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Abstract: The article describes the developed line of starter with spore-forming
probiotic microorganism Bacillus coagulans for functional products, study of
organoleptic and physicochemical properties (acid accumulation and speed of
fermentation) of sour milk product samples (bioygourt).
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Relevance. Currently, there is an acute problem of sourdough starter shortage
due to disrupted supplies amid sanctions imposed on the Russian Federation and the
lack of domestic analogues. In this regard, there is a need to develop domestic products
and their subsequent introduction into the production process at enterprises specialising
in the production of fermented dairy products. Therefore, many companies are doing
their best to support the trend of import substitution in this area. The relevance of this
development lies in the possibility of prolonging the shelf life of fermented milk
products due to the metabolites released by spore-forming bacteria, as well as in
contributing to the health of the population of the Russian Federation through the
consumption of products that have a probiotic effect, achieved by using probiotic
microorganisms [1]. This initiative not only addresses the current shortage issue but
also promotes the growth of domestic industries and enhances the availability of
healthy products for the population. Furthermore, it demonstrates the resilience and
adaptability of businesses in responding to challenges and seeking innovative solutions
to meet the needs of consumers. The development of domestic products in this area is
essential for ensuring food security, promoting self-sufficiency, and contributing to the
overall well-being and health of the population.
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The aim of the study was to identify microbial consortia for the development of
a starter with the spore-forming probiotic microorganism Bacillus coagulans for bio-
yoghurt production.

Materials and methods of research. Tests are carried out by creating different
combinations of fermented milk microorganisms and observing their interaction.
Organoleptic properties and the rate of acid accumulation and, consequently, casein
coagulation of various combinations of microorganisms as additive cultures to the main
microorganism Bacillus coagulans were investigated [2]. The method of organoleptic
evaluation is used to assess the quality of products based on human sensory perception.
Organoleptic evaluation includes the analysis of visual components of the product,
odour, flavour and textural characteristics. The study of the rate of acid accumulation
and the rate of sample fermentation included the following steps: sample preparation,
determination of initial acidity using pH-meter and titration method, fermentation at
30 £2 °C, periodic sampling to determine changes in acidity over time, and processing
of the results obtained.

Results of the research. Interaction tests of fermented milk microorganisms
within different consortia are conducted to study the interaction between different
species of bacteria that are used in the production of fermented milk products. A
consortium is a group of microorganisms formed to fulfil different objectives, for
example: providing protection against pathogens, synthesis of useful metabolites. Each
member of the consortium fulfils a specific function, while joint interactions allow the
common goal to be achieved more efficiently than would be possible for each
microorganism individually. Tests are conducted by creating different combinations of
fermented milk microorganisms and observing their interactions. The organoleptic
properties and the rate of acid accumulation and consequently casein coagulation of
different combinations of microorganisms as additive cultures to the main
microorganism Bacillus coagulans were investigated [3]. Based on the results of
organoleptic evaluation of yoghurt samples, the highest score was given to the
following samples: Bacillus coagulans MTCC 5856 (B. coagulans) + Lactobacillus
delbrueckii subsp. bulgaricus 14 (L. b. 14) + Streptococcus thermophilus 9 (S. t. 9),
Bacillus coagulans MTCC 5856 (B. coagulans) + Streptococcus thermophilus 9 (S. t.
9), Bacillus coagulans MTCC 5856 (B. coagulans) + Streptococcus thermophilus 9 (S.
t. 9) + Lactobacillus plantarum KI (L. p. Kl), Bacillus coagulans MTCC 5856 (B.
coagulans) + Streptococcus thermophilus 9 (S. t. 9) + Lactobacillus animalis 501 (L.
animalis 501), Bacillus coagulans MTCC 5856 (B. coagulans) + Lactobacillus
delbrueckii subsp. bulgaricus D (L. b. D) + Lactobacillus animalis 501 (L. animalis
501), Bacillus coagulans MTCC 5856 (B. coagulans) + Streptococcus thermophilus 1-
5 (S. t. 1-5). A trend was observed that the addition of auxiliary culture of S. t. 9
improved the organoleptic profile of the samples irrespective of the microbiological
composition. As a probiotic, the strains L. p. KI and L. animalis 501 showed the best
organoleptic profile. However, samples with them had a more liquid consistency and
sour taste. The results of the organoleptic evaluation are presented in Figure 1.
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Appearance
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——— B. coagulans + L. b. D

——— B. coagulans + L. b. D +S. t. 1-5

——— B, coagulans + L. b. D + L. animalis 501
~———B. coagulans + L. b. D + L. p. 47/7
~——— B. coagulans + S. t. -5

~——B. coagulans + S. t. 1-5 + L. animalis 501
—— B. coagulans + S. t. 1-5+ L. p. 47/7
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Figure 1 — Graphical representation of organoleptic evaluation of products

Further, the selected microbial consortia were examined for the rate of acid
accumulation and coagulation of milk proteins at a temperature of 43 = 2 °C. Acid
accumulation curves are shown in Figure 2.

The fastest rate of fermentation occurred in samples with S. t. 9, with the acidity
starting to increase vigorously after 2 hours of fermentation, except for the sample with
L. b. 14, where the acidity increased sharply after one hour. The data obtained show
the best result for the rate of lactic acid accumulation and consequently for the rate of
fermentation of yoghurt during the production process with S. t. 9.
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Figure 2 — Acid accumulation and the speed of welling of samples with the highest
total organoleptic score
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Thus, the best microbial consortium to develop a starter for yoghurt production
with B. coagulans can be considered a combination of 3 microbial species: B.
coagulans+S.t. 9+ L.b. 14 or L. b. D.

Conclusions. During the conducted research, the optimal combinations of
strains were identified to produce starter cultures with the spore-forming probiotic
microorganism Bacillus coagulans to produce bio-yogurt.
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AHHOTANUS: CTaThs COJIEPKUT ONMUCAHUE pa3padaThIBAEMOI JTUHEHKH 3aKBACOK CO
CTIOpPOOOpa3yIoMM MPOOHOTHYECKUM MuKpoopranuzMom Bacillus coagulans s
(GYHKIIMOHATBHBIX MPOTYKTOB, U3YUYE€HHE OPTaHOJICTITUYECKUX U (PU3UKO-XUMUYECKUX
CBOMCTB (KMCIOTOHAKOIIJICHHE U CKOPOCTh CKBAITMBAHMs) 00pa3I[0B KHCIOMOJIOYHOTO
poyKTa (OnonuroypTra).

KawueBbie cjoBa: KoHcopuuyM, Mukpoopranu3mbl, Bacillus  coagulans,
npoOuoTudeckuit 3¢ (HeKT, 3aKBaCKHU.
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HUCITIOJIB30OBAHHUE ®UTOCTEPOJIOB U TOKO®EPOJIOB IIPH
CO3JAHUUA ITPOAYKTOB IIMTAHUA ®YHKIIUMOHAJBHOI'O
HA3HAYEHUSA

Annamoea Hamanva Bnaoumuposna, acnupanm, ®I'60Y BO «Kybanckuii
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Bemeuukaa Kcenusa Anexceeena, macucmpanm, ®I'b0OY BO «Kybanckuii
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OI'BOY BO «KybaHckuii rocyJapCTBEHHBIN TEXHOJIOTHUECKUI YHUBEPCUTET
Poccusi, Kpacnonap, e-mail: rector@kubstu.ru

AnHoTamusi: Tokodeponsl U GUTOCTEPONIBI — OMOJIOITMYECKH AKTUBHBIE BEUIECTBA,
oOnagaroue aHTUOKCUAAHTHBIM, TPOTUBOBOCTIAJIMTEIBHBIM JIECTBUEM, OHU TAKXKe
y4acTBYIOT B paboTe HEpPBHOM U CEPJICUHO-COCYAUCTOM cucrem. BBumy w#x
TEPMUYECKON U OKUCIUTEIbHON HECTAOUIBHOCTH MOAXOASIINM CIOCOOOM XpaHEHUs
M HAlNpaBJIEHHOM  JOCTaBKM B  IUIIEBAPUTENBHYIO  CUCTEMY  SIBIISCTCA
WHKAICYJUPOBAHUE B AMYJIbCUU TUIIA «MACIIO — BOAA» PU CO31aHUHA NHHOBAIIMOHHBIX
NPOAYKTOB (DYHKHIIMOHAILHOTO MUTAHUSI.

KiroueBbie cioBa: GUTOCTEPOIBI, TOKOGMEPOJbl, (PYHKIIMOHAIBHBIE MPOTYKTHI
MUTaHWs,  OMYJIbCHOHHBIC  JKAPOBBICE  MPOAYKTHI,  AHTUOKCHJIAHTHAsA |
MIPOTUBOBOCIIAJIUTEIbHAS aKTHBHOCTb.

AKTYyaJbHOCTh. OYHKIIMOHATHHOE TUTAHUE — ATO CTHJIb TUTAHMSI, B KOTOPOM
YUUTHIBAIOTCS HWHIWBUIyalbHBIE TOTPEOHOCTH 4YENIOBEKa, €ro (PH3UOJOTHYECKHE
O0COOEHHOCTH U 00pa3 KU3HU. B omiMuMe OT TPaguIUOHHOTO, MPOAYKTHI
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