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Abstract. Тhe practical value of the culture liquid of probiotic bacteria was demonstrated. The culture fluid contains 

the products of vital activity of probiotic bacteria. It is the product of waste in the manufacture of classical probiotics. The cul-

ture liquid can be used to create metabiotics, due to the content of valuable exometabolites in its composition. The results of 

data on the positive effect of various amounts of culture liquid of propionic acid bacteria on the growth of bifidobacteria were 

presented. Microbiological studies have shown that 2 – 3 % of the filtrate was effectively reflected in the accumulation of bio-

mass of bifidobacteria. The antagonistic activity of the culture fluid filtrate 2 – 3 % of the strain P.shermanii-4 against oppor-

tunistic (Escherichia coli-ATCC 25922, Staphylococcus aureus -ONU-223, Bacillus cereus-ATCC 11778) and pathogenic mi-

croorganisms (Salmonella enteritidis - ONU-466) was studied. It was found that the use of a 2 % culture supernatant inhibits 

the growth of all opportunistic microorganisms, in addition to the pathogenic strain Salmonella enterica-ONU-466. With an 

increase in the dose of the filtrate, a small delay in the growth of Salmonella enteritidis-ONU-466 and an increase in the sensi-

tivity of opportunistic microorganisms were observed. 
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Анотація. У статті наведено результати досліджень стосовно позитивного впливу різної кількості культураль-

ної рідини пропіоновокислих бактерій на збільшення біомаси Вifidobacterium bifidum-1. Мікробіологічні дослідження 

дозволили визначити, що кількість фільтрату від 2 % до 3 % ефективно відображається на накопиченні біомаси біфі-

добактерій. Вивчено антагоністичну активність фільтрату культуральної рідини штаму Propionibacterium shermanii-4 у 

кількості від 2 % до 3 % по відношенню до  умовно-патогенних (Escherichia coli-ATCC25922, Staphylococcus aureus-

ОНУ-223, Bacillus cereus-ATCC11778) та патогенних мікроорганізмів (Salmonella enteritidis-ОНУ-466). Встановлено, 

що використання мінімальної концентрації 2 % супернатанту культуральної рідини пригнічували ріст усіх умовно-

патогенних мікроорганізмів, окрім патогенного штаму Salmonella enterica -ОНУ-466.  
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Introduction  
 

Various adverse effects of exogenous and endoge-

nous nature on the human body cause changes in the 

immune response and can affect the qualitative and 

quantitative composition of the normal microbiota of 

the gastrointestinal tract (GIТ). Microbiocenosis is an 

evolutionary system that is based on the principle of 

self-regulation. Pathological changes in symbiotic mi-

croflora in most cases are restored independently. In 

clinical practice, treatment with the appointment of an-

tibiotics is quite widespread, which is often the stand-

ard solution for various infectious diseases of bacterial 

etiology. Unfortunately, after the irrational use of anti-

biotics, microbiota, GIТ can not recover independently. 

Thus, the search for adequate correction of intestinal 

microbiocenosis disorders in patients receiving antibi-

otics is an actual problem. 
 

Formulation of the problem  
 

Probiotics based on living microorganisms 

(bifidobacteria, lactobacilli, propionic bacteria, etc.), 

prebiotics (indigestible substances stimulating the ac-

tivity of certain microorganisms, symbiotics (combina-

tions of probiotics and prebiotics), as well as metabolic 

probiotics – metabiotics (microbial metabolites) are 

presented in the arsenal of medicines aimed for the res-

toration of normal microbiota [1]. 

However, the therapeutic and prophylactic effect of 

using probiotics is not always achieved. One of the 
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main reasons for the low effectiveness of probiotics is 

that the strains included in their composition, like any 

other microorganisms, enter into a symbiotic relation-

ship with the human microbe and may be rejected due 

to bio-compatibility. 

It is shown that microorganisms-probiotics and au-

tochthonous microorganisms can both stimulate and 

inhibit the growth and antimicrobial properties of each 

other. According to the analysis of experimental da-

ta [2], probiotic bacteria are divided into: biocompati-

ble with the dominant microbiotic of the individual and 

capable of inhibiting the growth of pathogens; Non-

biocompatible with normobiota, but capable of stimu-

lating its protective properties and provide antagonism 

to pathogenic and opportunistic microorganisms; Non-

biocompatible is able to inhibit the antimicrobial prop-

erties of the autochthonous microbioma of the gastroin-

testinal tract and have a weak antagonistic activity 

against pathogen. 

To determine the biocompatibility of probiotic 

preparations with autochthonous microflora, it is nec-

essary to conduct a series of studies for a specific per-

son or to develop autobiotics, which is a laborious pro-

cess. In this regard, scientists have high hopes for a 

metabiosis that does not contain microorganisms, and 

lack the disadvantages mentioned above. 
 

Literature review  
 

Attention to classical propionic acid bacteria as poten-

tial probiotics conditioned their properties to produce anti-

biotic and bifidogenic substances of different nature. The 

antibiotic activity of propionic acid bacteria against gram-

positive and gram-negative bacteria, yeast, fungal myceli-

um has been proven. Currently, it is believed that it protea-

zoaktyvuyuchi polypeptides are very similar in structure to 

peptides isolated from Lactobacillus lactis. Their gene con-

tained in plasmids and is characterized by horizontal trans-

fer. Antibiotic activity inherent Propionibacterium jensenii-

SM11 and different strains of Lactobacillus paracasei 

subsp. paracasei to yeast that cause spoilage of dairy prod-

ucts [3]. 

Bifidogenic activity of propionic acid bacteria is caused 

by production of 1,4-hydroxy-2-naftoynoyi acid, 2-amino-

3-carboxy-1,4-naphthoquinone and somewhat less short-

fatty acids, which both are inhibitors of Gram-negative fac-

ultative and obligate anaerobes. The main producers of 

bifidogenic factors are bacteria Propionibacterium freuden-

reichii subsp. freudenreichii and P. freudenreichii subsp. 

Shermanii [4,5]. Also revealed synthesis bifidogenic factors 

by P. acidipropionici under aerobic conditions. It was in-

teresting to investigate the similar effect of the culture liq-

uid that was obtained by culturing propionic acid bacteria. 

Culture fluid is a waste product in the traditional 

production technology of bacterial preparations or con-

centrates. It contains products metabolism of probiotic 

bacteria and can be used as the basis un-cellular form 

probiotic. Utilisation of culture fluid as waste caused to 

significant economic losses and environmental pollu-

tion [6]. Therefore, the development and production of 

cell-free probiotics is one of the stages of creating low-

waste production of bacterial preparations – it is an in-

novative way of biotechnology. 

In an experimental study on the influence of culture flu-

id supernatant lactobacilli and bifidobacteria and their inac-

tivated form of the cell revealed that they have different 

rates of recovery of the intestinal microbiota. Inactivated 

probiotic bacteria are not reduced severity dysbiotic chang-

es in the colon. Only the supernatant improves almost all 

indicators of GIT microbiota [7,8]. 

This shows that the effectiveness of probiotic prep-

arations based by the waste products of microorgan-

isms. In this regard, the urgent task of biotechnology is 

the development of technology production metabiotics 

from cell-free filtrates or supernatant. 
 

Determination of the antagonistic activity  

of Propionibacterium shermanii – 4  
 

The aim of this study was to study the antagonistic 

effect of the culture fluid Propionibacterium sher-

manii-4 on the autochthonous microbiota of the gastro-

intestinal tract and opportunistic microorganisms. 

The museum strains from the department of bio-

chemistry, microbiology and physiology food ONAFT 

Bifidobacterium bifidum-1, Propionibacterium sher-

manii-4 were used for our experimental work. Oppor-

tunistic pathogens (Escherichia coli-ATCC25922, 

Staphylococcus aureus-ONU-223, Bacillus cereus-

ATCC11778) and pathogens (Salmonella enteritidis-

ONU-466) were used as test-strains.  

The daily culture Bifidobacterium bifidum-1, after 

pre-cultivation for 24 hours at temperature (37 ± 1) °C 

was used as representative of normal gastrointestinal 

microbiota man. 

 Incubation of P.shermanii-4 was performed during 

24 hours at  the temperature (30 ± 1), which was at 

least 1 109CFU/cm3 .The supernatant culture fluid of 

P.shermanii-4 was obtained by centrifugation at 

10,000  min-1 for 15 minutes. Culture fluid was filtrat-

ed through bacterial filters (Millipore, 0,22 um) under 

aseptic conditions. 

The resulting filtrate culture fluid of the strain 

P.shermanii-4 was inoculated in an amount from 1 – 

3 cm3 in the lactose medium, followed by culturing for 

24 hours at the temperature (30 ± 1) °C for testing ab-

sence of viable cells in culture fluid filtrate propionic 

acid bacteria. Accounting the results was made by di-

rect counting of propionic acid bacteria in the counting 

chamber of Horyaev. 

Bacteria cells of propionic acid bacteria were not 

found in anything experimental microscopy sample. 

The cultivation of B.bifidum-1 with addition the fil-

trate culture fluid P.shermanii-4 was performed on  

lactose medium with  soy whey for 24 hours at the 

temperature (37 ± 1) °C to study the impact of the su-

pernatant culture fluid of P.shermanii-4. The daily cul-

ture of B.bifidum-1 was standardized to 1·106 



Біопроцеси, біотехнологія харчових продуктів, БАР 

 

 

Харчова наука і технологія 18 Volume 11 Issue 2 / 2017 
 

CFU/cm3. Value inoculum biomass of bifidobacteria to 

filtrate culture fluid propionic acid bacteria were as fol-

lows: 1:1; 1.5:1; 2:1; 2.5:1; 3: 1. In the control sample, 

filtrate culture fluid of propionic acid bacteria was re-

placed by distilled water in equal extent. 

Quantifying viable cells of bifidobacteria in exper-

imental and control samples was carried out by ten-

fold dilutions in test tubes with lactose environment. 

Incubation of cultures was carried out at the tempera-

ture (37 ± 1) °C for 72 hours.  

To study the formation of propionic acid bacteria 

specific antimicrobial compounds used method [9]. Pe-

tri dishes with 25 cm3 IPA seeded lawn relevant test 

cultures at concentrations – 106 CFU/cm3 standard tur-

bidity Mc Farlanda. It was kept 1 hour at the tempera-

ture (37 ± 1) °C. Holes were made by the special sterile 

drill bit diameter 8 mm in medium. The supernatant of 

in an amount of 80 cm3 was filled hole in the nutrient 

medium. Cups were held at the temperature (5 ± 1) °C 

for 2 hours (for the diffusion of culture broth), and in-

cubated under anaerobic conditions for 18 hours at the 

temperature (37 ± 1) °C. The results were evaluated by 

measuring the area of suppression growth. 

In our investigation found that a positive impact on 

increasing the biomass B. bifidum-1 was seen in all ex-

perimental samples after culturing at (37 ± 1) °C for 24 

hours on a lactose medium with  addition different 

amounts of supernatants culture fluid P. shermanii-4. 

An increasing number of filtrate culture fluid P. sher-

manii-4 caused the increasing the number of viable 

cells of B. bifidum-1 (Table 1.) 
 

Table 1 - Effect of secondary metabolites 

P.shermanii-4 on the growth of B. bifidum-1 
 

№ 

experimental 

sample 

Proportion 

inoculum of 

P.shermanii-4 

and B. bifidum-1 

Number of viable 

cells of В. bifidum-1, 

CFU/cm
3
 

1 1:1 3·109 

2 1:1,5 5·109 

3 1:2 9·109 

4 1:2,5 1·1010 

5 1:3 2·1010 

control 1:0 1·109 
 

The next stage of our study was to investigate 

the antagonistic activity of the supernatant culture fluid 

P.shermanii-4. The supernatant in an amount of 2 %, 

2.5% and 3 % was used for the manifestation of antag-

onistic activity against pathogenic and opportunistic 

strains. This choice is due to the previous experiment 

described above. 

The increase of number of filtrate culture fluid pro-

pionic acid bacteria caused the increase sensitivity of 

opportunistic pathogenic strains (Table 2, Fig.1). The 

greatest sensitivity Bacillus cereus-ATCC11778 and in 

Staphylococcus aureus-ONU-223 were found to sec-

ondary metabolites P.shermanii-4.  
 

Table 2 - Antimicrobial activity of the supernatant 

culture fluid P.shermanii-4 
 

Amount 

of 

supernata

nt,  

% 

Zone of inhibition of growth of test 

cultures, mm 

Bacillus 

cereus-

ATCC11

778 

Staphylococ

cus aureus-

ONU-223 

Escherich

ia coli-

ATCC25

922 

Salmone

lla 

enteritid

is-ONU-

466 

2 13±0,5 16±0,5 9±1 - 

2,5 15±1 17±1 10±0,5 - 

3 16±1 19±1 12±1 2±1 
 

After introduction of the filtrate culture fluid propi-

onic acid bacteria and bifidobacteria biomass in a ratio 

of 1:1 number of viable cells of bifidobacteria was in-

creased to 3·109 CFU/cm3. This result was within the 

meaning of the control sample – 1·109 CFU/cm3 – 

where the supernatant was replaced by saline in equal 

volume. In the second experimental sample where in-

oculums were used in a ratio of 1:1.5 there were no 

significant changes, biomass of B. bifidum-1 increased 

only to 5·109 CFU/cm3. However, the third experi-

mental sample where the inoculums proportion was 

1:2, there was a significant increase in viable cells 

compared with controls – 9·109 CFU/cm3. With further 

increase in the dose of filtrate culture fluid P. sher-

manii-4 biomass of B. bifidum-1 continued to grow, 

but not as intense, at the proportion of 1: 2.5 – were in-

creased to 1·1010 CFU/cm3, the proportion of 1:3 – 

were increased to 2·1010 CFU/cm3 

The results of the microbiological results, we rec-

ommend filtrate P. shermanii-4 in an amount of 2 % to 

3 %, as growth promoter of bifidobacteria. 

Propionic acid bacteria are known for their ability 

to produce propionic acid, which because of its antimi-

crobial and antifungal activity is used as a protection 

against microbial spoilage of food products. To sec-

ondary metabolites of propionic acid bacteria belong 

bacteriocins, represented by antimicrobial peptides or 

proteins, which exhibit antagonistic activity of patho-

genic and opportunistic strains [10,11]. Growth of 

Escherichia coli-ATCC25922, Staphylococcus aureus-

ONU-223, Bacillus cereus-ATCC11778 was inhibited 

in the presence of a P.sheranii-4 culture fluid filtrate. 

This can be explained by the fact that antagonistic ac-

tivity is due to the accumulation of antimicrobial sub-

stances in the culture fluid of P.sheranii-4. Accumula-

tion of these antimicrobial substances in the culture 

liquid allows, to use it as a raw material for creating a 

probiotic of the metabolic type. 

 



Біопроцеси, біотехнологія харчових продуктів, БАР 

 

 

Харчова наука і технологія 19 Volume 11 Issue 2 / 2017 
 

 
 

Fig.1. Antagonistic effect of different concentrations 

of the supernatant culture fluid P.shermanii -4 on 

the growth of test-strains:  

1) the inhibition zones of growth of Staphylococcus 

aureus-ONU-223 using bacterial supernatant in such 

concentrations: a – control, b – 2 %, c - 2.5 %, d – 3 %; 

2) the inhibition zones of growth of Salmonella 

enteritidis-ONU-466 using bacterial supernatant in 

such concentrations: a – control, b – 2 %, c - 2.5 %, d – 

3 %; 3) the inhibition zones of growth of Bacillus 

cereus-ATCC11778 using bacterial supernatant in such 

concentrations: a – control, b – 2 %, c - 2.5 %, d – 3 %; 

4) the inhibition zones of growth of Escherichia coli-

ATCC25922 using bacterial supernatant in such con-

centrations: a – control, b – 2 %, c - 2.5 %, d – 3 % 

The results of the studies prove the expediency of 

using secondary metabolites of propionic acid bacteria.  

 

Thеsе metabolites can be used as an independent 

acellular probiotics and as the growth stimulators for 

the normal microbiota of the human gastrointestinal 

tract. In connection with this, our next research will be 

devoted to the determination of prebiotic components 

of the non-carbohydrate nature of propionic acid bacte-

ria. 
 

Conclusion  
 

As a result of the research, it was found that the 

culture liquid of the strain P.shermanii-4 was capable 

of stimulated the growth of bifidobacteria. The rec-

ommended amount of culture fluid filtrate is from 2 % 

to 3 %The number of viable cells was increased to 

2·1010 CFU/cm3 

With the selected concentrations, antagonistic ac-

tivity against pathogenic and opportunistic strains was 

investigated. It was found that the use of a minimum 

concentration in the amount of 2 % supernatant of the 

culture liquid suppressed the growth of all opportunis-

tic microorganisms (Escherichia coli-ATCC25922, 

Staphylococcus aureus-ONU-223, Bacillus cereus-

ATCC11778). However, when using a 2 % culture flu-

id filtrate, antagonistic activity to the strain Salmonella 

enteritidis-ONU-466 was not appeared.  

The sensitivity of opportunistic strains increased, 

when the amount of the filtrate was increased to 3 %. 

This was indicated by an increase in the zone of inhibi-

tion of growth of test cultures. There was also a slight 

delay in the growth of Salmonella enteritidis-ONU-

466. The growth inhibition zone of this strain was 2 ± 

1 mm. 

 

References: 
1. Ford AC, Quigley EM, Lacy BE, Lembo AJ, SaitoYA. Efficacy of prebiotics, probiotics, and synbiotics in irritable bowel syndrome and 

chronic idiopathic constipation: systematic review and meta-analysis. The American journal of gastroenterology, 2014; 109(10): 1547-

1561. 

2. Semenov AV. Harakteristika otnosheniy mezhdu probioticheskimi i avtohtonnyimi mikroorganizmami i algoritm individualnogo pod-

bora probiotikov. Kazanskiy meditsinskiy zhurnal. 2011; 92(6): 792-795  

3. Thierry A. New insights into physiology and metabolism of Propionibacterium freudenreichii. Journal of Intestinal Microbiology. 

2011;(149):19-27. 

4. Isawa K, Isawa K, HoJo K, Yoda N, Kamiyama T, Makino S, Saito M, Endo N. Isolation and identification of a new bifidogenic growth 

stimulator produced by Propionibacterium freudenreichii ET-3. Bioscience, biotechnology, and biochemistry. 2002;( 66):679-681 

5. Tomoaki Konya. Production of extracellular bifidogenic growth stimulator by anaerobic and aerobic cultivations of several propionibac-

terial strains. Journal of bioscience and bioengineering. 2007; (103):464-471. 

6. Provotorova OV. Tehnologiya proizvodstva i otsenka effektivnosti sinbiotikov na osnove beskletochnyih probiotikov metabolitnogo tipa. 

Dis... kand. tehn. nauk: 003.01.06. RASHN. SchYolkovo; 2013. 

7. Ursova NI. Aktualnyie i nereshennyie problemyi probiotikoterapii. Lechaschiy vrach. 2013; 8: 

http://www.medicusamicus.com/?action=1x3007x1 

8. Chicherin I.Yu, Pogorelskiy IP, Darmov I V. Probiotiki: vektor razvitiya. Prakticheskaya meditsina. 2012; 3: 47-55. 

9. Tourе R, Kheadr E, Lacroix C, Moroni O, Fliss I. Production of antibacterial substances by bifidobacterial isolates from infant stool ac-

tive against Listeria monocytogenes. Journal of Applied Microbiology. 2003; 95(5): 1058-1069. 

10. Faye T, Brede DA, Langsrud T, Nes IF, Holo H. An antimicrobial peptide is produced by extracellular processing of a protein from 

Propionibacterium jensenii. J Bacteriol. 2002; 184: 3649-3656. 

11. Lind H, Sjogren J, Gohil S, Kenne L, Schnurer J, Broberg A. Antifungal compounds from cultures of dairy propionibacteria type strains. 

FEMS Microbiol Lett. 2007; 271: 310-31. 

 

 
  

http://www.medicusamicus.com/?action=1x3007x1


Біопроцеси, біотехнологія харчових продуктів, БАР 

 

 

Харчова наука і технологія 20 Volume 11 Issue 2 / 2017 
 

 

ИССЛЕДОВАНИЕ АНТАГОНИСТИЧЕСКОЙ АКТИВНОСТИ ВТОРИЧНЫХ 

МЕТАБОЛИТОВ ПРОПИОНОВОКИСЛЫХ БАКТЕРИЙ 
 

Л.А. Крупицкая, аспирант, Е-mail: krupitskaja.lora@yandex.ua 

Л.В. Капрельянц, доктор технических наук, профессор, Е-mail:leonid@onaft.edu.ua 

Л.В. Труфкати, кандидат технических наук, доцент, Е-mail: t0672724944@gmail.com  

Кафедра биохимии, микробиологии и физиологии питания 

Одесская национальная академия пищевых технологий, ул. Канатная, 112, Одесса, Украина, 65039 
  

Аннотация. В статье приведены результаты данных о положительном влияния разного количества культура-

льной жидкости пропионовокислых бактерий на увеличение биомассы Вifidobacterium bifidum-1. Микробиологические 

исследования позволили определить, что количество фильтрата от 2 % до 3 % эффективно отражается на накоплении 

биомассы бифидобактерий. Изучена антагонистическая активность фильтрата культуральной жидкости штамма 

Propionibacterium shermanii-4 в количестве от 2 % до 3 % по отношению к условно-патогенным микроорганизмам 

(Escherichia coli-ATCC25922, Staphylococcus aureus-ОНУ 223, Bacillus cereus-ATCC11778) и патогенным микроорга-

низмам (Salmonella enteritidis - ОНУ-466). Установлено, что использование минимального количества 2 % суперната-

нта культуральной жидкости подавляли рост всех условно-патогенных микроорганизмов, кроме патогенного штамма 

Salmonella enterica-ОНУ-466. 

Ключевые слова: культуральная жидкость, супернатант, пропионовокислые бактерии, метабиотик. 
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