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AGROENGINEERING AND FOOD TECHNOLOGIES I

Development of an innovative starter culture

for use in whole grain bread technology

ABSTRACT

Relevance. Probiotic-based starter cultures are used to improve the quality and safety of
whole-grain bread. The aim of the study is to use plant substrates with prebiotic properties as
fermentation media. Whole-grain buckwheat flour, rich in antioxidants, essential amino acids,
vitamins and minerals, can serve as such a substrate. Fermentation using probiotic starter
cultures in whole grain bread technology increases the bioavailability of active compounds,
nutritional value and microbiological safety of the product.

Methods. Experimental data are presented on the effect of whole-milled buckwheat flour on
the growth of lactic acid bacteria and a probiotic yeast strain during the production of thick
starter cultures. The antagonistic properties of starter microorganisms against Bacillus subtilis
and mold fungi of the genera Aspergillus, Penicillium, Mucor, and Rhizopus were studied,
along with the fermentative activity of the starter. The optimal dosage of thick buckwheat
probiotic starter for whole wheat bread production was determined, along with the amino acid
composition and antioxidant activity of the resulting bread.

Results. It was found that starter strains developed better in a medium made from the
Bashkir Red-Stem buckwheat variety. Antagonistic activity of the studied lactic acid bacteria
and yeast strains was observed against Bacillus subtilis VKM-B-501 and certain mold strains
of Aspergillus, Penicillium, Mucor, and Rhizopus. The most promising lactic acid bacteria
strains were selected for creating a thick buckwheat probiotic starter. The starter was deemed
suitable for baking applications. The optimal amount of thick buckwheat probiotic starter was
40% of the mass of dispersed wheat grain. Using this starter in whole wheat bread technology
resulted in bread with enhanced antioxidant activity and a more balanced amino acid profile.

Key words: buckwheat grain, probiotics, antagonistic activity, thick buckwheat starter,
whole grain bread
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Pa3paboTka NHHOBALMOHHON 3aKBAaCKM
AN UCNONIb30BaHUS B TEXHOJIOTUU
LLeIbHO3ePHOBOro xneba

PE3IOME

AKTyanbHOCTb. /15151 NOBbILIEHNS KA4eCcTBa M 6E30MacHOCTM LielbHO3ePHOBOMO xneba nc-
NONb3YITCS 3aKBaCKM HA OCHOBE NPOBMOTVKOB. 3aaa4a nccaen0BaHNs — UCMONb30BaHNE
B kKayecTBe cpen Anis GepMeHTaumMmn pacTuTeNbHbIX CyOCTpaToB ¢ NPpebuoTNIYECKMMI CBOI-
cTBamu. B kayecTBe Takoro cybcTpara MOXET CNyXWTb LielbHO3EPHOBAs rpeyHeBas Myka,
forartasi aHTMOKCHAAHTaMW, He3aMEeHUMbIMM aMUHOKMCI0TaMK, BUTAMUHAMKM 1 MUHEpana-
mu. depmeHTaums ¢ UCNoNib30BaHMEM NPOBUOTUHECKUX 3aKBACOK B TEXHOJIOMMMN LIENBHO-
3epHOBOro xyieba NoBbILLAET G1OLOCTYNHOCT aKTUBHBIX COEAMHEHWIA, MULLEBYIO LLIEHHOCTb
1 MUKPOBMONOrnyeckyto 6e30MacHOCTL NPOAYKTA.

MeToppbl. MpeacTasneHbl 3kCneprMeHTanbHble AaHHbIe O BANSHUM LENbHO3EPHOBON rpey-
HEBOI MyKM Ha POCT MOJIOYHOKMCIILIX GaKTepUid 1 MPOBUOTMHECKOTO LITaMMa APOXCKEN Npu
MPOM3BOACTBE MYCTbIX 3aKBACOK. M3ydeHbl aHTarOHNMCTUYECKME CBOMNCTBA 3aKBACOYHbBIX MU-
KPOOPraHM3moB Mo OTHOLWeHWtO K Bacillus subtilis n nnecHeBbIM rpubam ponos Aspergillus,
Penicillium, Mucor v Rhizopus, a Takxe GpepMeHTaTMBHas akTMBHOCTb 3akBackun. Onpenene-
Hbl ONTUMaNbHaa [O3MPOBKA MYCTON rpevyHeBol NPoBMOTUYECKOW 3aKBACKW A1 MPOU3BOL,-
CTBa LeIbHO3EePHOBOMO X1eba, aMUHOKMCIIOTHBIA COCTaB M aHTUOKCUAAHTHAs aKTUBHOCTb
nony4eHHoro xneba.

Pe3ynbraTbl. YCTAHOBNEHO, YTO 3aKBACOYHbIE LUTAMMBI Jly4llie Pa3BUBAKOTCS HA NUTATENb-
HOW cpefde, NPUroTOBNIEHHOW U3 rpedrxm copTa balukmpcekas kpacHonepas. AHTaroHUCTuYe-
CKasl akTUBHOCTb M3YYEHHbIX LUITAMMOB MOJIOYUHOKMCIIbIX GaKTepUii 1 APOXOKEN OTMEYeHa No
oTHoLueHwuio K Bacillus subtilis BKM-B-501 n HekoTopbIM WTaMmam rniaecHeBbIX rpuboB po-
noB Aspergillus, Penicillium, Mucor v Rhizopus. nsi co3naHus ryctoi rpeyHeBor npobuoTu-
4eckoin 3akBackm 0TobpaHbl Hanbonee NEPCNEKTUBHbIE LUTAMMbl MOJIOYHOKMCIIbIX GaKTEPUIA.
3akBacka npusHaHa NpurogHon ans xnebonekapHoro NnpuMeHexuns. ONTrManbHoe Konmye-
CTBO r'yCTOWV rPe4yHeBON NPobnoTNYECKO 3akBackm coctasmnno 40% OoT macchl AMCNeprupo-
BAHHOr0 3epHa nieHuLbl. icnonb3oBaHve 3TOM 3aKBaCKW B TEXHONMOMMM LIENbHO3EPHOBOMO
xneba no3BonnIO NONyYnTb xN1e6 C MOBLILIEHHON aHTUOKCUAAHTHOW aKTUBHOCTLIO U Gonee
c6anaHcMpoBaHHbIM aMMHOKUCNOTHLIM COCTABOM.

KnioyeBbie cnoBa: rpedHeBas Kpyna, NpoduoTUKI, aHTArOHUCTMYECKas aKTUBHOCTb, rycTas
rpeyHeBas 3aKBacka, LefbHO3epHOBOW X/1e0

Ana untnposanns: Kysneuosa E.A., Pebe3zos M.b., bongapes H.W., Jixarsagonrop .
Pa3paboTka MHHOBALMOHHOM 3aKBACKM [1151 UICMO/b30BAHWS B TEXHOIOM MM LIENIbHO3EPHOBOIO
xneba. ArpapHasi Hayka. 2025;400(11): 159-166 (in English).
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Introduction/BeBepgeHue

Sourdough fermentation positively influences the
nutritional value of grain-based products by slowing
starch digestion and enhancing protein assimilation,
which regulates the levels of bioactive compounds
including vitamins and minerals [1-3].

Sourdough dominated by lactic acid bacteria has
attracted research interest for its potential to improve
the overall quality of grain products [4-6].

Probiotics and prebiotics can exert a synergistic
effect, as prebiotics promote the growth and activity
of probiotics [7-9].

Inulin, lactulose, oligofructose, and polydextrose
are proven prebiotics that enhance the proliferation
of probiotic strains [10].

Currently, there is a growing interest in unconven-
tional plant-based raw materials rich in prebiotics. Due
to its composition, buckwheat seeds are a valuable
source of nutrients and have a beneficial impact
on human health. A buckwheat-based diet lowers
serum cholesterol, improves diabetic conditions by
reducing sugar absorption, and supports the growth
of beneficial gut bacteria. D-chiro-inositol found in
buckwheat helps reduce insulin resistance and
enhances insulin action [11]. The nutritional value
of buckwheat flour rich in complex carbohydrates,
proteins, essential vitamins, minerals, and antioxidants
makes it a promising source of prebiotic components
for human nutrition and probiotic bacteria [12-15].

Buckwheat is known to possess prebiotic
properties. Methanol extracts from buckwheat
accelerate the growth of lactic acid bacteria
in carbon-free media while inhibiting Clostridium
perfringens and Escherichia coli. This suggests
how gut bacteria may respond to buckwheat [16].
Naturally fermented buckwheat cultures or
products have proven to be excellent substrates for
probiotic bacteria, especially Lactobacillus strains.
Buckwheat has been shown to reduce populations
of Ruminococcaceae, Lachnospiraceae, Helico-
bacteraceae, Clostridium, and Escherichia, while
increasing Peptoclostridium, Prevotellaceae, Lac-
tobacillus, Bifidobacterium, Enterococcus, and
Eubacteriaceae [17].

Studies confirm that aqueous suspensions
of buckwheat groats serve as effective prebiotic
substrates for lactic acid bacteria, maintaining
their viability during storage. Specifically, a 5%
buckwheat flour suspension supported active
growth of Lactobacillus and Streptococcus ther-
mophilus: after 24 hours of fermentation, 7 out
of 14 strains reached concentrations of 9.00 log
CFU/mL. The metabolic activity of L. casei strains
(2K and Y) in buckwheat substrate varied: despite
similar cell counts after fermentation, pH values
differed [18]. It was also shown that buckwheat-
based beverages provide a suitable medium for
the growth of Lactobacillus and Bifidobacteria
populations. Fermented buckwheat groats acquire

beneficial properties and may be used to prevent
lifestyle diseases such as diabetes, obesity, and
cancer [19].

Several researchers associate whole grain
consumption with improved health outcomes. Two
major risk factors for cardiovascular disease total
cholesterol and low-density lipoproteins in serum
did not increase with the consumption of whole
grain products, suggesting a cardioprotective
role [3, 20, 21].

From a quality improvement perspective,
sourdough with lactic acid bacteria as the dominant
microflora is of greater research interest than pure
yeast fermentation [4, 22-24].

Using sourdough in bread production leads to
hydrolysis of dietary fibers, reduced lipid oxidation,
improved digestibility of proteins and starch, and
increased vitamin content and mineral bioavai-
lability [25]. Phytic acid in grains exists as complexes
with metal cations and proteins. Its enzymatic
breakdown requires an optimal pH level, which can
be achieved through natural fermentation. This
degradation significantly increases the amount
of soluble iron, zinc, and calcium in fermented grain
products [26].

Although the health effects of sourdough bread
consumption are not fully understood, Abbondio et
al. [27] provide evidence that sourdough bread intake
can significantly alter gut microbiota taxonomy and
the metabolic functions of key microbial groups,
including Bacteroides and Clostridium.

Some studies have examined the effect of adding
buckwheat sourdough to wheat bread at levels
of 10-20% of total flour. This approach shortens the
technological process, improves rheological and
sensory properties, and enhances the quality and
nutritional value of bread [28-30].

The aim of this study was to develop an innovative
starter culture based on whole-milled buckwheat
grain and probiotic strains for use in the production
of whole wheat bakery products.

Materials and methods /

MaTtepunanbl 1 MeToabl UCCNIeA0BaHUSA

The study focused on common buckwheat
(Fagopyrum esculentum Moench) of two varieties:
Bashkir krasnostebelnaya and Dikul. Pure cultures
of Saccharomyces boulardii Y 3925 yeast and
Lactobacillus brevis B78 lactic acid bacteria were
used from the industrial microorganism museum
collection. Additional strains included Streptococcus
thermophilus TC 14, TC 91, Lactobacillus acidophilus
AP Ac, and AP A97 from the pure culture museum
of the Federal State Scientific Institution “VNIMI”.
All strains were stored in lyophilized form at 4-8 °C.
Before inoculation, microorganisms were acclimated
at room temperature (22 °C) for 2 hours'. All
microbiological work was conducted under aseptic
conditions in a laminar flow cabinet.

T GOST ISO 7218-2015 Microbiology of food and animal feed. General requirements and recommendations for microbiological testingto.
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Saccharomyces boulardii Y 3925 yeast cultures
were revived on Sabouraud medium, while lactic acid
bacteria were cultured on MRS medium.

To assess antagonistic activity, pure cultures
of Bacillus subtilis VKM-B-501, Aspergillus flavus
VKM-F-1024, Aspergillus candidus VKM-F-3908,
Penicillium crustosum VKM-F-4080, Penicillium ex-
pansion VKM-F-275, Mucor mucedo VKM-F-1257,
Mucor racemosus var. sphaerosporus VKM-F-541,
and Rhizopus stolonifer VKM-F-2005 were used.
Antagonistic activity was studied using the agar
diffusion method with supernatants of culture fluids.

Thick buckwheat sourdough was prepared by
milling buckwheat grain to particle sizes under
0.35 mm using an SM 200 mill. A suspension was
made by mixing flour with water at a 1:3 ratio. Lactic
acid bacteria and yeast biomass were washed
from culture media and added to the suspension.
The mixture was incubated at 30-32 °C for 48 hours
until reaching an acidity of 8-10 °C in a thermostat.
During fermentation, the mass increased 2-3 times.
The sourdough was stored in sealed containers under
refrigeration.

For bread preparation, soft winter wheat grain of the
Mironovskaya 808 variety was cleaned and soaked for
10 hours. Excess water was drained, and the grain was
twice dispersed using a Homogenizer 1094 (Tekator).
Sourdough was added in varying amounts (20 to
60%). Additionally, 4% dry wheat gluten (based on
dispersed wheat mass) was added to improve bread
quality. Dough was manually kneaded, fermented in a
chamber at 35 °C and 75-80% humidity, and baked at
220 °C. Proofing and baking were done using PRSH- 1
and PRSH-11 ovens. Control bread was prepared using
the straight dough method per GOST 31805-20182.
Organoleptic and physicochemical analyses were
conducted four hours post-baking.

Lactic acid bacteria counts were measured using
a DEN-1B densitometer and McFarland turbidity
standards.

Reducing sugars were determined by the semi-
micro titrimetric method of K.N. Chizhova and
A.N. Sonkina, based on copper oxide reduction in
Fehling’s solution?®.

a-Amino nitrogen content was measured by ti-
tration, based on the formation of soluble copper
complexes with amino acids and peptides, followed
by iodometric titration®.

Antioxidant activity was measured spectro-
photometrically in ethanol extracts at 515 nm, using
the DPPH radical inhibition method described by
Silva et al. [31].

Freeandprotein-boundamino acids were quantified
after hydrolysis in sealed ampoules with 6N HCI for
24 hours, using ion-exchange chromatography and
electrochemical detection on a Chromaspek amino
acid analyzer.

AGROENGINEERING AND FOOD TECHNOLOGIES I

Results and discussion /

Pe3ynbTaTthl n 06CyXaeHue

Demand for health-promoting foods has increased,
and whole grain sourdough bread fits this category.
To select suitable lactic acid bacteria strains for
sourdough, microbial growth was studied in media
made from whole-milled buckwheat of two varieties
after 24 and 48 hours of incubation. Results are
shown in Table 1.

The Bashkir krasnostebelnaya variety proved
more suitable due to its higher content of bioactive
compounds. These compounds enhance probiotic
bacterial growth, resulting in 7.8—-21.6% higher counts
compared to the Dikul variety. Since S. boulardii
yeast is included in the sourdough, selecting lactic
acid bacteria that allow for alcoholic fermentation
is crucial. S. boulardii tolerates low pH better than
other Saccharomyces species, making it suitable
for sourdough and fermented dairy products*.
Although Lactobacillus acidophilus AP Ac grew well,
it produced excessive lactic acid, lowering pH to 4.3
after 48 hours, and was excluded from the sourdough
formulation.

A key criterion for selecting lactic acid bacteria
strains for sourdough used in grain bread is
antagonistic activity against spore-forming bacteria
and storage molds. These contaminants enter bread
production via raw materials (flour, yeast, additives)
and equipment surfaces [32]. Spore-forming
bacteria and molds are typically concentrated
in the outer grain layers and are especially common
in whole grain bread [33, 34].

The antagonistic activity of selected lactic acid
bacteria and yeast strains was tested against Bacillus
subtilis VKM-B-501 and mold strains of Aspergillus,
Penicillium, Mucor, and Rhizopus (Table 2). The re-
sults confirmed that the studied strains exhibited
inhibitory effects on these microorganisms, indicating

Table 1. The number of lactic acid bacteria during growth
in the starter medium

24 hours 48 hours
of temperature of temperature
) ) . ) control control
A strain of lactic acid bacteria
Number Number
of bacteria pH of bacteria pH
(CFU/ml) (CFU/ml)
Bashkir krasnostebelnaya buckwheat
Streptococcus thermophilus TC 14 1,66x10° 5,1 2,25x10° 4,8
Streptococcus thermophilus TC91  1,69x10° 5,2 2,29x10° 4,5
Lactobacillus acidophilus AP Ac 3,05x10° 6,0 3,55x10° 4,3
Lactobacillus acidophilus AP A97 2,58x10° 5,8 3,15x10° 4,5
Lactobacillus brevis-B78 2,10x10° 5,9 3,14x10° 4,6
Dikul buckwheat
Streptococcus thermophilus TC 14 1,55x10° 5,0 2,00x10° 4,8
Streptococcus thermophilus TC91  1,57x10° 5,0 2,06x10° 4,7
Lactobacillus acidophilus AP Ac 2,98x10° 5,6 3,30x10° 4,6
Lactobacillus acidophilus AP A97 2,07x10° 5,8 2,59x10° 4,6
Lactobacillus brevis-B78 1,88x10° 5,9 2,78x10° 4,6

2 GOST 31805-2018 Bakery products made from wheat flour. General specifications.

% Eliseeva S.1. Quality control of raw materials, semi-finished products and finished products at bakeries. Moscow: Agropromizdat. 1987; 128.
“Soboleva E.V. Substantiation of the use of Saccharomyces cerevisiae yeast strain RCAM 01730 in the technology of wheat bread with increased
microbiological resistance. Dissertation for the degree of Candidate of Technical Sciences. St. Petersburg. 2014; 142.
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their potential to improve the
microbiological safety of read.

It was established that when
the supernatant of the culture
fluid of Saccharomyces bou-
lardii VKPM-Y-3925 was intro-

Table 2. The effect of lactic acid bacteria and S. boulardii strains on the
development of test cultures of mold pathogens and potato bread disease

Test cultures

The diameters of the growth inhibition zones of the test cultures
of microorganisms under the influence of the studied bacteria

and yeast S. boulardii, mm

Streptococcus Streptococcus Lactobacillus Lactobacillus Saccharomyces

thermophilus thermophilus acidophilus

boulardii

duced into wells. zones of C 14 TC 91 APAg7  brevis-B78 oy 3905
inhibition were observed against 5,?5,1’_’;?;5?“”5 6,5£0,6 8,1£0,6 10,3+0,6 9,3%0,6 11,7£0,6
Bacillus subtilis, the causative  aspergilius
agent of potato disease in candidus 8,0+£0,6 9,1£0,6 8,5+0,6 7,8£0,6 11,3£0,6
o e VKM-F-
bread. Similar findings were R ,;7908
spergiius ] .

reported by E.V. Soboleva [33], favs. thezonels  thezonels  go.06 306 97408
who studied the antagonistic VKM-F-1024 L ¢
effect of Saccharomyces bou-  Penicillium

. . 4 . expansion 6,8+0,6 7,2%0,6 6,3%0,6 8,7+£0,6 12,3+0,6
lardii strain RCAM 01730 agai-  yKM-F-275
nst Bacillus subtilis VKM 120. Penicillium Al

Experimental research re- %&{(ﬁlj’%’lao 8,7+0,6 9,7+0,6 missing 10,3£0,6 11,7£0,6
vealed that the probiotic stra- Mucor mucedo  the zone is the zone is
ins suppressed the develo-  yKM-F-1257 missing 6.7:06 £ missing 0=
pment of typical mold strains  pyucor
responsible for spoilage of  facemosus var thniég?nzis 6,3:0,6 10740,6  9,2+0,6 "hrfﬂég?negis
bakery products. Overall, the yKMm-F-541
yeast strain Saccharomyces Rhizopus o zonais
boulardii VKPM-Y-3925 exhi- stolonifer 9,506 10,1£0,6 missing e HhE=iE

bited stronger antagonistic

activity against the tested mold cultures compared
to the lactic acid bacteria strains. The studied
Streptococcus thermophilus strains showed no anta-
gonistic activity against Aspergillus flavus.

These findings confirm the antagonistic activity
of the probiotic strains against the studied mold fungi
and spore-forming Bacillus bacteria, indicating their
potential use in imparting antimicrobial properties to
bakery products. Based on the combined properties
studied, the following microorganisms were selected
for the sourdough formulation: homofermentative
lactic acid bacteria Streptococcus thermophilus TC 14,
Lactobacillus acidophilus AP A97, heterofermentative
Lactobacillus brevis-B78, and yeast Saccharomyces
boulardii VKPM-Y-3925.

The characteristics of the resulting thick buckwheat
probiotic sourdough (Table 3) demonstrate its sui-
tability for baking applications.

The developed thick probiotic sourdough, based
on probiotic microorganisms and whole-milled
buckwheat flour of the Bashkir Red-Stem variety,
was applied in whole wheat bread technology. Prior
to this, the fermentative activity of the sourdough
microorganisms was studied by tracking the
accumulation dynamics of free amino nitrogen and
reducing sugars over two hours of fermentation
(Fig. 1).

It was found that during two hours of fermentation,
the levels of amino nitrogen and reducing sugarsin the
dough decreased by 27.3% and 12%, respectively,
indicating active consumption of these compounds by
the sourdough microorganisms. These experimental
results confirm the high fermentative activity of the
sourdough strains.

To determine the optimal sourdough dosage
for whole grain bread technology, trial baking

Table 3. Characteristics of the Sourdough

Indicator Thick Buckwheat Sourdough

Moisture content, % 49.86 = 0.1
Titrated acidity, deg 13.4 1.0
Fermentation activity, min 5.0+ 1.0
Lifting force on the ball, min 30.0 £ 1.0

The number of microorganisms in the studied semi-finished product

Total 134x10°
Yeasts 58x10°
Bacteria 76x10°

Fig. 1. Changes in Free Amino Nitrogen and Reducing Sugars
During Dough Fermentation

e
'
ES

1,2 I

Mass fraction, % per dry substanci
o
(o]

Duration of dough maturation, min

mamine nitrogen reducing sugars

experiments were conducted using varying amounts
of thick buckwheat probiotic sourdough during
dough preparation. The results of these experiments,
assessing the impact of sourdough quantity on bread
quality indicators, are presented in Table 4.

The studies showed that increasing the sourdough
quantity improved the physicochemical properties
of the finished bread: moisture content decreased,
and specific volume and crumb porosity increased.
However, sensory qualities declined due to increased
acidity in the crumb. The resulting whole wheat bread
had a proper shape with a domed top crust, a smooth,

ISSN 0869-8155 (print) | ISSN 2686-701X (online) | ArpapHas Hayka | Agrarian science | 400 (11) = 2025



Table 4. Optimal Quantity of Thick Buckwheat Probiotic
Sourdough
Sourdough Amount (% of flour mass)
20 30 40 50 60

Characteristic
bread flavor,
slightly sweet

Bread Quality Indicator

Characteristic, Sour

Taste pronounced

Mass fraction of moisture, %  47.1  47.8 46.3 456 45.0
Acidity, degree 6.3 6.9 7.6 82 94
Porosity, % 48.0 494 51.8 51.9 52.0
Specific volume, cm?/g 148 1.50 1.51 1.52 1.53

glossy surface free of cracks, and a uniform crumb
structure with medium and small pores. The bread
had a characteristic aroma and flavor typical of whole
grain bakery products. Thus, the study concluded
that the optimal amount of thick buckwheat probiotic
sourdough is 40% of the mass of dispersed wheat
grain.

The antioxidant activity of the developed whole
wheat bread using thick buckwheat probiotic
sourdough was determined to be 28.8% DPPH radical
inhibition, compared to 9.8% in control bread made
according to GOST 31805.

The amino acid composition of the developed
whole grain bread was also analyzed and is presented
in Table 5.

The data show that the amino acid profile of the
developed bread improved. The content of isoleucine
and lysine increased, as did the combined total
of cystine and methionine. The total amino acid
content in the developed bread was 6.8% higher
than in the control bread made according to
GOST 31805.

To assess the microbial stability of the whole
wheat bread made with thick buckwheat probiotic
sourdough, the bread was cooled and stored under
provoked conditions (temperature =37 £ 1 °C, relative
humidity = 90%) until signs of potato disease and
mold appeared. Observations were conducted over
120 hours.

It was found that bread made with the developed
sourdough was less susceptible to microbial spoilage
compared to the control bread. The first signs
of potato disease — characteristic odor and changes
in crumb elasticity — appeared after 60 hours in the
control sample. in contrast, the sourdough bread
showed no signs of spoilage during the observation
period.

Visible mold mycelium appeared on the surface
of the control bread after 68-70 hours, while it
appeared on the sourdough bread only after 98
hours — 28-30 hours later. This indicates that the use
of thick buckwheat probiotic sourdough in whole grain
bread technology helps prevent microbial spoilage
of the final product.

The fermentative activity of the sourdough was
also evaluated. The selected strains demonstrated
high fermentative capacity, contributing to the
development of desirable sensory properties in the
final bread product. The optimal dosage of thick
buckwheat probiotic sourdough was determined
to be 40% of the mass of dispersed wheat grain.

AGROENGINEERING AND FOOD TECHNOLOGIES I

Table 5. Amino Acid Composition of Whole Wheat Bread
with Thick Buckwheat Probiotic Sourdough

Grain wheat bread

Grain wheat 2
Amino Acid, mg/100g bread according w':gb?gglévmiit
toGOST31805 P9 oc ! oh

Aspartic acid 418 667
Glutamic acid 2118 2076
Serin 296 356
Histidine 205 221

Glycine 386 411

Threonine 224 310
Arginine 436 536
Alanine 292 398

Tyrosine 146 177
Cystine + Methionine 268 297
Valin 411 398

Phenylalanine 428 427
Isoleucine 253 289
Leucine 538 517
Lysine 243 318

Proline 842 649
The sum of amino acids 7504 8047

This proportion provided the best balance between
fermentation efficiency and bread quality. Bread
produced with the developed sourdough showed
improved antioxidant activity and a more balanced
amino acid profile compared to control samples.
The inclusion of buckwheat-based sourdough
enhanced the nutritional value of the bread, making
it a functional food product suitable for health-
CONSCiouUS consumers.

Conclusions /BbiBOAbI

An innovative sourdough starter was deve-
loped using whole-milled buckwheat flour and
pure probiotic strains: lactic acid bacteria Strep-
tococcus thermophilus TC 14, Lactobacillus aci-
dophilus AP A97, Lactobacillus brevis-B78, and
yeast Saccharomyces boulardii VKPM-Y-3925.
It was established that the starter strains of
microorganisms grew best in a fermentation me-
dium made from the Bashkir krasnostebelnaya
buckwheat variety.

Antagonistic activity was observed in the studied
strains of lactic acid bacteria and yeast against
the spore-forming bacterium Bacillus subtilis
VKM-B-501 and mold strains Aspergillus flavus
VKM-F-1024, Aspergillus candidus VKM-F-3908,
Penicillium crustosum VKM-F-4080, Penicillium
expansion VKM-F-275, Mucor mucedo VKM-F-1257,
Mucor racemosus var. sphaerosporus VKM-F-541,
and Rhizopus stolonifer (syn. Rhizopus nigricans)
VKM-F-2005.

The characteristics of the resulting thick buckwhe-
at probiotic sourdough demonstrated high fermenta-
tive activity and suitability for baking applications.
Trial baking experiments determined that the optimal
amount of thick buckwheat probiotic sourdough is
40% of the mass of dispersed wheat grain.

Incorporating the optimal dosage of the deve-
loped innovative sourdough into whole wheat
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bread technology resulted in bread with enhanced
antioxidant activity and a more balanced amino acid
profile. The use of this sourdough technology helps
prevent microbial spoilage of the finished product.

The proposed technological solutions will expand
the range of whole grain bakery products with
increased nutritional value, suitable for functional
nutrition applications.
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