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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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Annomauusn

Beeoenue. Onnolt 3 OCHOBHBIX LieJICH MUIIEBO IPOMBIIUIEHHOCTH SBISETCS pa3paboTKa
TEXHOJIOTUH XJIe000YIOUHBIX H3IEIHI IS TUeTHIeCKOTO M (DYHKIIMOHAIBHOTO ITUTAHHMSI.
B crarbe mpuBeseHa MoNIHAs XapaKTePUCTHKA CIICIHAIN3HPOBAHHBIX MHUIEBBIX MPOTYK-
ToB. llenbio JaHHOW PabOTHI SBISETCS MCCIIEIOBAHNE BIMSHHS aMapaHTOBON M JIBHSAHOM
MYKH Ha Ka4eCTBEHHBIE IIOKA3aTeNN TECTA s HPUTOTOBIEHHS OE3ITI0TEHOBBIX XI1e000y-
JI04HBIX M31enuil. ConIacHO MOCTaBICHHBIM 3a/ladaM OIIPEJe/ICHO HAaWIydllee COOTHO-
LIEHUE HHTPEAUEHTOB OE3IIIOTEHOBOM CMECH ISl OTY4EHHsI KaueCTBEHHOTO MPOIyKTa.
Mamepuanet u memoost. B xone paboTsl ObUIN MOOOPaHB! PA3INYHBIE PELENTYPEI CMe-
ceif ¢ IpUMEeHeHHeM aMapaHTOBOH u JIbHAHON MyKH (upMbl «C.ITyn0BbY, KyKypy3HOTO
KpaxmaJjia npoussoaurens « Tpamesay, a Takxke JpyriuxX UHIPEAUEHTOB: APOXKIKH, BOJA -
TheBast, COJIb MUIIEBAs U caxap.

Pesynomamul uccnedosanus. B pazpabarsiBacMyro perenTypy ObLT JT00aBIIeH KyKypy3-
HBII KpaxMain B konudectBe 17 T. Ilpu 3TOM OBLIO OTMEUEHO YBENWYEeHHUE ra30yaep KuBa-
IoIIeH crocoOHOCTH TecTa. Kpaxmai Ciry KuiT JIydmIuM CBSI3YIOIIUM KOMIIOHEHTOM IIpH
COEIMHEHHUH BOJBI C MYKO.

Obcyorcoenue u 3akmouenue. B pesyrnbrare HcciIeI0BaHus OIyYeHb! JaHHEBIe 0 pH cpene
TeCcTa C pa3In4HbIM COOTHOLIICHUEM aMapaHTOBOU M JIbHAHOHM Myku. Camast Kucnas cpena
B TOM BHJIE T€CTa, B KOTOPOM KOJIMYECTBO JILHSAHON MyKH IIpeoOiiaiaeT HaJl Colep KaHneM
amapaHToBoi. Ha 0CHOBE 3THX MCCIEI0BAHUN MOXKHO JOIYCTHTb, YTO 3TO CBSA3AHO C BbI-
COKOHM KHCJIOTHOCTBIO JIbHSIHONH MYKH.

Knioueswle cnosa: 6e3rIIOTEHOBBIN X1e0, aMapaHTOBast MyKa, JIbHSHAs MyKa, Oe3IIioTe-
HOBasi CMECh, PeLenT

bnazooapnocmu: Bripaxkaem OnarogapHOCTh HayUHO-TIEJArOTHUECKOMY KOJUIEKTUBY
Kadeapsl TEeXHUKN M TEXHOJOTHH IHIIEBBIX IPOM3BOICTB JIOHCKOTO TOCYIapCTBEHHOIO
TEXHUYECKOTO yHHBepcuTeTa, ocodeHHo M. A. XossieBy, T. U. Tymonbckux. Mbl Taxxke
OIarogapruM pereH3eHTOB JaHHOH CTaThu.

K'omjmmcm unmepecoe: aBTOphbI 3aBIISIIOT 00 OTCYTCTBUU KOH(bJ'II/IKTa HUHTEPECOB.

Jlna yumuposanusn: Mepkep A. A., Pesa E. H., Cepatok B. A. Biusiaune 6e3mroTeHO-
BOIf MyKM Ha KaueCTBEHHBIC TTOKA3aTeIN TeCTa MPH 3aMece XJ1e600ynouHoro usaemnus //
Wmxenepusre TexHosoruu u cuctemsl. 2022, T. 32, Ne 2. C. 313-323. doi: https://doi.
org/10.15507/2658-4123.032.202202.313-323

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
314

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.

Food systems

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. 1. 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 sugar' [15; 16].

Bread formula is presented in table 1.

Tablel
Gluten-free bread formula per 100 g
Name of ingredient l\r/llg.d?] I\ﬁgfigl I\I/ll(()).d3el
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.

Fig. 1. Bread maker

The ready dough was tested for
anumber 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

! 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.

Fig. 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

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.

Fig. 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.

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

Food systems
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Fig. 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:

—_ r
T, =K, x—"—,

P. — cone load; K, — cone constant, de-
pending on the angle at the vertex (K = 2);
k... — 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

318

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

Table2
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.

Huweeble cucmemasl
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4.2

Acidity, degree of acidity

Model no. 1

4.1
4.0
39
3.8
3.7
3.6
3.5
34
33

Mode no. 2

Mode no. 3

Fig. 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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PeBa Exarepuna HukonaeBHa, nmkeHep 1adopaTopiuy OMOXUMHYECKOTO U CIICKTPAJIBHOTO aHAJIHM3a
MUILLIEBBIX MPOLYKTOB JIOHCKOrO rocyaapcTBEHHOro TexHHueckoro yHusepcurera (344000, Poccuiickas
Ddenepanus, T. PoctoB-Ha-/lony, . [arapuna, a. 1), ORCID: https://orcid.org/0000-0002-4010-925X,
Researcher ID: ADI-5646-2022, rewarewarewak@mail.ru

Cepniok BasenTnHa AjleKcaHIPOBHA, aCCUCTEHT KaeIpbl TEXHUKU U TEXHOJIOTUH MHIIEBBIX MTPO-
n3BOJCTB JIOHCKOTO rocygapcTBeHHOTo TexHuueckoro ynuepcureta (344000, Poccuiickas Deneparys,
r. PoctoB-Ha-Jlony, . ['arapuna, 1. 1), ORCID: https://orcid.org/0000-0003-3538-3358, Researcher ID:
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3asenennvlii 6K1a0 asmMopos:

A. A. Mepkep — IpoBeJIeHUE OIBITOB 10 3aMECy TeCTa U BIIArOINOIIaTHTEIBHON CIIOCOOHOCTH, pa3pa-
00TKa PELENTYPbl, HAIIMCAHUE TEKCTA CTATHH.

E. H. PeBa — nipoBejicHHE OIBITOB 110 OMPEICICHUI0 KAYECTBCHHBIX MOKa3aTesIel TecTa, a UMCHHO:
OTIpe/Ie/ICHUE HAPSHKCHUS CIBUTA, KHCIOTHOCTH, pH cpenbl. JlopaboTka cTarbu.

B. A. Ceparok — Hay4HOE PyKOBOJICTBO, 10paboTKa 1 0hopMIIEHHE CTAThH.

Bce asmopul npouumanu u 0006punu okonuamenbHblil 6aPUAHM PYKORUCU.
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