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Introduction. Studies have been carried out to determine
the effect of extruded corn flour on the stabilization of the
biscuit dough, the indices of the moisture-holding capacity of
the flour, foam stability and density of the biscuit dough to
create a biscuit semi-finished product for gluten-free food.

Materials and methods. Studies of moisture-holding
capacity of flour raw materials were carried out by the method
of centrifugation. Foam stability was defined as the ratio of the
height to the foam column after holding for 24 hours at a
temperature of 18-20 °C to the total height of the foam column
of the sample. Microscopic examination of the structure of the
product was performed using a digital binocular microscope
series "MicroMed".

Results and discussion. The optimum value of the
density of biscuit dough is 0.444-0.446 kg/m3. Increasing the
concentration of extruded corn flour above 20 mass% leads to
a high density of dough, which is undesirable in the production
of biscuit semi-finished products, because it makes them
denser and less porous. However, the presence of biscuit
dough density, at the absence of premium wheat flour,
indicates the possibility of creating a gluten-free biscuit semi-
finished product using solely corn flour. In the sample of the
biscuit dough prepared with corn flour extruded 100 mass%
(mass percent), the foam bubbles are of almost the same size,
moreover, we can see the formed channels between them that
promotes leveling of air pressure inside the foamed biscuit
dough. It helps to stabilize the foam. The results of the
optimization of the biscuit semi-finished product using
extruded corn flour have the following intervals of
optimization parameters: replacement of 100 mass%of wheat
flour with extruded corn flour with a quantitative ratio of
recipe components “eggs:sugar:flour" 2.1:1:1.02.

Conclusions. Extruded corn flour helps to stabilize the
foam biscuit dough system, which allows to create a dietary
gluten-free biscuit semi-finished product.
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Introduction

The effect of extruded corn flour on the stabilization of biscuit dough and the creation
of a biscuit semi-finished product for gluten-free food has not previously been described.

The possibility of considering biscuit as a promising product for the development of
gluten-free semi-finished product for dietary nutrition was considered. As biscuit dough is a
thermodynamically unstable foamy food system, therefore, one of the important
technological problems is the stabilization of the system during product formation [1].

A promising way to create gluten-free food is to make deliberate use of ingredients that
have a wide range of technological properties. These properties make it possible to improve
the structural-mechanical and organoleptic characteristics of the biscuit semi-finished
product [2] to correct the nutritional value and, at the same time, to exclude gluten. These
types of raw materials include gluten-free cereals and their products [3]. Promising in this
aspect is the use of extrusion processing of such raw materials [4].

Literature analysis

Recent studies have shown that the use of extrudates from soybeans, wheat, rye, corn
improves the quality and elastic properties, increases the viscosity of the dough, which
increases the volume output of finished products [5; 6]. Considering this, it is necessary to
study the possibility of using corn extrudate in flour technology in order to stabilize the foam
structure of biscuit dough.

There are studies [7-9] based on finding the optimal ratio of structure-forming
components for gluten-free flour confectionery. These technologies are based on rice flour
and gluten-free starch-protein mixtures. It has been proved [9] that different ratios of protein
and starch can be used to adjust the specified quality parameters, such as sugar cookies.
However, the possibility of using extruded corn flour, in particular as a source of extruded
starch, is warranted.

In the technology of gluten-free bakery products in order to solve the technological
problem of the absence of gluten, the use of hydrocolloids and concentrates of animal
proteins is proposed to form a foamy structure of gluten-free yeast dough. It was established
that the proposed additives in quantities of 0.5-1.0% of Helios-11 and 0.5% of solution of
CCSS (carboxymethylcellulose sodium salt) cause 100% stability of the foam from eggwhite.
In this case, the foaming capacity increases only with the addition of Helios-11 in the amount
up to 1.0% and decreases with the higher amount of Helios-11 or in the presence of CCSS.
This can be explained by the increase in the density of the whipping mass and the ability of
both additives to thicken the solutions [10].

For the production of biscuit semi-finished products, food industry has traditionally
used baked wheat flour of the highest grade. Its high technological potential in biscuit dough
is not rationally used because it is intended to reduce the "strength” of flour by adding potato
starch. A possible solution is the use of extruded corn flour, which is a source of modified
starch extrusion and contains gluten-free proteins and can be used in technology of biscuit
semi-finished products [11].

The presence of fundamental developments in the production and use of various types
of extruded flour in the production of food indicates the possibility of its use in technology
of biscuit semi-finished products [12-14].

The purpose of the study is to determine the effect of extruded corn flour on the
stabilization of biscuit dough to create a dietary gluten-free biscuit semi-finished product.
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Materials and methods

Materials under study—extruded corn flour, flour mixtures of premium wheat flour and
extruded corn flour, biscuit dough and biscuit semi-finished flour mixtures of wheat flour
and extruded corn flour 90:85, 85:15, 80:20, 50:50, 0:100 mass% [15].

Extruded corn flour is a dry mixture of homogeneous consistency in the form of powder
and fine grains with the taste, smell and color inherent in the raw material, made by grinding
parts of the grain (endosperm, aleurone layer, fruiting membranes) with pre-removed gastric.
The chemical composition of the used extruded corn flour and premium wheat flour are
shown in Table 1.

Table 1
Chemical composition of extruded corn flour and premium wheat flour,%
Product Moisture | Protein Fat Starch Ash Fiber
content content content content content | content
Extruded 9.0+0.01 |6.1+0.02 | 8.1+0.02 | 70.9+0.03 | 4.8+0.03 | 1.0+0.02
corn flour
Premium 14.5+0.03 | 11.40.05 | 1.08+0.04 | 67.7+0.05 | 0.5+0.03 | 0.1+0.01
wheat flour

Preparation of prototypes

A biscuit semi-finished product according to the recipe "Basic" was chosen as a control
sample.

The prototyping technology includes the following operations: the egg-sugar mass is
beaten to a volume of 2.5-3 times, or about 30—40 minutes. Then the premium wheat flour
is gradually added, mixed with starch or extruded corn flour. If the kneading is carried out in
a whisking machine, then it should last no more than 15 s.

Ready-made biscuit dough is baked immediately in capsules or cake forms and on
sheets, as the biscuit dough settles when stored. Capsules and forms are covered with paper
or greased with margarine. Biscuit dough is shaped into % of their height, as it increases when
baking. Biscuit dough is baked at 200-210 °C. Baking time depends on the thickness and
volume of the dough. So, in capsules, biscuit is baked 50-60 minutes, in cake forms — 35-40
minutes, on sheets — 10-15 minutes. The baked biscuit cake is cooled during 20—-30 minutes
and removed from the molds. The biscuit semi-finished product is left at 8-10 hours for
proofing, after which it is possible to cut it and carry out the following technological
operations.

Premium wheat flour is used with a crude gluten content of 23.0+0.4% and a crude
gluten deformation value of 60+1.1%, potato starch, chicken eggs, white crystalline sugar
(Table 2).

161

—— Ukrainian Food Journal. 2020. Volume 9. Issue 1



Food Technology ——

Table 2

Formulation of experimental samples of biscuit cake (control sample and gluten free product)

Raw materials | The solids | Raw material consumption per 100 kg of semi-finished
content product, kg
(SC),% Biscuit semi-finished Gluten-free biscuit cake
product (Control sample)
real SC real SC
Premium wheat | 85.50 28.12 24.04 - -
flour
Corn flour | 91.0 8.07 7.34 30.58 27.82
extruded
Potato starch 80.00 6.94 5.55
Chicken eggs 27.0 57.85 15.62 63.44 17.12
White sugar 99.7 34.71 34.65 30.26 30.16
Total 135.69 87.2 124.28 75.1
Output 100.0 87.0 100.0 75.00

Procedure for conducting research

Scientific substantiation of technological parameters of biscuit dough stabilization
using extrudedcorn flour

y

v

The study of the impact of the use of
extruded corn flour on the process of
obtaining biscuit dough

Investigation of the effect of the use
of extruded corn flour on the
microstructure of biscuit dough and
biscuit cake

v

v

Scientific substantiation and development of the technology of biscuit semi-finished
product using extruded corn flour

v

v

Investigation of the effect of the use of
extruded corn flour on the characteristics
of the test semi-finished products

Mathematical modeling of the ratio of
recipe components of biscuit cake
mixture using extruded corn flour

v

v

Introduction of biscuit semi-finished product technology using extruded corn flour
into production
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Description of methods

Studies of moisture retention capacity were carried out by centrifugation. 1 g of the test
sample was weighed into the centrifuge tube, 30 cm? of distilled water was added, the mixture
was stirred for 1 minutes using an electric mixer with a speed of 1000 rpm for 1 minutes. The
formed flaking fluid was drained. To remove the residue of water, the tube was tilted onto
filter paper, and the tube was weighed after 10 minutes. Water retention capacity (WRC) was
calculated by the formula,%

WRC = (m;-my/m)x100,

where: m — weight of sample, kg;

m; — the weight of the test tube with a dry sample, kg;

my— wet tube weight, kg.

The foam stability of the egg-sugar mixture with the addition of the flour mixture was
determined as the ratio of the height of the foam after ageing for 24 hours at a temperature of
18-20°C to the total height of the foam column (FC) of the sample, expressed as a percentage,
calculated by the formula:

HE, .
FS =226 ,100%
Hf

where FS — foam stability,%;
Hf24xg0? — height of foam 24 hours after cessation of whipping, m;
Hf — initial foam height, m.

Microscopic examination of the structure of the product was performed using a
digital binocular microscope series "MicroMed" equipped with a built-in lighting system.
The micrographs of the samples were taken at the following magnifications: 40, 100, 400 and
1000 times [17].

The porosity of the samples of the biscuit semi-finished product (control sample)
and with extruded corn flour were measured by the effective pore diameters on the biscuit
cross sections by visualizing the biscuit microstructure, processing digital images, and based
on measurement results [18].

Processing of research results

Mathematical and statistical analysis. To determine the effect of the ingredients
(independent factors xi) on the dough whipping with the appropriate density (optimization
parameter G), two-factor experiment was performed with variation of the egg mélange
content (x1,%), sugar (x2,%) at fixed flour values (x3,%), that is, determining the magnitude
of the density from changes in three main factors: the content of egg mélange (E,%), sugar
(C,%) by fixed values of flour (B%), G = f( x1, X2, X3). Properties of the samples are shown in
Table3.
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Table3
Measurements and statistical characteristics of the main indicators of biscuit products
during the experiments

Indicators Sample | Sample | Sample | Sample
1 2 3 4
Moisture-proofing ability of flour 92.0+5.0 | 98.0+3.0 | 96.0+3.0 | 94.0+4.0
mixtures,%
Density, kg /m® 5.920.6 6.5£0.5 | 6.2+0.6 | 6.0£0.6
Porosity,% 8018.0 81.5+£5.0 | 78.0+£7.0 | 79.0£7.0
Weight loss during baking,% 12.0+1.2 | 10.0+0.8 | 12.3+1.2 | 11.5+1.0

The processing of the obtained data of the results of the experimental are performed
according to known methods and methods of statistical processing and regression analysis of
experimental results. It is used the differential operators of the program MathCAD-14 to
obtain empirical regression equations, which allows to get qualitative and quantitative
evaluation of characteristics.

Results and discussion
Investigation of the moisture-holding capacity of flour mixtures

The study envisages obtaining a biscuit semi-finished product with complete
replacement of premium wheat flour by extruded corn flour. Its technological characteristics
and moisture holding capacity in the foaming system were determined.

Table 4 shows the results of the study of the moisture-holding capacity of flour mixtures.

Table4
Comparison of the value of the moisture-holding capacity of flour mixtures

Ne Samples Water retention rate,%
at 20+2°C
1 | Control sample — 100 mass% of wheat flour 29+1.5
2 | Wheat flour:extruded corn flour 95:5 mass% 38+1.0
3 | Wheat flour:extruded corn flour 90:10mass% 49+2.5
4 | Wheat flour:extruded corn flour 85:15 mass% 58+3.0
5 | Wheat flour:extruded corn flour 80:20 mass% 70+2.0
6 | Wheat flour:corn extruded flour 50:50 mass% 81+1.5
7 | Sample with 100 mass% of extruded corn flour 93+4.0

Table 4 shows that with the increase in the proportion of extrudedcorn flour in the
mixture moisture retention capacity increases:for the sample containing 20 mass% of
extruded corn flour by two and a half times, and three times for the sample with extruded
corn flour — 100 mass%. This tendency of change, in our opinion, is explained, in particular,
by the swelling of whole grains of starch due to the absorption and retention of moisture. The
corn starch of extruded corn consists of a part of its whole granules, damaged granules,
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gelatinized starch, polymers of starch [21]. All these components have different effects on
the moisture-holding capacity of the flour mixture system. Swollen starch grains are in the
middle of the void where water gets. It breaks and weakens some of the hydrogen bonds
between the chains, which causes the starch grains to expand, with dissolving the free starch
polymers to form a dispersed system [22].

In general, the above-described studies on the moisture-holding capacity of extruded
corn flour indicate the feasibility of its use in technology of biscuit semi-finished product.
This requires studying the mechanism of the effect of extruded corn flour on biscuit dough
components.

Effect of adding extruded corn flour on the density of biscuit dough

To substantiate the use of extruded corn flour in the production of biscuit semi-finished
product and the possibility of complete replacement of premium wheat flour with extruded
corn flour, the effect of adding extruded corn flour on the density of biscuit dough was
investigated. The average experimental values of the biscuit dough density using extruded
corn flour are presented in Figure 1.

P, kg/m3
0.49

0.47

_|_
0.45 J_ 1

—

0.43

0.41

0.39

0.37 [—]

0.35

1 2 3 4 5 6

Figure 1. Dependence of biscuit dough density (p) on ECF content in samples:
1 — (control); 2 -WF:ECF - 95:5 mass%o; 3 — WF:ECF -90:10 mass%o;
4 — WF:ECF -85:15 mass%; 5 - WF:ECF —-80:20 mass%o;
6 — WF:ECF - 0:100 mass%o.

Figure 1 shows that with the increase in the proportion of extruded corn flour in the
flour mixture, the dough density increases. Optimal value of biscuit dough density is 0.444—
0.446 kg/m?. Increasing the amount of extruded corn flour above 20 mass% leads to a
significant dough density, which is undesirable in the production of biscuit semi-finished
products, as it makes them less porous [23]. However, the presence of biscuit dough density,
in the absence of premium wheat flour, indicates the possibility of creating a gluten-free
biscuit semi-finished product solely using corn flour.

Study of microstructure of biscuit dough
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In the process of production of biscuit semi-finished product, the recipe components
undergo physical-chemical transformations and interact with each other to form
interconnections, which leads to a change in the microstructure of the semi-finished product.
In order to determine the mechanism of stabilization of the foam structure of the biscuit
dough with the use of extruded corn flour, the changes in the microstructure of the biscuit
dough and the biscuit semi-finished product were studied. The process of making biscuit
dough is essentially whipping of the egg-sugar mixture and the dispersion of gas in the liquid.
Considering foam as a system that holds air bubbles that are separated only by a thin film of
liquid. Schematically, the foam structure can be represented as the packing of gas bubbles
with thin films of the basic fine particulate filler [24]. This filler is film-coated with
surfactants [25].

Broken mass in the production of biscuit semi-finished product refers to a plastic-
viscous structured system [23]. Its whipping is accompanied by complex physico-chemical,
colloidal and mechanical processes. All of them are aimed at the formation of stable
dispersion systems [25]. In order to demonstrate the described structures forming the foam
of the biscuit dough (Figure 2), there a comparative characteristic of the microstructure of
the following samples is given: wheat flour (WF) and extruded corn flour (ECF) in the ratios:
a— WF — 100 mass%; b ~-WF:ECF — 80:20 mass%; ¢ —ECF — 100 mass%.

With the introduction of potato starch there is an increase in the plasticity of the dough
due to its increased ability to swell and lower retrogradation of starch compared to starch
cereals. In control sample (a) (Figure 2) it can be seen particles of potato starch, characterized
by a large size and oval shape, as well as particles of wheat starch, fractional composition of
which is finely dispersed. Sample (b) with a ECF content of 20 mass% is characterized by
the presence of only granules of wheat flour starch. We have proposed a complete
replacement of starch and part of premium wheat flour by 20 mass% of ECF, as well as a
complete replacement of wheat flour by ECF for the manufacture of gluten-free biscuit semi-
finished product.

According to the microstructure of biscuit dough, Figure 4 shows that the structure of
the prototype looks like foam. Its structural feature is the presence and uniform distribution
of air bubbles, which later forms the porous structure of the biscuit cake. The control sample
(a) containing wheat flour and starch shows that the size of the formed air bubbles has a large
difference in diameters, that is, some bubbles are almost twice the size of the others. One of
the reasons of foam destruction is the diffusion of gas between the bubbles and it is
determined by the pressure in the middle of the bubbles [24]. The destruction of the air bubble
film is directed towards the larger bubble because its pressure is lower than that of the small
bubble [23]. For comparison, in the sample (c)of biscuit dough using ECF of 100 mass%
foam bubbles are almost the same size, in addition, it is noticeable that between them
channels of size are formed, which promote the equalization of air pressure in the middle of
the foam system of biscuit dough, which promotes the stabilization of the foam system. For
epy sample (b) with a content of 20 mass% of ECF, the same size of gas bubbles is also
characteristic, which leads to an improvement in the structural and mechanical characteristics
of ready biscuit products.
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Figure 2. Microstructure (1:1000) of samples of biscuit dough, containing:
WF and ECF in the ratios:
a—WF - 100 mass%; b-WF:EF — 80:20 mass%; ¢ —ECF — 100 mass%o;
1 —air bubbles; 2 — potato starch grains;
3 —wheat flour starch grains; 4 — channels between air bubbles.

Investigation of the stability of foam biscuit dough

To determine the role of the liquid phase of the dough during its short storage before
baking, the stability of the formed foam was investigated. This value is characterized by the
foam settling rate [24]. The results of the study are shown in Figure 3.

Experiments have shown that the stability of the foam depends on the used flour. The
introduction of extruded corn flour in the biscuit semi-finished technology helps to reduce
the movement of hydrophobic particles, which minimizes their negative impact on the foam
stability. High foam stability corresponds to large volume and fine uniform porosity of biscuit
cake.
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Figure 3. Dependence of biscuit dough foam stability on ECF content:
1 - WF:ECF - 100:0 (control); 2 - WF:ECF - 95:5 mass%;
3 —WF: ECF -90:10 mass%; 4 — WF:ECF — 85:15 mass%o;
5 - WF:ECF - 80:20 mass%; 6 — WF:ECF — 0:100 mass%

Figure 3 shows that the use of extruded corn flour instead of wheat flour significantly
affects the stability of the biscuit dough foam, this indicator monotonically increases almost
1.5 times with the complete replacement of wheat flour. This ability will help to stabilize the
foam of the biscuit dough and increase its resistance to mechanical action during its molding.

The use of whipped egg white with sugar forms a stable system that settles rather slowly
and gives a small volume. Thus, studies have shown that settling time for the sample 1 is 120
minutes. This phenomenon can be explained by the flocculation caused by the formation of
large aggregates and large volume sediment [24].

Study of microstructure of biscuit cake

After baking (b), a semi-finished biscuit with a volume at the level of the control sample
with fine uniform porosity was obtained. The use of extruded corn flour promotes change in
the properties of a thick starch paste that becomes gelatinized to produce a viscous dough.
Changing the properties of starch when interacting with the emulsifier has a significant
impact on the dough system. We see that the formation of a fine-porous structure of biscuit
dough using 20 mass% and 100 mass% of extruded corn flour is due to the properties of the
starch of extruded flour.

In Figure 4 it can be seen that the structure of the biscuit semi-finished product looks
like a spatial grid. The results of the study indicate the presence and uniformity of pore
distribution in samples b and c using extruded corn flour, which is an integral part of the
porous structure of the biscuit cake.
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Figure 4. Microstructure (1:40) of samples of biscuit semi-finished product containing: WF and
ECF in the ratios:
A —WF - 100 mass%:; b — WF:ECF — 80:20 mass%; ¢ — ECF — 100 mass%o;
1 - pores.

Therefore, the effect of extruded corn flour on the properties of biscuit dough and biscuit
cake is caused first of all by the properties of corn flour starch that has undergone extrusion
treatment. Using the obtained results allows to recommend extruded corn flour for the
production of gluten-free biscuits for dietetic nutrition.

The results of the studies showed that it is advisable to have 100 mass% substitution of
wheat flour for corn flour extruded in biscuit semi-finished technology. During the
experimental research, measurements of the basic characteristics of the biscuit were
performed and their statistical analysis was performed.
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Comparison of the porosity of the obtained samples of biscuit cake

The porosity of the samples of the biscuit semi-finished product (control sample) and
sample with extruded corn flour were carried out by measuring the effective pore diameters
on the biscuit cross sections (Figure 5), by visualizing the biscuit microstructure, processing
the digital images and measuring them.

The processing of the research results allowed to obtain color gradient matrices on
fragments of biscuit images with extruded corn flour. All selected fragments observed the
presence of areas of high gradient values of the digital image brightness matrix around the in
homogeneities (inclusions, pores, areas with variable humidity). They also observed the
indicated areas with slightly smaller maximum values of the structural characteristics
gradient compared to the trivial materials in the matrix around the air inclusions or included
particles. This has shown that structural changes occur to a less extent and are explained by
the formation of super molecular structures in the form of globular aggregates of
macromolecules, both around the air inclusions and in the volume of the matrix, indicating
the formation of a heterogeneous structure [25]. Within the two-factor model, the method of
modeling moisture content, density, porosity and sintering from the content of egg melange,
sugar and extruded corn was used.

A program for calculating the parameters of a quadratic biscuit density dependence
model G (kg/m?®) from the content (%) of ingredients: E (egg product), C (sugar) and B (flour)
according to the results of tests for 4 samples, characterized by the sets of content of
ingredients is are given in. Accordingly, the density dependence and its possible absolute and
relative error were evaluated.

01=5.9 g»=6.5 g3=6.2 g4=6
sg1=0.6 sg»=0.5 sg3=0.6 s5g+=0.6

g1 €1 €1 by
92 €; Cy b2

= E= = B=
G 93 e3 c C3 bs
9a €4 Cs b,

y1=0.5 y2=0.5 y3=0.5 Given
G-gz=y1(E-ez)2+yz(C-ez)2+y3(B-b2)2

The last relation gives an opportunity to obtain a polynomial formula for further studies:
G(E,C,B)=102.25C —87.66°CB — 165.12-C %- 143.25-B*+ 145.88'B — 37.08.

The calculation of the absolute dG and relative dG the error of the density G of the
biscuit product makes itpossible to state that the maximum density of the biscuit product is
reached for the parameters (E, C, B) = (0.5; 0.23; 0.23) with a high level of accuracy — 1.4%

The MathCAD operator of the extremum estimate for the function G (E, C, B) gives the
maximum density result: max(g)=6.47(kg/m?) Figure 5. The third parameter B — the content
of the flour is not clearly affected, based on the condition: E + C + B =1.
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o 3 10 15

E

Figure 5. Density levels of biscuit G with respect to parameters E and C

Similarly, to the results of the program of calculating the parameters of the quadratic
model of density dependence on the content of ingredients using MathCAD-14, analytical
expressions were obtained representing the dependence of indices of absorption (U), porosity
(P) and moisture content (V) on the parameters of egg content (E), sugars (C) and flour (B).

V(E,C,B) = 13.06'E + 0.61-C + 2.31'B — 13.11E?- 1.31-C?- 4.97-B%- 2.61;
U(E,C,B) = -3.38'E — 2.88"C + 3.38'E?+ 6.27-C?+ 11.18;
P(E,C,B)=625E-625E?-2393-C?+1100.78-C-2339.0-B?+1263.06-B-371.85;

Analytical expressions make it possible to state that the optimum density of biscuit
semi-finished product is achieved for the parameters (E, C, B) = (0.5; 0.24; 0.24) with a high
level of accuracy — 1.4% (Figure6).

The operator of the MathCAD program of extremum estimation for the function G (E,
C, B) gives the optimality result: max (V) = 98%, min (U) = 10%, max (P) = 81.1%. Note
that the analytical expression of the dependence of the biscuit packing does not contain
parameter B (flour content).

Analysis of diagrams (Figure 6) of biscuit product parameters gives reason to claim that
the found optimum corresponds to the values of the content of ingredients: egg — 50%, sugar
— 23%, flour — 27% with accuracy: 0.4, 0.14 and 0.12% respectively.

According to the results of the optimization of biscuit cake with the use of extruded
corn flour has the following optimization intervals: 100 mass%. That is, at x1(E) = 51%,
x2(C) = 24.4%, and ECF content of 24.6% with accuracy: 0.4, 0.14 and 0.12% respectively,
with the best performance of sintering, porosity, dough density and moisture content.

The mathematical processing of the results of the study allowed to optimize the main
recipe components of the biscuit semi-finished product, called "Gluten-free" and to determine
their optimal ratio — eggs:whitesugar:ECF — 2.1:1:1.02.
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Figure 6. Effect of content of egg E and sugar C on
moisture content V (figure 6a), indices of absorption U (figure 6b) and porosity P (figure 6c)
of the biscuit
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Conclusions

As a result of solving the research problems, new scientific results were obtained, which

are as follows:

1.

2.

10.

11.

12.

The stabilization of the rheological properties of the foam system of biscuit gluten-free
dough is achieved due to the properties of partially gelatinized starch of extruded flour.
Optimized formulation of gluten-free biscuit based on 100% replacement of wheat flour
with extruded corn flour with a quantitative ratio of recipe components “eggs: sugar:
ECF" 2.1:1:1.02. The ratio of the main recipe components is: egg content — 51%; sugar
content — 24.4% and content of extruded corn flour- 24.6%.

The conducted research is the technological basis for the development of a wide range of
food products with improved organoleptic characteristics for special dietary nutrition.
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