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Abstract. The article provides a brief justification for the need to create new fermented milk products with 
probiotic properties based on microbial consortia consisting of thermophilic lactic acid streptococcus, 
propionic acid bacteria and bifidobacteria. The biochemical activity of consortia has been studied. Data on 
the synthesis of vitamin B12 in various microbial consortia are presented. A high level of viable cells of 
propionic acid microorganisms and bifidobacteria was shown when co-cultured with thermophilic 
streptococcus. The results of the conducted studies have shown the possibility of using microbial consortia 
consisting of thermophilic lactic acid streptococcus, propionic acid bacteria and bifidobacteria for the 
production of protein fermented dairy bioproducts. 

1 Introduction  
The microbiome located in the human gastrointestinal 
tract (GI tract) includes the largest community (diverse 
and dense) of bacteria and, in combination with a 
favorable internal environment, contributes to the 
production of regulated anti-inflammatory signals in the 
gastrointestinal tract, which contributes to 
immunological and metabolic tolerance and a significant 
effect on human physiology [1, 2]. Microbiome research, 
which focuses on the behavior, interactions, and 
functions of microbial communities in a particular 
environment, has achieved tremendous success over the 
past 15 years [3]. Functional diversity, not taxonomic, is 
a much more fundamental and significant characteristic 
that emphasizes the state of the microbiome [4]. 

Among the known probiotic microorganisms 
beneficial to health, bifidobacteria are one of the most 
dominant groups, and some types of bifidobacteria are 
often used as a probiotic ingredient in many functional 
foods [2]. 

The numerous medical benefits associated with 
bifidobacteria and the subsequent commercial 
significance due to their inclusion in functional foods 
have led to increased research aimed at a molecular 
understanding of the claimed properties of probiotics of 
this genus [5]. 

The end products of metabolism, such as vitamins, 
polyunsaturated fatty acids, conjugated linoleic acid, 
contribute to the functionality of the intestine and the 
probiotic properties of bifidobacteria. The end products 
of bifidobacterial fermentation of complex carbohydrates 

in the gastrointestinal tract play a key role in human 
metabolism, as they contribute to the integrity of the 
epithelial barrier, produce antibacterial compounds, 
ferment indigestible fiber, stimulate the absorption of 
water and sodium, reduce the pH of the lumen and 
bioavailability of toxic amines, promote the production 
of amino acids and vitamins, prevent colonization of 
pathogenic microorganisms [6, 7, 8, 9]. There is 
evidence that acetate produced by bifidobacteria can 
enhance intestinal protection by epithelial cells and 
thereby protect the host from E. coli O157:H7 infection 
[10]. 

In 2015, at the Congress of the Federation of 
European Microbiological Societies (FEMS), the 
concept of including multicomponent probiotic consortia 
in food was put forward. With regular use, probiotics 
regulate and stimulate digestion, enhance immunity, 
increase colonization resistance of the intestine, and 
prevent the development of allergic complications. The 
effectiveness of multicomponent probiotic consortia 
depends on many factors, including human physiological 
characteristics, the presence of chronic and acute 
diseases, etc. [11]. 

According to experts, one of the innovative 
directions of food biotechnology development is the 
development of biotechnological approaches to the 
production of probiotics, synbiotics, starter cultures, new 
strains of lactic acid and other technological 
microorganisms, microbial consortia with specified 
biological properties and optimized technological 
characteristics [12]. Dairy bioproducts enriched with 
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lactic acid microflora and probiotic cultures are created 
on the basis of starter consortia. 

All over the world, work is underway on the 
selection and research of new probiotic strains of 
bifidobacteria and propionic acid microorganisms 
characterized by high antagonistic and biochemical 
activity, increased resistance to adverse factors. 

At the same time, much attention is paid to the 
construction of microbial consortia based on new or 
already known strains. A consortium is an association of 
two or more microorganisms, as a rule, with similar 
biochemical and technological properties in the absence 
of antagonism between cultures [13]. 

The use of optimally selected consortia allows us to 
ensure the desired probiotic, organoleptic, physico-
chemical and technological properties of the finished 
product. As a rule, microbial consortia are able to grow 
on more complex substrates and have increased 
resistance to the effects of bacteriophages, growth 
inhibitors and other adverse factors [14]. 

1.1 The purpose of the work 
 
The purpose of this work is to create protein fermented 
milk products based on starter cultures, which include 
probiotic strains. To do this, we studied the technological 
parameters of the production of fermentation and 
processing of the clot and the qualitative characteristics 
of the resulting bio-curd. 

2 Methodology and materials 

Experimental studies were conducted at the Department 
of Dairy Products Technology. Commodity Science and 
Examination of Goods", the problematic research 
laboratory of the East Siberian State University of 
Technology and Management. 
A strain of propionic acid bacteria Propionibacterium 
freudenreichii subsp. was used in the work. Shermanii 
AC-2503, a freeze-dried starter culture of direct 
application DANISCO CHOOZITTM TA 61 LYO 50 
DCU, which includes thermophilic lactic acid 
Streptococcus Streptococcus thermophilus. 
The strain of propionic acid bacteria was obtained from 
the fund of the All-Russian Collection of 
Microorganisms of the Institute of Biochemistry and 
Physiology of Microorganisms (Moscow), activated by a 
biotechnological method developed at the East Siberian 
State Technological University. For the research work, a 
bacterial concentrate of bifidobacteria was used, which 
includes the strain Bifidobacterium longm B379M. The 
manufacturer of bifidobacteria concentrate is a small 
innovative enterprise "Bifivit" in Ulan-Ude. 
The main physico-chemical and microbiological 
parameters of raw materials, starter cultures and 
fermented milk products were determined by standard 
and generally accepted methods in research practice 
 

 

Table 1. Characteristics of consortia. 

Indicator 
Characteristic 

Sample 1 Sample 2 Control 

Compositi
on 

Streptococ
cus 

thermophil
us, 

Propioniba
cterium 

freudenrei
chii subsp. 
Shermanii 
АС-2503 

Streptococ
cus 

thermophil
us, 

Bifidobacte
rium 

longm 
В379М 

Streptoc
occus 

thermop
hilus 

The ratio 
of cultures 

1:1 1:1 - 

Duration 
of 

fermentati
on, hour 

8 10 9,0 

Titrated 
acidity, °Т 

78 72 76 

рН 
4,75 4,83 4,75 

The 
amount of 

vitamin 
B12, 

mcg/ml 

35,40 0,47 0,45 

The 
number of 

cells of 
Propioniba

cterium 
freudenrei
chii subsp. 
Shermanii 
АС-2503, 
к.о.е./см3 

109 - - 

Number of 
Bifidobact

erium 
longum 
cells in 
379M, 
к.о.е./ 
cm3 

- 109 - 

The 
number of 

cells of 
lactic acid 
bacteria, 
к.о.е./ 
cm3 

109 109 109 
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3 Results and Discussion 
The essence of most technological techniques is reduced 
to regulating microbiological processes by setting certain 
temperature conditions, since the quality of the finished 
product depends on them.  

In order to choose the right temperature regimes, it is 
necessary to study in detail the physico-chemical, 
biochemical processes, taking into account organoleptic 
parameters. An important factor affecting the growth of 
microorganisms is the indicators of titrated and active 
acidity. The reaction of the medium can change the 
activity of enzymes, which in turn leads to a change in 
the biochemical activity of microorganisms that cause 
certain transformations in the medium [17].  

Three samples of starter culture consortia were 
prepared. A starter culture based on Streptococcus 
thermophilus was used as a control. The composition of 
the consortia and their characteristics are presented in 
table 1. 

Biochemical activity, the amount of synthesized vitamin 
B12 and microbiological parameters were taken into account in 
all samples.  It can be seen from the table data that good 
organoleptic characteristics, homogeneous, dense consistency, 
mild refreshing fermented milk taste, fermentation duration is 
(8-10) hours were noted in all samples. A sample of sourdough 
with propionic acid bacteria is characterized by higher active 
acidity and a decrease in fermentation time. 

Cultivation temperature is one of the main physical factors 
regulating biological processes. Subsequently, the cultivation 
of starter culture consortia was carried out at various 
temperatures of 35 °C, 37 °C, 39 °C and the effect of 
temperature on the dynamics of acid formation and quantitative 
growth of probiotic cultures was studied. The results of the 
studies are presented in Table 2. 

The analysis of the obtained data indicates that the 
cultivation temperature of 37 °C stimulates the active 
development of probiotic microorganisms. It should be noted 
that at a temperature of 37 °C, the duration of fermentation 
decreases in all samples. An increase in the fermentation time 
is observed in the sample with bifidobacteria. An increase in 
the fermentation temperature to 39 °C helps to reduce the 
duration of clot formation and is (9.5-10.5) hours, but there is 
an inhibition of the growth of probiotic cultures and lactic acid 
microorganisms. Taking into account the revealed dynamics of 
clot formation and the growth of probiotic microflora, the most 
optimal temperature regime is 37 °C. 

The experimental data obtained indicate that the new 
protein probiotic products are characterized by good 
organoleptic characteristics – they have a pleasant fermented 
milk taste, a soft, crumbly consistency and contain a high 
number of cells of bifidobacteria and propionic acid bacteria 
107 к.о.е./cm3. 

The process of storage capacity of fermented dairy 
bioproducts has been studied. During storage, a slight 
increase in acidity was noted in the studied samples. It is 
very important that when storing all production samples, 
a high number of viable cells of probiotic cultures and a 
low level of development of sanitary-indicative 
microflora are preserved. This is due to the fact that 
during storage, probiotic and lactic acid microorganisms 
synthesize a significant amount of antibiotic substances 
that prevent the development of E. coli bacteria, yeast 

and mold. The optimal shelf life of the bio-curd is 7 days 
at a temperature of 4-6 ° C. 

 
Table 2. Dynamics of acid formation and quantitative 

accounting of probiotic cultures depending on the cultivation 
temperature 

 
The indicator 

at a fermentation 
temperature of 35 ° 

C 

Characteristics of the samples 

Sample 1 Sample 2 Sample 3 

Duration of 
fermentation, hour 

11 12,5 12 

рН 
4,56±0,03 4,69±0,03 4,60±0,03 

The number of cells 
of 

Propionibacterium 
freudenreichii subsp. 
Shermanii AC-2503, 

к.о.е./ 
cm3 

4×107 - - 

The number of cells 
of Bifidobacterium 

longm В379М, 
к.о.е./ 
cm3 

- 5×107 - 

The number of cells 
of lactic acid 

bacteria, к.о.е./ 
cm3 

107 107 107 

The indicator 
at a fermentation 

temperature of 37 ° 
C 

   

Duration of 
fermentation, hour 

9,5 10,5 10 

рН 
4,54±0,03 4,58±0,03 4,56±0,03 

The number of cells 
of 

Propionibacterium 
freudenreichii subsp. 
Shermanii AC-2503, 

к.о.е./ 
cm3 

6×107 - - 

The number of cells 
of Bifidobacterium 

longm В379М, 
к.о.е./ 
cm3 

- 9×107 - 

The number of cells 
of lactic acid 

bacteria, к.о.е./ 
cm3 

107 107 107 
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Table 2. Part two 
 
The indicator 

at a fermentation 
temperature of 39 ° 

C 

   

Duration of 
fermentation, hour 

8,5 10 9,5 

рН 
4,36±0,03 4,46±0,03 4,43±0,03 

The number of cells 
of 

Propionibacterium 
freudenreichii subsp. 
Shermanii AC-2503, 

к.о.е./ 
cm3 

8×106 - - 

The number of cells 
of Bifidobacterium 

longm В379М, 
к.о.е./ 
cm3 

- 2×106 - 

The number of cells 
of lactic acid 

bacteria, к.о.е./ 
cm3 

106 106 106 

 
The process of storage capacity of fermented dairy 

bioproducts has been studied. During storage, a slight 
increase in acidity was noted in the studied samples. It is 
very important that when storing all production samples, 
a high number of viable cells of probiotic cultures and a 
low level of development of sanitary-indicative 
microflora are preserved. This is due to the fact that 
during storage, probiotic and lactic acid microorganisms 
synthesize a significant amount of antibiotic substances 
that prevent the development of E. coli bacteria, yeast 
and mold. The optimal shelf life of the bio-curd is 7 days 
at a temperature of 4-6 ° C. 
 
4 Conclusion 
Symbiotic starter cultures based on thermophilic lactic 
acid streptococcus, propionic acid bacteria and 
bifidobacteria have been developed. It has been 
established that there are no antagonistic manifestations 
in the joint cultivation of propionic acid bacteria and 
bifidobacteria with thermophilic lactic acid 
streptococcus. 

The high biochemical activity of combined starter 
cultures was noted. The developed associations of 
microorganisms make it possible to obtain protein 
fermented milk products with a high content of viable 
cells of probiotic cultures. The shelf life of protein 
fermented dairy bioproducts has been studied. Their 
guaranteed storage period is 7 days at a temperature of 4-
6 ° C. 

References 
1. L. Vitetta, H. Alford, S. Hall Probiotics, prebiotics 

and the gastrointestinal tract in health and disease, 

Inflammopharmacology. (Australia, Sydney, 2015) 
DOI 10.1007/s10787-014-0201-4. 

2. F. Turroni International Journal of Food 
Microbiology, 149, 37–44 (2011). 

3. R. McEnery, An Industry Goes for the Gut. Eureka. 
Available: http://eureka.criver.com/an-industry-
goes-for-the-gut / (accessed March 31, 2017). 

4. J.Li, M. Convertino Optimal microbiome networks: 
macroecology and criticality, Entropy, 21, 506 
(2019). doi: 10.3390/e21050506.  

5. E. Bottacini, Diversity, ecology and intestinal 
function of bifidobacteria, Microbial Cell Factories, 
13 (1), S4 (2014). doi:10.1186/1475-2859-13-S1-S4. 
http://www.microbialcellfactories.com/content/13/S
1/S4.  

6. K.P. Scott, S.W. Gratz, P.O. Sheridan, H.J. Flint, 
S.H. Duncan, The influence of diet on the gut 
microbiota, Pharmacol Res, 69, 52-60 (2013). 

7. N.B. Kristensen, T. Bryrup, K.H. Allin, T. Nielsen, 
T.H. Hansen, O. Pedersen, Alterations in fecal 
microbiota composition by probiotic 
supplementation in healthy adults: a systematic 
review of randomized controlled trials, Genome 
Med., 8, 52 (2016). doi: 10.1186/s13073-016-0300-
305. 

8. S. Woloszynek, S. Pastor, J.C. Mell, N. Nandi, B. 
Sokhansanj, G.L. Rosen, Engineering human 
microbiota: influencing cellular and community 
dynamics for therapeutic applications. Int. Rev. Cell 
Mol. Biol., 324, 67–124 (2016). doi: 
10.1016/bs.ircmb.2016.01.003. 

9. C.M. Cullen, K.K. Aneja, S. Beyhan, C.E. Cho, S. 
Woloszynek, M. Convertino, S.J. McCoy, Y. Zhang, 
M.Z. Anderson, D. Alvarez-Ponce, E. Smirnova, L. 
Karstens, Dorrestein P.C., Li H., Sen Gupta A., 
Cheung K., Powers J.G., Zhao Z. and Rosen G.L. 
Emerging Priorities for Microbiome Research, 
Front. Microbiol., 11, 136 (2020). doi: 
10.3389/fmicb.2020.00136. 

10. S. Fukuda, H. Toh, K. Hase, K. Oshima, Y. 
Nakanishi, K. Yoshimura, T. Tobe, J.M. Clarke, 
D.L. Topping,  Bifidobacteria can protect from 
enteropathogenic infection through production of 
acetate, Nature, 469, 543-547 (2011). 

11. A.Yu. Prosekov, Innovative management of 
biotechnologies of starter cultures, Technique and 
technology of food production, 43(4), 64-69 (2016). 

12. D.V. Kharitonov, Development of the concept of 
creating synbiotics and synbiotic dairy products, 
Technique and technology of food production, 4, 
91-94 (2013). 

13. L. Ruiz, Coculture of Bifidobacterium longum and 
Bifidobacterium breve alters their protein expression 
profiles and enzymatic activities, Int. J. Food 
Microbiol., 133, 148-153 (2009). 

14. V.A. Leonova Interaction of probiotic cultures as 
part of consortia, Molochnaya reka, 4, 52-53 (2021). 

4

BIO Web of Conferences 103, 00082 (2024)	 https://doi.org/10.1051/bioconf/202410300082
FIES 2023


