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Annomauus

B cmamuve npoaHalu3upoearsbl nokazameiu Kadvecmea KOMNO3UNHbLX cmeced, mecma u
XNEOHBbIX NANOYEK HA OCHOBE NULCHUYHOL MYKU nepeoco copma, pOfCCZHOI/Vl cesnou MYKU 6 COOMHOULe-
Husx 70 u 30 yacmet; 80 u 20 vacmeti u noOpowKa KOPpHeniI0008 CMOJI0B0L C8EKIbl 8 Koauvecmee 1 -
9 % om maccwl cmecu MYKU. YCmaHOGJZeHO, umo obozamumenvHas 000A6KaA OKA3bIEALA GIUAHUE HA
HeKomopble opeaHoienmudecKue CBOUCMBA KOMNO3ZUMHBIX cmecezZ, n0z1ygba6pu1<amog U 6vlnevyeH-
Hou npodym;uu, ommevaloCb HESHAYUMENbHOE NOBblUEHUE KUCTIONMHOCMU ONbIMHLIX 06pa31406 u
CHUOICEHUE 6J1ad2CHOCmMU NPpOnoOpyYyuUoOHAalbHO KojJaudvecmey BHOCUMOU 000ABKU. Cycnemuﬂ nopowka
CMOJI0601L CBEKIIbl akmuesupoeaila npoyeccol 2a3006pa306aHuﬂ, Umo no3e60Jul0 COKpamumb nepuoc)
mecmoseoenusi. He bvino evisagneno Oocmoeeprlx pasvmquﬁ Meofcay noxazamensamu Kavecmea 00-
pasyoe ()ny 6apuUaArNmoO6 KOMNO3umHblx cmecell npu paeHsvlx 003up061<ax nopouwKka, a maxaice 6 oni-
HOUleHUu pa3Hblx cnocoboe mecmoseoeHusl. HpedﬂoofceHo ucnojvzoeamsb NOPOUOK CMoJI080U
ceeknbl 8 Konuwecmee 5 % Onsa akmugayuu OpoxcxHcell npu noayd4eHuy XaeOHbIX naioyex QyHKyuo-
HAJIbHO20 HA3HAYEHUA.

KiaroudeBble ciioBa: MMOPOIIOK KOPHEIIJIOA0B CTOJIOBOM CBCKIJIBI, XJIEOHBIE MAJIOYKHA Ha OCHO-
B€ OMOJIOTMYECKUX pa3pbIXIUTeNeH, PYHKIMOHATIbHbIE TPOAYKThHI MTUTAHUS.

Abstract

The article presents the results indicating the prospects of using beet root powder as an en-
richment component in the production of bread sticks based on first grade wheat flour and sifted
rye flour. This conclusion is based on a significant degree of yeast activation by a suspension of
table beet powder and an increase in gas formation during the fermentation period. Quality indica-
tors of composite mixtures, dough and bread sticks based on first grade wheat flour sifted rye flour
in ratios of 70 and 30 parts, 80 and 20 parts and table beet powder in the amount of 1-9% by
weight of the flour mixture were studied. It was found that with an increase in the amount of en-
richment additive in composite mixtures, titratable acidity slightly increased and humidity de-
creased. Baked products according to two variants of the ratios of wheat and rye flour had good
organoleptic and physico-chemical parameters at powder dosages of 1-5% by weight of flour. A
further increase in the content of the additive led to a deterioration in the appearance of bread
sticks, difficulty in their breaking, and decreased wetness of products. There was no significant dif-
ference in the of the products of the two variants of composite mixtures at the same dosages of table
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beet powder. When comparing the quality characteristics of bread sticks according to two methods
of dough making, traditional and with preliminary activation of yeast with a suspension of table
beet powder, higher indicators were noted for the second method. The possibility of using beet root
powder at a dosage of 5% by weight of wheat flour of the first grade and sifted rye flour in the ratio
of 70 and 30 parts in the production of bread sticks is also substantiated by the results of a tasting
analysis.

Key words: beet root powder, bread sticks based on biological leavening agents, functional
foods.

Introduction. Secondary resources of the food industry - pomace and powders of fruits and
vegetables - can be attributed both to independent functional ingredients and important components
of bakery improvers , not only on the basis of their high content of prebiotics , vitamins, minerals
and other phytoactive compounds, but also the ability to provide regulation technological processes,
adjusting the properties of semi-finished products and finished products [1, 2]. At present, technol-
ogies for processing vegetables with the production of food powders and biologically active food
additives have been developed and implemented. This proves the expediency of solving the prob-
lem of waste processing at the place of their formation, i.e. at the leading enterprises of the canning
industry.

Taking into account the peculiarities of the life of a modern person, functional flour products
with a long shelf life are becoming increasingly important [3-5]. Our choice of an enrichment in-
gredient in the production of bread sticks was due to scientific literature data on the chemical com-
position and useful properties of table beet root crops and products of their processing [6-8]. Root
vegetable powder has been noted to contain important phytoactive compounds (betalains, flavo-
noids, polyphenols) and is a rich source of vitamins and minerals. In the course of the research, the
antioxidant [9, 10 ], anti-inflammatory, anti-carcinogenic and anti-diabetic effects of beet root pow-
der were proven, its hypotensive property [10], high analgesic potential, which determines the pro-
spects for use as part of dietary supplements, as well as for central and peripheral analgesia [12].

In this work, seed rye flour was used as part of composite mixtures, taking into account its
higher nutritional value and the expected positive effect of table beet powder on the rheological
properties of wheat-rye dough due to the high content of food acids in the additive. Significant
amounts of sugars in the beetroot powder will allow you not to add sugar to the recipe.

The aim of the study was to study the quality indicators of bread sticks based on composite
mixtures of wheat flour of the first grade, seeded rye flour and various dosages of table beet pow-
der.

Materials and methods. The following raw materials were used in the experimental work:
wheat flour of the first grade (STB 1666-2006 “Wheat flour. Specifications”), seeded rye flour
(GOST 7045-2017 “Rye flour. Specifications™), pressed yeast (GOST 171-2015 “Yeast bakery
pressed. Specifications"), rock salt (STB 1828-2008 "Rock food salt. Specifications™), sugar (GOST
33222 - 2015 "White sugar. Specifications™), sunflower oil (GOST 1129-2013 " Sunflower oil.
Specifications"), drinking water (SanPin 2.1.4.1074-01 "Drinking water. Hygienic requirements for
water quality of centralized drinking water supply systems. Quality control™), powder of table beet
roots (GOST 32065-2013 "Dried vegetables. General specifications™). Composite mixtures must
comply with the requirements of STB 1910-2008 “ Grain products . Composite mixes. General
technical conditions”, and finished products GOST 28881-90 “Breadsticks. General technical con-
ditions ™.

Organoleptic evaluation of flour and composite mixtures was carried out in accordance with
GOST 27558-87 “Flour and bran. Methods for determining color, smell, taste and crunch”, to de-
termine the physico-chemical quality indicators (acidity and moisture) used GOST 27493-87 “Flour
and bran. Method for determining acidity by mash” and GOST 9404-88 “Flour and bran. Moisture
Determination Method. The assessment of the quality of the obtained powder of table beet root
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crops was controlled according to GOST 28561-90 “Fruit and vegetable processing products.
Methods for determination of solids or moisture”.

Control and experimental samples of semi-finished products and finished bread sticks were
analyzed according to organoleptic and physicochemical parameters [1 3].

The gas-forming ability of yeast was evaluated by the fermentation method in flasks with a
sulfuric acid lock [14].

Experimental work was carried out on two variants of composite mixtures:

- Option 1 - the ratio of wheat flour of the first grade and seeded rye 70 and 30 parts, table
beet powder 1.0-9.0% of the total mass of wheat and rye flour;

- Option 2 - the ratio of wheat flour of the first grade and seeded rye 80 and
20 parts with the addition of beetroot powder 1.0-9.0% of the total flour mass.

As a control sample, samples of mixtures of wheat and rye flour corresponding to the
variants were considered.

The recipe [15] was chosen as the basis, the control samples of bread sticks of the first and
second variants of the experiment included (per 100 grams of flour mixture): wheat flour of the first
grade (80 g or 70 g), seeded rye flour (20 g or 30 g) , salt (2 g), sugar (2 g), pressed baking yeast (5
g), sunflower oil for lubrication and water according to the calculation. Sugar was not added to the
experimental samples, but table beet powder was added in the amount of 1-9 g, depending on the
weight of the flour mixture.

Taking into account the results of preliminary experiments to determine the gas-forming
ability of yeast, 2 methods of dough management were envisaged :

manually with a moisture content of 37%, which was left for 20 minutes at rest at a tempera-
ture of % ° C. 80-85% within 30 minutes [16].

2) The yeast was pre-activated with a suspension of powder at a temperature of 30 °C for 15
minutes. After the expiration of time, the rest of the components were added to the yeast suspension
of the powder and the dough was kneaded with a moisture content of 37%, left to rest for 10
minutes at a temperature °** ° C. Rolled out, molded and left in a proofer for 20 minutes at a tem-
perature of 30 ' C,

Sheets with blanks were placed in a ShKhL-065 SPU laboratory electric oven and baked for
10-12 minutes at a temperature of 200-210° C .

Mechanically peeled and cut into cubes no more than 6x6x6 mm, the roots of the table beet
were dried in a TauRo oven at a temperature of 90 ° C to a moisture content of 8%, then ground in a
laboratory mill ML-1 , followed by sieving through a sieve for wheat flour of the first grade.

Results and Discussion. The quality indicators of wheat flour of the first grade and seeded
rye met the requirements of TNLA, the moisture content and titratable acidity of the samples were
11.0 and 11.7%; 3.0 and 4.0 deg. respectively. The powder had a characteristic smell and taste, its
moisture content was 8.1%.

In appearance, the composite mixtures were quite homogeneous, with small inclusions of
beetroot powder. With an increase in the amount of enrichment additive, the color changed from
pale pink to red-pink, the taste and smell of dried root crops intensified, without the sensation of
foreign odors and tastes. With an increase in the dosage of root crop powder in both variants of
mixtures, a slight decrease in moisture content (10.5-9.8%) and an increase in titratable acidity
(4.8-5.9 degrees) were observed, which is due to the initial values of the beetroot powder and its
high hygroscopicity. Higher values of titratable acidity in experimental samples, on the one hand,
lead to the need to produce products with a shorter fermentation period, on the other hand, they can
have a positive effect on the state of the gluten complex, which includes rye flour proteins.

In order to determine the possibility of improving the process of preparing bread sticks, the
effect of powder from table beet on the viability and fermentation activity of yeast was evaluated
under conditions of preliminary activation of microorganisms by a suspension of beet powder in
different dosages at a temperature of 30 ° C. In micropreparations from suspensions stained with
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methylene blue (Figure 1), the proportion of dead and budding yeast cells was calculated before and
after the activation stage; the shares were compared using the % “ method . The amount of released
CO ,was estimated from the difference in the mass of the flasks at the beginning of the experiment,
after 15 minutes of observation at the first stage; 30 and 60‘minutes after adding flour.
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Pucynoxk 1. IloJie 3penns: npenapara <<pa3ziaBneHHaﬁ Kans» m-cycrlemml / Fig. 1. Field of view of the *"crushed
drop" preparation from the suspension

Comparison of yeast viability indicators at the stage of pre-activation with beetroot root
powder without adding flour allows us to statistically reliably state that microorganisms remained
viable under anaerobic conditions, but did not multiply. The proportion of dead cells was 11.50—
14.91% (p=0.15), and the proportion of budding cells was 3.33-4.33% (p=0.65). During the ob-
served period of time, the yeast adapted to the cultivation conditions and the metabolism was reor-
ganized for fermentation processes.

According to the data obtained in the fermentation experiment, at the stage of pre-activation
of yeast without the addition of flour, the powder from the roots of table beets accelerated gas for-
mation by 5-11 times compared to the control; the most active release of carbon dioxide occurred in
suspension with 9% beetroot powder. In the remaining flasks, the mass of gas proportionally in-
creased with the increase in the amount of powder.

At the stage of further 60-minute fermentation in the model experiment after adding the
wheat-rye flour mixture, the total amount of released CO , was observed to exceed the control by
2.33-3.00 times in the first version of the mixture (80:20) and 2.95- 3.40 times in the second ver-
sion of the mixture (70:30) (Figure 2).
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Fig. 2. Total CO, generation in the two variants of the composite mixtures
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In the first composite mixture, the largest amount of CO , was released in the test sample
with 5% phyto-powder , and in the second mixture - with 9% of the additive.

It should also be noted that the higher acidity of beetroot powder and rye flour did not sig-
nificantly affect the gas-forming activity of yeast. The observed differences in the two types of
composite mixtures for a short period of fermentation did not exceed 21%, while in the control the
difference was 26%.

Based on the considered results of studying the quality indicators of composite mixtures and
the gas-forming ability of yeast in the presence of an enrichment additive, it was decided to conduct
test baking for all variants of composite mixtures using two methods of dough . It was assumed that
pre-activation of yeast with a suspension of powder would reduce the fermentation time and avoid
adding sugar to the product recipe.

It should be noted that the color of semi-finished products made by two dough methods
changed depending on the amount of root crop powder, and with the content of beet powder 7% and
9% by weight of flour, the dough was tighter and more difficult to roll out. Samples of two experi-
mental variants of composite mixtures with the same dosage of the enrichment additive practically
did not differ in color, smell, taste and appearance from each other both in the first method of pro-
duction and in the second.

With an increase in the amount of applied root crop powder in test samples, a slight decrease
in moisture content was noted in the first (37.0-36.7%) and second (36.9-36.6%) experimental sys-
tems. Also, with an increase in the amount of the enrichment additive, the acidity of the analyzed
samples increased for the first research option within the range (4.9-6.0 degrees), for the second -
from 5.0 to 6.2 degrees at the beginning of the resting and at the end of proofing , respectively, from
5.2106.8 and 5.5 to 7.1 degrees.

Analyzing the qualitative characteristics of baked products according to the first traditional
method of dough making , no difference was found in the organoleptic indicators of bread sticks of
two experimental systems with equal dosages of table beet powder. Depending on the amount of the
additive, the color changed from pink to red-burgundy, the beet flavor and smell intensified. The
shape of the sticks at dosages of the additive of 1-5% by weight of the flour was round, without
dents, the surface was smooth without swelling, and at its content of 7 and 9% it was rough with
undermining at the bases and cracks.

The loosened, baked, without signs of unmixed inner part of the products was visualized .
Samples at additive dosages of 1-5% by weight of flour broke easily, and a crunch was felt. How-
ever, with the amount of 7 and 9% beet powder, the products were not brittle, the fracture was more
difficult, less pronounced looseness was noted .

Significant and significant differences between the physicochemical parameters of the two
variants of the experimental groups of products baked in the traditional way, with equal dosages of
the powder, were not found (table 1).

Table 1 - Quality indicators of bread sticks of the first test method / Table 1 - Quality parameters of bread sticks of the

first test method
Quantity additives , %
ir:gidc;)t(or %g:ggll Amount of additive, %
one | 3 | 5 | 7 9
Option 1/ Experiment 1
Humidity, % / Humidity , 9.6 £0.3 9.6 0.3 9.6+0.3 9.5+0.3 9.2+0.3 8.8+0.3
%
Acidity , °/ A cidity , ° 2.3+0.2 25+0.2 26=+0.2 2.7+0.2 2.8=+0.3 35+0.3
Wetness ,% / 1395+ 140.0 £ 140.8+0.6 141 ,4+ 1352+04 | 133.4+0.6
M oisture wicking ,% 0.5 0.5 _ 0.5
Option 1/ Experiment 1
Humidity, % / Humidity , 9.6+0.2 9.7+0.3 9.5+0.2 9.5+0.2 9.1+0.3 8.9+0.3
%
Acidity , °/ A cidity , ° 25+0.2 2.5+0.2 2.6 0.3 2.6 £0.3 3.0+0.3 3.7+0.3
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Wetness ,% / 140.0 + 140+04 | 140.8+0.3 141,2+ 133,0+ 132,0+
M oisture wicking ,% 0.3 0.5 0.8 0,6

The expected increase in titratable acidity was recorded with an increase in the amount of
beet root powder added to the formulation and a slight decrease in the moisture content of the sticks
of both research options. Acidity exceeded the normal value at additive dosages of 5-9%.

The obtained changes in the moisture content of samples of experimental systems can be
explained by the high hygroscopicity of the additive due to the high content of pectin substances
and its ability to strengthen the structure of the dough [17] , a decrease in the amount of proteins
that can participate in the formation of gluten, and an increase in titratable acidity is due to the high
content of food acids and other acidic compounds. character in root crop powder.

The wettability of prototypes increased with an increase in the amount of additive in the
mixture from 1 to 5%, then a decrease in this indicator was observed. Such uneven changes are as-
sociated, on the one hand, with a gradual increase in the amount of pectin substances, and, on the
other hand, with a decrease in the content of proteins of prolamin and glutelin fractions of flour in
composite mixtures.

The study of the indicators of finished sticks obtained with preliminary activation of yeast
with a suspension of table beet powder also did not reveal significant differences in the organoleptic
properties of the products of the two variants of the experimental systems. The same trends in color,
odor and taste were observed depending on the amount of additive. A rounded and dent-free shape
was noted, a smooth surface without swelling of bread sticks at powder dosages up to 5% of the
mass of the flour mixture. An increase in the amount of the additive also led to a strengthening of
the structure of the products and difficulty in breaking, however, their inner part was more loos-
ened, and they broke more easily compared to products made by the first dough method .

As for technological indicators, there was no significant difference between the values of
moisture and acidity of the samples of two research options with equal amounts of powder (table 2),
and in relation to the results of the previous experiment (table 1).

Table 2 - Indicators quality bread sticks second way test science / Table 2 — Quality parameters of bread sticks of the
second test method
Quantity additives , %

. quex Control Amount of additive, %
indicator control |

one 3 | 5 | 7 | 9
Option 1 / Experiment 1

Humidity, % / Humidity , % | 9.7 +0.3 9.6 £0.3 9.5+0.3 9.5+0.3 9.3+0.3 9.0 +0.3
Acidity , °/ A cidity , ° 2.4 +£0.2 2.5+0.2 25+0.2 2.6 £0.2 2.7+0.3 3.4+0.3
Wetness , % / 140.5+0.5 | 143.0+0.5 | 144.0+0.5 | 145 .4+0.4 | 142.2+0.5 | 139.4 £0.5
M oisture wicking , %

Option 2 / Experiment 2
Humidity, % / Humidity , % | 9.7 0.2 9.6 £0.3 9.5+0.2 9.4 +0.2 9.3+0.3 9.2+0.3
Acidity , °/ A cidity , ° 2.5+0.2 2.3+0.2 2.4+0.3 2.6+0.3 3.2+0.3 3.5+0.3
Wetness , % / 139.0+0.3 | 142.0+0.4 | 143,0+0,3 | 142,6+0,5 | 140,0+0,6 | 139,0+0,4
M oisture wicking , %

We consider it necessary to pay attention to changes in the values of wetting bread sticks
similar to the previous experiment. However, with the second method of testing , the values of the
indicator were higher, which may be due to the partial hydrolysis of the enrichment additive poly-
saccharides under the action of yeast enzymes during activation, leading to an increase in moisture
absorption.

A tasting analysis was carried out using the preference method , and samples containing 5%
beetroot powder from a mixture of wheat and rye flour in ratios of 70 and 30 parts according to the
second test method (Figure 3) received the most votes.
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2

Pucynok 3. O6pa3upl uzgenuii xae0HbIX nanouek: (1) — KOHTPoJIb; (2) — ONBITHBIN 00pa3el ¢ f00aBie-
uuem 5 % mopomka / Figure 3. Samples of bread sticks: (1) — control sample; (2) — experimental sample with the
addition of 5 % powder

Subsequently, a series of preliminary experiments was carried out to identify the possibility
of changing the temperature of yeast activation and proofing . To do this, the best variant of the rec-
ipe for bread sticks according to the results of tasting was used, the dough was kneaded under con-
ditions of yeast activation at a temperature °***° C , the proofing temperature was reduced to 28 *C.
No significant deterioration in quality indicators was identified (data not shown).

Control and experimental samples of bread sticks were stored for 15 days at room conditions
in plastic bags, after the expiration of the storage period, the organoleptic characteristics did not de-
teriorate, no foreign odors, rancidity were detected, microbiological spoilage was not visualized,
therefore, it is not required to adjust the shelf life of functional products.

Conclusion. The results of a significant pre-activation of pressed baker's yeast with a sus-
pension of beet root powder substantiated the need for trial baking of bread sticks using two meth-
ods of dough in order to identify the possibility of pre-activation of yeast with a suspension of beet-
root powder and reduce the period of resting and proofing . The high gas-forming ability of yeast in
the presence of additives and the presence of significant amounts of mono- and disaccharides in the
powder made it possible not to add sugar to the product formulation. The expediency of using beet
root powder at a dosage of 5% by weight of first grade wheat flour and seeded rye flour in ratios of
70 and 30 parts in the production of bread sticks is justified by good quality indicators of composite
mixtures and finished products, taking into account the results of tasting.
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