on the mass fraction of dextrins by different concentrations
of ethyl alcohol [21].

Determination of extraneous and harmful microflora in
finished products was determined by standard methods [22].

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

5. Research results of studies of the quality of bakery
products with the addition of a complex bakery improver

5. 1. Development of a recipe for a complex bakery
improver “Freshness CDP SUPER”

When developing the recipe for the complex bakery im-
prover “Freshness CDP SUPER”, the functional main was
the whey protein concentrate dry “CDP-UV-65" (CDP).

Since the quality and the nutritional value of bread de-
pends on the type of composition and the properties of the
components used, the organoleptic and physicochemical in-
dicators of the whey protein concentrate dry “CDP-UV-65"
are established, Table 2.

Table 2

Organoleptic, physicochemical and microbiological CDP
indicators, n=3, p<0.95

The name of indicators | CDP
Organoleptic characteristics
appearance Homogeneous fine
dry powder
Peculiar to pas-
Taste and smell tegvriizﬁfu?;l};g;sy’
tastes and odors
Colour White to cream
Physicochemical indicator
Mass fraction of dry substances, % 95.4
Mass fraction of protein, % 66.0
Mass fraction of fat, % 5.9
Mass fraction of carbohydrates (lactose), % 22.0
Mineral sub'stanccs, mg 612
calcium
phosphorus 491
potassium 1210
magnesium 86
Iron 0.1
Acidity, °T 21.0
Solubility index, cm® 0.2
Relative dissolution rate, % 41.0
Caking degree, %, per sieve pore size 923
250 nm
Whiteness, cu 94.1
microbiological indicators
QMAFANM quantity, CFU /g 21500
BGKP (coliform) in 0.1 g absent

The assessment of the CDP chemical composition shows
that its use in the technology of wheat bread will enrich the
finished products with proteins of animal origin, minerals
such as Ca, F, K, Mg.

It has been established that the CDP acidity is 21.0 °T,
which will not affect the technological processes of the pro-
duction of bread from wheat flour and its quality. It is also
found that CDP in terms of whiteness corresponds to the
whiteness of premium wheat flour, will not lead to darken-
ing of finished products. One of the main characteristics of
complex bakery improvers is non-clumping. It is found that
CDP has a caking degree of less than 3.0 %, that is, a low
tendency to form lumps, which makes it possible to use it in
the production of complex bakery improvers.

To develop a recipe for a complex bakery improver “Fresh-
ness CDP SUPER?”, the optimal dosage of each ingredient in
the dough for making wheat bread was determined according
to the complex quality indicator. The dosage limits were cho-
sen according to the manufacturer’s recommendations.

The data obtained from the calculation of the integrated
quality indicator and the choice of the optimal dosage of
ingredients in the improver formulation are given in Table 3.



Table 3

Determination of the optimal dosage of prescription
components of the complex bakery improver
“Freshness CDP SUPER” according to the complex quality
indicator, n=3, p<0.95

As a result of the research, formulations of the complex
bakery improver “Freshness CDP SUPER” have been devel-
oped, which are given in Table 4.

. Control with- o .
Indicator out ad di\gves Dosage, % by weight of flour
CDP
Comprehen-
sive quality 84.6 1 2 3 4 5
indicator
85.1 | 86.4 | 882 | 88.1 [87.4
Enzyme preparation
Comprehen- Novamil 1500 MG
sive quality | 84614 006 | 0.012 [ 0.018] 0.024 [ 0.030
indicator
85.7 | 86.3 | 884 | 90.1 | 90.1
Dry wheat gluten
Comprehen-
sive quality 84.6 0.2 0.3 0.4 0.5 0.6
indicator
849 | 857 | 861 | 87.2 | 87.4
Carboxymethyl cellulose
Comprehen-
sive quality 84.6 0.2 03 | 04 | 05 | 06
indicator
84.8 | 851 | 858 | 86.3 | 86.4
Apple pectin
Comprehen- bPep
sive quality 84,6 0.03 | 0.06 | 0.09 | 0.12 | 0.15
indicator
84.8 | 853 | 859 | 86.2 | 86.2
Maltodextrin
Comprehen-
sive quality 84.6 0.03 | 0.06 | 0.09 | 0.12 | 0.15
indicator
85.1 | 856 | 86.1 | 86.8 | 86.9
Lecithin
Comprehen-
sive quality 84.6 0.12 | 0.18 | 0.24 | 0.30 | 0.36
indicator
853 | 859 | 86.7 | 87.4 | 87.6
Vitamin C
Comprehen-
sive quality 84.6 0.004 | 0.006 | 0.008| 0.010 | 0.012
indicator
84.8 | 852 | 854 | 858 | 86.2

According to the complex quality indicator, it has been
established that the optimal dosage of the functional base,
namely the CDP, is 3 % to the flour mass. According to the
research results, it is found that the optimal dosage of food
additives and food ingredients in the active part are:

— enzyme preparation Novamil 1500 MG — 0.024;

— dry wheat gluten — 0.6;

— carboxymethyl cellulose — 0.6;

— apple pectin — 0.12;

— maltodextrin — 0.12;

— lecithin — 0.36;

— ascorbic acid — 0.012 % by weight of flour.

Manufacturers and scientists recommend that when for-
mulating a complex bakery improver, the optimal dosage of
food additives and food ingredients in the active part should
be halved. This is due to their synergistic action when ap-
plied together [7, 10].

Table 4
Recipe for complex bakery improver
“Freshness CDP SUPER”
Optimal dosage, % Raw material con-
. to the mass of flour T
Raw material . . sumption, % to the
in the recipe for CDP mass
wheat bread
CDP 3.0 100.0
Enzyme preparation
Novamil 1500 MG 0.012 04
Dry wheat gluten 0.3 10
Carboxymethyl 03 10
cellulose
Apple pectin 0.06 2
Maltodextrin 0.06 2
Lecithin 0.18 6
Vitamin C 0.006 0.2

Thus, a recipe for a complex bakery improver “Freshness
CDP SUPER?” has been developed, which is designed to in-
tensify the technological process and lengthen the freshness
of bread made from wheat flour, which includes food addi-
tives with the GRAS status.

5. 2. Study of the effect of the developed complex bak-
ery improver on the bread quality

To confirm the feasibility of the developed improver,
let’s study its effect on the quality of bread made from
wheat flour produced in a safe way. For this, a test labo-
ratory baking of wheat bread (control sample) and bread
to which 1.5 % to the mass of flour of the complex bakery
improver “Freshness CDP SUPER” introduced into the
recipe was carried out. The technological process for the
control sample was carried out in a safe way — the dura-
tion of fermentation was 210 min, for the developed sam-
ple, instead of the fermentation process, a curing process
was carried out, which lasted 30 min. The research results
are shown in Table 5.

As the results of Table 5, despite the removal of the
fermentation process in the manufacture of bread, in the
case of using the complex bakery improver “Freshness
CDP SUPER”, it helps to improve the organoleptic and
physicochemical indicators of quality. When using the
improver, the specific volume of products increases from
305cm3/100 g to 336 ¢cm3/100 g by 10.1 %, while the
porosity increases and the dimensional stability of the
finished products improves. General deformation after
72 hours of storage of the product crumb from the improver
56 units of penetrometer, and control 38 units of penetrom-
eter, that is, 47 % more. The developed improver helps to
lengthen the freshness of bakery products by 17.0 %. That
is, in the case of using the developed complex bakery im-
prover “Freshness CDP SUPER?, it is possible to reduce
the technological process by three times and at the same
time obtain high-quality products.



Table 5

Influence of the complex bakery improver “Freshness CDP SUPER” on the technological process and product quality,

=3, p<0.95

Test samples

Indicators Wheat bread (without additives) | Wheat bread from improver
Dough
Moisture content, % 44.5
Fermentation duration, min 210 -
Duration of soaking, min - 30
Proofing time, min 40 40
Finished goods

Organoleptic indicators:

Correct form

conforms to the form

conforms to the form

Crust color

light coloured

Golden to brown

Crust surface condition

Sufficiently smooth, single small bubbles,
barely noticeable small short cracks and
explosions, glossy

Flawlessly smooth, bubble-free, crack-free,
puff-free, glossy

Porosity structure

Times are small, thin-walled and medium, distributed fairly evenly

Flavor Intensely expressed, typical of bread
Taste Intensely expressed, typical of bread
Specific volume, cm?®/100 g 305 336
Form stability, h/d 0.35 0.42
Porosity, % 68 78
Acidity, hail 1.8 1.8
General crumb deformation, units penetrometer - -
after 4 h 92 96
72 h 38 56
Freshness preservation, % 41 58

3. 3. Influence of a complex bakery improver on the
preservation of freshness of products

During storage of bread, a decrease in its quality indica-
tors is observed, associated with the process of staleness and
drying out. The bread becomes hard, crumbly, its elasticity
decreases, taste and aroma are lost.

During storage, the physical and mechanical proper-
ties of the crumb change, the walls of the pores lose their
strength, which is accompanied by an increase in crumb for-
mation. Therefore, it was expedient to investigate the effect
of the developed improver on the product’s crumbling during
storage (Fig. 1).

The research results indicate that the crumbling value
decreases in the case of using the Freshness CDP compared
to the control — by 50 ... 54 % under the condition of storage
for 24 and 48 hours and by 57 % — in the case of storage for
72 hours.

To substantiate the decrease in crumbling, a comparative
analysis of the microstructure of the crumb of research prod-
ucts after 72 hours of storage was carried out. The research
results are shown in Fig. 2.

The structure of bakery products is characterized by the
presence of swollen starch grains covered with interporous
walls, forming a spongy frame. In wheat bread, it is clearly
visible that the spongy frame does not

—_
I

completely envelop the swollen starch
grains, as a result of which layers of

—_

air are formed. This indicates that

during storage, the volume of starch
Wa grains decreases due to the formation

Crumbling, %

8b of the crystalline structure of starch.
In bread with improver, the crumb
after 72 hours of storage consists of
md a solid mass of proteins coagulated
during baking, in the middle of which

Ec

S D AN 0 O N
!

1 2

a - in 4 hours; b - in 24 hours;
¢ - in 48 hours; d - in 72 hours

\ there are swollen, partially gelati-
nized starch grains. That is, fewer air
layers are observed.

During the maturation of the

dough and during the baking of

Fig. 1. Crumbling, %: 1 — wheat bread; 2 — wheat bread with improver

dough pieces, the starch of the flour
decomposes. Under the action of the



flour’s own amylolytic enzymes and the attached amylolytic
enzymes, if added, starch decomposes with the formation of
various dextrins.

ZakU

X1,8008

b
Fig. 2. Crumb microstructure of the prototypes of finished
products after 72 hours of storage:
a — wheat bread (without additives);
b — wheat bread with an improver

It is known from the literature that the presence of more
dextrins in baked goods prolongs their freshness. With the
developed improver, an additional enzyme preparation with
active maltogenic a-amylase and maltodextrin are added
to the dough; therefore, it was advisable to establish the
amount of dextrins in the test samples of bakery products
after 4 hours of cooling. The research results are presented
in Table 6.

Table 6
Dextrin content in bakery products, =3, p<0.95
Dextrins content by fractions, % to
* Total
Samples DS !
of bakery lod th malto- and cgg)t(;rlltni/
duct amylodex- | erythro- e ) 70
products trins dextrins achtrr(;n(iex to DS *
Wheat bread
(without 0,826 0,349 0,743 1,918
additives)
Wheat
bread with 1,024 0,406 1,008 2,438
improver

Note: * DS - dry substances

It was found that in wheat bread from the improver, a
significant increase in dextrins is observed. So the total
content of dextrins in wheat bread is 1.918 % to DS, and
in wheat bread from an improver — 2.438 % to DS. That is,
an increase in dextrins occurs by 27.1 % compared to the
control, due to the introduction of maltogenic a-amylase

and maltodextrin directly with the complex bakery im-
prover “Freshness CDP SUPER”.

The consumer value of bakery products depends on
microbiological indicators, namely the presence of molds.
A study was carried out to determine the microbiological
parameters of prototypes of products after 4 hours of cooling
and 72 hours of storage. The research results are presented
in Table 7.

Table 7
Microbiological indicators of experimental bread samples,
n=3, p<0.95
. . . Wheat bread with
Mll(;r(()jbloltogl— Wheat bread (COIltI‘Ol) improver
cal indicators,
CFU/g 4hoursaf- | 72 hours | 4 hoursaf- | 72 hours
ter baking | after baking | ter baking | after baking
QMAFAnNM 1.4x103 4.0x10% 2.0x103 3.1x10°
LAB Lactic | 45 <107 <107 <103
acid bacteria
Yeast <100 <100 <100 <100
mold fungi <100 0.1x102 <100 1.0x102
Spore-form-| g o102 | 10.0x102 | 7.2x102 | 8.2x102
ing bacteria
Escherichia
coli bacteria
(round n/d n/d n/d n/d
shape)
Rotten bac- 1 s <103 <10% <103
teria
Leuconqstoc <103 <103 <103 <103
bacteria

From the Table 7, it can be seen that during storage of
wheat bread from the improver for 72 hours, the amount
of QMAFADM is less than in the control. Mold fungi and
spore-forming bacteria in wheat bread with an improver
contain less than control, than after 4 hours and 72 hours of
storage. So, according to microbiological indicators, wheat
bread from an improver has lower indicators compared to
wheat bread, which is proof of the preservation of the fresh-
ness of finished products.

6. Discussion of the results of the development and use of
the complex bakery improver “Freshness CDP SUPER”

To improve the quality of baked goods, manufactur-
ers apply various technological measures and/or use food
additives and various ingredients. In the process of bread
production, various technological problems can arise, there-
fore, manufacturers use several food additives with different
definitions to quickly solve the problem. Their dosage is
very small, therefore, overdose is often observed, especially
if more than one food supplement is used. This prompted
the production of complex bakery improvers with targeted
action, which is achieved by a variety of compositions. They
consist of a functional base and an active part. The func-
tional base can be flour, starch, dry wheat raw materials,
non-traditional raw materials for bakery products. They
include various ingredients of the baking industry and food
additives, which leads to a wide range of complex bakery
improvers [7, 10, 11].



The formulation of a complex bakery improver of direc-
tional action “Freshness CDP SUPER” has been developed.
The research results are given in Table 2, the expediency
of using as a functional basis — whey protein concentrate
dry “CDP-UV-65” is substantiated. In the results of deter-
mining the complex quality indicator, the optimal dosage of
the prescription ingredients of the active part of the improv-
er was established (Table 3). The active part included: the
enzyme preparation Novamil 1500 MG, dry wheat gluten,
carboxymethyl cellulose, apple pectin, maltodextrin, leci-
thin, ascorbic acid.

According to the research results (Table 4), it is found
that the developed improver is intended to intensify the
technological process, namely, to replace the fermentation
process (210 min.) on the curing process (30 min.) and slow
down the staling process.

It is found that the use of the complex bakery improver
“Freshness CDP SUPER?” in the technology of bread made
from wheat flour helps to reduce the duration of the tech-
nological process by three times. This is due to the use of
an amylolytic enzyme in the improver, maltodextrin and
the addition of additional nitrogenous nutrition for yeast
together with CDP, which contributes to the intensification
of the fermentation process. The prolongation of freshness
is due to the introduction of animal and vegetable proteins
into bakery products with a complex bakery improver, which
makes the structure of the crumb pores stronger due to the
strengthening of hydration bonds. Due to this, the loss of
moisture by the starch during storage is suppressed. The
action of the enzyme preparation reduces the rate of re-
crystallization of the amylopectin fraction of starch, delays
its retrogradation, that is, the return of moisture during
aging [17]. Also, along with the improver, water-retaining
additives are introduced into the products, namely malto-
dextrin, carboxymethyl cellulose, apple pectin, which during
storage of the products contain osmotically and adsorbed
moisture [23].

Studies have found that the crumbling of wheat bread
when using the developed improver is less compared to wheat
bread, that is, the products know less moisture (Fig. 1). This
is achieved through the use of carboxymethyl cellulose,
which contributes to the retention of water in bread during
storage due to its high water-clay capacity, which is 40 times
greater than that of wheat flour [15]. Also, the use of malto-
dextrin, which is a water-soluble hydrocolloid, increases
the degree of moisture retention due to the formation of a
three-dimensional network, which inhibits the interaction of
gluten and starch, as a result of which starch retrogradation
slows down [19, 24].

As a result of aging of bread biopolymers, osmotically
and adsorptively bound moisture is released, as a result of
which moisture redistribution into micropores. Thus, the
number of pores increases. The micrographs (Fig. 2) show
that in bread with the improver there are very few layers of
air in comparison with the control sample.

As a result of the action of the developed improver in
the products, there is an increase in low-molecular-weight
dextrins, namely maltodextrin and achrodextrin, by 35.6 %
compared to the control, Table 6. Due to this, the process
of staling of bakery products is slowed down due to the
formation of a three-dimensional network by low-molecular
dextrins, which prevents the interaction of gluten and starch
and the release of moisture by starch [24].

After baking, the crust of bread is almost sterile, but
the products inside are warmed up only to a temperature
of 93 ... 98 °C, in connection with which a certain amount
of bacterial spores and vegetative cells remains [22, 25].
During the study of prototypes for microbiological indi-
cators of quality, it was established (Table 7) that during
storage for 72 hours the amount of QMAFANM is less than
in the control, the amount of molds increases within the
margin of error. Thus, the use of the developed complex
bakery improver “Freshness CDP SUPER” in wheat bread
technology reduces the microbiological index, which is
evidence of an increase in the stability of finished products
during storage.

Thus, the use of complex bakery bread made from wheat
flour made by accelerated technologies is not packaged for
up to 72 hours of storage.

However, the effect of the complex bakery improver
“Freshness CDP SUPER” on the mechanism of glass transi-
tion of starch products during storage remains unclear.

Further research on this topic will concern the establish-
ment of the effect of the complex bakery improver “Freshness
CDP SUPER” on the structural, mechanical and colloidal
properties of the dough.

7. Conclusions

1. Prescription ingredients for the development of a complex
bakery improver with directional action are selected. A recipe
for a complex bakery improver “Freshness CDP SUPER” has
been developed, the use of which intensifies the technolog-
ical process of making bread from wheat flour and prolongs
the freshness of finished products up to 72 hours of storage
unpackaged. CDP is chosen as the functional basis, the
active part included: the enzyme preparation Novamil 1500
MG (Denmark), dry wheat gluten, carboxymethyl cellu-
lose, apple pectin, maltodextrin, lecithin, ascorbic acid.

2.1t is found that the use of rational dosing of the
complex bakery improver “Freshness CDP SUPER” in
the amount of 1.5 % to the flour mass by accelerated tech-
nology leads to a reduction in the technological process
by 180 minutes. Despite the removal of the fermentation
process, the products made from the improver are char-
acterized by better organoleptic characteristics, a large
specific volume, better dimensional stability and porosity
compared to the control.

3. The use of rational dosage of the developed complex
bakery improver “Freshness CDP SUPER” extends the
shelf life up to 72 hours unpackaged. This is confirmed by
an increase in the total deformation of the crumb by 47 %
compared to the control. In the crumb of wheat bread from
the improver, there is a decrease in the number of layers of
air and more by 25 % compared with the control, the accu-
mulation of dextrins.
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