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Abstract
The problems of rational nutrition of the population require an
expansion of the range of manufactured flour products of
therapeutic and prophylactic properties. One of the key directions
in expanding the range of such products is the creation of products
with detoxifying properties, due to the environmental situation of
the modern world and food products for celiac patients. The
relevance of producing pectin-containing cookies with a reduced
gluten content is considered. The regularities of the viscosity
formation, electrical conductivity, and friction force of pectin
solutions depending on the type and quantitative ratio of combined
pectin substances have been established. The flour composition
effect on the dynamics of dough process and the formation of
rheological properties of the dough has been proved. The optimal
ratio of corn, wheat, and rye flour in a composite mixture used for
the production of cookies with a reduced gluten content has been
established. The optimal balance of composite mixtures for the
production of cookies was determined based on the rheological
characteristics of the dough with a combination of pectin
substances in a reasonable ratio during the process of kneading.

The moisture content of the dough depends on the type and ratio
of the pectins used, and it is almost the same for the flour as of the
premium as of the first grades (Khatko, 2012; Beretar and Khatko,
2011).
The viscosity of the dough differs in various types of cookies, for
the production of which, as a rule, wheat flour with low gluten is
used. Wheat flour contains water-insoluble proteins (gliadin and
glutenin), which form gluten when kneading the dough.
The studies conducted in the United States have shown that
regardless of age, people are now 4-4.5 times more likely to suffer
from celiac disease than 50 years ago (Tye-Din et al., 2018).
The people suffering from this disease have digestive disorders
when taking gluten-containing products due to damage to the small
intestine by such products. The only way to ensure a stable
reflection of this disease is a gluten-free diet. The gluten-free or
low-gluten foods are recommended for people with celiac disease.
Food products containing gluten in excess of 1 mg / 100 g are
unacceptable for such patients (Admou et al., 2012; Ferretti et al.,
2012; Dunne et al., 2020; Itzlinger et al., 2018; Tokgöz et al.,
2018).
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Introduction
Pectin substances play an important role in solving the first stated
problem since they are an excellent enterosorbent capable of
binding heavy metals, radionuclides and increasing the
immunological properties of the human body (Khatko, 2012).
In addition, pectin substances can be used for technological
purposes due to their properties, since they are a surfactant at the
interface between the solid and liquid phases and are capable of
influencing the elastic properties of the dough. The plasticity
increases and the elastic properties of the dough decrease at
different dosages of beet and apple pectins. The degree of influence
of pectin substances on the studied parameters depends on the ratio
of the studied pectins (Amiri, et al., 2020; Ella, et al., 2020).
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It is possible to reduce the gluten content of flour products by
replacing wheat flour with other types of flour that do not contain
gluten.
The production of gluten-free and low-gluten flour confectionery
products presents a certain problem in the technological aspect. It
occurs because the gluten contained in wheat flour mainly
contributes to the required structure of finished products and the
rheological properties of the dough.
It is advisable to use flour that does not contain gluten (millet and
corn flour) as a substitute for wheat flour (in whole or in part) in
the production of flour confectionery products with low gluten
content.
Since cookies occupy a significant share in the total production
volume (about 43%) among flour confectionery products, it is
possible to expand the range of this group due to the production of
products with low gluten content.
The organoleptic characteristics of the product are important for
consumers, such as pleasant taste, color and smell, and the
corresponding texture of the finished product, which depends on
the rheological characteristics of the dough (Mogilny, 2012).
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The objects of study were:

Currently, work is underway to create new flour-based products
with a reduced gluten content enriched with functional food
ingredients i.e. plant biopolymers (El Khoury et al., 2018; Di
Nardo et al., 2019).

•

•
Therefore, it is of great relevance for the food industry to make
scientific research on the improvement of cookies technology
based on composite mixtures with the inclusion of corn flour and
regulation of dough rheology by introducing pectin substances into
the cookies recipe with reduced gluten content.

Materials and Methods

Flour composite mixtures of bakery wheat flour premium
(high quality), corn flour made from white grain and yellow
grain varieties;
Apple pectin (A), produced by “Aidigo”, China; citrus pectin
(C) produced by “Danisko”, Czech Republic; beet pectin (B)
is obtained by a laboratory method according to standard
technology: hydrochloric acid hydrolysis, alcohol
precipitation, alcohol cleaning, pressing, drying, grinding,
fractionation, and their combinations (Khatko, 2012).

The flour compositions are shown in Table 1.

Table 1. Flour Compositions
Composition number
1
2
3
4
5

Composition
Yellow corn flour: wheat flour premium
White corn flour: wheat flour premium
Wheat flour premium (control)

The studies have been carried out by the following institutions:
•
The conductometric determination of the specific
conductivity (SC) of pectin solutions was performed by
FSBEI HE “Maykop State Technological University” on the
device “Anion – 410”;
•
The viscosity and friction force of pectin substances and their
combinations were defined by FSBEI HE “Kuban State
Technological University” on the device BROOKFIELD
VISCOMETER DV – II + PRO;
•
The internal friction of pectin solutions was determined by
Voronezh State University of Engineering Technologies;
•
The structural and mechanical properties of the dough were
examined by FSBSI “Lukyanenko National Grain Center” on
“Brabender” farinograph and “Chopin” alveograph.

The ratio of components in the composition, %
25:75
50:50
25:75
50:50
100

Internal friction in the systems was determined by creating an
oscillatory process in the test solution. Over time, the vibration
energy in the system decays and dissipates into heat energy.
Internal friction unites various mechanisms for converting elastic
energy into heat and is characterized by a logarithmic decrement
of damping of oscillations created in the system.

Results and Discussion
At the first stage, the dough rheology in the composite mixture
samples designed for making cookies with a reduced gluten
content was examined (Table 2).

Table 2. Characteristics of Dough Farinograms from Experimental Flour Compositions
Composition
number

Composition

The ratio of
components, %

1
2
3
4
5

Yellow corn flour: wheat flour
premium
White corn flour: wheat flour
premium
Wheat flour premium (control)

25:75
50:50
25:75
50:50
100

It can be seen from Table 2 that in composite mixtures (corn:
wheat flour), an increase in the proportion of corn flour in the
mixture leads to a decrease in the water absorption capacity of the
dough and to an increase in the time of its formation, that is a very
important characteristic for dough kneading. The stability time of
the dough in these composite mixtures also increased. The rate of
the dough dilution also increases with increasing dosage of corn
flour, which indicates a decrease in the viscosity of the dough.
While studying the influence of the type of corn flour on the
structural and mechanical properties of the dough it can be noted
(Table 2) that the addition of corn white flour to the composite

Numerical characteristics of dough farinograms
Dough formation Dough stability
liquefaction,
WAC, %
time, min.
time, min.
UF
65,4
3,5
7,5
130
60,2
8,0
10,0
140
62,0
6,0
7,5
150
60,9
6,5
8,0
160
67,4
12,5
17,0
100

mixture leads to a decrease in the formation time and stability of
the dough, as well as to its stronger dilution. These results are
associated with the species of the corn grain. This indicates a more
favorable technological process of dough kneading for cookies
made from a composite mixture with corn flour from white grain
varieties.
Farinograms of the experimental composite mixture samples in a
ratio of 50: 50 (corn flour: wheat flour) and a control sample of
premium wheat flour are shown in Figure 1.
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c)
Figure 1. Dough Farinograms of Experimental Flour
Compositions: a) Yellow Corn Flour: Wheat Flour Premium
– 50: 50%; b) White Corn Flour: Wheat Flour Premium –
50:50% c) Wheat Flour Premium (Control)
To have complete information on the structural and mechanical
properties of the studied composite mixtures of the dough, the
instrumental method was used for collecting data characterizing as
the “flour strength” on the alveograph device.
Characteristics of dough alveograms of experimental flour
compositions are presented in Table 3.

b)

Table 3. Characteristics of Dough Alveograms of Experimental Flour Compositions
Characteristics of dough alveograms
Composition
The ratio of
Composition
Elasticity,
Flour strength,
Elasticity/
number
components, %
Extensibility
mm
W index
extensibility ratio
1
25:75
116
27
136
4,30
Yellow corn flour: wheat flour
premium
2
50:50
90
7,4
41
8,18
3
25:75
126
20
151
4,50
White corn flour: wheat flour
premium
4
50:50
74
10
40
7,40
5
Wheat flour premium (control)
100
151
47
294
3,21
The data obtained on the device alveograph (Table 3) shows that
when replacing one part of the wheat flour with corn flour, the
composite mixture goes from the category of “valuable flour” to
the category of “impoverished flour”. These results confirm the
conclusion, obtained earlier from the data of the farinograph
device, that composite mixtures with corn flour compared to wheat
flour are preferable dough kneading for cookies.
Data on the mass fraction of gluten in the control sample and flour
composite mixtures are shown in Table 4.
Table 4. Gluten Content in Flour Compositions
The ratio of
components, (%)

Gluten weight
ratio, %

Yellow corn flour: wheat
flour premium

25:75

20,0

50:50

14,0

White corn flour: wheat
flour premium

25:75

19,3

50:50

13,5

100

28,0

Composition

Wheat flour premium
(control)

As can be seen from Table 4, when replacing a part of wheat flour
with corn flour it leads to a decrease in the mass fraction of gluten
in the flour. When the ratio of wheat and corn flour is 50:50, the
mass fraction of gluten is equal to 14.0% with yellow corn flour
and 13.5% with white corn flour.
At the second stage of the study, the characteristics of pectins and
pectin combinations were studied.
The obtained values of internal friction in solutions of pectins and
their combinations are arranged in descending order: A (0.18)> C
(0.178)> CB (0.146)> C (0.137)> AB (0.125)> AC (0.119). The
addition of C increases the viscosity of the CB and decreases the
AC.
The viscosity of solutions in combinations of pectins AC (420 cPs)
and AB (244) differs from A (368), while in the combination of
AC the viscosity increases, in the combination AB it decreases, i.e.
the addition of C increases the viscosity of the AC, and with B
decreases the AB.
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The viscosity of solutions in combinations of pectins AB (244 cPs)
and CB (622.6) differs from B (260.9), while in the combination
of BC the viscosity increases, in the combination AB it slightly
decreases, i.e. the addition of C increases the viscosity of the BC
and with A decreases the AB. The measurement error values are
within the permissible range and do not exceed 2.5%.
Specific Conductivity (SC) of pectin solutions and their
combinations changes as follows: in a combination A increases for
AB and decreases for AC; in combination C increases for CB and

CA; in combination B increases for AB and CB. That is, adding B
to the combination increases the A and C indicators; the addition
of C increases the indicators of C and decreases A; the addition of
A increases the indicators of C and B.
Taking into account the complex data obtained in the study of the
dough rheology of composite mixtures and the characteristics of
pectin combinations, recipes for sugar, shortbread creamy, and
laminated biscuit with a reduced gluten content were developed
and their water absorption was determined (Table 5).

Table 5. Water Absorption of Pectin-containing Low-gluten Cookies
Water absorption, %
Cookies

Composition

The ratio of
components, %

White corn flour: wheat flour premium

50:50

168

160

148

White corn flour (control)

100

143

145

126

Sugar
(no more than 150 %)

The stronger the flour, the greater the value of the maximum
consistency and dough formation time as well as dough
consistency at the end of dough kneading and dough stability.
Replacing wheat flour with corn flour in various ratios leads to a
decrease in the Water Absorption Capacity (WAC) of the flour, the
formation time and stability of the dough, increases the dilution
rate and decreases the overall dough rating.

Shortbread creamy
(no more than 150 %)

The influence of flour composition on the dynamics of dough
process and the formation of rheological properties of the dough is
shown. The optimal ratio of corn and wheat flour in the composite
mixture for the cookies production with a reduced gluten content
has been identified. The conditions for regulating the rheological
properties of the dough for three types of cookies (sugar,
shortbread creamy, and laminated biscuit) by combining pectin
substances in the required ratio have been determined.

The smallest amount of gluten is contained in composite mixtures
of corn (yellow, white) and wheat flour in/with a ratio of 50:50,
and gluten is absent in white corn flour. With a decrease in the
proportion of premium wheat flour in flour compositions, the
amount of gluten decreases. These flour compositions are
formulated to be low in gluten.

Acknowledgments: None

The flour composition: corn white flour: wheat flour -50: 50 is
recommended for pectin-containing cookies (sugar, shortbread
creamy, and laminated biscuit) with low gluten content. Corn flour
made from white corn is a promising ingredient for the production
of gluten-free cookies.
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The introduction of pectin substances into the cookie formulation
improves the rheological parameters of the dough and imparts a
functional orientation. Compositions of different types of pectin
substances (apple, citrus, beet) can regulate and maintain the
necessary rheological properties of dough and cookies. The
addition of CB pectin (4%) to the formulation, as a solution with
the highest dynamic viscosity, improves the rheological properties
of various types of cookies with low gluten content.

Conclusion
The relevance of producing pectin-containing cookies with a
reduced gluten content is considered. The regularities of the
formation of viscosity, specific conductivity and friction force of
pectin solutions depending on the type and quantitative ratio of
combined pectin substances have been established.

Laminated biscuit «Мaria» (no
more than 130 %)
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