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Abstract
The paper provides scientific foundation for an integrated approach to the problem
of expanding the range of bread for special purposes, including that for patients with
celiac disease. High cost of gluten-free foreign products makes rational use of corn
flour and bread production technology based on it currently relevant. The use of
enzymatic modification of corn flour starch is found to increase the gas formation of
dough, which increases accumulation of mono- and disaccharides up to 5.5 %. The
use of surfactants to increase the gas retention capacity of dough is proved to be
expedient. The effect of deoiled soy lecithin on the properties of dough and qualitative
characteristics of corn bread was discovered. Dry egg albumen was added to make
the bread structure porous. Preliminary hydration of protein was revealed to improve
leavening of bread. It was proved that semi-finished product, hydrolysate, in an amount
of 50 % of the corn flour weight, 1 % soybean deoiled lecithin, 2.5 % vegetable oil, and
4 % dried egg albumen increase the gas retention capacity of dough and reduce its
viscosity and gelatinization temperature to produce high quality gluten free corn pan
bread.

1. Introduction

In bakery, it is currently important to expand and improve the range of therapeutic
and prophylactic products. The consumer needs cheap quality products, including
those produced using non-traditional types of rawmaterials. Achloride iodine containing
products were developed for people suffering from osteoporosis and diabetes mellitus
[1].

Celiac disease or gluten enteropathy is an increasingly spreading disease. In Europe,
America and India, up to 1--1.2 % of the population suffers from gluten intolerance, which
causes damage to intestinal villi of the mucous membrane. These people have to keep
a lifelong diet. Products made from rice, corn, buckwheat, and millet are most often
used as a substitute for gluten-containing products from wheat, oats, barley and rye
[2--5]. Today, gluten-free products are produced mainly by EU countries: Germany, Italy
and Finland. However, it should be noted that these products are of high cost [6].
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In general, modern technologies only partially replace wheat flour with gluten-free
types of flour made from cereals and legumes in production of bakery and flour products
[7]. This is primarily due to the lack of gluten-forming proteins in these types of flour,
which are known to affect structural and mechanical characteristics of semi-finished
and finished products. Therefore, the technology for gluten-free bakery products of low
cost for treatment-and-prophylactic nutrition based on non-traditional raw materials is
becoming crucial.

The analysis showed that the most promising type of this raw material is maize
gluten meal made from anti-allergenic food corn [8, 9]. However, baking properties of
this flour are low, it does not form the dough with required structural and mechanical
characteristics, and the products are small in size and crumbly.

Data on the use of hydrocolloids as additives, which positively affect structural and
mechanical properties of semi-finished and finished products, are reported in [10].

It should also be considered that to obtain the appropriate structural and mechanical
characteristics of the finished bakery products, a sufficient number of simple sugars,
the food source for the yeast during alcoholic fermentation, are required. The content
of intrinsic sugars in corn flour is low (up to 1.15 %), and the activity of intrinsic amylolytic
enzymes in flour is also low. Therefore, to obtain a sufficient amount of carbon dioxide to
leaven the dough, simple sugars should be added or produced by starch modification.
Corn flour is a promising type of raw material for these purposes, since its starch content
is 65--70 %. In bakery, fungal α-amylase preparations are used for starch hydrolysis, and
the hydrolysis proceeds with the formation of maltodextrins and maltose. For more com-
plete saccharification, glucoamylase preparations are used [11]. A complex use of these
enzyme preparations will not only ensure the presence of fermentable sugars in dough,
but also increase the shelf life of bakery products. Therefore, enzyme preparations with
amylolytic activity should be used to prepare gluten-free bakery products from corn
flour. Analysis of the literature indicates the need to use additives with structure-forming
properties (gums, lecithins, etc.) in baking gluten-free flour products to ensure the gas
retention capacity of semi-finished products and to increase the dough stability. As is
known, lecithins exhibit high water-retaining and emulsifying ability and are a valuable
source of phospholipids. For baking, it is recommended to use these surfactants with
a hydrophilic-lipophilic balance of 6--14, and the recommended dosage is 1--4 % of the
flour weight [12].

The formation of the required structural and mechanical characteristics of bakery and
flour products can be facilitated by the egg albumen, which possesses high foaming abil-
ity. Possessing hydrophilic-hydrophobic properties of frothers make them concentrate
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on the interface thus reducing surface tension. Egg products affect the porosity for-
mation and enrich products with high-grade protein. Consequently, amylolytic enzyme
preparations, lecithin and egg white can affect microbiological processes, the formation
of structural and mechanical characteristics of products, which indicates the need for
further research.

The study aims to determine the possibility of using fungal α-amylase and glucoamy-
lase, deoiled soy lecithin and egg albumen to make gluten-free bread from the corn
flour.

In accordance with the aim, it is required:

• to determine the parameters of starch modification;

• to investigate the effect of deoiled soy lecithin and egg protein (dry) on struc-
tural and mechanical characteristics of semi-finished and finished products; to
determine their dosage;

• to study structural and mechanical characteristics of the corn gluten-free dough
prepared using enzyme-modified corn flour, deoiled soy lecithin and dried egg
albumen, and the quality of the finished products.

2. Materials and Methods

To conduct the study, a sample prepared according to the recipe for bread made by
the straight dough procedure was used as the control: 100 kg of corn flour; 3 kg of
pressed baking yeast; 1.3 kg of salt. The dough with a moisture content of 54 % without
fermentation was divided into portions shaped and placed in molds. At a temperature
of 38±2 ∘C, the dough was proved until ready. Baking was carried out at 200--220 ∘C.

Cornmeal was hydrolyzed using fungal α-amylase preparations (activity of 5000
unit/g) and igluco-amylase (activity of 500 unit/g). The temperature optimum of enzyme
preparations and that of dough preparation was different; therefore, the first prepared
semi-finished product was hydrolysate made from part of corn flour and water at 40
∘C. The mass was acidified with citric acid (0.065 % of the flour weight) to ensure the
optimum pH value, and enzyme preparations diluted with water in the ratio of 1:10 were
introduced. The mass was placed in a thermostat at 40 ∘C until sugar accumulated in it in
an amount up to 6 %. The semi-finished hydrolyzate was used to prepare the dough with
a moisture content of 54 % of the remaining amount of corn flour, yeast suspension, and
salt solution in accordance with the recipe. Bread samples were prepared through the
straight dough procedure using the hydrolyzate. In addition to the above-mentioned
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additives, soybean powder of deoiled lecithin was used to make subsequent bread
samples, which was introduced into to the mass after its enzymatic treatment adding 2.5
% vegetable oil. The mass was dispersed for 2--3 minutes to knead dough. The fourth
sample of corn bread was prepared using dry pasteurized egg albumen preliminary
diluted in water at 30 ∘C in a ratio of 1:7 and whipped for 5 minutes to obtain a stable
foam.

The amount of sugars formed during starch hydrolysis was measured by the iodo-
metric method. The intensity of alcoholic fermentation was estimated by the method of
Iago-Ostrovsky. Acidity of semi-finished products was determined by standard methods
[13]. The visco-plastic properties of dough were evaluated by changing the diameter of
the 100 gram dough ball during its fermentation at 30 ∘C.

The gas retention capacity of dough was monitored through changes in the specific
volume of test samples in a 250 cm3 cylinder in a thermostat at a temperature of 30 ∘C
until dough dropped.

The finished samples were analyzed 4 hours after baking using organoleptic and
physicochemical parameters according to conventional methods [13].

3. Study of the effect of amylase, lecithin and protein on
the ability of gluten-free corn bakery products

The rate of starch cleavage by amylases depends on its structural features, and on
the size and shape of starch grains. Therefore, dosage recommendations for enzyme
preparations proposed by manufacturers may not be appropriate for the hydrolysis of
corn flour starch. The optimal dosage of enzymes was calculated through determination
of mono- and disaccharides in the model test system with corn flour of 54 % humidity
and water at 40 ∘C after 3 hours of yeasting.

As can be seen in Figure 1, the addition of fungal α-amylase at a dosage of 0.005-
-0.007 % of the weight of corn flour leads to 3.0--4.2 % accumulation of sugars which
is 43--42 % more than that when adding this enzyme at a dosage of 0.002 %. The
enzyme dosage increased up to more than 0.005 % does not significantly increases
sugars as compared to that at a dosage increased from 0.002 to 0.005 %. An increase
in the dosage of glucoamylase from 0.04 to 0.05 % is impractical, since more significant
accumulation of sugars (5 %) during hydrolysis occurs when making the enzyme prepa-
ration at a dosage of 0.03 % of the weight of corn flour. As reported earlier, alcoholic
fermentation and baking require up to 6 % of simple sugars on a dry basis.
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(а) (b) 

Figure 1: Effect of enzymes on accumulation of sugars in corn dough: (a) fungal α-amylase; (b) glucoamylase.

Therefore, the dosage of fungal α-amylase required for the corn starch modification is
0.005 %, and the amount of glucoamylase required is 0.03 % of the weight of corn flour.
The obtained semi-finished product -- hydrolyzate -- was used for dough preparation.

In addition to the medium temperature and acidity, the moisture content of the
substrate affects the amylolytic enzymes. Figure 2 presents the dynamics of the accu-
mulation of sugars during the hydrolysis of corn flour with its different contents in the
initial mixture.

The use of corn flour in an amount of 50% of the recommended one in the hydrolyzate
with a moisture content of 65 % (Figure 2, Curve 3) contributed to a greater accumulation
of sugars, which is associated with the enzyme-substrate ratio. The amount of sugars
(up to 6 %) sufficient for yeasting and baking is formed within 2 hours of hydrolysis with
optimal parameters.

In further studies, we investigated the effect of deoiled soy lecithin on physicochemi-
cal parameters of the corn dough (Table 1) due to the absence of gluten-forming proteins,
which aremainly responsible for rheological properties. The lecithin dosage in corn flour
was 0.5--1.5 % of the weight of corn flour.

It can be noted that the use of deoiled soy lecithin had a positive effect on charac-
teristics of dough and the ability of the bread made from corn flour. Thus, during 45
minutes of yeasting the gas-forming capacity increased by 25.0--27.9 % compared to
that in the control sample. The specific volume of bread increased by 9.8, 17.6, 19.6
%, respectively when adding 0.5, 1.0, 1.5 % lecithin. The bread porosity increased by
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Figure 2: Accumulation of sugars in the semi-finished product (hydrolysate) depending on its moisture
content with the content of corn flour: (1) 100 %; (2) 75 %; (3) 50 %; (4) 25 %.

Table 1: Effect of deoiled soy lecithin on the test indicators and the ability of corn bread.

Indicator Control (with
amylase enzymes)

Sample with amylases and lecithin, % of the weight of
corn flour

0.5 1.0 1.5

Dough

Gas-forming capacity
(45 min before
yeasting), cm3/100 g of
dough

340 425 435 435

Titrated acidity, deg:

- initial 2.7 2.7 2.7 2.8

- final 3.3 3.4 3.5 3.5

Specific volume (45 min
after yeasting), cm3/g

1.35 1.45 1.56 1.58

Bread

Specific volume, cm3/g 1.53 1.68 1.80 1.83

Acidity, deg 2.8 2.9 3.0 3.0

Porosity, % 40.8 43.7 46.9 47.3

7.1 %; 15.0 %; 15.9 %. The introduction of lecithin at a dosage of 1.0 % of the weight of
corn flour contributes to a greater increase in both the specific volume of bread and its
porosity index. Vegetable oil at a dosage of 2.5 % affects the surface-active properties
of lecithin and contributes to a greater increase in the specific volume of bread and its
porosity.
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To ensure the structure of porosity and the specific volume of the corn bakery product,
dried egg albumen was introduced in an amount of 3.08, 4.08, 5.08 % of the flour weight
after its pre-dilution with water and whisking until a persistent foam (Table 2).

Table 2: Effect of dried egg albumen on the ability indicators of corn dough and bread.

Indicator Control (with 1 %
lecithin and 2.5 %
vegetable oil)

Sample with amylases, lecithin and vegetable oil, and
with the addition of dried egg albumen, % of the flour

weight

3.0 4.0 5.0

Dough

Gas-forming capacity
(45 min before
yeasting), cm3/100 g of
dough

423 421 420 418

Titrated acidity, deg:

- initial 2.8 2.9 3.0 3.1

- final 3.6 3.7 3.8 3.8

Specific volume (45 min
after yeasting), cm3/g

1.64 2.03 2.08 2.07

Bread

Specific volume, cm3/g 1.91 2.37 2.43 2.41

Acidity, deg 3.2 3.4 3.3 3.3

Porosity, % 50.5 61.0 63.5 62.0

Analysis of data presented in Table 2 indicates that the addition of dried egg albumen
increases slightly the acidity of dough, while the addition of 3.0 to 5.0 % of protein
decreases the gas-forming capacity by 0.5--1.2 %, which is likely due to the decreased
nutrient supply to yeast cells. When adding the specified amount of protein, the specific
volume of dough and bread increases by 23.8--26.2 % and by 24.0--26.1 %, respectively.
At the same time, the introduction of this additive in an amount of more than 4.0 %
decreases the specific volume; therefore, the dosage of 3--4 % should be considered
optimal.

The samples with protein exhibited better organoleptic characteristics compared to
the control sample, due to a more intensive reaction of melanoidin formation. To explain
the increased specific volume of the samples, we investigated changes in the visco-
plastic characteristics of corn dough (Figure 3).

As can be seen, dough slackness in samples with additives is higher by 20.0--30.0
%. The introduction of additives and the processes occurring during yeasting contribute
to the decreased dough viscosity. At the same time, additives cause an increase in
the gas retention capacity of dough and the volume of bread (Tables 1 and 2), since
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Figure 3: Dough slackness: 1 -- control (without additives); 2 -- with amylase enzymes; 3 -- with enzymes
and lecithin; 4 -- with enzymes, lecithin, and egg albumen.

lecithin reduced the surface tension and interfered with coalescentin. An egg albumen
significantly affected the formation of the structure, which strengthened the structure
during denaturation and retained carbon dioxide. Due to a greater decrease in the
dough viscosity caused by additives, gas bubbles expanded more, which contributed
to a greater increase in the volume of finished products. In addition, the temperature
of gelatinization was observed to decrease from 64 to 59 ∘C; therefore, the decreased
retrogradation of corn starch caused by additives will slow firming of bread.

4. Conclusions

The study showed that the addition of amylolytic enzymes at a dosage of 0.005 % and
glucoamylase at a dosage of 0.03 %, deoiled soy lecithin at a dosage of 1.0 %, vegetable
oil at a dosage of 2.5 %, and dried egg albumen at a dosage of 4 % increased the gas
retention capacity of dough that results in the aerated structure of gluten-free bread
which less likely to go stale quickly as compared to the control.
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