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Abstract
Introduction. One of the main objectives of the food industry is the development of bakery 
technology for dietary and functional foods. The article gives a complete description of 
specialized food products. The purpose of this work is to investigate the influence of ama-
ranth and linseed flours on the quality of the gluten-free bakery products. During the study, 
there was determined the best proportion of gluten-free mixture ingredients for producing 
a quality product.
Materials and Methods. In the course of the study, there were chosen different formulas 
of mixtures with the use of amaranth and linseed flours produced by “S.Pudov” company, 
corn starch by “Trapeza” company, and other ingredients such as yeast, drinking-water, 
salt and sugar.
Results. To the formula under development there were added 17 grams of corn starch. 
At the same time, an increase in the gas retention capacity of the dough was noted. 
The starch served as the best binding component when mixing water with flour.
Discussion and Conclusion. On the basis of the tests performed, data on pH of the dough 
medium with different proportions of amaranth and linseed flours were obtained. The most 
acidic medium is in the dough in which the amount of linseed flour is more than the 
amount of amaranth one. The conducted studies allow assuming that this is caused by the 
high acidity of linseed flour.
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Аннотация
Введение. Одной из основных целей пищевой промышленности является разработка 
технологии хлебобулочных изделий для диетического и функционального питания. 
В статье приведена полная характеристика специализированных пищевых продук-
тов. Целью данной работы является исследование влияния амарантовой и льняной 
муки на качественные показатели теста для приготовления безглютеновых хлебобу-
лочных изделий. Согласно поставленным задачам определено наилучшее соотно-
шение ингредиентов безглютеновой смеси для получения качественного продукта.
Материалы и методы. В ходе работы были подобраны различные рецептуры сме-
сей с применением амарантовой и льняной муки фирмы «С.Пудовъ», кукурузного 
крахмала производителя «Трапеза», а также других ингредиентов: дрожжи, вода пи-
тьевая, соль пищевая и сахар.
Результаты исследования. В разрабатываемую рецептуру был добавлен кукуруз-
ный крахмал в количестве 17 г. При этом было отмечено увеличение газоудержива-
ющей способности теста. Крахмал служил лучшим связующим компонентом при 
соединении воды с мукой.
Обсуждение и заключение. В результате исследования получены данные о pH среде 
теста с различным соотношением амарантовой и льняной муки. Самая кислая среда 
в том виде теста, в котором количество льняной муки преобладает над содержанием 
амарантовой. На основе этих исследований можно допустить, что это связано с вы-
сокой кислотностью льняной муки.

Ключевые слова: безглютеновый хлеб, амарантовая мука, льняная мука, безглюте-
новая смесь, рецепт
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Introduction
Gluten type of vegetable protein found 

in wheat, barley, rye. Gluten plays an im-
portant role in the formation of impor-
tant elastic bonding when mixing dough. 
In the absence of gluten in flour prod-
ucts there are such problems as lack of 

swelling (gas retention capacity), elastic-
ity, openness, etc. [1‒4]. But gluten-free 
bakery products are gaining popularity. 
This increase in the popularity of gluten-
free products is caused by an increase in 
the number of people suffering from glu-
ten intolerance. The only treatment for this 
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disease is a strict gluten-free diet. In addi-
tion, the problem of healthy eating today is 
relevant in view of the increase in allergic 
and genetic diseases, as well as of the seri-
ous environmental situation in the world.

One of the main goals of the food in-
dustry is the development of specialized 
bakery products for dietary and functional 
nutrition. The main types of flour used for 
the production of such bakery products are 
following types of flour: buckwheat, ama-
ranth, rice, linen, maize, hemp, etc [5–7].

Today, the Russian market of gluten-
free products is represented by a rather 
small assortment, because most produc-
tion depends directly on imports. Despite 
the fact that according to various data, 
0.5–1.0% of the population in the Russian 
Federation has gluten intolerance, the ques-
tion of increasing the baking production is 
very important. In order to solve this prob-
lem, it is necessary to increase the produc-
tion of “useful” products and improve their 
quality through using new, improved ap-
proaches and production technologies [8].

For developing new technologies and 
formulas of gluten-free bakery products, 
Russia has been gained considerable ex-
perience. Every year, more and more nu-
tritionists choose to research raw materi-
als for specialized foods. The purpose of 
this work is to investigate the impact of 
amaranth and linseed flour on the quality 
of the gluten-free bakery products. 

The research objectives of this paper 
are as follows: 

– to conduct physic-chemical analysis 
of amaranth and linseed flour;

– to develop the optimal formulas for 
the addition of amaranth and linseed flour;

– to develop a  pilot plan and metho-
dology of the experiment;

– to analyze the formulas received;
– to development the optimum formu-

la for producing gluten-free bread using 
amaranth and linseed flour, and study the 
rheological  characteristics of the dough 
depending on the quantitative content.

Literature review
The scientists have made an indispens-

able contribution to the development of 
gluten-free bakery products are L. N. Ka-
zanskaya, N. D. Sinyavskaya, V. N. Krasil-
nikov, N. V. Barsukova, N. A. Leon-
tieva, T. B. Tsyganova, T. I. Schneider, 
D. V. Schneider, V. S. Mehtiyev etc.

But the question of enriching gluten-free 
bakery products through using non-conven-
tional raw materials needs further study.

In the article by T. V. Orlova and 
P. I. Kudinov, there are presented deve-
loped formulas and technologies of pro-
ducing gluten-free bakery products with 
the use of gluten-free flour mixtures. The 
formulas of these flour mixtures include 
rice, quinoa and buckwheat flours. The ar-
ticle also analysed production regimes and 
bakery product formulas [1; 9].

In the work by E. V. Nelubina and 
E. N. Urbancik there are considered technol-
ogies of making bread based on gluten-free 
pea raw materials. The research has resulted 
in producing a new product of high energy 
and biological value [2; 10]. P. Zh. Anashki-
na, E. V. Moskvicheva etc. in their scientific 
paper investigated gluten-free flour types for 
making bakery products. The work evalu-
ated the organoleptic, physico-chemical and 
functional-technological properties of the 
flours under studying to determine the pro-
portion of the flour mixture for producing 
a quality bakery product [3; 11].

L. V. Zaitseva and T. A. Yudina in their 
scientific paper studied modern approaches 
to the formulas of gluten-free products and 
developed the formulas for making gluten-
free bakery products enriched with proteins 
and food fibers. For this purpose, uncon-
ventional flour such as chia seed flour and 
lupine flour were used. Thus, the resulting 
product expanded the assortment of gluten-
free products with an increase in their non-
dietic and dietary orientation, due to the 
high fiber content dietary fibers [4; 12].

In their article, S. Dracula, D. Novotni 
described a study aimed at determining the 
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influence of partial substitution of flour 
coarse grinding with yellow pea flour on 
phenols and the antioxidant capacity of 
gluten-free sour and bread. The research 
has shown the value of using fermentation 
in a carefully proportioned sour when add-
ing pea flour to gluten-free bread, which 
allows for a high antioxidant potential [13].

S. A. Urubkov and S. S. Khovanskaya 
in their article considered a limited range 
of functional products for children with 
limited nutrition. It was concluded that it 
is necessary to expand the production of 
specialized gluten-free products. The au-
thors also considered the possibility of us-
ing dry gluten-free mixtures for children, 
where the main component is rice and 
amaranth flour with the addition of fruit, 
vegetable and berry raw materials [8; 14].

All of these sources reveal most of the 
problems associated with producing foods 
for particular nutritional uses.

Materials and Methods
In the course of the study, there were 

chosen different formulas of mixtures 
with the use of amaranth and linseed 
flours produced by “S.Pudov” company, 
corn starch by “Trapeza” company, and 
other ingredients such as yeast, drinking-
water, salt and sugar1 [15; 16].

Bread formula is presented in table 1.

T a b l e 1
Gluten-free bread formula per 100 g

Name of  ingredient Model 
no. 1

Model 
no. 2

Model 
no. 3

Amaranth flour, g 60.0 50.0 40.0
Linseed flour, g 40.0 50.0 60.0
Starch, g 17.0 17.0 17.0
Yeast, g 1.5 1.5 1.5
Salt, g 0.2 0.2 0.2
Sugar, g 0.5 0.5 0.5
Water, ml 150.0 137.0 110.0

The formulas differed in the quantity 
of several flour types and the amount of 
water consumed, while other ingredients 
remained in the same proportion [17–21]. 
Based on the formula developed, three 
dough samples were mixed with a bread 
maker as shown in Figure 1.

F i g. 1. Bread maker

The ready dough was tested for 
a number of important indicators such as: 
the dough acidity, pH, the value of the 
critical shear stress and the organolep-
tic estimation [4; 20–22]. All researches 
were carried out in the laboratory of Bio-
chemical and Spectral Analysis of Food 
Products of the Chair of Food Enginee-
ring and Technology of Don State Tech-
nical University.

Determination of the dough acidity 
During the dough maturation, a num-

ber of organic acids are accumulated in 
it: lactic, acetic, propionic and others. All 
they have a characteristic odor affecting 
the taste and smell of the bakery prod-
ucts. The flour acidity has a significant 
influence on the quality of the finished 
bakery products. The level of acidity of 
flour depends on the variety and duration 

1 Kutz A.A., Shirokova N.V. [Development of Bakery Products Technology Using Buckwheat and 
Spelt Processing Products]. In: New Approaches to the Development of Technologies for the Production 
and Processing of Agricultural Products. Volgograd; 2018. p. 327–329. (In Russ.)
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of storage [23–26]. High flour acidity 
results in high initial dough acidity and 
rapid acid accumulation during fermen-
tation. The acidity level was determined 
according to GOST 5670-962. Preparation 
of the mixture: batch of test sample 5 g 
was dissolved in 50 ml of distilled water; 
3 drops of phenolphthalein were added to 
the beaten-up flour and water, and was ti-
trated with 0.1h NaOH until a light pink 
color was formed that did not disappear 
within 30 seconds. Figure 2 shows the 
coloring of the mixture.

F i g. 2. Titration of the mixture

Acidity is one of the most important 
indicators not only of readiness but also of 
quality, since the composition and quan-
tity of acids have a particular influence on 
the most important processes in mixing 
the bread dough, and in consequence, in-
fluence the organoleptic characteristics of 
the finished product [27–30].

Determination of pH
Determination of pH is performed 

with a pH-meter “Expert pH”, the device 
is shown in Figure 3, intended to measure 

2 GOST 5670-96. [Bread, Rolls and Buns. Methods for Determination of Acidity]. Moscow; 1997. (In Russ.) 

pH activity and the mass concentration of 
OH and H ions in the test samples. 

Measurement error is 0.001. Sample 
preparation: 5 g of sample was put in 
a measuring bulb and dissolved in 20 ml 
of distilled water, and then pH was mea-
sured with a measuring transducer.

F i g. 3. PH-meter “Expert pH”

A large quantity of compounds or ele-
ments in flour helps to maintain a suit-
able acid-alkali balance for a particular 
type of flour. It allows controlling and fer-
mentation processes [31–34].

Determination of the critical shear 
stress 

Critical shear stress means the force 
necessary to deform a product. The con-
sistency of the dough is determined 
with a device called a conical plastome-
ter [35–38]. The method of determination 
is shown in Figure 4.



318318

 Том 32, № 2. 2022ИНЖЕНЕРНЫЕ ТЕХНОЛОГИИ И СИСТЕМЫ

Пищевые системы

F i g. 4. Unit for determination the shear stress

The test mass is placed on the surface 
of the unit, the top of the cone comes into 
contact with the mass surface. The depth 
of the cone immersion is determined with 
a ruler [39–41]. The depth of immersion 
of the material is fixed in the results of 
the measurements, and then the critical 
shear stress is determined according to 
formula:

�
0 2
� �K

h
P

a
r

max

,

Pr – cone load; Ka – cone constant, de-
pending on the angle at the vertex (K = 2); 
h
max

2  – immersion value in an investigated 
material.

Results 
In the development of the recipe, corn-

starch was added as it increases the test’s 
gas retention capacity, as well as remov-
ing moisture and is a binding component 
when water and flour are combined. The 

results of the shear stress determination 
are presented in Table 2.

T a b l e 2
Research results

Parameter Shear stress pH 
Model no. 1 1.00 5.00
Model no. 2 1.00 5.00
Model no. 3 1.00 5.00

Based on the results obtained, we can 
assume that as the quantity of linseed flour 
increases, the value of shear stress increas-
es. This suggests that the high content of 
linseed flour worsens the rheological prop-
erties of the dough, such as elasticity. 

One of the most important indica-
tors of the quality of finished products is 
acidity. It is a measure of total acidity as 
a proxy; titled acidity is the sum of free 
protons and non-dissociated acids in solu-
tion. Quantitative indicators of acidity are 
presented in Figure 5.

Bakery products with a high content of 
linseed flour are more acidic and of a lower 
specific volume. It was noted that the acid-
ity of sample 3 is higher than that of the 
rest of the samples, which is related to the 
fact that linseed flour has a high content of 
organic acids: acetic, apple and lemon. 

The main difference between pH and 
titrated acidity is that pH measures the 
concentration of free protons in a solu-
tion, while titrated acidity measures the 
sum of free protons and non-dissociated 
acids in a solution [42–44]. The research 
results are presented in Table 2

The results of the studies show that in 
sample 1 with a high content of amaranth 
flour, the pH is less acidic than in sample 3 
with a predominantly linseed flour. 

Discussion and Conclusion
When comparing the two types of 

flour, amaranth and linseed, it turns out that 
the sample with linseed flour has a fairly 
high content of protein and food fibers, 
while amaranth flour is high carbohydrate 
and has a low content of proteins and fats.
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F i g. 5. Acidity of different types of dough

In the course of the research, optimal 
formulas of mixtures with the use of ama-
ranth and linseed flours were selected. As 
a result of the research, the dependence of 
the quantitative water content on the flour 
was revealed. In sample no. 3, where the 
content of amaranth and linseed flours was 
40 and 60 g, respectively, the total amount 
of water used for dough kneading was 1.5 
times more than for sample no. 1, where 
the content of amaranth and linseed flours 
was 60 and 40 g, respectively. The sample 
with high amaranth flour content (sam-
ple 1) required the most water to kneading 
the dough of homogeneous consistency. It 
can be concluded that amaranth flour has 
a high water-absorption capacity. 

With regard to rheological properties, 
there is a correlation: the depth of immer-
sion is decreasing with increasing the shear 
stress value. Acidity has a great influence 
on the quality of finished bakery products. 
The experience shows that bread with 
a high content of linseed flour has an acid-
ity index of 4.1, indicating that this type of 

dough has acid medium. Bakery products 
with increased acidity are more acidic at 
the end of the baking process.

On the basis of the tests carried out, 
there were obtained the data on pH of 
dough with different proportions of ama-
ranth and linseed flours. The most acidic 
type of dough is one, in which the amount 
of linseed flour is more than of amaranth 
flour. Based on these studies, it can be as-
sumed that this is caused by high acidity 
of linseed flour.

Thus, the research showed that the 
optimal content of amaranth and linseed 
flour when kneading dough is 40 and 60% 
respectively. The high nutritional value of 
linseed flour and the high content of fiber, 
which improves digestion, leads to faster 
saturation and releasing of toxins, while 
substances contained in amaranth flour 
are enzymes, which normalize the acidity 
of the gastric juice and enhance secretory 
function of the stomach and intestines, pro-
vide a good end product with high biologi-
cal value and significant nutrient content.
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