@ [pami THATY Bumyck 26. Tom 2

DOI https://doi.org/10.32782/2078-0877-2026-26-2-23
UDC664.644.5:664.64.016

O. O. Simakova, PhD, Associate Professor ORCID: 0000-0002-4432-8337
R. P. Nykyforov, PhD, Associate Professor ORCID: 0000-0001-9823-9551
S. 1. Abdullin, Master Student

K. S. Soloviova, Student

Kryvyi Rih National University
e-mail: simakova@donnuet.edu.ua

SANITARY AND TECHNOLOGICAL PROCEDURES
AND DETERMINATION OF MICROBIOLOGICAL PARAMETERS
IN THE PROCESS OF MAKING YEAST-FREE BREAD

Summary. This work aims to apply sanitary and technological methods to prepare grain for grinding. It focuses
on producing whole-ground wheat flour by the disintegration-wave method and making bread from it. The bread is
made by mechanically loosening the dough without using baker's yeast.

The research results show that sanitary and technological methods improve grain cleaning and preparation
for grinding. Whole wheat flour and bread can be made by mechanical loosening of the dough without baker's
yeast, using new technology. Microbiological purity of the flour increased when using traditional grain preparation
methods, the disintegration-wave grinding method, and adding concentrated apple juice to yeast-free bread. This
approach produces bread with higher nutritional value.
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Problem statement. Flour products, especially wheat flour products, currently form the basis of
human nutrition and are products of daily consumption among all contingents of the population.
The most common type of flour products is bakery products, of which there are several hundred
items [1]. In this regard, the quality and nutritional value of bread and bakery products hold paramount
importance.

To create bread products with different functional properties, it is necessary to develop fundamentally
new technologies and equipment that provide complex processing of grain raw materials based on
modern electrophysical methods, which would not only preserve the technological properties of
grain and its processed products, but also improve the quality of bakery products, ensuring their
microbiological purity.

Recent research analysis. It should be emphasized that, for a healthy diet, bread made from whole-
grain or low-extraction flour of diverse cereals is preferred [2].

A method for obtaining bread without the use of baker's yeast based on flour from whole-ground
wheat grain has been developed using a fundamentally new technology by mechanically loosening
the dough under excess air pressure entering the dough mixing chamber of the whipping unit during
kneading. The quality of such bread largely depends on the quality of the grain used, on the surface of
which there is a residual amount of heavy metals during the cultivation process, mycotoxins, pesticides,
and other pollutants [3]. To obtain yeast-free bread by mechanical method of loosening the dough,
it is necessary to carefully carry out theincoming control of the grain and its preliminary preparation
for grinding into flour, since in this technology, when obtaining the dough, there is no fermentation
processand the resulting yeast metabolic products (organic acids, ethyl alcohol, anhydrides, etc.),
which prevent the development of foreign microflora in the product [4].

Formulation of article objectives (statement of the task). The article is aimed at applying sanitary
and technological measures in preparing grain for grinding, obtaining flour from whole-ground wheat
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grain by the disintegration-wave method, and bread based on it by the mechanical method of loosening
dough without the use of baker's yeast.

To achieve this goal, the work is planned to be carried out in three stages: at the first stage, to study
the quality of grain at separate stages of its preparation forgrinding; at the second stage — to analyze
the quality of whole grain flour obtained by the disintegration-wave method with a weak ultra-high-
frequency informationinfluence; on the third — to assess the quality of bread based on flour from
whole-ground wheat grain, obtained by mechanical method of loosening dough withoutbaker's yeast.

Main part. In order to ensure the quality and safety of flour from whole-ground wheat grain, the
quality of the soft wheat grain used in the 3rd class was assessed. In terms of all organoleptic and
physicochemical indicators, the grain met the standardized requirements of DSTU 3768:2019.

The dynamics of changes in the content of mycotoxins in the studied wheat grain at certain stages
of its preparation for grinding are presented in the Table 1.

Table 1
Change in mycotoxin content in wheat grain
No Mycotoxin Grain sample number
B content, ug/kg 1 2 3 4 5
1 | Aflatoxin B1 4.3 33 2.8 1.3 Absent
T-2 toxin 914 74.3 Absent Absent Absent
3 |Fumonisin B1 768 631 151 22 Absent

In the initial sample of wheat grain No. 1, the content of mycotoxins did not exceed the values of
the maximum permissible concentrations specified in therequirements of the technical regulation of
grain composition No. 835/9434 as amended by the Order of the Ministry of Agrarian Policy No. 442
of 16.11.2004. T-2 toxin — by 18.7 %, fumonisin B1 — by 17.8 %. After passing the grains through the
first wholemeal grain mill, where their surface is dry cleaned from dust, dirt, sand, tornfruit shells,
foreign impurities (light, mineral, fero-impurities), as well as after partial peeling, separation of shells
and damaged grain, in sample No. 3 the content ofaflatoxin decreased by another 15.2 %, fumonisin
B1 — by 76.1 %, the content of T-2 toxin was not detected at all. After two more processing of grain
on the second and third wholemeal grain mills with simultaneous cleaning of its surface with the help
of brush devices, the content of aflatoxin B1 in sample No. 4 decreased by another 53.6 %, fumonisin
B1 by 85.4 %, and in sample No. 5, the content of mycotoxins was not detected. Deoxynivalenol,
ochratoxin, and zearalenone were not detected in the test samples.

The initial content of the pesticide hexachlorane in the grain was 0.22 mg/kg. This is permissible
according to the technical regulations. During preparatory operations, the concentration of the pesticide
in the grain significantly decreased to 0.18 mg/kg, approximately a 20 % reduction. After grinding
the grain into flour using the disintegration-wave transformation method, only trace amounts of the
studied pesticide were detected. A significant reduction in pesticide residues in grain can be explained,
among other things, by the effect of a physical method on the product, particularly heating [5].

It has been proved that thorough cleaning of grain, repeated passage of it through wholemeal grain
mills and grinding it by the method of disintegration-wavetransformation with the energy of an ultra-
high frequency electromagnetic field provide effective disinfection of grain from various pollutants,
which allows, among other things, to reduce the microbiological content of whole-ground flour and
ensure the safety of bread obtained by mechanical method of loosening dough.

The results of the analysis of quality indicators of two batches of flour from whole-ground wheat
grain, obtained by different methods and an excellent degree of grinding [6], are presented in the
Table 2.
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Table 2
Main quality indicators of whole-ground wheat flour
Characteristics of flour Whole-ground wheat flour
Ne Quality Score frggi;vl(lg(l)irglrglrnggﬁat Bagfl}}[ﬁe((]))b_tf ;I(l)ed Batch II (obtained
46004-99) disintegrator) on a roller mill)
Organoleptic indicators
1 | Color White with a grayish tint
T Typical for this type of flour, without foreign flavors, not sour, not
aste bitter
3 | Aroma Typical for this type of flour, without foreign odors, not musty, not
moldy
When chewing the
4 | Presence of mineral impurities flour, there should be no No crunching is felt
crunchiness
5 | Pest infestation Not allowed Not detected
Physico-chemical indicators
6 | Mass fraction of moisture, % No more than 15 12.2 13.5
Not less than 0.07% below
7 Mass fraction of ash in terms of dry the ash content (?f the 1.6 15
matter, % grain before cleaning, but ) )
not more than 2%
8 | Mass fraction of raw gluten, % Not less than 20 24 22
Compressive deformation of raw
9 |gluten, conventional units of the GDI - 583 62.1
(Gluten Deformation Index) device
Raw gluten quality, conventional
10 | units of the GDI (Gluten Deformation | Not lower than group I1 I I
Index) device
Grinding fineness, %: Not more than 2 Dispersion of flour particles, pm/%
resi n a wire mesh siev rdin .
tgsﬁge(r‘;g{‘l‘lzog dgzu;:nfagg;‘; ding Sieve Ne 045 0-25/7.5 0-60/15
11 ’ ’ At least 50 of silk fabric 25-30/35 60-90/20
passage through a sieve according to Ne 38
RD (regulatory documentation or polyamide fabric Ne
(regulatory ) P PA 30-100/7.5 90-100/5
12 | Falling number (FN), s Not less than 160 294 285
13 | Titrated acidity, deg. — 3.7 34
Metal-magnetic impuritires, mg per 1
kg of flour; the size of the surrounding
14 | particles in the largest linear dimension Not more than 3 1.7 1.8
0.3 mm and (or) mass no more than
0.4 mg

Whole-grain flour obtained by grinding grain on a disintegrator has a lower moisture content —
12.2 %, since with finer grinding there is stronger heating of the product and partial removal of
capillary-bound moisture, and a higher content of raw gluten — 24 % (on dry matter). The total
proportion of free amino acids in the protein increases on average by 1,5-2 % (on dry matter).
During fine grinding, two continuous processes occur: mechanical deformation and endogenous
heating of the product, while the crystal lattice of starch grains is destroyed and the so-called free
starch is released from them, which contains a small part of trapped and adsorption-bound proteins,
and the more intense the impact of grinding mechanisms on the grain, the more deformed starch
with a destroyed crystal lattice is formed. In this case, when grinding soft wheat, up to 45 % of free
starch is formed in the flour, with a protein content of about 2.7 % [7]. Due to the increase in the
dispersion and specific surface area of the flour particles obtained in the disintegrator, the proportion
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of free water-soluble proteins-albumins increases by 7.5 mg, globulins by 15.3 mg (per 100 g of
product), which is on average 1.4 and 4.9 % higher, respectively, than in flour ground by a roller
method. Water-soluble proteins, as surfactants, are primarily responsible for the formation of a
foam structure in whipped dough. During intensive mixing of flour and water, the flour particles are
first wetted with water; the water molecules are then hydrated by the hydrophilic surface, the flour
particles swell, and the water-soluble substances, including water-soluble proteins, are dissolved
in the solution. Flour from whole-grain wheat contains about 2 g/100 g of water-soluble proteins.
An increase in the amount of even a small proportion of water-soluble proteins contributes to the
acceleration of the formation of foam films of air bubbles and better saturation of the dough with
air. During highly intensive mixing of the dough, amino acids with polar and non-polar, positively
and negatively charged side chains in both gluten and water-soluble protein fractions, as well as
an increased amount of gelatinized starch during baking, participate in the formation of the bread
crumb structure with increased humidity [8]. The results of assessing moisture binding in bread by
the thermogravimetric method showed an increase in the proportion of monomolecularly bound
moisture by 7-9 %, which reduces the activity of water in bread and slows the staling process and
the development of microorganisms during storage.

The organoleptic and physicochemical indicators of bread obtained by mechanical dough
loosening without baking yeast, based on flour from whole-grain wheat, meet the requirements of
DSTU 7517:2014 and are presented in Table 3.

Table 3
Organoleptic and physicochemical indicators of yeast-free bread

Ne | Indicator | Indicator value
Organoleptic:
1 | Surface Rough, without large cracks or tears
2 | Color Golden yellow

Corresponds to bread made from whole grain flour, without extraneous
taste and smell
Baked, not moist to the touch, without lumps or traces of unkneaded
dough

Physico-chemical:

3 | Taste and aroma

4 | Condition of the crumb

5 | Crumb moisture, % 51.7
6 |Porosity, % 76.0
7 | Acidity, deg. 3.1

The results of determining and calculating the nutritional and energy value of bread without the
use of baker's yeast based on flour from whole-grain wheat are presented in Table 4.

Table 4
Nutritional and energy value of yeast-free bread and the degree of satisfaction
of the body's daily need for essential nutrients
: Contents . . .
Arge ity eedsof | pr ening | Seblacion o iy
(100g of bread) ’
1 2 3 4 5
1 |Protein, g 75 8.7 11.6
2 |Fat, g 83 1.1 1.3
3 |Digestible carbohydrates, g 365 36.3 9.9
4 |Fiber, g 30 6.26 20.9
5 |Organic acids, g 2 33 165.0
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Continuation of Table 4

1| 2 3 4 | 5
Minerals, mg:
6 | Potassium 3500 198.7 5.7
7 | Calcium 1000 31.7 32
8 |Magnesium 400 60.3 15.1
9 | Phosphorus 1000 310.5 31.1
10 |Iron 14 3.31 23.6
Vitamins, mg:
11 |B1 1.5 0.31 20.7
12 |B2 1.8 0.11 4.3
13 |PP 20 4,9 24,5
Energy value, kcal (kJ) 2500 (10 467) 169 (708) 6.8

Compared to traditional wheat-flour bread, the developed bread has higher nutritional value and
lower calorie content. It contains more proteins — 1.5 times, carbohydrates — 1.2 times, as well as
calcium, potassium, magnesium, and phosphorus — 3.2, 2, 1.3, 1.2 times, respectively. The resulting
product contains a significant amount of fiber and vitamins B1 and PP, with degrees of satisfaction of
20.9, 20.7, and 24.5 %, respectively.

The biological value of a protein according to the amino acid scale method is determined by
the composition of essential (not synthesized in the body) amino acids. The chemical score of the
tested protein is the smallest ratio obtained for the content of any of the essential amino acids in the
tested protein to its content in the reference protein. To assess the biological value of the protein of
yeast-free bread, its amino acid score was calculated relative to the amino acid score of the reference
protein [9]. The biological value of the protein of yeast-free bread is limited by the lysine content
and 1s 52.9 %. The content of essential amino acids and some indicators of the biological value of the
protein of yeast-free bread are presented in Table 5.

Table 5
Amino acid profile of yeast-free bread protein based on whole-wheat flour
Ne Essential amino acid FAO/WHO standgrd, Acid content, g/lQOg Amino acid content, %
2/100g of protein of product protein

1 |Lysine 4.5 2.38 52.9%

2 |Leucine 5.9 5.87 99.5

3 |Isoleucine 3.0 3.08 102.7

4 | Valine 3.9 3.62 92.8

5 |Methionine + cystine 2.2 1.26 57.3

6 | Threonine 2.3 2.52 109.6

7 | Tryptophan 0.6 1.05 175.0

8 | Phenylalanine + tyrosine 3.8 4.54 119.5

Note * — limiting amino acid.

The excess amino acids in the protein can be used to meet the body's energy needs. The average
excess of the amino acid score for essential amino acids relative to the limiting amino acid is
characterized by KVAS (%), which shows the excess of essential amino acids used for plastic
needs; in this case, the value is 48.2 %. The potential (theoretical) biological value of the protein
of yeast-free bread is 51.8 %. To improve the taste characteristics, increase the nutritional value,
and enhance the microbiological purity of yeast-free bread, concentrated apple juice was added to
the recipe at 3 % of the dough mass [10]. The obtained indicators of microbiological contamination
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of the resulting bread with concentrated apple juice, packaged in a transparent polypropylene film
"BIAXPLEN", after 7 days of storage, are presented in the Table. 6.

Table 6
Microbiological indicators of yeast-free bread

Bread made from whole-grain
Ne Indicator Wholemeal wheat bread (control) wheat flour obtained using the
disintegration-wave method
1 | Overall bacterial population, CFU/g 4.6 x 102 3.1 x102
2 |Mold, CFU/g 19 13
3 | Yeast, CFU/g Less than 10 Less than 10
4 | Coliform bacteria (coliforms) Absent Absent

The results show that bread made with whole-grain wheat flour has a seeding rate 32.6 %
lower than bread made with wheat flour (control). This proves that careful processing of grain in
the electromagnetic field of a disintegrator, as well as the use of concentrated apple juice in the
bread recipe, which contains a significant amount of malic, citric and tartaric organic acids, which
contribute to the suppression of the growth of microflora and have an inhibitory effect on it, allows
you to increase the microbiological purity of the product and extend its shelf life [8]. Studies in yeast-
free bread samples with mold showed that mold appeared on the fifth day in the control, and on the
seventh day in the developed bread. Coliforms were absent in both samples, and potato disease during
storage was not detected in any sample.

Conclusions. The results of experimental studies illustrate the effectiveness of implementing all
sanitary and technological methods for cleaning and preparing grain for grinding, obtaining flour
from whole wheat grain, and producing bread based on it by mechanical dough loosening without
the use of baker's yeast, using a new technology. Increasing the microbiological purity of flour from
whole wheat grain became possible using traditional methods of preparing grain for grinding, the
disintegration-wave method of grinding grain into flour, and adding concentrated apple juice to the
recipe for yeast-free bread, enabling the production of a product of increased nutritional value.
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Kpueopizvkuil hayionanvhutl yHisepcumem

CAHITAPHO-TEXHOJIOTTYHI IPOOEAYPHU TA BUSHAYEHHSA
MIKPOBIOJIOT'TYHUX ITOKA3HHUKIB ¥ IPOIECI BUTOTOBJIEHHSA
BE3APIXKIKOBOI'O XJIIBY

Anomauis

Mertotro 1aHoi poOOTH € BIPOBAKEHHS CaHITAPHO-TEXHOJOTIYHMX TPOIEMYp Ha eTanax ITAroTOBKU 3epHa JI0
MOZIpiOHEHHS, BUTOTOBIICHHS OOPOIITHA 3 HEYIIKOHKEHOTO 3epHA MIIEHHUIII 32 IOTTOMOTOI0 J€31HTErPaIliifHO-XBHIbO-
BOTO METOJY, @ TAKOXX BUPOOHUIITBA HA HOTO OCHOBI XJ11000yIOYHIX BUPOOIB IUITXOM MEXAHIYHOTO PO3MYLTYBaHHS
TicTa 6e3 oJaBaHHs MEKAPCHKUX APLKIIKIB.

s mpoBeneHHS OCTiKEHHS OyJI0 BUKOPUCTAaHO M'sike 3epHO TmeHutli 3-ro knacy (3rigao ACTY 3768:2019)
Ta OOPOIIHO 3 HiNBHO3MeNeHOoTo 3epHa meHui (3rigHo [CTY 46004-99). PiBeHb MiKOTOKCHHIB, TaKuX SK adua-
tokcuH B1, T-2 TokcuH, ¢pymoHi3uH B1, oxpaTokcuH Ta 3eapalieHOH, BU3HAYaBCs iIMyHO(DEPMEHTHUM aHAII30M.
BMicT rexcaxiopy B 3epHi BUSABIIABCS 32 JOIIOMOTOI0 Ta30B0i XxpoMarorpadii. Ouuiiene 3epHo moapiOHIOBAIN METO-
JIOM JIe31HTErpaIifHO-XBIIILOBOTO BILTHBY 3 MiHIMAJIHHOIO TIOTYXHICTIO HaJBHCOKOYACTOTHOTO TIOJIS (JIECATI 9acT-
KM MIKpOBaTa) Ha MOBKWHAX XBWJIb OMM3BKO 8§ MM, BUKOPHCTOBYIOUHM CTaHIAPTHY KOH(ITypalio reHeparopa Ha
nioni I'arna. TicTo mig ximiba, po3MyIEeHOT0 MEXaHITHAM CITOCOOOM, TOTYBAIH IUISTXOM 3MIITyBaHHS Ta 30MBaHHS
KOMITOHEHTIB PELeNTypH Ha HaIiBIIPOMHUCIOBIN YCTAaHOBIII 3MIIIyBalbHO-30MBaNIBHO-(OpMytodoro Tutmy. IIpormec
3IIHCHIOBABCS MPH YacTOTi 00epTaHHA Mimanok 16 ¢!, remmeparypi 29+1 °C ta tucky nositps 0,4 Mlla mpots-
roMm 1,5 xBunnH. Bunixanas copMoBaHuX 3araToBoK BifOyBajocs B portamiiHii nmedi RFS-9E npu temmeparypi
195+2 °C npotsirom 36—38 xBrumuH. OITiHKA SKOCTi TOTOBOTO XJ1i0a mpoBoawacs BiamoBigao 1o cranaaptis ACTY
7517:2014. MikpoOionoriuHy 4uCTOTY Xi0a BiACTEXyBalu MPOTSATroM 7 AHIB 30epiraHHs, aHATI3ylo4H KUIBKICTh
Me30(iIpHIX aepoOHUX Ta (haKynbTaTUBHO-aHAePOOHUX MikpoopraHi3MiB (MADAM), HasiBHICTD TUTICHSBH, APiXk-
IkiB Ta Oakrepii rpynu kumkooi nammdaku (BIKIT). [TosiBa mumicHsBY (ikcyBanacst Bi3yalbHO, 8 PO3BHTOK KapTo-
TUITHOT XBOPOOH XJ1i0a KOHTPOIIOBABCS IIOAHS 3T1THO 3 PEKOMEHJOBAHUMHI METOANKAMH.

[pencraBneni ekcriepiMeHTaNbHI JaHi JEMOHCTPYIOTh Pe3yJIbTaTHBHICTh 3aCTOCYBAHHS KOMIUIEKCY CaHITap-
HO-TITI€HIYHUX Ta TEXHOJIOTIYHHX 3aXOJiB HA €Tarnax OYHIICHHS Ta ITITOTOBKU 3€pHA N0 MOMENY, BUPOOHHUIITBA
OopoIHa 3 [ITPHO3MENEHOTO 3e€pHA Ta BUTOTOBJIEHHS Ha HOTO OCHOBI XJIi0a 13 3aCTOCYBaHHAM MEXaHIYHOTO PO3-
MyIIyBaHHS TicTa 0e3 APIKIXKIB, 3T1THO 3 pO3p00IeHOI0 IHHOBAIIHHOIO TeXHOuoTi€el0. [lokparneHns MikpoOiomoriv-
HUX ITOKAa3HUKIB OOPOIITHA 3 MIJTPHO3MEIEHOTO 3¢pPHA JOCATHYTO 3aBISKH CTAHAAPTHIM METO/IAM ITiITOTOBKH 3epHAa,
TIe31HTerpaliiiHO-XBIJIbOBOMY TIOMEIY, a TAKOX J0JaBaHHIO KOHIIEHTPOBAHOTO SI0OMYYHOTO COKY A0 PEUENnTypH, 10
CTIPHISIIO TTiIBUIIICHHIO XapuoBOi IIHHOCTI KIHIIEBOTO MPOIYKTY.

Knrouosi crosa: 6e3npixKoBHA X110, IITbHO3MENEHE 3ePHO, MIIEHMYHE OOPOIITHO, XT11000y104H1 BUPOOH, TiCTO.
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